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Herbicide application may provide an altemative to intensive tillage for the

termination of established alfalfa (Medicago sativa) stands but may alter N dynamics in

the plant-soil system. A series of field and controlled environment studies was conducted

to quantify and identify mechanisms influencing the plant-available N supply following

alfalfa termination. From L992 to 1993, four f,reld experiments were initiated to

determine the effect of a factorial combination of three methods (herbicide, tillage,

herbicide plus tillage) and two times (early-summer after the first cut of alfalfa or late-

summer after the second cut of alfalfa) of termination on soil NOr- status and N

accumulations by subsequent spring wheat (Trittcum aestívum). At three of four sites,

tillage or herbicide+tillage treatments produced a larger short-term plant-available N

supply than herbicicle application alone; however, grain yields in herbicide treatments

were similar to or higher than tilled treatments. Regardless of termination method,

delaying termination reduced the available N supply. Controlled environment studies

showed that reductions in the available N supply under herbicide-terminated alfalfa are

primarily due to reduced mineralization of surface residues and partly due to increased

volatile N losses from surface residues. In controlled environment studies, cumulative N

uptake by barley (Hordeum vulgare) established in residue-incorporatecl treatments was

nearly double that in residue-unincorporated treatments 125 d after alfaffa termination.

Volatile N losses were <IVo of the N in soil-incorporated legume top-growth, but were

8-127o of surface-applied legume N by 95 d after termination. ln a subsequent "N study,

in herbicide treatments in which alfalfa top-growth was retained on the soil surface, 17o

ABSTRACT



of the rsN present was recovered in barley top-growth , \Vo in soil and 9l%o in residues;

however, in tillage freatments in which alfalfa top-growth was incorporated, I07o of the

tsN present was recovered in barley top-growth, 52Vo in soil and 38Vo in residues.

Termination technique did not affect the distribution of ttN from labelled alfalfa roots.

In summar/, termination of alfalfa by herbicide application may improve synchrony

between N release and N needs of a subsequent wheat crop. Although surface residues

in herbicide treatments may be subject to small N losses via volatilization, reductions in

the short-term plant-available N supply may decrease the potential for leaching and

denirification losses thereby increasing the N use efficiency of subsequent crops. Despite

a smaller short-term available N supply, herbicide termination allowed sufficient

mineralization to attain grain yields similar to, or greater than, termination by tillage.
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Concerns regarding agricultural and environmental sustainability have generated

interest in the development of crop management systems that reduce inputs of non-

renewable resources but maintain soil and environmental quality. Incorporating perennial

legumes like alfalfa into today's cropping systems may be one approach. Legumes not

only contribute substantial amounts of symbiotically-f,rxed N to the plant-soil system

(Heichel et al. 1984; Kelner and Vessey 1995), but also may improve soil physical

condition (Mazurak et al. 1955; Toogood and Lynch 1959; MacRae and Mehuys 1985;

Blackwell et al. 1990), reduce the population of certain weeds (Harvey and McNevin

1990;Entz et al. 1995), and remove deep-leached nitrates from the soil profile (Schertz

and Miller 1912; Mathers et al. 1975).

Although increase.s in total forage area are restricted by the demand for forage, by

reducing the duration of forage stands, the proportion of arable land deriving benefits

from legumes could be increased without increasing total acreage. Under current

management systems in western Canada, alfalfa stands are maintained in crop rotations

for extencled periods that often exceed both the economic optimum and the period

required to obtain N benefits. One factor that contributes to these long-term stands is that

established alfalfa is difficult to terminate. Therefore, management practices that

effectively terminate alfalfa but maximize the benefits derived from alfalfa must be

1. INTRODUCTTON

developed to improve the feasibility of shorr-term alfalfa stands.

Alfalfa usually is terminated by intensive tillage that may leave the exposed soil

prone to erosion and moisture loss. An alternative is to apply herbicides and leave



residue standing on the soil surface. Herbicide application not only provides effective

control of alfalfa but reduces the potential for soil and water losses and, through increased

snow trapping by standing residue, may increase soil moisture reserves.

Although herbicide application has many advantages over intensive tillage, the

impact of alternative termination management techniques on N dynamics within the plant-

soil system is not clear. Many studies have quantified N ¡elease from legume crops, but

few studies have directly compared the plant-availability of N under a range of

termination management systems. Further information is required in order to develop

effective termination techniques that maximize N use efficiency by subsequent crops and

minimize N losses from the plant-soil system.

A series of field and laboratory studies was conducted to quantify N release

following the termination of established alfalfa st¿nds and to identify the mechanisms

influencing N release. The specific objectives of these studies were:

l) to determine, under field conditions, the effects of method (herbicide application,

tillage, tillage+herbicide application) and time (after first and second cut of alfalfa)

of alfalfa termination on the plant-available N supply.

2) to determine the effect of method of alfalfa termination (chemical, mechanical)

and residue placement (surface, incorporated) on volatile N losses and on the

plant-available N supply under controlled conditions; and to determine the effects

of residue particle size on N mineralization.

3) to determine, using rsN methodologies, the distribution of symbiotically fixed t5N,

in the planlsoil system following growth of an alfalfa crop; and the effect of



mothod of alfalfa termination on the fate and plant-availability of symbiotically

fixed rsNr.



2.1. Nitrogen contributions and non-nutritional benefits derived from legumes

Dinitrogen fixation by legume-Rhizobium symbiosis has raditionally been a

primary source of N for agricultural production. However, reliance on these legume N

sources has declined substantially in favour of manufactured N fertilizers (Power and

Doran 1984). [n recent years, interest in legume-based cropping systems has been

renewed as concerns regarding agricultural and environmental sustainability have

encouraged the development of cropping systems that reduce inputs of non-renewable

resources but preserve or enhance soil and environmental quality. Legumes not only

provide an inexpensive source of N in terrns of non-renewable inputs but may promote

improved soil and environmental quality.

2. LITERATURE REVIEW

Legumes contribute N to the plant-soil system both during gro\ ith and upon

senescence. During alfalfa growth, N release may occur by several mechanisms including

direct exudation of N-containing compounds (primarily ammonia, glutamate, serine,

alanine and aspartate) from the root system, and decomposition of above-ground and

below-ground residues (Ta et al. 1986; Dubach and Russelle 1994: Tomm et al. 1995).

Although estimates vary, N release from alfalfa by direct exudation appears to be

minimal. Taet al. (1986) reported exudation losses from the nodulated root system of

hydroponically grown alfalfa equivalent to 37o of daily fixed N while Brophy and Heichel

(1989) reported N release equivalent to 4.5Vo of symbiotically fixed plant N from affaIfa

grown in sand culture. Even smaller amounts of N were directly excreted from soil-

grown alfalfa: the soil surrounding affaIfa roots and nodules contained the equivalent of
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<I7o of the symbiotically fixed N present in the allalfa shoot at time of sampling, rhe

equivalent of approximately I kg symbiotically fixed N hat (Lory et al. l99z).

Decomposition of above- and below-ground residues may account for considerably larger

N losses than direct exudation (Dubach and Russelle 1994; Russelle et al. 1994). Root

and nodule decomposition has been estimated to result in plant N losses ranging from less

than 15 kg of symbiotically fixed N ha-t (-13 kg ha-r from decomposing roots and <2 kg

ha-r from decaying nodules in the top 60 cm of the soil) under a first year alfalfa stand

(Dubach and Russelle 1994) to 24 kg of fixed N har yr-r under an established alfalfa

stand (Andrén et al. 1990). Harvest and litterfall losses may also be significant,

accounting for a total of 28 kg N ha'r yr-' from alfalfa in an alfalfa,/bromegrass mixture

(Tomm et al. 1995).

Although significant amounts of N may be released from growing alfalfa, this N

may be subsequently reabsorbed by the legume (Tomm et al. 1995) or absorbed by

intercropped nonlegumes (Ta and Faris 1987; Burity et al. 1989). Only a portion of the

N released during legume growth may accumuiate in the soil. In an early study, Lyon

and Bizzell (1934) estimated soil N accumulations of 56 kg N ha-t yrr under a pure

alfalfa stand; a more recent study estimated accumulations of 24 kg fixed N ha-r yr-r

(Andrén et al. 1990).

Considerably larger quantities of legume-derived N may be returned to the soil

upon alfalfa termination. The N conributions provided by alfalfa are well-documented

(Lyon and Bizzell 1933; Bowren et al. 1969; Hoyt and Hennig 1971; Hoyt and Leitch

1983; Bruulsema and Christie 1987: Badaruddin and Meyer 1990; Westcott et al. 1995;



Hossain et aI. 1996b) although estimates vary, likely because of diffe¡ences in stand

composition, management practices, environmental conditions and the manner in which

N contributions are reported.

Alfalfa contributes substantial amounts of N to the plant-soil system via symbiotic

N, fixation. In field studies conducted in southern Manitoba, N, fixation by alfalfa ranged

from 98 to 241 kg N ha-tduring the seeding year (Kelner and Vessey 1995). In

Minnesota, perennial alfalfa stands fixed an esrimated 160 to I77 kg N ha-t during the

seeding year and up to 224 kg N ha-t during the fourth year of the alfalfa stand (Heichel

et al. 1984). Similar levels of N, fixarion, ranging from 148 to 290 kg N ha-t yr-t, have

been reported elsewhere (LaRue and Patterson l98l).

The amount of N actually returned to the soil in the form of legume residues will

depend on various factors including management (harvested for forage versus plowdown),

crop cultivar (dormant versus nondormant) and the timing and number of cuttings taken

(Groya ancl Sheaffer 1985; Hesterman et al. 1986; Wesrcott et al. 1995). On Black

Chernozemic soils near Melfort, SK, a second year alfalfa stand managed as a green

manure crop (ie. terminated in late June or early July) retu¡ned an estimated 60 to 95 kg

N hat to the soil in the form of alfalfa residue (shoots+roots excavated to 20 cm);

consiclerably less N, approximately 20 kg N ha-r, was retu¡ned in residues of alfalfa

harvested for hay or silage before termination (Bowren et al. 1969). Substantially larger

amounts of N were returned in fall-incorporated alfalfa residues (shoots+roots excavated

to 30 cm) in studies conducted in Minnesota (Hesterman et al. 1986). Alfalfa managed

in a one-cut system (one summer harvest) returned 147 and 167 kg N hat in the herbage



regrowth, crown and root tissue of dormant and nondormant alfalfa, respectively;

however, in a three-cut system (two summer and one fall harvest) only 71 and 100 kg N

ha-r was returned in the crown and root tissue of dormant and nondormant alfalfa,

respectively. Differences between cultivars were also evident in field studies conducted

in Manitoba. 'Nitro' alfalfa, a nondormant cultivar selected specifically for its ability to

accumulate N through a larger root mass and higher root N concenftations (Barnes et al.

1988), returned l2I kg symbiotically fixed N ha t to the soil in the fall; dormant cultiva¡s

returned an average of only 40 kg fixed N ha-t (Kelner and Vessey 1995). Earlier studies

have reported residue N contributions from alfalfa ranging from 39 to 135 kg N ha-t

(Fribourg and Johnson 1955; Kroonde and Kehr 1956; Smith 1956; Stickler and Johnson

1959).

Of the N returned to the soil as legume residues, not all is immediately available

for uptake by subsequent crops. In field studies conducted in western Canada, wheat

accumulated I2Vo to llTo of the N present in residues of Tangier flatpea (Lathyrus

tin.gitanus) or lentil (Lens culinaris) incorporated into the soil approximately 8 months

prior to seeding of the wheat crop (Janzen et al. 1990). Only l%o to ZVo of N applied as

legume residue was recovered by a second wheat crop. Comparable recoveries of legume

N have been reported elsewhere. In field studies conducted in Ausnalia, LlVo to 28Vo of

N present in soil-applied srand medic (Medicago ltttoralis) was recovered by the initial

wheat crop established after residue addition (Ladd et al. 198i; Ladd et al. 1983; Ladd

and Amato 1986). Nitrogen uptake by a subsequent crop declined to 5Vo of legume N

(Ladd et al. 1983). Consecutive barley crops estabiished for 3 years after application of



alfalfa residues accumulated ISVo of applied legume N (Ta and Faris 1990). [n a previous

study, only 6 to 257o of N present in decomposing plant material was recovered by barley

(Müller and Sundman 1988).

The relatively low recoveries of legume-derived N observed in these rsN studies

suggest that legumes are of greater importance for long-term than for short-term soil

fertility (Janzen et al. 1990). ln fact, in field studies, the majority of N applied in the

form of legume residues (56 to T IVo) was found to be retained in the soil as srabilized

residues, inorganic N and N in roots of a subsequent wheat crop (Ladd et al. 1983). Low

recoveries of legume-derived N by subsequent crops may also be attributable, in part, to

the pool substitution effect (Hart et al. 1986). For example, labelled N derived from

alfalfa may stand proxy for unlabelled N that would otherwise have been immobilized.

Consequently, the amount of labelled N available for uptake by subsequent crops is

reduced.

Although the proportion of legume-derived N recovered by subsequent crops is

relatively small, legumes significantly influence soil N status and the N-supplying power

of the soil (Campbell et al. i991a,b; Campbell et al. 1993). Cropping systems which

include legumes frequently contain larger amounts of total soil N, organic matter, light

fraction organic matter and active soil N than non-legume rotations and also have a higher

potential rate of N mineralization (Campbell et al. l99Ia,b; Ianzen et al. 1992; Bremer

et al. L994; Wani et al. 1994; Hossain et al. 1996a). In addition, applications of legume

residues often increase soil inorganic N concentrations, N accumulations by subsequent

crops, and yields of subsequent crops (Fribourg and Bartholomew 1956; Boawn et al.



1963; Hoyt and Hennig 1977; Hoyt and Leitch 1983; Bruulsema and Christie 1987;

Hossain et al. 1996b).

In studies conducted in northem Alberta, the yield of spring wheat crops

established in the first, second, fourth and fifth years after alfalfa termination wereTl,

82, 15 and 68Vo greater, respectively, than that of wheat following fallow (Hoyt and

Hennig l91l). The authors attributed these yield increases primarily to increased N

availability: immediately after alfalfa termination, the mineralizable N content of surface

soils was 42.4 mg N kg-t in alfalfa plots compared to 29.8 mg N kg't in a fallow-wheat

control. In a second study conducted in the Peace River region of Alberta, N

contributions by alfalfa increased the yield of subsequent barley crops over that of an

unfertilized fallow control at 3 of 5 sites (Hoyt and Leitch 1983). At those sites, the

authors estimated that residual soil N provided by alfalfa ranged from approximately 50

to 150 kg N hat. Substantial increases in N accumulations by barley were also evident.

These beneficial effects of alfalfa on succeeding crops may be iong-lasting. During the

initial 8 years of a l5 year period following alfalfa termination, yields of wheat following

alfalfa were 66 to ll4Vo higher than wheat established after a fallow-wheat rotation;

wheat yields after alfalfa were also signihcantly higher than those in the fallow-wheat

confrol during the tenth and thirteenth years after alfalfa termination (Hoyt 1990).

The positive responses attributed to legumes may be a function not only of N

fertility, but also of non-nutritional benefits (Baldock et al. 198 1; Wright 1990). Perennial

forages in crop rotations may reduce the severity and/or incidence of plant disease

(Campbell et al. 1990; Osunlaja 1990) and the population of a variety of annual grass and



broadleaf weeds (Harvey and McNevin 1990; Entz et al. 1995: Chung and Miller 1995).

Improvements in soil physical condition, including aggregate stabilization and improved

drainage, have also been attributed to legumes (Mazurak et al. 1955; Toogood and Lynch

1959; Spratt 1966; MacRae and Mehuys 1985; Blackwell et ai. 1990). An additional

benefit of legumes with respect to environmental quality is that deep-rooted legumes like

alfalfa may recover N leached below the root zone of other crops and thus potentially

reduce groundwater contamination (Schertz and Miller 1912; Mathers et al. 1975).

2.2. Current and future roles of alfalfa in crop management svstems

Although the nutritional and non-nutritional benefits provided by legumes are well-

known, the role of legumes in agricultural production has been reduced as legume N

sources have been replaced by manufactured N fertilizer. However, concerns regarding

agricultural sustainability, environmental degradation and rising input costs have prompted

the development of cropping systems which reduce non-renewable inputs, pesticide use

and soil etosion, and maintain, or improve, soil quality (Stinner and House 1989;

Morrison and K¡aft 1994). Perennial legumes such as alfalfa may be an important

component of these developing cropping systems both as an inexpensive N source (in

terms of non-renewable inputs) and an aid in pest control and the maintenance or

enhancement of soil quality.

As of 1994, legumes occupied an estimated 9.6Vo of the seeded cropland (25

million hectares) in western Canada (Biederbeck et al. 1996). Forage legumes comprised

approximately 52Vo of the area seeded to legumes but accounted for an estimated 65Vo
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of the N fixed. Over 70Vo of the net N gain resulting from legume crops was attributed

to forage legumes, the equivalent of 45 miltion kg N.

Alfalfa is one of the most common forage legumes, particularly in moist and

inigated areas of western Canada. Alfalfa is a highly productive, perennial legume with

a deep, penetrating taproot system and is usually grown alone or with grass species for

use as hay or pasture. Under cunent management systems, pure alfalfa and alfalfa/grass

stands are often kept in rotation for extended periods ranging from 3 to 5 years in moist

areas like south-central Manitoba to as long as 6 to 9 years in the drier a¡eas of southern

Saskatchewan (Entz et al. 1995). Based on a recent survey of producers in Manitoba and

Saskatchewan, most stands are terrninated due to reduced yield although other factors

including pocket gophers (Thomomys talpoides and Geomys bursarius), weeds, and the

establishment of higher value crops were sometimes involved (Entz et at. 1995). Only

ll.6%o of producers surveyed cited "rotational considerations" as the reason for

termination of alfalfa which suggests that few forage crops are being managed to

maximize rotational benefits (e.g. increases in the yield of subsequent crops, reductions

in weed popuiations).

Although increases in total forage area are restricted by the demand for forage, the

proportion of arable land deriving benefits from legumes could be increased without

increasing total forage acrea1e by reducing stand duration. Currently, the average stand

duration in many areas of Manitoba and Saskatchewan exceeds the economic optimum

of 4 to 5 years reported by Jeffrey et al. (1993). In facr, in a recent survey, 57Vo of

producers reported alfalfa stand durations of 6 years or more (Entz et al. 1995). These
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long-term stands exceed the duration required to gain the N benefits associated with

alfalfa (Heichel et al. 1984; Kelner 1994). Lyon and Bizzell (1933) demonstrated large

increases in the yield of wheat following alfalfa whether the preceding alfalfa stand has

been in production for one or three years. Similarly, Hoyt and Hennig (1971) found that

alfalfa stands in production from 2 to 6 years had similar effecs on a subsequent barley

crop.

Howevet, one of the challenges of incorporating short-term alfalfa stands into

current cropping systems is that alfalfa is often difficult to terminate. Therefore,

management practices which effectively terminate alfalfa while maximizing the benefits

derived from alfalfa must be developed in order to improve the feasibility of short-term

alfalfa stands.

At present, tillage is the most common method of terminating alfalfa. A recent

survey of producers in Manitoba and Saskatchewan reported that 76.6Vo of producers

terminated established alfalfa stands by tillage (Entz et al. 1995). Less than 25o/o used

alternate management practices such as herbicide application (I.3Vo) or a combination of

herbicide application and tillage (22.lVo).

Despite its widespread use, tillage is not without disadvantages. Tillage is

expensive, with costs ranging from approximately $50 to 75 per ha ($ZO to 30 per acre),

and may provide inconsistent control of alfalfa (Manitoba Agriculture 1993). Moreover,

tillage reduces aggregation and buries surface residue, thereby leaving soils prone to

erosion. In addition, tillage may promote soil moisture losses thereby further reducing

soil moisture reserves already depleted during the growth of alfalfa. Tiliage may also

T2



encotuage the germination of dormant weed seeds and promote the spread of perennial

weeds such as quackgrass. An added difficulty often associated with tillage of alfalfa is

that coarse residues, such as alfalfa crowns, retained on the soil surface obstruct

equipment and result in an uneven soil surface and a loose, dry seedbed.

Although specif,rc circumstances may warrant tillage (e.g., to level fields damaged

by pocket gophers) some alternatives ale now emerging. One option is to apply a

herbicide to the alfalfa either during the growing season prior to est¿blishment of a

subsequent crop or in the spring immediately before establishment of a subsequent crop,

and to leave residue standing on the soil surface. A variety of registered herbicides and

tank-mixes (Roundup, Roundup+Banvel, Roundup+2,4-D) can provide reliable, cost-

effective control of alfalfa and confrol of common weeds such as quackgrass and thistles

(Manitoba Agriculture 1995). (Roundup was also registered recently as a pre-harvest

treatment for application 4 to 5 days prior to alfaLfa harvest.) By eliminating or reducing

tillage, many of the disadvantages associated with tillage may be overcome. For example,

by maintaining standing residue on the soil surface, soil moisture reseryes may be

increased through greater snow trapping (Buliied, Dept. of Plant Science, University of

Manitoba, unpublished data). As well, a no-till management system often produces a

moister, firmer seedbed which favours seed-soil contact and germination (Manitoba

Agriculture 1993).

Given its many apparent benefits, herbicide application may be a practical

alternative to intensive tillage for the termination of established alfalfa stands. However,

since one of the primary benefits derived from legumes is N fertility, the impact of
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alternative termination management practices on N dynamics within the plant-soil system

must be considered. Many differences may exist between tilled and herbicide-treated

untilled systems: placement of alfalfa residues, method by which alfalfa is terminated (ie.

chemical versus mechanical), degree of soil disturbance, soil moisture levels, soil aeration,

and soil temperature. These could influence N mineralization and N availability to

subsequent crops.

2.3. Impacts of termination management on N benefits derived from lequmes

In order to maximize the fertility benefits derived from legumes, N release from

legume residues must be synchronized with N uptake by the subsequent crop. In field

studies, soil-incorporation of hairy vetch (Vicia villosa) and red clover (Trifolium

pratense) residues resulted in a pattern of N release which not oniy matched the N

demands of a subsequent corn Q,ea mays) crop, but also provided sufficient amounts of

N to meet its N requirements (Stute and Posner 1995). In addition, post-harvest soil NOr-

accumulations in the legume-based rotation were similar to, or less, than those resulting

from fertilization. This suggests that the legume N source did not increase the potential

for N losses by leaching or denitrification.

However, if N mineralization is not sufficient to meet the N needs of a subsequent

crop, crop yield and quality may be adversely affected. In field experiments conducted

in ldaho, alfalfa terminated by fall-applied herbicide did not release sufficient N to meet

the requirements of subsequent winter or spring wheat crops, resulting in lower wheat

yields and protein contents (Westermann and Crothers 1993). Similarly, N release from
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hairy vetch terminated by spring-applied herbicide was poorly synchronized with the N

uptake needs of a subsequent corn crop (Huntington et al. 1985). Again, the yield of the

subsequent crop was reduced.

Poor synchrony may also result in the accumulation of excess inorganic N which

may subsequently be lost from the plant-soil system via leaching or denitrification

(Robbins and Carter 1980; Firestone 1982). In irrigated field experiments, 85 to 96 kg

NO3--N ha-r yfr was leached from the root zone of an unfertilized bean (Phaseolus

vulgaris) crop established after alfalfa (Robbins and Carter 1980). During the next

growing season, an additional 17 to 29kg NO3--N ha-t y.t was lost from the root zone

of unfertilized wheat and bean crops. Recent studies suggest that potential may also exist

for leaching losses of legume-derived N under dryland conditions in semi-arid areas

(Campbell et al. 1984; Campbell et al. 1994). Campbell et al. (1994) noted that although

cleep-rooted legumes like alfalfa may remove water and NOr- from lower soil depths,

legumes also increase the N supplying power of the soil. Particulariy in cases where a

legume crop is followed by fallow, concurrent N mineralization and water storage may

increase the potential for NOr- leaching.

Few studies have compared the effects of method of legume termination on

subsequent crops. In field studies with wheat, termination of legume green manure by

herbicide application without incorporation resulted in a 22Vo lower grain yield than

termination by soil-incorporation of legume green manuro (Biederbeck and Slinkard

1988). The observed yield reduction 'tras attributed to an insufficient nutrient supply

resulting from delayed decomposition of the herbicide-neated residue. Contrasting results
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were reported in field studies of corn following alfalfa (Triplett et al. 1979; Levin et al.

L987). In those studies, conventional and no-till systems did not differ in the fertilizer

N response of corn established after alfalfa; however, Triplett et al. (1979) noted that

grain yield may not have been sensitive enough to detect differences in N mineralization.

Termination technique could conceivably affectN release from legumes by several

mechanisms. Perhaps foremost among these is an effect on residue placement. Soil

incorporation of legume residues often results in greater N release than surface application

and may increase N availability to subsequent crops (McCalla and Russel 1948; McKay

et al. 1952; Wilson and Hargrove 1986; Varco et al. 1989), presumably due to more

extensive contact between residues and microbial populations (Cogle et al. 1987).

Possibly, more favourable moistu¡e conditions in residue incorporated treatments also

contribute to enhanced mineralization. Under controlled envi¡onment conditions, soil-

incorporation of vetch resiclues resulted in mineralization of 5lVo of residue N after 35

cl; only 36Vo of residue N was mineralized where vetch residues were surface applied

(Aulakh et al. l99Ia). Similar trends were evident under field conditions. Incorporation

of sweetclover by mold-board plow resulted in the accumulation of 16 kg N ha-t more

NOr- than tillage with a subsurface plow which left residues on the soil surface (McKay

et al. 1952). In an earlier study with sweetclover, subsurface tillage also reduced soil

NOr- accumulations, from approximately I l0 kg N ha-r in plowed heatments to 103 kg

N ha-' in subsurface-tilled treatments (McCalla and Russel l94S). Similarly, Varco et al.

(1939) found that the proportion of N in tsN-labelled hairy vetch recovered by a

subsequent com crop was 207o in no-till ffeatments compared to 32Vo in conventionai-tiil

i6



treatments.

These differences in N mineralization of surface and soil-incorporated residues

tend to be most pronounced in early stages of decomposition. Crimson clover (Triþlium

incarnatum) residue placed in mesh bags and buried in the plow layer of tilled soil for

four wk retained 407o of initial residue N while residue retained on the soil surface

retained 63Vo of its N after the same period. After i6 wk of incubation, differences

between featments had declined: 3lVo of initial residue N remained in incorporated

residues compared to 36Vo in surface-applied residues (Wilson and Hargrove 1986).

Simitar results we¡e obtained in field studies with IsN-labelled hairy vetch; differences in

N release between soil-incorporated and surface-applied residues were greatest within 30

d of residue application and declined thereafter (Varco et al. 1993).

In addition to effects of residue placement, N release may be influenced by the

alfalfa shoot:root ratio at termination, the N content of alfalfa residues, and the rates of

mineralization of individual plant pafts. The shoot:root ratio, which can change

substantially due to harvest management or growth stage, and residue N concentrations

may influence the relative N contributions of shoot and root residues (Bowren et al. 1969;

Heichel et al. 1984). Estimates of the amount of N supplied by roots vary, in part,

because of difficulties in sampling and measuring the root mass. In studies conducted in

Saskatchewan, roots accounted for an estimated 20 to 32To of the total residue N (in

tops+roots to a soil depth of 20 cm) provided by an alfalfa crop terminated in midsummer

as a green manure crop (Bowren et al. 1969); whereas roots would account for the

majority of residue N if alfalfa were harvested and only the stubble incorporated. In
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studies conducted in Manitoba, roots often accounted for >507o of total residue N (in

stubble+roots to a soil depth of 15 cm) present in mid to late October in a two cut system

(alfalfa hay cut in midsummer and early fall) (Kelner and Vessey 1995). Subsequent N

release from these residues is influenced not only by the N content of root and shoot

components but also their relative decomposability. In studies with medic (Medicago

littoralis and Medicago truncatula),Ieaf tissue decomposed more rapidly and to a greater

degree than stem and root tissue (Amato et al. 1984). After 4 wk, leaf tissue retained

only 64Vo of its initial organic t5N whereas stem and root tissue retained 87Vo and 817o,

respectively; after 2 years of decomposition, 40Vo, 56Vo and 507o of the rsN present in

leaf, stem and root tissue remained. Differences in the decomposability of plant residues

are primarily a function of residue composition which traditionally has been characterized

by the carbon to nitrogen (C/NI) ratio (Millar et al. 1936). Other factors, including the

Iignin and carbohydrate content, total N content and the soluble and intermediately-

available C content of residues, have also been associated with differences in residue

decomposability (Iritani and Arnoid 1960; Nyhan 1915; Herman et al. I9l7; Reinertsen

etal. 1984;Janzen and Kucey 1988). Seasonal changes in the chemical composition of

plant parts may also contribute to differential decomposability. For example, in alfalfa

roots, the sugar, N ancl soluble protein concentrations increase substantially in the fall

whereas in spring, the N and soluble protein concenÍations deciine and starch

concentrations increase (Li et aI. 1996).

The presence of herbicide residues in a desiccated legume green manure could also

inhibit or delay the decomposition of legume residues (Biederbeck and Slinkard 1988).
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However, in field studies with lentil, canola, rye, barley, wheat and flax residues, up to

three applications of herbicide (glyphosate or paraquat or 2,4-D) did not alter the rate of

residue degradation (Blackshaw and Lindwall 1995).

Although increased N release from incorporated residues has generally been

atfributed to enhanced mineralization, recent studies suggest that reduced volatile N losses

from incorporated residues may also confribute to the larger available N supply observed.

During the decomposition of plant residues, substantial N losses may occur presumably

from volatilization of NHo* produced during the ammonification of soluble organic N and

subsequent mineralization of legume N (Janzen and McGinn 1991). Perennial ryegrass

(Lolium perenne) incubated for 70 d lost the equivalent of 20 to 477o of herbage N via

volatilization (Whitehead et al. 1988). Lentil green manure, lentil straw and wheat sÍaw

incubated without soil for 28 d lost the equivalent of 42,3.4 and 0.5Vo of residue N

(Bremer and van Kessel 1992). Janzen and McGinn (1991) also reported volatile N

losses equivalent to l4%o of residue N from lentil green manure placed on the soil surface

or suspended above the soil surface. However, incorporating the lentil residue into the

soil essentially eliminated volatile N losses. Volatile N losses f¡om other organic

amendments have also been substantially reduced following soil incorporation (Adamsen

and Sabey 1981).

Another factor which may contribute to differential N mineralization from tilled

versus herbicide-treated alfalfa is residue particle size. Intensive tillage physically breaks

down alfalfa residues whereas termination by herbicide application without tillage leaves

alfalfa residues physically intact and presumably with a smaller surface atea avaTlable for
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microbial decomposition. Several laboratory studies suggest that, within relatively small

size fractions (<50 mm diameter), reductions in residue particle size may enhance residue

decomposition. For example, reductions in the particle size of corn residues from 19 mm

to <0.25 mm significantly increased CO, evolution, particularly within the first few days

of the decomposition period (Sims and Frederick 1970). Similarly, in studies with legume

residues, fine grinding (<1 mm) increased net tsN mineralization in stem, root and pod

material of strand medic although it did not affect mineralization of leaf material (Amato

et al. 1984). However, pa-rticle size (which ranged from <1 mm to 50 mm lengths of

stem and 2.5 cmz root mats) had little effect on the residual r5N content of Medicago sp.

decomposing under field conditions (Amato et al. 1984). In contrast, Stickler and

Frederick (1959) observed greater net NOr- accumulations from coarse (<1.25 cm) than

from finely ground alfalfa top-growth, but little effect of particle size on net NOr-

accumulations from alfalfa root.

Another factor which may contribute to differences in the supply of available N

under different termination reatments is the magnitude of denitrification losses which

occur following termination. Although field studies with white clover (Triþlium repens)

have demonstrated significant effects of termination method on denitrification losses

(shallow tillage > herbicide > plough = rotary hoe), losses estimated 15 d after

termination were relatively small, ranging from 2 kg N hat in herbicide treatments to 6

kg N har in shallow tillage Íeatments (King and Ball 1992). Under controlled

conditions, surface application of residues resulted in lower initial denitrification losses

than incorporation; however, cumulative N losses were the same after 35 d (Aulakh et al.

20



I99la). Denitrification following soil-incorporation of residues has been attributed to the

increased supply of labile organic C provided by residues (Aulakh et al. 1991b;

McKenney et al. 1993) whereas denitrification in soil under a herbicide-terminated grass

sward was attributed to increased soil moisture and NOr- contents (Tenuta and Beauchamp

1996).

. Differences in soil temperature and moisture in herbicide-terminated and tillage-

tenninatecl systems may also conhibute to differences in N release. Surface residue cover

often results in lower soil temperatures and higher soil moisture contents than bare soil

(Mitchell and Teel 1977; Gauer et al. 1982; Wall ancl Stobbe 1984; Sarrantonio and Scott

1988). The influence of soil moisture, soil temperature and interaction between these and

other factors (soil organic C content, N availability) on N mineralization has been the

subject of numerous studies (e.g., Stanford et al. 1913; St¿nford and Epstein 1974;

Cassman and Munns 1980; Addiscott 1983; MacDonald et al. 1995). In general, the rate

of N mineralization increases with increasing temperature over the range of temperatures

normally encountered under field conditions (Stanford et al. l9l3; MacDonald et al.

1995). lncreases in soil moisture content also increase N mineralization rate up to a

maximum water content above which mineral N accumulations decline presumably due

to denitrification (Stanford and Epstein 1974).

The many factors which may influence N release under different termination

management systems make the prediction of N mineralization under these systems very

difficult. Although the N contributions made by alfalfa to the planrsoil system have been

well-documented, few studies have directly compared the available N supply under
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various termination management systems. Further information is required regarding the

impact of termination technique on N dynamics in o¡der to develop management

strategies which effectively terminate alfalfa while maximizing N use efficiency by

subsequent crops and minimizing N losses. Strategies which allow more effective

management of legumes may improve the feasibility of using legumes in today's cropping

systems as an alternative N source.
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3. Plant-Available N Supply
Method of

Herbicide application may provide an alternative to intensive tillage for the

termination of alfalfa stands but could alter the pattem of N release and N availability to

subsequent crops. Four field experiments were initiated on alfalfa (Medicago sativa)

stands in southern Manitoba in 1992 and 1993. A factorial combination of three methods

(herbicide, tillage, herbicide+tillage) and two times (after fust alfalfa cut, after second

alfalfa cut) of termination was arranged in a randomized complete block design. One

additional treatment of a spring-apptied herbicide was also included. Spring wheat

(Triticum aestivum cv. Katepwa) was established following allalfa termination, and soil

NOr- status, plant N accumulations and wheat yield were monitored for one to two years.

In three of four experiments, termination by tillage or herbicide+tillage produced a larger

short-term plant-available N supply than termination by herbicide application alone.

Regardless of method, early-summer termination generally produced a greater short-term

plant-available N supply than late-summer termination. However, despite a smaller short-

term plant-available N supply in herbicide treatments, wheat yields in herbicide treatments

were similar to or greater than those in tillage heatments. Differences in the N st¿tus of

termination treatments diminished with time; by the fall of the second growing season

after termination, differences in the cumulative available N supply were no longer evident.

Under conditions like those in southern Manitoba, herbicide application may improve the

synchrony between N release from alfalfa residues and N needs of a subsequent spring

under Field Conditions as Affected
Alfalfa Termination

ABSTRACT

by
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wheat crop and could improve the N use efficiency of subsequent crops.

Concerns regarding agricultural sustainability, soil and environmental quality and

energy conservation have renewed inte¡est in the use of legumes in cropping systems.

Legumes not only provide substantial amounts of plant-available N to subsequent crops

(Hoyt and Leitch 1983; Bruulsema and Christie 1987) but may also reduce weed

populations (Harvey and McNevin 1990; Entz et al. 1995), reduce the incidence and/or

severity of plant disease (Campbell et al. 1990; Osunlaja 1990) and improve soil physical

condition (Mazurak et al. 1955; Toogood and Lynch 1959; Campbell et al. 1990).

One strategy for increasing the proportion of arable land deriving benefits from

Iegumes without increasing the total acreage of legume crops is to reduce the duration of

alfalfa stands. Currently, in Manitoba and Saskatchewan, the average duration of pure

alfalfa (Medicago satíva) or alfalfa/grass stands is 6.5 years (Entz et al. 1995). This

exceeds the economic optimum of 4 to 5 years reported by Jeffrey et al. (1993) and the

duration required to attain maximum N benefits (Hoyt and Hennig I97I; Heichel et al.

1984). However, successful adoption of shorter-term alfalfa stands requires the

development of management practices which effectively terminate alfalfa but maximize

the benefits provided to subsequent crops.

INTRODUCTION

Intensive tillage, the usual method of terminating alfalfa, leaves the soil prone to

erosion and moisture loss. An alternative is to apply herbicides either the summer before,

or the spring immediately before, establishment of a subsequent crop and leave residue
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standing on the soil surface. Herbicide application provides reliable, cost-effective control

of aHalfa and concurrent confrol of a broad specüum of weeds (Bullied, Dept. of Plant

Science, University of Manitoba, unpublished data). In addition, standing surface residues

protect the soil from erosion and moisture loss and may increase snow trapping, thereby

increasing soil moisture reserves (Bullied, Dept. of Plant Science, University of Manitoba,

unpublished data).

Although use of herbicide in place of tillage has many apparent benefits, it could

affect the amount and timing of N release from alfalfa residue and the availability of this

N to subsequent crops. If the rate of N mineralization is too slow to meet the N uptake

neecls of a subsequent crop, crop yield and/or quality may be adversely affected

(Huntington et al. 1985; Westermann and Crothers 1993). Conversely, accumulations of

excess amounts of inorganic N may be prone to leaching or denitrification (Robbins and

Carter 1980; Firestone 1982). Even under dryland conditions in semi-arid areas, potential

may exist for leaching losses of legume-derived N (Campbell et al. 1984; Campbell et al.

1994).

Few studies have directly compared N release from alfalfa terminated by chemical

versus mechanical means. Under controlled conditions, incorporation of alfalfaresidues

resulted in more rapid N release from alfalfa residues and a larger short-term plant-

available N supply than termination by herbicide application in which alfalfa residues

were retained on the soil surface (Chapter 5). In field experiments, termination of a green

manure crop by herbicide application resulted in a22Vo lower grain yield in a subsequent

wheat (Triticum aestívum) crop than termination by tillage (Biederbeck and Sünkard
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1988). The observed yield reduction was attributed to delayed decomposition of

herbicide-teated residues which may have reduced the available nuÍient supply. In

conftast, in field studies with corn (Zea mays), the fertilizer N response of corn

established after alfalfa was the same under conventional till and no-till management

(Triplett et al. 1979; Levin et al. 1987).

The objective of this stucly was to dete¡mine the effect of timing and method of

termination of alfalfa on the pattern of N release under field conditions. This was

accomplished by measuring soil NOr- accumulations, soil mineralizable N content and N

accumulations by subsequent spring wheat crops for up to two years after alfalfa

termination.

Four field experiments were conducted in southern Manitoba ftom 1992 to 1994

(Table 3.1). Field experiments were initiated on established alfalfa stands at the Glenlea

Research Station (Glenlea-92) and at the Carman Research Station at 23-6-5W (Carman-

92) in 1992 and were monitored during the 1993 and 1994 growing seasons. Two

additional experiments were initiated on established alfalfa stands at "the Point" on the

University of Manitoba campus at Winnipeg flMinnipeg-93) and at the Carman Research

Station at 23-6-5W (Carman-93) in 1993 and were monitored from time of establishment

through the 1994 growing season. At all sites, a hay-type cultivar was used. Alfalfa

stands at the Carman-9Z, Winnipeg-93, Carman-93 and Glenlea-9Z sites were 4, 4, 5 and

6 years olcl, respectively. (Climatic data for Glenlea-9Z and Carman are reported in

MATERIALS AND METHODS
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Tables 4.1 and A.2 of Appendix A).

Termination treatments consisted of a factorial combination of three termination

methods (herbicide application, tillage, herbicide application followed by tillage) applied

at two times during the growing season (early summer-after the f,rst alfalfa harvest, late

summer-after the second alfalfa harvest). One additional fteaÍnent was included in which

herbicide was applied in the spring immediately prior to establishment of a subsequent

spring wheat crop. All termination treatments were included in the experiments initiated

in 1992. In experiments initiated in 1993, selected treatments were omitted. At the

Carman-93 site, only five te¡mination featments were applied: early, late and spring

herbicide application; and early and late tillage. At Winnipeg-93, only two termination

treatments were applied: late termination by herbicide or by tillage. [n all experiments,

treatments were arranged in a randomized complete block design with four replicates.

Field Techniques

At all sites, the first cut of alfalfa was harvested in mid-June to early July and the

second cut in late July to mid-August (Table 4.3 in Appendix A). For both harvests,

allalfa was cut, baled and removed from the plot area.

ln plots designated for early termination, treatments were applied approximately

3-5 wk after the first cut of alfalfa. AlfaHa in plots designated for late termination was

allowed to regrow after the first cut and featments were applied approximately 3-5 wk

after the second cut of alfalfa. (Based on random square meter samples of alfalfa top-

growth harvested inside the plot area, the amount of alfaHa top-growth present within
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several days of termination averaged about 2000 kg dry matter ha I in experiments

established in 1993. Alfalfa dry matter yields were not determined prior to termination

in experiments established in 1992.)

Herbicide+tillage teafnents consisted of an initial application of 2.5 L ha-I

Roundup followed by several tillage operations. Herbicide treatments consisted of I-2

applications of 2.5 or5 Lhar Roundup (in 1,992) oratank-mix of 1.85 Lha-rRoundup,

1.25 L ha-r Banvel and 1 L ha-L 2,4-D (in 1993). Tittage treatments consisted of repeated

tillage by a combination of disc, cultivator and ha¡¡ow from time of termination

throughout the remainder of the growing season except at Winnipeg-93 where tillage

treatments wore rototilled three times during the year of termination. (Table 4.3 in

Appendix A gives a detailed description of termination management.)

Plot dimensions were 5.5 m x 16 m at Winnipeg-93 and 12 m x 12 m at all other

sites. Neutron access tubes were installed in the centre of each plot.

At all sites, spring wheat (cv. Katepwa) was established during the fnst growing

season following alfalfa termination. In herbicide treatments, wheat was seeded directly

into untilled soil using a zero till offset disc drill. All tillage and herbicide+tillage

treatments were tilled in the spring prior to seeding except at Winnipeg-93 where wheat

was directly seeded without spring tillage. After harvest, wheat straw was baled and

removed from all treatments, but no tillage was done. At sites initiated in 1992, a second

spring wheat crop (cv. Katepwa) was established in 1994. Wheat was seeded directly into

untilled soil in all treatments.

Triple super phosphate (0-46-0) was applied in the seedrow at time of seeding at
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aÍate of about 13 kg P hal. Whererequired based on soil testrecommendations, S and

K were applied in the form of spring-broadcast potassium sulfate. No N-containing

fertilizers were applied.

Sampling P¡ocedures and Analvtical Techniques

Soil samples to a depth of 60 or 120 cm (in increments of 0 to 15, 15 to 30, 30

to 60, 60 to 90, 90 to 120 cm) were collected periodically throughout the study. In

experiments initiated in 1992, soil samples (to 120 cm) were collected in May 1993,

September to early October 1993, May 1994 and August1994; soil samples (to 60 cm)

were collected in June to July of 1993. In experiments initiated in 1993, soil samples (to

120 cm) were collected in September to early October 1993,May 1994 and August i994;

soil samples (to 60 cm) were collectecl in June of 1994. At all sites, spring samples were

taken shortly before or immediately after wheat was seeded; fall sampies were taken after

the wheat was harvested. Midsummer soil sampling coincided with the third plant tissue

sampling, approximately 6 wk after wheat emergence. Soil samples consisted of a

composite of three to six soil cores per plot.

Soil samples were air dried immediately after collection except in a few cases in

which soil samples were frozen briefly before air drying. Air dry soil samples were

ground (<2 mm) using a rotating sieve. Plant residues which did not pass through the

sieve were discarded. During selected sampling periods, soil samples were weighed prior

to grinding to determine bulk density. [In some cases, this procedure resulted in

uncharacteristically low bulk densities for the GIenIea-9Z and Winnipeg-93 sites (e.g. -0.9
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Mg *-' at Glenlea-9} in 1993i -l.l Mg *-' for the 0-15 cm soil depth at winnipeg-93

in 1994) which may have resulted in underestimation of the soil NOr--N content.]

Soil inorganic N was extracted with 2 M KCI and the concentration of NOr- and

NHo* in the extract was determined by a colorimetric procedure (Keeney and Nelson

1982). (Soil NOr--N concentrations are reported in Tables 4.4 to 4.7 in Appendix A.)

Mineralizable C and N was determined for surface soil samples (0 to 15 cm)

collected during the first spring after alfalfa termination using a procedure similar to that

described by Bremer et al. (1994). A 50 g soil sample was moistened to 807o of field

capacity and placed in a sealed I L glass jar containing a Co, trap (10 mL of 2 M

NaOH). Samples were incubated at 25"C for 6 wk. Jars were aerated and the NaOH

faps replaced at 1, 2, 4 and 6 wk. To quantify the carbonate content in each sample, the

entire NaOH sample was placed in a 1 L airtight jar, acidified with an excess of HCl, and

the CO, evolved was measured on a gas chromatograph. The CO, concentration in the

headspace of each jar was calculated using a standard curve run with each set of samples.

At the end of the incubation period, soil samples were air dried and analyzed for

inorganic N as described previously (Keeney and Nelson 1982) to estimate mineralizable

N.

Soil physical and chemical characteristics for each field site (Table 3.1) were

determined on a composite sample of soil samples collected in the spring of the first year

following alfalfa te¡mination.

Plant tissue samples were taken at about 2 wk intervals throughout the growing

season of the fust wheat crop established after alfaHa termination. (The plant tissue
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sampling schedule is reported in Table 4.8 in Appendix A.) The second wheat crop

established after alfalfa termination was sampled at the soft dough stage and at crop

maturity. At all sites, plant tissue samples consisted of wheat top-growth from a 1 m

length of 6 adjacent rows (approx. 0.9 m2); wheat was cut approximately 2 cm above the

soil surface and immediately air dried. (Dry matter yields are reported in Tables 4.9 to

A.L2 in Appendix A.)

To determine grain yields at crop maturity, wheat was harvested from a 10 to 19

m' aÍea within each plot using a small plot combine. To determine straw yields, wheat

was hand-harv,ested from I m lengths of 6 adjacent rows as described previously. In

1993, straw yields were calculated as the difference between the total dry matter yield of

hand-harvested samples and the grain yield of combine-harvested samples. In 1994,

hand-harvested samples were threshed and the straw yield measured di¡ectly. For several

plots at Glenlea-9? which could not be harvested by combine due to uneven crop growth,

1994 grain yields were based on the grain yield of hand-harvested samples.

Air-dried plant samples were oven dried, weighed to determine plant dry matter

yield and ground to pass a 2 mm sieve using a Wiley mill. A subsample of coarsely

ground plant material was taken, finely ground using a Cyclone sample mill (Udy

Corporation, Fott Collins, CO) and analyzedfor total N by an automated combustion

technique (Carlo Erba'", Milan, Italy). (Plant tissue N concentrations are reported in

Tables 4.13 to 4.16 in Appendix A.)

As part of a concurrent study, soil moisture to a depth of up to 180 cm was

monitored periodically throughout the duration of the experiment using a Troxler Series
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4300 depth moisture gauge (Troxler Elecüonic Laboratories fnc., North Carolina)

(Bullied, Dept. of Plant Science, University of Manitoba, unpublished data).

Data were analyzed by analysis of variance for a factorial experiment arranged in

a ¡andomized complete block design using the Proc GLM procedure (SAS Institute [nc.

1985). To determine the effect of spring-applied herbicide treatments, data were re-

analyzed by two-way analysis of variance for a randomized complete block design and

by single degree of freedom contrasts using the Proc GLM procedure.

Soil NO,- Accumulations

Large amounts of NOr- accumulated in the soil after the termination of alfalla

(Figs. 3.1 and 3.2). At all sites except Winnipeg-93, both timing and method of alfalfa

termination significantly influenced soil NOr- content.

Tillage, alone or in combination with herbicide application, increased soil NOr-

accumulations in the first spring after alfalfa termination. At Carman-92, soil NOr-

content averaged I28kg ha-r in tilled treatments compared to 100 kg hatin herbicide

treatments (Fig. 3.1). Similarly, at Glenlea-92, termination involving tillage produced

greater amounts of spring soil NOr- (8a kg ha-t) than termination by herbicide application

alone (61 kg hat). The largest differences among termination methods were evident at

Carman-93. Spring soil NOr' accumulations were 62 and 84 kg ha-r in late and early

herbicide treatments, respectively, compared to I25 and 196 kg ha-t in late and early

tillage Íeatments. These differences among termination methods were already evident

RESULTS AND DISCUSSION
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at Carman-93 the previous fall (Fig. 3.2). Similar results have been reported for green

manure crops: accumulations of soil inorganic N were lower under winter green manure

crops terminated by herbicide application in a no-till system than by tillage in a

conventional-till system (Sanantonio and Scott 1988).

Tillage of a previously untilled system like a perennial alfalfa stand may result in

incorporation of surface residues, redistribution of organic matter within the soil, increases

in soil aeration, and soil drying which, in turn, may influence microbial activity and thus

processes such as N mineralization. Greater accumulations of inorganic N under

conventional till management may be due to factors which improve conditions for N

mineralization: higher soil temperatures (Mitchell and Teel l9l7) and more suitable soil

moisture levels (Sarrantonio and Scott 1988). In part, our observation may simply reflect

greater N release from incorporated than f¡om surface residues (McKay et aI. 1952:

Wilson and Hargrove 1986; Varco etal. 1993), presumably the result of more extensive

exposure of legume residues to soil microbial populations (Cogle et al. 1987).

Regardless of termination method, delaying termination until after the second cut

of alfalfa substantially reduced soil NOr- accumulations measured in the spring

immediately following alfalfa termination. The same trend was evident for early and late

herbicide treatments at Carman-93, although differences were not statistically significant.

Presumably, lower soil NOr- accumulations in the delayed treatments result from the

shortened period of decomposition. Differences between early and late termination by the

same method ranged from i3 kg NO,--N ha-t (herbicide treatments at Glenlea-9}) to 7l

kg NOr--N ha-t (herbicide treatments at Carman-9Z, tillage treatments at Carman-93).
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The effect on spring soil NOr- accumulations of delaying herbicide application

until the spring immediately prior to establishment of a subsequent wheat crop was

measured only at Carman-93. At that site, delaying herbicide application until spring

reduced the soil NO.,- content compared with termination early in the previous season, but

produced soil NOr- levels similar to termination late in the previous season (Fig. 3.2).

These results suggest either that minimal N mineralization occurred in the treatment

applied late the previous growing season or that a portion of the N mineralized in the fall

treatment was lost from the system.

The differences in soil NOr- accumulations observed among termination treatments

were still evident at midsummer, but N uptake by the growing wheat crop had

subst¿ntially depleted soil NOr- reserves at all sites (Figs. 3.1 and 3.2).

Observed differences between termination treatments in their soil NOi

accumulations diminished with time. In both experiments conducted at Carman, effects

of tennination treatment on soil NOr- accumulations were no longer evident in the fall

after harvest of the initial wheat crop. In confrast, at Glenlea-92, effects of both time and

method of alfalfa termination were evident until the second spring after alfalfa

termination. In the fall after harvest of the initial wheat crop at Glenlea-92, soil NOr-

levels remained significantly lower in late than early termination Íeatments regardless of

termination method; this effect was still evident in the spring of 1994, the second spring

after alfalfa termination. Effects of termination method were also evident at Glenlea-9}

in the spring of 1994:' soil NO,- accumulations were greater in tillage than herbicide only

ffeatments even though no differences among termination methods had been measured the
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previous fall. Following harvest of the second wheat crop at Glenlea-92, effects of

te¡mination freatment on soil NOr- accumulations were no longer evident (Fig. 3.1).

At Winnipeg-93, soil NOr- accumulations were comparable to those observed at

other sites and followed similar mends over time but showed no effect of termination

method, perhaps because later termination (second week in September) and cool

conditions delayed mineralization in both reatments (Table 4.1 in Appendix A).

Method and time of termination influenced not only the amount of NOr-

accumulated in the soil, but also the distribution of NOr- within the soil profile. In the

first spring after alfalfa termination, tillage increased the NOr- concentration in surface

soils (0 to 30 cm) but had va¡iable effects on subsurface soil NOr- concentrations (Figs.

3.3 and 3.4)- At Carman-92, no effects of termination method on soil NOr' concentrations

were evident below a soil depth of 30 cm; however, in the coarser-textured soil at the

Carman-93 site, tillage increased NOr- concentrations to a soil depth of 120 cm suggesting

that downward movement of NOr- may have occurred. In contrast, in subsurface soils at

Glenlea-92 (30 to 90 cm), early-season herbicide application resulted in higher soil NOr-

concentrations than tillage. One possible explanation is that larger fall soil moisture

reserves (Buliied, Dept. of Plant Science, University of Manitoba, unpublished data),

combined with intact root channels in the untilled herbicide system, allowed downward

movement of water through the fine-textured soil and concurrent leaching of NOr-

(Blackwell et al., 1990). Regardless of method, delaying termination until after the

second cut of alfalfa often reduced soil NOr- concentrations; however, effects were not

consistent for all soil depths at all sites. Further delaying herbicide application until the
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following spring did not influence soil NOr- concentations in the top 30 cm of the soil

profile, but reduced subsurface soil NOr- concentrations (30 to 90 cm) compared to

herbicide application during the previous growing season (Fig. 3.a).

Observed differences in the vertical distribution of soil NOr- under different

termination management systems suggest that both method and time of alfalfa termination

may affect the potential for NOr- leaching. In order for substantial leaching losses to

occur, two conditions must exist: the presence of large amounts of NO.-, and substantial

water movement (Legg and Meisinger 1982). Termination techniques like herbicide

application which reduce the quantity of NOr-in the soil profile (Figs. 3.1 and 3.2) also

reduce the amount of NOr- which could potentially be lost through leaching. However,

herbicide termination may also increase soil moisture reserves compared to tillage.

Although these increases in soil moisture reserves could potentially contribute to

downward movement of NOr- in some cases, the potential for NOr- leaching will depend

on various other factors including soil toxture, precipitation, evapotranspiration, N

transformations within the soil and drainage (Foltett 1989).

Mineralizable N

The quantity of mineralizable N (determined in a laboratory incubation procedure)

in the surface soils at Glenlea-9Z, Carman-92 and Winnipeg-93 was not influenced by

time or method of alfalfa termination (Table 3.2). However, at Carman-93, ear|y

termination decreased the mineralizable N content in tillage treatments but had no effect

on the mineralizable N content in herbicide treatments.
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Although the laboratory-determined mineralizab\e N revealed minimal differences

among termination treatments, net N mine¡alization in the field during the growing season

(measured as the change in the cumulative available N supply between spring and fall)

varied considerably among troatments (Table 3.3). At Glenlea-92, l9g3 growing season

net mineralized N was higher in herbicide (57 kg ha-t) than in herbicide+tillage treatments

(28 kg ha-I) and was intermediate in tillage treatments @ kghat). However, at Carman-

92, 1993 growing season net mineralized N did not differ among termination methods but

was substantially higher in late-terminated (113 kg ha-t) than early-terminated (65 kg ha't)

fteatments regardless of termination method. No treatment differences were observed

at Glenlea-92 or Carman-9? during the subsequent growing season. At Carman -93, lgg4

growing season mineralized N was substantialiy higher in herbicide (111 kg ha-t) than

tilled treatments (19 kg hat), although termination time did not influence the amount of

N mineralized during the growing season. Therefore, treatments in which N

mineralization was initially delayed (based on low spring soil NOr-accumulations), such

as the herbicide and late-terminated treatments, often had higher rates of N mineralization

during the first growing season following alfalfa termination. It should be noted,

howevet, that although termination method clearly influences N mineralization, the

quantity of N mineralized and hence the ability of each termination management system

to meet the N needs of a subsequent crop will be strongly influenced by the prevailing

environmental conditions.

Differences between field and laboratory determinations suggest that most

treatment effects are related to the rate of residue decomposition, not to differences in the
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mineralization rate of soil N; laboratory incubations (which measure only mineralizable

N in the soil) demonstrated minimal differences among featments whereas large

differences among treatments were evident in field soils containing alfalfa residues. This

is in agreement with results of a subsequent rsN study which showed no difference in the

soil mineralizable N content of herbicide and tillage treatments following alfalfa

termination (Chapter 6).

Available N supply

Substantial amounts of plant available N (calculated as the sum of soil NOr-

accumulations to 60 cm and kg N ha-I removed in the grain and straw of subsequent

wheat crops) were released following alfalfa termination (Fig. 3.5 and 3.6). [This

calculation may have slightly overestimated the available N supply since the soil NOr-

content at time of termination was not determined at all sites and therefore was not

subracted from the available N supply. Presumably, soil NOr- levels under these long-

term alfalfa stands which had not received N fertilizers would be fairly low at all sites.

Sites established in 1993 generally contain ed <20 kg NOr--N ha-I at time of termination.l

By the fall of the first growing season after alfalfa termination, plant-available N release

averaged 107 kg N ha-t at Winnipeg-g3, 119 kg N ha-t at Glenlea-g2, 186 kg N ha-tat

Carman-93 and 211 kg N har at Carman-9} (Figs. 3.5 and 3.6). At the end of the second

growing season after alfalfa termination, the cumulative plant-available N was 244 kg N

ha-r at Glenlea-9} and256 kg N hat at Carman-92. These values are comparable to those

reported in the literature. Alfalfa residues have been shown to contribute from 20 to 161
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kg N hal to the soil depending on various factors including aLfalfa management

(harvested for forage versus plowdown; number and timing of cuttings) and cultivar

(Bowren et al. 1969; Groya and Sheaffe¡ 1985; Hesterman et al. 1986; Westcott et al.

1995). These values may, in fact, underestimate N contributions because N in the root

system is often not completely accounted for. The fertilizer-N replacement value of

alfalfa to a subsequent corn crop ranged from 135 to i80 kg N ha-t in studies conducted

in the United States (Baldock and Musgrave 1980; Hesterman et al. 1987). Even larger

alfalfa N contributions have been reported in long-term studies. Boawn et al. (i963)

found that five consecutive corn crops established in an area previously seeded to alfalfa

accumulated a total of 383 kg ha-t more N than corn established in a previousiy

uncropped area.

At Glenlea-92, the available N supply in fall 1993 was higher in tillage only (131

kg N ha-t) than in herbicide+tillage treatments (107 kg N ha-t) and intermediate in

herbicide only treatments (118 kg ha-t) Gig. 3.5). Regardless of termination method,

delaying termination until after the 2nd cut of affaIfa reduced the available N supply by

an average of 24kg N ha-t. Significant effects of termination method and time were still

evident in spring 1994 but, by fall 1994 the available N supply at Glenlea-92 was the

same in all treatments regardless of method or time of termination.

In contrast, at the Carman-92 site, effects of method and time of termination

diminished rapidly; by the fall of 1993, differences among termination ffeatments were

no longer evident. Substantial differences in the pattern of N release were also evident

between Catman-9} and Glenlea-92. Whereas the available N supply at Glenlea-9Z
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increased slowly and steadily between spring 1993 and falL 1994, the available N supply

at Carman-92 increased rapidly until fall 1993 then increased at a markedly slower rate.

Presumably, environmental factors at Carman-9Z and Glenlea-9Z contibuted to these

differences. In 1993, Carman-92 experienced substantially higher July and August

temperatures than Glenlea-92 which may have contributed to the rapid increase in

available N supply observed at Carman-92 during the last half of the 1993 growing season

(Table 4.1 in Appendix A). In addition, Carman-92 received conside¡able rainfall which

appeared to result in soil moisture conditions conducive to N mineralization (Table 4.2

in Appendix A). In contrast, at Glenlea-92, exremely wet conditions (the result of high

rainfall combined with a poorly-drained heavy clay soil) may have enhanced

denitrification and thus reduced the available N supply.

At Carman-93, termination treatment had a significant effect on the short-term

available N supply, but these effects diminished over time (Fig. 3.6). By fa[ 1994,

differences among termination methods were no longer evident, but effects of termination

time remained. Delaying tillage until after the second cut of alfalfa reduced the available

N supply by 59 kg N ha-t. In herbicide treatments, delaying termination application until

after the second cut of alfalfa did not reduce the available N supply; however, further

delaying herbicide application until immediately before establishment of a subsequent

spring wheat crop reduced the available N supply by 65 and 56 kg N hat compared to

termination early and late in the preceding year.

At Winnipeg-93, termination method had no effect on the available N supply (Fig.

3.6).

40



Nitrosen Uotake bv Wheat

For all treatments, total N accumulation by wheat increased rapidly until

approximately 30 d before crop maturity then increased at a markedly slower rate or

declined (Fig. 3.7). Total N accumulations by wheat at crop maturity were not

consistently related to spring soil NOr- content. A relationship between total N

accumulations at crop maturity and spring soil NOr- content was evident only at the

Catman-9} site in 1994 (R2=0.51, P=0.0004, n=25).

At all sites except Winnipeg-93, the N concentration in wheat top-growth sampled

prior to filling (2 to 3To) was sufficient according to plant tissue guidelines developed for

Manitoba conditions (Manitoba Provincial Soil Testing Laboratory 1982, unpublished)

(Tables 4.13 to 4.16 in Appendix A). At Winnipeg-93, N concentrations in wheat tissue

(1.5 to 27o) were marginal; however, no visual symptoms of N deficiency were evident.

Nitrogen uptake patterns at Glenlea-92 and Cuman-92 followed similar trends in

1993. Significant method*time interactions indicated differential responses to termination

time among termination treatments during a number of sampling periods (Table 3.4). At

Glenlea-9? and Carman-92, patterns of N uptake in tillage treatments were similar

regardless of time of termination (Fig. 3.7). In confrast, in herbicide treatments, late

termination delayed N uptake by wheat compared to early termination. However, N

uptake in late herbicide-termination treatments appeared to increase late in the growing

season after N uptake in early herbicide-terminated plots had begun to level off or

decline. Late termination also appeared to delay somewhat N uptake in herbicide+tillage

treatments although differences between early and late termination were not as marked
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as those observed between early and late termination in the herbicide only treatments.

By crop maturity, no differences among treatments were evident at Carman-92. However,

at Glenlea-92, N uptake was found to be lower in herbicide+tillage treatmsnts than in

herbicide or tillage ffeatments.

Ninogen uptake patterns at Carman-93 in 1994 did not follow the general patterns

observed at Glenlea-92 and Carman-9Z in 1993. Overall, termination treatments had

minimal effects on N uptake (Table 3.4). Early-season N accumulations were slightly

lower in tillage than in he¡bicide treatments, and also lower in late than early termination

treatments. At crop maturity, N accumulations in wheat were less in late than early-

terminated treatments but were similar regardless of termination method; further delaying

herbicide application until the spring immediately prior to alfalfa termination further

recluced N accumulations. The reason time of herbicide termination had a stronger impact

on N uptake patterns at Glenlea-9Z and Catman-92 n 1993 than at Carman-93 in 1994

is not clear.

At Winnipeg-93, early-season N accumulations by wheat were greater in tillage

than herbicide treatments, but termination method had no effect on N accumulations

throughout the remainder of the growing season or at crop maturity (Fig. A.l and Table

3.4).

Grain Yield and N Concentration

Grain yield of the initial

considerably among termination

wheat crop established after alfalfa termination varied

treatments at sites established in 1992 (Table 3.5). At
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Glenlea-9Z, grain yields in herbicide and tilled neatments did not differ (1844 kg hil)

despite significantly lower spring soil NOr- accumulations in herbicide treatments; lower

yields were observed in herbicide+tillage featments (1709 kg ha r). At Carman-92, grain

yields were highest in herbicide treatments (2853 kg ha-t), intermediate in

herbicide+tillage treatments (2703 kg ha-t) and lowest in tillage treatments (2508 kg hat)

although spring soil NOr- accumulations averaged 28 kg ha-t higher in tilled than in

herbicide treatments. The reason for higher yields in herbicide than tillage treatments is

not clear. Wheat accumulated similar amounts of N throughout the growing season

regardless of termination method which suggests that N nutrition likely had minimal

effects on yield. Results of a concunent study assessing the impact of termination

technique on soil moisture suggested that larger soil moisture reserves in herbicide

treatments during the spring of 1994 may have contributed to higher yields (Bullied, Dept.

of Plant Science, University of Manitoba, unpublished data).

Delaying termination until after the 2nd alfalfa cut did not affect grain yield at

either Carrnan-9} or Glenlea-92 despite substantially lower soil NOr- accumulations in late

than early termination treatments. Further delaying herbicide application until the next

spring immediately prior to wheat establishment substantially reduced the grain yields at

Glenlea-9Z and Carman-9Z. Termination treatments had no effect on the yield of

subsequent wheat crops established at either Glenlea-9Z or Carman-92 during the second

growing soason (1994) after alfalfa termination (Table 3.5).

Although te¡mination method strongly influenced grain yield at Glenlea-9L and

Carman-9Z, method had no effect on the grain yield of the initial wheat crop grown at
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sites established in 1993 (Table 3.5). However, at Carman-93, delaying termination until

after the 2nd cut of alfalfa decreased grain yield regardless of termination method; yields

were further reduced by delaying herbicide application until the following spring.

Termination fteatment had minimal effects on the harvest index of wheat crops

established after alfalfa (Table 4.17 in Appendix A). At Glenlea-92 in 1993 and 1994,

delaying termination increased the harvest index of wheat indicating that a larger

proportion of dry matter was converted into grain yield where termination and hence N

release had been delayecl. No other effects of termination treatment on harvest index

were evident.

Reportecl effects of legume termination techniques on the grain yield of subsequent

crops are inconsistent. In field studies conducted in Saskatchewan, the grain yield of a

wheat crop following a legume green manure was 22Vo less where the green manure was

terminated by herbicide application than where it had been terminated by tillage

(Biederbeck and Slinkard 1988). In field studies conducted in Idaho, alfalfa termination

by fall-applied herbicide did not release sufficient N to meet the needs of subsequent

winter or spring wheat crops resulting in lower wheat yield and protein contents

('Westermann and Crothers 1993). In confrast, corn yields following a winter green

manure crop were higher in a no-till than a conventional-till system; the authors attributed

this to the higher soil moisture content of the no-till system (Sarrantonio and Scott 1988).

However, in other field studies, the fertilizer N response of com was found to be the

same under conventional and no-till management (Triplett etal. l9l9: Levin et al. 1987).

In the present study, termination ffeatment affected the N concentration of grain
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at one site only (Table 3.5). At Carman-9Z in 1993, the grain N concenffation was higher

in treatments involving tillage than in herbicide only treatments and, regardless of

termination method, the N concentration in grain was significantly higher in early

termination freatments. At Glenlea-9Z in 1993 and 1994 and at Carman-g2 n 1994, grain

N concentrations in herbicide Íeatments tended to be slightly lower than in

herbicide+tillage and/or tillage treatments, but these effects were not statistically

significant. At Glenlea-9? in 1994, delaying herbicide application until the spring

immediately before wheat establishment resulted in a significantly higher grain N

concentration than herbicide termination in the previous growing season. This effect was

not evident at the remaining sites.

Method and timing of termination strongly affected the pattern of N release from

alfalfa residues. Compared to intensive tillage which has traditionally been used to

terminate established alfalfa, herbicide application without tillage delayed N ¡elease f¡om

alfalfa residues and reduced the short-term plant-available N supply. Resuits of connolled

environment studies suggest that observed differences are primarily a function of residue

placement rather than termination method per se (Chapter 5): N mineralization of soil

incorporated residues is enhanced with greater exposure of residues to soil microbial

populations (Cogle et al. 1987). In addition, incorporation may substantially reduce

volatile N losses from alfalfa residues (Janzen and McGinn 1991; Chapter 4).

SUMMARY AND CONCLUSIONS

Under Manitoba conditions, delayed N release from the residues of herbicide-
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terminated alfalfa appeared to improve the synchrony between N release from alfalfa

residues and N needs of a subsequent spring wheat crop. Although herbicide Íeatments

had lower spring soil NOr- levels than tilled fteatments, mineralization during the growing

season appeared to provide sufficient N to attain yields similar to or greater than wheat

established after tillage-terminated alfalfa. In the one case in which termination by

herbicide application resulted in higher yields than tillage, larger soil moisture reserves

in the untilled system may have contributed to higher grain yields (Bullied, Dept. of Plant

Science, University of Manitoba, unpublished data). Because smaller amounts of

inorganic N accumulate in herbicide than tilled treatments prior to establishment of a

subsequent crop, leaching and denitrification losses may be reduced.

Although delaying alfalfa termination until after the second cut of alfalfa reduced

soil NOr- accumulations at three of four sites, delaying termination until after the second

alfalfa cut reduced grain yields only at one site. Thus, delaying termination until after

the second cut of alfalfa might occasionally reduce the grain yield of a subsequent crop

compared to early termination; however, if the value of a second hay harvest exceeds the

value of grain yield lost (or the value of N fertiiizer required to compensate for reduced

N release in late-terminated treatments), delaying termination may be an economically

viable option. Further delaying herbicide application until the spring immediately prior

to wheat establishment delayed N release from alfaHa residues and significantly reduced

grain yields at 3 of 5 sites.

At all sites, the effects of method and time of alfalfa termination had the greatest

impact on N dynamics and grain production during the initial year following alfalfa
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termination. By the second growing season following alfalfa termination, differences

among termination treatments had iargely disappeared aithough significant amounts of

plant-available N were present.

In summary, under conditions like those in southern Manitoba, herbicide

application may be a viable, or possibly even a superior, alternative to tillage for the

termination of established alfalfa stands. Herbicide application allowed sufficient

mineralization to meet the N needs of a subsequent wheat crop but may reduce the

potential for N losses by reducing the size of the soil inorganic N pooi. Despite the

benefits associated with herbicide termination, extrapolation of these findings to other

situations demands caution. Because of the many differences between termination

management systems including differences in residue placement, soil temperature and

degree of soil disturbance, predicting the timing, amount and fate of N released following

alfalfa termination is complex. Effects of termination method on N dynamics are further

complicated by the confounding effect of soil moisture. Herbicide-termination often

results in larger soil moisture reserves than tillage which, depending on prevailing

conditions, may enhance N mineralization or produce conditions conducive to

denitrification and leaching (Thomas et al. 1973). In addition, N dynamics may be

influenced by factors unique to each f,reld situation like environmental conditions and the

quantity and N concenfration of alfalfa residues, both of which strongly influence the

availability of N. Nonetheless, results of this study demonstrate that, under conditions

conducive to N mineralization, herbicide application has potential to improve synchrony

between N release from alfalfa residues and N needs of a subsequent spring wheat crop
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which may improve N use efficiency and reduce the potential for N losses.
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Table 3.1. Physical and
establishecl in

CharacteristicÌ

Soil name

Soil classification

Texture

Vo Sand

Vo SIII

7o Clay

pH

EC (dS m-')

Total N (g kg-')

chemical characteristics of soils at field sites in Manitoba
1992 and 1993.

Depth
(cm) Glenlea-92 Carman-92

Osborne

Rego Black
Chernozem

9

26

66

7.r

0.32

3.90

2.56

1.44

1.03

0.87

10.6

493

0-15

0-15

0- 15

0-15

0-15

0- 15

15-30

30-60

60-90

90-120

0- l5

0- 1s

Denham

Orthic Black
Chernozem

50

2T

30

6.6

0.36

3.36

2.25

1.22

0.91

0.15

10.1

390

Site

Carman-93 Winnipeg-93

Denham

Orthic Black
Chernozem

78

9

t3

6.2

0.50

1.72

t.25

0.14

0.s6

0.48

6.8

162

Extr. P (*g kg-t)

Extr. K (mg kg-')

Soil texture was determined by pipette method, total N by an automated
combustion technique (Carlo Erba'", Milan, Italy), sodium bicarbonate extractabie
P by a colorimetric method (Olsen and Sommers 1982) and ammonium acetate
extractable K by atomic absorption (Knudsen et al. 1982). Soil pH and elecfical
conductivity were determined in water (1:2 ratio of soil:water).

Riverdale

Cumulic
Regosol

t3

45

42

1.4

0.30

2.63

2.45

t.77

1.38

0.99

29.4

M2
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Table 3.2. Mineralizable N concentration in surface soil (0-15 cm) collected from
field sites in the spring following alfalfa termination (based on a laboratory
incubation procedure). [The soil used in the laboratory incubation
procedure had been air dried and ground (<2 mm) using a rotating sieve.
Plant residues which did not pass through the sieve were discarded.l

Time

Early

Method

Late

herbicide

herb.+till

tillage

herbicide

herb.+till

tillage

herbicicle

Glenlea-92 Carman-9Z

Spring

t993

---------mg N kg-t soilr

Significance (P)+

Rep

Time

Method

M*T

C.Y. (Vo)

65

80

69

72

44

48

48

46

Carman-93 Winnipeg-93

72

72

n.d.

t994

At all sites, mineralizable C and N were significantly correlated with correlation
coefficient (r) ancl significance as follows: Glenlea-92 r=0.74**, Carman-9?
r=0.75**, Winnipeg-93 r=0.82** and Carman-93 r=0.65*x where ** indicates
significance at P=0.01. Termination ffeatment had no effect on mineralizable C
which averaged 750 mg C kg-' soil at Glenlea-9}, 580 at Ca.rman-92,380 at
Carman-93 and 340 at Winnipeg-93. The term n.d. indicates that the value was
not determined.
At Glenlea-9Z and Cuman-92, degrees of freedom (dÐ for effects of rep, time,
method and M*T were 3, 1,2 and 2 respectively. At Carman-93, df for effects of
rep, time, method and M*T were 3, 1, 1, and 1, respectively. At Winnipeg-93,
df for effects of rep and method were 3 and 1, respectively.

35

n.d.

30

36

n.d.

39

42

53

50

n.d.

0.52

0.83

0.46

0.47

t6.9

0.r2

0.23

0.19

0.86

13.1

0.09

0.003

0.91

0.006

13.6

0.82

n.d.

0.98

n.d.

22.2
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Table 3.3. Plançavailable N mineralized during the first or second growing season [calculated as the difference in the cumulative available N
supply (soil NOI'-N to 60 cm + wheat N removed) between spring and fall of a growing seasonl following alfalfa termination as
influenced by method and time of alfalfa termination.

Time

Early

(^

Late

Method

herbicide

herb.+till

tillage

herbicide

herb.+till

úllage

herbicideSpring

Significance (P)$

Time

Method

M*T

C.Y. (Vo)

Glenlea-92

lst growing season after alfalfa termination

62

23

40

51

JJ

47

n.d.

Carman-92

Single degree of freedom contrasts indicated no difference between spring and early-summer herbicide application (p=0.10) or between spring
and late-summer herbicide terminarion (P=0. 1 1 ).
The least significant difference (LSD) for testing among methods is 18. The term n.d. indicates that N mineralization was not determined.
At Glenlea-92 and Carman-92, degrees of freedom (df) for effecs of time, method and M*T were 1, 2 and2 respectively. At Carman-93, df
for effects of time, method and M*T were 1, 1, and 1, respectively. At Winnipeg-g3, df for the effects of method was l.

99

49

48

143

110

84

n.d.

Carman-93

0.75

0.01t

0.39

38

108

n.d.

7

tt4
n.d.

30

7gt

Winnipeg-93

kg N har

0.03

0.10

0.87

48

n.d.

n.d.

n.d.

)7

n.d.

32

n.d.

2nd growing season afær alfalfa
termination

Glenlea-92 Catman-9Z

0.59

0.004

0.15

33

74

110

83

103

94

80

n.d.

n.d.

0.5s

n.d.

32

39

35

26

35

35

23

n.d.

0.73

0.38

0.87

23

0.81

0.36

0.83
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Table 3.4 Summary of the statistical significance (P value) of methocl and time of
alfalfa termination on N accumulations by the first wheat crop established
after alfalfa termination.

ANOVA

Glenlea-92

Rep

Methoct (M)

Time (T)

M*T
C.Y. (Vo)t

Ca¡rnan-92

df

J

2

1

2

Rep

Method (M)

Time (T)

M*T
c.v. (Eo)

Carman-93

0.03

0.36

0.23

0.11

25.8

0.0001

0.08

0.004

0.007

1.45

0.93

0.008

0.03

0.27

15.58

0.07

0.50

0.91

0.s0

25.5

Sampling time

0.04 0.t7 0.39 0.50

0.02 0.06 0.2r 0.40

0.0004 0.0002 0.0001 0.003

0.005 0.03 0.19 0.004

r2.9 11.9 12.3 r4.4

J

2

I

2

Rep

Method (M)

Time (T)

M*T
C.Y. (Vo)

Winnipeg-93

0.05 0.02

0.12 0.25

0.000r 0.0001

0.001 0.60

1.71 9.46

0.13 0.45

0.32 0.49

0.006 0.34

0.s5 0.98

12.96 12.38

J

I

I

I

Rep

Method (M)

C.Y. (Vo)

Crop
maturity

0.13 0.10

0.70 0.81

0.0r 0.002

0.26 0.02

15.s2 r3.t3

0.s1 0.87

0.79 0.72

0.08 0.23

0.77 0.06

15.15 20.39

0.86

0.03

0.09

0.82

15.3

0.91

0.42

0.82

0.86

24.04

0.56

0.16

0.005

0.99

8.82

0.06

0.49

5.34

3 0.32 0.61 0.57

l 0.04 0.67 0.61

21.48 25.95 20.42

The reported C.V. is based on all fteatments sampled including, where applicable,
spring herbicide treatments. 'n.d.' indicates that N uptake was not determined for
a given sampling time, or that N uptake was measured but missing values
prevented statistical analysis (Winnipeg-93, 5th sampling period).

0.01

0.27

0.05

0.07

t4.t4

n.cl.

n.d.

n.d.

n.d.

n.d.

0.45

0.36

8.02

n.d. n.d.

n.d. n.d.

n.d. n.d.
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Table 3'5' Grain yield and grain N concentration of spring wheat crops established during rhe first and second growing seasons following alfalfa termination

ïme

Early he¡bicide

herb.+till

tillage

l¡te he¡bicide

herb.+ti11

tillage

Spring he¡bicide

LSD16¡¡(method)

Method

(-¡ì
U)

Glenlea-92

nTï11', e N ke.'

Significance @)t

Rep

Time

Method

M*T

Contrasts

Spring vs late herbicide

Spring vs early and late herbicide

c.v. (Eo)

I 828

1'7 5l

1860

I 853

t667

l 835

t6't8

lzr

lst growing season afte¡ alfalfa termination

34.1 2926 32.9 2810 33.7

35.1 2624 34.1 n.d.r n.d.

34.4 2481 34.2 2690 34.5

34.7 n79 31.4 2402 33.6

35.1 n82 33.1 n.d. n.d.

33.8 2534 33.3 2213 33.3

34.2 2625 32.1 1546 33.7

0.8 148 0.8 229 1.0

Carman-92 Carman-93

nlti1"l', s N ks.' nltit"l', s N ks.'

0.69

0.56

0.05

0.64

0.03

0.02

6.0

n,d. indic¿tes that the value was not determined.
At Glenlea-92 and Carman-92, degrees of freedom (df) for effects of rep, time, method a¡rd M*T were 3, l, 2 and 2 respectively. At Carman-93, df for effects of rep, time, method
and M*T were 3, l, l, and l, respectively. At Winnipeg-93, df for effects of rep and method were 3 ancl l, r".pectiv"1y.

0. t8

0.97

0.06

0.32

Winnipeg-93

nl'ïT', s N ks''

0.1 1

0.71

0.0007

0.12

n.d.

n.d.

0.38 0.16 0.16 0.0001 0.97

0.68 0.02 0.92 0.0001 0.99

2.3 5.6 2.2 8.5 3.6

0.009

0.001

0.0009

0.6 t

n.d.

2868

n.d.

2898

n.d.

n.d,

2nd season after alfalfa termination

n.d. 2419 30.4 2443 ZgJ

n.d. 2648 30.8 2414 30.6

n.d. 2852 31.6 2349 29.5

24.8 2452 30.5 2390 28.1

n.d. 2881 31.3 Z4Z5 Zg9

25.3 nú 31.8 2432 29.9

n.d. 2685 32.8 2307 28.8

n.d. 418 l.l 160 1.3

Glenlea-92

nT'itl,, s N ks.l

0.17

0.002

0. l6

0;74

0.17 0.06

0.18 n.d.

0.65 0:t7

0.22 n.d.

Carman-92

nltill', s N ke''

0.53

n.d.

0.48

n.d.

n.d. n.d.

n.d. n.d.

4.6 3.3

0.003

0.81

0.r8

0.64

0.002

0.55

0.09

0.88

0.39 0.04

0.29 0.02

14.0 4.6

0.08 0.01

0.82 0.43

0.91 0. I I

0.67 0.46

0.46 0.38

0.26 0.52

6.5 3.8



Glenlea-92
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I
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M:0.0001
T:0.0001

M:0.03
T:0.0001

Carman-92

M:0.02
T:0.0001

E
N
N
N
ñg

H+T (early)

H+T (late)
Herb (early)
Herb (late)
Till (early)
Till (late)

M:0.29
T:0.01

M:0.007
T:0.03

Spring 1993 Mid. 1993 Fall 1993 Spring 1994 Fall 1994

ïme of sampling

Fig.3.l. Soil NO,--N accumulations at Glenlea-9Z and Carman-92 during two
growing seasons (1993 and 1994) following the termination of perennial
alfalfa stands as influenced by method and time of termination. The
statistical significance (P value) of method (M) ancl tirne (T) is shown for
each sarnpling tirne. Methocl*time interactions were not significant at
P=0.05.
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4. Nitrogen Dynamics as lnfluenced by Method of Alfalfa Termination:
Volatile N Losses

ABSTRACT

Use of herbicide to terminate alfalfa (Medicago sativa), while reducing soil

erosion, could conceivably enhance volatile N losses from alfalfa residues. A controlled

environment study was conducted to determine the effect of termination technique on the

quantity of NH, voiatilized from residues of alfalfa. A factorial combination of two

termination methods (chemical, mechanicai) and two methods of residue placement

(incorporated, surface-applied) was applied to alfalfa. Treatments were incubated in a

flow-through chamber in the greenhouse for 95 d during which NH, and CO, evolution

was measured periodically. After 95 d, the equivalent of 87o to IZVo of the N in surface-

applied legume residues was lost as NHr. These losses amounted to 3Vo to 4Vo of total

legume N in surface-applied residue freatments. Termination method did not have a

significant effect on the amount of alfalfa N lost via volatilization. Incorporation of

aifalfa residue essentially eliminated volatile N losses. Residue incorporation increased

cumulative CO, evolution regardless of termination method. Results of this study suggest

that termination techniques in which alfalfa residue is retained on the soil surface may

result in significant volatile N losses which could diminish the fertilizer value derived

from alfalfa residues. The benefits of herbicide termination over tillage termination (e.g.

reductions in soil erosion and moisture loss) must be weighed against the diminished

fertilizer value derived from residues of alfalfa terminated by herbicide application.
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Established alfalfa (Medicago sativa L.) stands are typically terminated by

intensive tillage. Recently, however, herbicide application has been suggested as an

alternative. Herbicide application not only effectively controls alfalfa but also eliminates

tillage, thereby reducing the potential for soil erosion and soil moisture loss. In addition,

snow trapping by standing residue retained on the soil surface can increase soil moisture

reserves (Bullied, Dept. of Plant Science, University of Manitoba, unpublished data).

Although herbicide application offers numerous advantages over tillage, the alfalfa

residues maintained on the soil surface may be subject to volatile N losses during

senescence and decomposition. Ammonia volatilization losses during senescence have

been clocumented in various crops including corn (Zea mays), spring wheat (Triticum

aestivum) and ryegrass (Lolium perenne) (Farquhar et al. 1919: Puton er al. 1988;

Whitehead et al. i988). Also, senescing alfalfa leaves have been identified as a potential

source of small amounts of NH, evolved from an alfalfa field (Dabney and Bouldin

1985). In the latter study, increased NH, evolution also appeared to be associated with

frost damage of atfalfa plants and the presence of alfalfa residue on the soil surface

following hay harvest.

TNTRODUCTION

Losses of NH, from decomposing alfalfa may be higher than those observed

during senescence. Volatilization f¡om decornposing perennial ryegrass (Lotium perenne)

incubated for a'70 d period was equivalent to 20 to  lEo of herbage N (Whitehead et al.

1988). BremerandvanKessel (1992)reportedvolatileNlosses of 42,3.4and0.5q/oof

residue N from lentll (Lens culinarì,s) green manure, lentil straw and wheat (Tríticum

62



aestívum) straw incubated for 28 cl in the absence of soil. In both studies, the greater the

N concentration in decomposing plant residue, the greater the proportion of N lost by

volatilization. In greenhouse studies, lentil green manure placed on the soil surface or

suspended above the soil surface lost up to l4Vo of residue N present within 14 d of

application, but incorporation of lentil residue into the soil vi¡tually eliminated NH, loss

(Janzen and McGinn 1991). Volatile N losses f¡om othe¡ organic amendments have also

been sharply reduced by incorporation (Aclamsen and Sabey l9B7).

Ammonia volatilization may diminish the fertilizer value of surface-applied legume

residues. Short term fertility may be particularly affected since labile fractions of legume

N are most susceptible to volatile N losses. Various studies have demonstrated that

available N supply is greater from incorporated than from surface-applied legume residues

(McCalla and Russel 1948; McKay et al. 1952; Wilson and Hargrove I986; Sananronio

and Scott 1988). In field studies, incorporation of rsN-labelled hairy vetch (Viciavillosa)

¡esulted in recovery of 32Vo of residue N by a subsequent corn crop; only 20Vo of the N

present in surface-applied vetch residue was recovered by a subsequent corn crop (Varco

et al. 1989). Biederbeck and Slinkard (1988) reported a22Vo lower grain yield for whear

following legume green manure terminated by herbicide and retained on the soil surface

than for wheat following incoqporated legume green manure. Differences between

placement methods are generally thought to be the result of a higher rate of N

mineralization from incorporated residue. However, greater volatile N losses from

surface-applied residues may also contribute to the differences observed (Janzen and

McGinn 1991; Bremer and van Kessel 1992).
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Significant N contributions made by alfalfa to the available N supply are well-

documented (Lyon and Bizzell 1933; Hoyt and Hennig 1971; Bruulsema and Christie

1987) but the effect of termination method on the fertilizer value derived from established

alfalfa stands has not been determined. Efficient utilization of alfalfa-derived N requires

a better understanding of the magnitude of volatile N losses from alfalfa following

termination.

The objective of this study was to determine the effect of termination method and

residue placement on the amount of NH, volatilized from alfalfa residue. Our approach

involved quantif,ication of NH, evolution from residues of alfalfa terminated by herbicide

or simulated tillage under greenhouse conditions.

A series of experiments was initiated to study the effect of method of alfalfa

termination on N dynamics. Four termination fteatments, consisting of a factorial of two

termination methods (chemical, mechanical) and two methods of residue placement

(surface-applied, incorporated), were established. Three replications of each of the four

treatments were incubated in flow-through chambers under greenhouse conditions and

NH, evolution was measured periodically throughout the 95 d incubation period.

Additional replicates were used in a complementary experiment to determine the effect

of te¡mination method on N mineralization and N uptake by subsequent crops (Chapter

s).

MATEzuALS AND METHODS
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Establishment and Greenhouse Techniques

The A horizon of a Cavendish sandy loam soil (pH in CaClr=(.Ç.total N=0.74 g

kg-r; organic C:7.6 g kg-t) was air dried and passed through aZ mm sieve. (This soil

was collected near Purple Springs, AB and stockpiled at the Lethbridge Research Centre

prior to its use.) Air dry soil was moistened to 507o of field capacity and nutrient

solutions were thoroughly mixed into the soil to provide 7 mg N, 4l mg p, 51 mg K, 10

mg s, 1 mg cu, 2 mg Mn, 4 mgzn,0.4 mg Mo, 1 mg B and 4 mg Fe per kiiogram soil.

The equivalent of 5.43 kg (oven dry basis) soii was added to each pot resulring in a

headspace volume of approximately 0.7 L in each pot.

Twenty presoaked 'Nitro' alfalfa seeds were placed on the soil surface of each pot.

At time of seeding, l-2 drops of a slurry of Rhizobium-peat (commercial inoculant

Nitragin, Liphatech, Madison, WI) in water were applied to each seed with a glass

pipette. The soil surface was covered with moistened filter paper and each pot watered

to field capacity (I6.5Vo w/w). After alfalfa germinated, the filter paper was removed and

alfalfa was thinned to six plants per pot.

Alfalfa was grown in a greenhouse from November 1993 through March 1994.

During the growing period, alfalfa was harvested twice at the bloom stage by cutting top-

growth 8 cm above the soil surface (Fig.4.1). Following the second hawest, alfalfa was

allowed to regrow to a height of approximately 12 cm before termination treatments were

applied.
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Termination of Alfalfa

Three replications of four termination treatments were established. Of the twelve

pots selected for termination, six were designated for termination by tillage and six for

termination by herbicide application.

For tiilage treatments, alfalfa in three pots vvas undercut approximately Z to 2-5

cm below-ground and alfalfa residue retained on the undisturbed soil surface. In the

remaining three pots, the entire alfalfa plant including roots was removed from the soil,

cut by hand into 4-5 cm lengths and the residue fragments were thoroughly mixed

throughout the soil.

For herbicide treatments, glyphos ate at a rate of 4000 g a.i. ha-t (the equivalent of

0.04 mg a.i. cm-z) was applied to alfalfa plants placed in a spray chamber. To prevent

herbicide movement into the soil, a layer of vermiculite was applied to the soil surface

of each pot prior to herbicide application and removed immediately after. In three

herbicide-treated pots, standing residue was retained on the undisturbed soil surface. In

the other three herbicide-treated pots, alfalfa residue was completely incorporatecl into the

soil 2 d after herbicide application. The incorporation method used was the same as that

described for tillage treatments. Herbicide was applied 2 d prior to application of tillage

treatments in an attempt to minimize differences in atfalfa dry matter accumulation

between termination treatments. Soil bulk density determinations were not conducted

following alfalfa termination, however, based on visual observation, differences between

tilled and untilled treatments appeared to be minimal.
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Sampline and Analvtical Technioues

Alfalfa plants in six additional pots (three herbicide-treated and three untreared)

were desfuctively sampled at the time of tillage to provide an estimate of alfalfa N

present. Plant tissue was separated into top-growth and root tissue. Soil particles were

visible on root surfaces, therefore, a subsample of root tissue was taken and adhering soil

removed; the remainder of the root sample was analyzed with soil adhering. Plant tissue

was oven dried, dry matter yield determined, and total N and C concentration determined

by an automated combustion technique (Carlo Erba'", Milan, Italy). Root mass was

calculated as follows:

Let: Mn*s = mass of roots+soil

Mn = mass of roots

Ms = rllâSs of soil

C¡*5, Cp, Cs = Vo C in root+soil, root and bulk soil, respectively

Then:

(This calculation was based on the assumption that the C concentration of the root

without adhering soil and the C concentration of the bulk soil were the same as the C

concentration of these fractions in the root+soil sample.)

The twelve pots each containing terminated alfalfa were watered to field capacity

and sealed with a clear plexiglass cover and rubber seal. Pots were arranged randomly

along a greenhouse bench and covered with a black plastic sheet to provide shade.

Humidified COr-free air was continuously passed through the headspace of each chamber

Mn = (M**rC**, - M**rC.)/(C*-Cr)
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at a rute of about 0.5 displacements min-r. A flow rate of 0.3 displacements min-r was

shown to maximize NH, evolution from lentil green manure (Janzen and McGinn l99l).

P¡ior to entering soil chambers, air was passed through a series of three flasks, two with

4 M NaoH and one with Cor-free water, to remove Co, and humidify the air,

respectively. Airflow into each chamber was regulated using a system similar to that

described by Weaver (1914).

Air exiting each chamber was passed through one acid trap containing 200 mL 0.1

M HCl to collect NH, and two alkaline fraps each conraining 200 mL Z M NaOH to

collect CO, (Fíg. 4.2). The NH, and CO, concenfration of air entering rhe sealed

chambers was determined at three points along the inflow manifold using the same system

of one acid and two alkaline traps. Acid and alkaline traps were sampled for 95 d

following alfalfa termination at increasing intervals ranging from I to 21 days. The CO,

content of alkaline traps was dete¡mined by titration as described by Tiessen et al. (1981).

The NH, content of acid traps was determined by steam distiltation in the presence of an

excess of NaOH followed by titration with HrSOo. Net NH, and CO, accumulation from

each chamber was calculated by subtracting the average NH, and CO, content of the

incoming air.

Cumulative and daily NH, and CO, accumulations and cumulative NH, evolution

as a proportion of alfalfa N were analyzed by analysis of va¡iance for a completely

randomized clesign using the Proc GLM procedure (SAS Institute Inc. l9g5).
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Plant Drv Matter and N Yield

Alfalfa dry matter was higher in tillage treatments than in herbicide treatments

(Table 4.1). The N yield of alfalfa top-growth was also greater in tillage than in herbicide

treatments; holever, the N yield of root tissue did not differ between fteatrnents since

lower dry matter accumulations in herbicide treatments were offset by significantly higher

N concentrations. Attempts had been made to minimize differences among treatments by

delaying tillage for 2 d following herbicide application. However, the high rare of

glyphosate applied quickly halted plant growth apparently resulting in higher dry matter

and N accumulations in tillage than in herbicide treatments.

RESULTS

CO" Evolution

For all treatments, the rate of CO, evolution peaked within severai days of alfaLfa

termination and then declined gradually (Fig. a.3). This general pattern of CO, evolution

is similar to that observed for decomposing lentil green manure (Janzen and McGinn

1991) ancl may be attributed to a three stage decomposition process comprised of an

immediate increase in microbial populations followed by rapid mineralization of labile C

and subsequent slower mineralization of less labile fractions.

Evolution of CO, for herbicide-incorporated residue fteatments increased rapidly

and peaked after 2 d of incubation. The CO, evolution in tillage-incorporated residue and

herbicide-surface residue treatments followed a similar pattern. [n conÍast, tillage-surface

residue treatments did not produce a distinct, large peak in CO2 evolution rate as did the
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other treatments. Lower levels of CO, evolution during early stages of residue

decomposition suggest that smaller amounts of soluble and intermediately-available C

were available fo¡ decomposition in tillage-surface treatments than in other treatments.

Reinertsen et al. (1984) found that the size of soluble and intermediately-available C pools

strongly influenced early stages of wheat straw decomposition. Differences in CO,

evolution among Íeatments diminished over time; by the final sampling period, neither

residue placement nor termination method had a significant effect on the rate of CO,

evolution. (A summary of the statistical significance of effects of residue placement ancl

termination method on daily and cumulative CO, evolution at individual sampling times

is presentecl in Table B.l of Appendix B.)

Regardless of te¡mination method, the incorporation of alfalfa resiclue increased

cumulative CO, evolution (Table 4.2), presumably as a result of greater exposure of alfalfa

residue to microbial populations (Cogle et al. 1987). Herbicide application also increased

cumulative COr evolution throughout the first half of the incubarion period (Table 8.1 in

Appendix B) but this effect was no longer evident at the end of the incubation period

(Table 4.2). Greater cumulative CO, evolution in herbicide treatments may be the result

of increased availability of labile C compounds to microbial populations, possibly due to

root exudation of C-containing compounds following herbicide application. Herbicide

application has been shown to increase exudation of C-containing compounds from root

tissue (Lai and Semeniuk 1970;Lee and Lockwood 1977).
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NH. Evolution

Incorporation of alfalfa top-growth virtually eliminated NH, volatilization losses

from alfalfa residue regardless of termination method (Fig. a.a). By 95 d after alfaìfa

termination, cumulative NH, ioss from incorporated treatments averaged 0.8 mg N which

was equivalent to 0.5Vo of total N in alfalfa top-growth.

Large losses of NH, occurred from surface alfalfa residue. Volatilization rate

increased to a maximum 9 d after alfalfa termination and declined rapidly thereafter (Fig.

4.4). By 74 d after alfalfa termination, the rate of volatilization from surface-applied

alfalfa residue had declined to near that of incorporated residue. (A summary of the

statistical significance of effects of residue placement and termination method on daily and

cumulative NH, evolution at individual sampling times is presented in Table 8.2 of

Appendix B.) The majority of N volatilization occuned soon after alfalfa termination;

within 18 d of alfalfa termination, the equivalent of 10Vo and 67o of the total amount of

N in surface-applied residues had been volatilized in herbicide and tillage treatments,

respectively. This pattern of NH, evolution is typical of that observed for decomposing

crop residue (Whitehead et al. 1988; Janzen and McGinn 1991). Initial high rates of N

loss have been attributed to volatllization following ammonification of soluble organic N

while subsequent lower rates of NH, evolution likely result from volatilization of NHo*

produced during mineralization of legume N (Janzen and McGinn r99l).

Termination method did not have a statistically significant effect on the proportion

of surface-applied N lost via volatilization (Table a.l. By the end of the 95 d incubation

period, NH, loss averaged I07o of surface-applied legume N in tillage and herbicide
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treatments (Table 4.2). T\ese losses accounted lor 3.3 to 4.3Vo of total alfalfa N present.

Retaining alfaifa residue on the soil surface may result in N loss via voiatili zation.

During a 95 d incubation period, volatile N losses equal to 8.0Vo to Il.9Vo of surface-

applied alfalfa N were measured in surface-applied residue treatments. The majority of

volatile N loss occur¡ecl within several days of alfalfa termination. However, volatile N

losses were essentially eliminated by incorporation of aHalfa residue.

The method of herbicide termination proposed as an altemative to tillage would

involve maintenance of standing residue on the soil surface for an extended period of

time. Although surface residue would reduce the potential for soil moisture loss and soil

erosion, these surface-applied alfaHa residues may be subject to volatile N loss. Because

NH, volatilization is a diffusive process and therefore a function of the concenrration

gradient between the N source and the atmosphere, factors affecting the concentration

gradient (e.g. the amount of air movement around residues, the quantity of residue N

prone to volatile N loss) may influence the quantify of N lost via volatilization. Because

a portion of this N lost via volatilization may subsequently be adsorbed by surrounding

soil or plant tissue, these volatile N losses do not necessarily represent a net loss from the

plant-soil system.

The relative N contributions from alfalfa shoot and root material to subsequent

crops may vary substantially with the amount of alfalfa top-growth and root material

present at time of termination. Compared to green manure crops, in which much of the

DISCUSSION
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plant's N is present in top-growth, alfalfa roots may contain a greater proportion of the

plant's N than shoot material. In this experiment, although volatile N losses accounted for

up to L2Vo of surface-applied aHalfa N, observed losses accounted for less than 4.57o of

total alfalfa N.

Alfalfa top-growth, particularly new regrowth, contains relatively high

concentrations of N, much of which may be present in intermediate, labite forms

susceptible to loss. Under field conditions, wetting and drying cycles and air movement

may result in greater N losses from surface-appiied aHalfa residues than were observed

under the controlled conditions of this experiment. Volatile N loss from surface residues

represents a reduction in the fertilizer value of alfalfa residue and therefore a reduction

in the efficiency with which crops following alfalfa are able to utilize alfalfa-derived N.

Although volatile N losses from decomposing aLfalfa residues may be significant,

they may not be high enough to preclude the use of herbicides to terminate establishecl

alfalfa stands. For example, if 2000 kg hat above-ground alfalfa residue containing3.5Vo

N were present at termination, NH, volatilization of the magnitude observed in this

experiment would result in losses of less than 10 kg N ha-t. Volatüe N losses, although

small, represent a loss from the most N labile fraction and therefore may have a greater

impact on short-term than long-term soil fertility. Whether the losses are sufficient to

discourage the adoption of herbicide termination of alfalfa stands depends on the relative

value ascribed to its benefits.
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Table 4-I. Composition of alfalfa residue present in herbicide treatments 2 d after
glyphosate application and in tillage treatments at time of tillage.

Top-growth VoC 43.9 44.2 0.55

%oN 3.3 3.7 0.02

N yield (mg) 130 t8l 0.003

Mass (g) 3.93 4.95 0.008

Root VoC 44.6 4i.6 0.002

VoN 3.7 2.7 0.006

N yield (mg) 231 266 0.ll
Mass (g) 6. t 8 9.96 0.0008

Termination methodr

r The C:N ratio of alfalfa top-growth was 13.3 and 11.9 in herbicicle and tillage
featments, respectively. The C:N ratio of affaIfa roots was l2.l and 16.l in
herbicicle and tillage Íeatments, respectively.

Herbicide Tillage
P>F

14



Table 4'2' Effect of termination method (herbicide application, tillage) and residue placement (soil-incorporated, surface-applied) on cumulative NH, and CO, evolution from decomposing alfalfã residue.

Placement

Treatment

Incorporated

Surface

!
(.¡r

Method

Significance (P)r

Placement

Method

M*P

herbicide

tillage

herbicide

tillage

CO, evolution

g C pot-'

The df for effects of placement, method and M*p are 1, 1, and 1, respectively.

6.81

6.06

5.34

4.32

mg N pot-t

0.01

0.12

0.80

0.8

0.8

15.5

14.5

7o of surface-
applied legume N

NH, evolution

0.63

0.4s

11.93

8.02

0.0001

0.80

0.80

Vo of total legume N

0.0001

0.13

0.16

0.23

0.18

4.29

3.2s

0.0001

0.26

0.30



alfalfa
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2nd
cut
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application tiffage+/

Fig' 4'1' Schedule of est¿blishment of alfalfa,alfalfa termination, and measurement
of CO, and NH, evolution.
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Humidified, CO2-free
air entering manifold

NH3 trap CO2 traps

Manifold with air outlets
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Fig' 4'2' schematic diagram of the system used to measure NH, and Co, evolution
follo wing alf alf a termination.
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5. Nitrogen Dynamics as Influenced by Method of Alfalfa Termination:
Plant-available N Release

ABSTRACT

Herbicicle application has been proposed as an alrernative to tillage for termination of

established alfalfa (Medicago satîva) stancls but may alter the pattern and amount of N

released f¡om alfalfa residues. A controlled environment study was conducted to

investigate the effect of termination technique on the available N supply following alfara

termination. Four treatments consisting of a factorial combination of two termination

methods (chemical, mechanical) and two methods of residue placement (surface,

incorporated) were established. Nitrogen uptake by four consecutive crops of barley

(Hordeum vulgare) was measured during a 125 d period after termination. Termination

method, particularly residue placement, strongly affected N release from alfalfa residues.

Nitrogen accumulation by the initial barley crop accounted for >60Vo of cumulative N

uptake in incorporated treatments compared to 39o/o and 24Vo for herbicide and tillage

Íeatments in which alfalfa ¡esidue was surface applied. Herbicide application also

slightly increased N uptake by the initial barley crop. Nitrogen uptake by subsequent

barley crops was not affected by termination method; however, cumulative N uptake

remained substantially greater for inco¡poratecl treatments throughout the 125 d

experiment. Effects of residue particle size on N release from alfalfa residues were small.

These results suggest that herbicide termination in which residue is retained on the soil

surface may reduce the short-term plant-available N supply. hovided minenlization is

sufficient to meet the N needs of subsequent crops, maintaining a smaller reservoir of soil
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inorganic N may be beneficial in reducing the potential for leaching or deninification

losses.

Established alfalfa stands are typically terminated by intensive tillage which leaves

the exposed soil prone to erosion and moisture loss. One aite¡native is to apply

herbicides and leave residue standing on the soil surface. Surface residue not only

protects against soil erosion and moisture loss, but also faps snow which contributes to

soil moisture reseryes.

Although the use of herbicides to terminate alfalfa has apparent benef,rts, it could

conceivably alter the amount and pattern of N release from alfalfa ¡esidue ancl its use by

subsequent crops. Contributions made by alfalfa to the soit N supply have long been

recognized (Lyon andBizzell lg33; Boawn et al. 1963; Hoyt and Hennig 1971; Campbell

et al. 1993). However, poor synchrony between N release from legume resiclues and

crops N demands may reduce the fertility benefits of the legume (Huntington et al. 1985;

Westermann and Crothers 1993). Moreover, it may result in the accumulation of planr

available N which can be lost by leaching or denitrification losses (Campbell et al. 1994;

Robbins ancl Carter 1980; Firestone 1982).

Tillage has been shown to increase the available N supply from green manure

crops as compared to herbicide application (Sarrantonio and Scott 1988). However, in

field studies with corn, the fertilizer N response following alfalfawas similar whether the

previous alfalfa crop had been terminated by herbicide application or tillage (Triptett et

INTRODUCTION
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al. 1979; Levin et al. 1987). Triplett et al. (1979) noted, however, that grain yield may

not have been sensitive enough to detect small differences in the amount or rate of N

mineralization from alfalfa residues in thei¡ study.

Termination methocl could conceivably affect N release from legumes by several

mechanisms. Perhaps foremost among these is the effect on residue placement. Various

studies have demonstrated greateT amounts of available N f¡om incorporated than from

surface-applied legume residues (McCalla and Russel 1948; McKay et al. 1952; Wilson

and Hargrove 1986). These differences were generally thought to be the result of

enhanced mineralization of incorporated residues although reduced volatile N losses from

incorporated residue may also contribute to these differences (Janzen and McGinn 1991;

Chapter 4).

Differences in residue particle size and surface area among tillage treatments couicl

also affect N mineralization from alfalfa stands. In laboratory studies, reducing residue

particle size by grinding increased net rsN mineralization of stem, root and pod material

of Medicago littoralis, but did not affect mineralization of leaf material; however, particle

size had little effect on residual rsN content of Medicago sp. decomposing under field

conditions (Amato et al. 1984). In contrasr, Stickler and Frederick (1959) observed

greater net NO3 accumulations from coarse than from finely ground alfalfa top-growth,

but little effect of particle size on net NO3- accumulations from alfalfa root.

The objectives of this study were to determine the effect of method of alfalfa

termination on the timing and amount of N release from alfalfa residues and to identify

the mechanisms influencing N reiease. A controlled environmont study was conducted
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to measure N uptake by barley during a I25 d period following alfalfa termination.

supplementary incubation experiment was conducted to determine the possible effects

reduced residue particle size in tilled treatments.

Experiment 1: Effqct of rermination Method on N Release from Alfalfa

Four treatments, consisting of a factorial combination of two termination methods

(chemical, mechanical) and two methods of residue placement (surface, incorporated)

were established. Three replications of each of the four treatments were seeded to four

consecutive barley crops and barley N uptake was monitored for 125 d following alfalfa

termination. An adclitional six replications of each treatment were incubated, unplanted,

alon-esicle the barley crops. Soil NOr--N concentration in uncropped pots was cletermined

by desfuctively sampling three replications at each of 25 d and 125 d after alfalfa

termination.

MATERIALS AND METHODS

Alfalfa growth and termínation. Procedures for alfalfa establishment and termination have

been describecl in Chapter 4. In brief, 'Nitro'alfalfa (6 plants pot-r each containing 5.43

kg sandy loam soil) was grown in a greenhouse for l12 d. During this period, alfalfa was

harvested twice at the bloom stage by cutting top-growth 8 cm above the soil surface.

Termination of alfalfa by the treatments described above was initiated 4 d after the second

harvest when alfalfa regrowth had reached a height of approximately 12 cm. Alfalfa

plants in six additional pots (three untreated and three herbicide-treated) were

A
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destructively sampled at the time of termination to provide an estimate of dry matter yield

and N and C concentrations of alfalfa top-growth and root tissue (Table 5.1).

Barley establìshment and growth. Four consecutive barley crops were grown in pots in

which alfalfa had been harvested and the appropriate termination methods had been

applied. In all cases, l5 barley seeds (Hordeumvulgare cv.'Galt') were planted in each

pol Pots were watered to field capacity (l6.5Vo w/w) and placed in a growth chamber

(16 h day, 22"C day temperature; 8 h ni-eht, 15'C night temperature). Shortly after

emergence, barley was thinned to eight plants poft. For the first barley crop, nutrient

solutions were surface-applied at the time of seeding to provide 30 mg p kg-t, 62 mg K

kg-t and t0 mg S kg-' soil.

In general, barley crops we¡e harvested 25 d after planting by cutting the top-

growth at the soil surface; however, the thi¡d barley crop was harvested only 10 d after

planting due to poor plant growth and crop senescence subsequently attributed to severe

N deficiency. Barley top-growth was oven dried, dry matter yield determined and total

N concentration determined by an automated combustion technique (Carlo Erba'", Milan,

Italy).

The fi¡st barley crop was seeded immecliately after alfalfa termination ancl the

second barley crop immediately after harvest of the first. Establishment of the third and

fourth crops was delayed for 5 d and 35 d after harvest of the preceding crops.

Incubation of uncropped pots. Six replicates of each treatment were left unplanted and
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incubated in the growth cabinet alongside barley plants. Pots were weighed periodically

to dete¡mine the soil moisture content and distilled water was added as required

throughout the incubation period to maintain soil moisture near field capacity (16.5Vo

w/w). Three replicates were destructively sampled 25 d after alfalfa termination, the

remaining three replicates were destructively sampled 125 d after alfalfa termination. Soil

within each pot was mixed thoroughly and a subsample removed and air dried. Soil

inorganic N was extracted with 2 M KCl. The concentration of NOr- and NHo* in the

exfract was cletermined by a colorimetric procedure using an autoanalyzer (Keeney and

Nelson 1982).

Stattstical a.n.alysis. N uptake was analyzed by two way analysis of variance for a

completely randomized design using the Proc GLM procedure (SAS Institure Inc. 1985).

An incubation experiment was conducted to determine the effect of residue particle

size on N mineralizalion from soil-incorporated alfalfa leaf, stem ancl root tissue. Eight

treatments, consisting of leaf (ground or whole), stem (ground, 1.5 cm and 5 crn lengths)

and root (ground, 1.5 cm ancl 5 cm lengths) tissue, were establishecl in acldition to a

control (soil only). Three replications of each treatment were incubatecl at 25oC for 12

wk ancl accumulations of soil Nor- and NHo* were measurecl perioclically.

Alfalfa root and shoot material was collected in late fall from a field plot at the

Lethbridge Research Centre. Alfalfa plants were separated by hancl into leaf, stem and
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root tissue. Stems of uniform diameter (1-2 mm) and roots of uniform diameter (2-4 mm)

were cut into 5 cm lengths. Iæ,af , stem and root tissue was then oven dried.

Approximately one-half of the oven-dried leaves were ground using a V/iley mill

and the remaining leaves were left whole. Stem and root tissue was subsampled and

either left in 5 cm lengths, cut by hand into -1.5 cm lengths or ground using a Wiley

mill. Total N and C content of ground leaf, stem and root tissue was determined by an

automated combustion technique (Carlo Erba'", Milan, Italy) (Table 5.2).

The A horizon of a Cavencìish sandy loam soil (pH in CaCIr=6.9' total N=0.74 g

kg-r; organic C=7.6 g kg-t) was air dried and passed through a 2 mm sieve. The

equivalent of 1 kg soil (oven dry basis) was adcled to each pot and moistened to 50Vo of

field capacity. For each freatment (except the control), oven dry plant tissue at a rate of

3 g poft was thoroughly mixecl into the soil. [This application of 3 g residue kg-t soil

woulcÌ be equivalent to approximately 4000 kg residue ha t (to 10 cm) assuming a bulk

density of approximately 1.3 Mg m-'. In the field study (Chapter 3), it was estimated rhar

alfalfa top-growth present at time of termination averaged about 2000 kg dry matter ha-r;

root residues present at time of termination were not quantified.] Soil was then moistened

to field capacity (I6.5Vo w/w) and covered with a plastic sheet to prevent moisture loss.

Small holes were made in the plastic to provide aeration.

Pots were incubated in the dark at 25oC for a 12 wk period. Every I to 2 d, pots

were aerated, weighed to determine the soil moisture content, and distilled water added

as required to maintain the soil moisture content near field capacity (generally between

85Vo and l00Vo of field capacity). At 2, 5,9 and 12 weeks the soil in each por was
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mixed thoroughly and a 20 g subsample removed and air dried. Pots were then returned

to 25"C for the remainder of the incubation period. Air dried soil was shaken with 2 M

KCI for I h and the concenfration of NOr- and NHo* in the extract determined by a

colorimetric procedure using an autoanalyzer (Keeney and Nelson 1982).

This experiment was analyzed by one way analysis of variance for a completely

randomizecl design using the P¡oc GLM procedure (SAS Institute Inc. 1985). The effects

of plant part and resiclue particle size were further analyzed by single clegree of freedom

contrasts.

Effect of Termination Method on N Release from Alfalfa

Incorporation of alfalfa residue increased N uptake for the first barley crop

established after alfalfa termination, regardless of termination method (Fig 5.1). [n

incorporated treatments, the majority (>60Vo) of N uptake occurred within 25 d of alfalfa

termination; surface application of alfalfa residues reduced the proportion of N

accumulated by the first barley crop to 39Vo and 24Vo of total N uptake in herbicide and

tillage treatments, respectively. No differences among treatments were observed in

subsequent barley crops (Table C.1 in Appendix C). Herbicide application also increased

N uptake by the first barley crop established after alfalfa termination (Fig.5.1), but N

uptake by subsequent crops was not affected by termination method (Table C.l in

Appendix C).

RESULTS

Although the effect of incorporation on N uptake diminished with each barley crop
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grown, cumulative N upt¿ke in incorporated treatments remained higher than in

unincorporated treatments throughout the I25 d experiment (Fig. 5.1). In inco¡porated

treatments, total N uptake after I25 d averaged 104 mg N pofr, almost double that of

surface residue treatments, which averaged 57 mg N poft. Although termination method

dicl not affect cumulative N uptake beyond 25 d after alfalfa termination, cumulative N

uptake as a proportion of alfalfa N present was also higher (P<0.05) for herbicid e (22.9Vo)

than for tillage (17 .5Vo) treatments at the conclusion of the 125 d experiment.

The N content of barley top-growth harvested 25 d after alfalfa termination was

closely cor¡elated (r:0.969, P=0.0001) with the accumulation of NOr--N in uncropped soil

incubated for the same period. Incorporation of alfalfa top-growth increased the NOr--N

concentration in uncropped soil regarclless of termination method (Table 5.3); although

herbicide application had increased N uptake by the first barley crop, termination method

had no effect on the NOr- concenfation in uncropped soil incubated for 25 d.

Analysis of uncropped soil incubated fo¡ 125 d showed very low NOr-

concentrations presumably because of N loss by denirification (Table C.2 in Appendix

C). But, in a similar study (Chapter 4), in uncroppecl soil containing terminated alfalfa

which was incubated for 95 d, soil NO3--N accumulations were 51.3 and 37.8 mg NO3--N

kg-r for incorporatecl and unincorporated treatments, respectively (P=0.03). Again,

termination method had no effect on soil NOr- concenfration.

Effect of Particle Size on N Release from Leaf, stem and Root Tissue

Nitrogen in leaf tissue was rapidly mineralized, resulting in net N accumulations
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equivalent to 50Vo of leaf N within 2 wk; only small amounts of additional N were

mineralized after 2 wk (Fig. 5.2; TabIe 5.4). Nitrogen mineraltzation from stem and root

tissue progressed at a comparatively slower rate; after 2 wk, ll%o of stem N and 2Vo of

root N had been mineralized. However, unlike leaf tissue, significant amounts of N

continued to be mineralized from root and stem tissue throughout the 12 wk incubation.

Plant part affected not only the pattern of N ¡elease, but also the quantity and

proportion of residue N mineralized (Table 5.4). Net mineralization from 3 g leaf tissue

totalied 81 mg N pof I after 12 wk; net mineralization from equal masses of root or stem

tissue averaged 22 mg N port. The higher N concentration in leaf tissue confributed to

this difference as did more extensive mineralization from leaf tissue. After 12 wk, 5I7o

of leaf N had been mineralized but only 34Vo of stem N and 2'lVo of root N. (Net N

mineralized and the Vo of alfalfa N mine¡alized after 5 and 8 wk of incubation is reported

in Table C.3 in Appendix C.) The pattern of N release from root and stem tissue

suggests that the proportion of N mineralized from stem and root tissue may have been

higher if the incubation period had been longer. Based on the pattern of N release from

the va¡ious plant parts, it appears that mineralization of leaf N has a stronger influence

on shoft-term fertility whereas mineralization of stem and root tissue has a greater long-

term effect.

Overall, residue particle size had little influence on N mineralization from alfalfa

residue (Table 5.4). Particle size did not have a significant effect on the amounr of N

mineralized from any of the plant parts, although grinding tended (P=0.07) ro decrease

the amount of N released from stem tissue after 2 wk. In contrast, grinding tended
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(P=0.06) to increase the amount of N released from leaf tissue after 12 wk. Grinding had

no effect on the proportion of N mineralized from leaf or root tissue, but decreased the

proportion of N mineralized from stem tissue after 2 wk. Although this nend was

apparent throughout the 12 wk incubation, the effect was not statistically significant.

Mechanisms

More rapid release of greater amounts of N from incorporated alfalfa residue

presumably results from greater exposure of alfalfa residue, particularly decomposable leaf

tissue, to microbial populations. In a previous study by Cogle et al. (1987), greater initial

clecomposition of soil-incorporated that of surface-applied wheat straw was similarly

atÍibuted to greater positional availability of residues to microbial populations. Reduced

volatile N losses from incorporated residues may also contribute slightly to the increased

plant-available N supply observed. In a previous study (Chapter 4), rhe equivalent of 3

to 4Vo of toøl legume N was lost from surface-applied alfalfa residues by 95 d after

alfalfa termination.

DISCUSSION

Greater initial N uptake by barley in herbicide treatments suggests increased

availability of labile N from alfalfa residues. This may be due, in part, to more rapid

senescence and subsequent decomposition of herbicide-treated alfalfa. In a previous study

(Chapter 4), greater cumulative CO, evolution in herbicide treatments was speculated to

be the result of increased root exudation following herbicide application.

The physical breakdown of residues by incorporation was not an important factor
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influencing N mineralization. In the current study, residue particle size had minimal

effects on N release. Amato et al. (1984) also found that particle size had little effect on

N mineralization from Medîcago sp. decomposing under field conditions. In contrast,

several laboratory stuclies have demonstrated that reductions in residue particle size may

enhance residue decomposition (Sims and Frederick 1970; Amato et al. 1984).

Plant part appearecl to have a stronger influence on N release patterns than residue

particle size; N release from leaf tissue was more rapid and greater than from stem or root

tissue. Amato et al. (1984) similarly observed greatest mineralization from leaf material.

In field experiments, leaf, stem and root material of medic contained an average of 647o,

87Vo and SlVo of initial organic tsN 4 wk after soil incorporarion (Amato et al. 1984).

After 2 years of decomposition, 40o/o, 56Vo and 50Vo of '5N present in leaf, stem and root

tissue remained. These authors reported similar results under laboratory conditions. The

observecl differences in residue decomposability are presumably a function of residue

colnposition including factors such as the C/N ratio, lignin and carbohydrate content, total

N content and soluble ancl intermediately-available C contents of residues (Iritani and

Arnold 1960; Nyhan l9l5; Herman etal. l9l7; Reinertsen et al. 1984; Janzen and Kucey

I 988).

Implications

These finclings inclicate that inco¡poration accelerates the release of N from alfalfa

residues and significantly increases the short-term plant-available N supply.
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The proposed method of alfalfa termination would involve applying herbicide

either the summer prior to or the spring immediately prior to establishment of an annual

crop and leaving alfalfa residue standing on the soil surface. Provided N mineralization

under this system were sufficient to meet the N requirements of a subsequent crop,

reduced mineralization resulting from surface application of residues may have some

advantage. Although surface residue may be subject to small N losses via volatilization

(Chapter 4), the potential for substantial N losses via leaching or denitrification may be

reduced if accumulations of excess amounts of inorganic N are avoided. Lower N losses

may also contribute to more efficient use of alfalfa-derived N by subsequent crops.

However, the mineralization of smaller amounts of available N or delayed release of N

in unincorporated treatments rnay be detrimental if N requirements of a subsequent crop

are not met ancl lower grain yield or grain quality results. tn field studies, Huntington et

al. (1985) reported poor synchrony between N release from a spring-terminated winter

annual cover crop and N uptake by a subsequent corn crop. Similarly, Westermann and

Crothers (lgg3) founcl that N mineralization from fall-terminated alfalfa was insufficient

to meet the N requirements of a subsequent soft winter wheat crop. These authors

emphasized that crops should be selected such that sufficient N is mineralized from alfalfa

resiclue prior to crop needs and suggested that, in the case of their study, synchrony

between N reiease ancl N uptake might be improved by selecting crops with later-season

N uptake (eg. sugarbeet, potato, corn).

Results of this study demonsffate that termination technique, particularly residue

placement, affects both the pattern and amount of N reiease from alfalfa resiclues and
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could conceivably affect the efficiency with which alfalfa-derived N is used by

subsequent crops. Under field conditions, however, additional factors such as the duration

between alfalfa termination and establishment of a subsequent crop, N requirements of

a subsequent crop, the amount of alfalfa N present, and environmental conditions, may

act in combination with termination technique to influence the short-term plant-available

N supply.
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Table 5.1. Composition of alfalfa residue present in herbicide treatments 2 d after
glyphosate application and in tillage fteatments at time of tillage.

Top-growth VoC

VoN

N yield (mg)

Dry mass (g)

Root VoC

VoN

N yield (mg)

Dry mass (g)

Termination method

Herbicide

43.9

3.J

130

3.93

44.6

3.7

23t

6. 18

Tillage

44.2

3.1

181

4.9s

43.6

2.1

266

9.96

Table 5.2.

P>F

0.s5

0.02

0.003

0.008

0.002

0.006

0.r7

0.0008

Plant part

Composition of leaf, stem and root tissue from field-grown alfalfa.
Residues were subsequently applied to moistened soil and incubated at
25"C for a 12 wk period during which N mineralizatton was monitored.

Leaf

Stem

Root

mg c g-t

438

448

446

mg N g-'

52.8

22.1

25.1

C:N

94

8.3

t9.l

t7.8



Table 5.3. Effect of termination method (herbicide application, tillage) ancl residue
placement (soii-incorporated, surface-applied) on soil NOr- accumulations
25 d after alfalfa termination.

Method Placement

Herbicide

Tillage

Treatment

Significance (P)T

Method

Placement

M*P

incorporated

surface

incorporated

surface

T The df for effects of method, placement and M*P are l, 1, and l, respectively.

Soil NOr--N concenffation

--mg NOr--N kg-t--

t8.2

5.7

17.3

s.0

0.51

0.0001

0.9r
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Table 5.4. Effect of residue particle size on net N minerulization of alfalfa leaf, stem
and root tissue.

Residue

Treatment

Leaf

Stem

Size

Root

ground

whole

ground

1.5 cm

5cm

ground

1.5 cm

5cm

Net mineralizationr

wk2

Significance (P)$

Treatment

ConÍasts

Leaf 'ground vs

Stem 'ground vs

Root 'ground vs

-mg inorganic N pot-t

80.2

71.9

5.4

10.3

7.7

1.6

1.3

2.5

wk 12

84.1

17.1

20.8

26.9

22.5

22.2

n.9

21.4

o/o Recovery*

wk2 wk12

Net mineralization=[Soil NOr-+NH¿*].o,npr. ot w""r x-[Soil NOr-+NH4*]roir 
"onr,or 

ar week X
in mg N pot-t
7o recovefy=[Ner mineralizarion (mg N port)/Alfalfa N added (mg N por-t)1x160
The clf for the effect of Íeatment was 7. All contrasts were single df contrasts.

whole'

unground'

unground'

s0.6

49.2

8.0

15. I

I 1.3

2.t

1.8

J.J

0.0001

0.29

0.07

0.87

53.5

48.7

30.5

39.s

33.0

29.4

23.7

28.4

0.0001

0.06

0.23

0.44

0.0001

0.4r

0.003

0.78

0.0001

0.30

0.1s

0.39
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6. The Fate of Symbiotically Fixed ttN, ur Influenced by
Method of Alfalfa Termination

ABSTRACT

Alfalfa (Medicago sativa) may contribute appreciable amounts of fixed N to

subsequent crops, but this may depend on method of crop termination. In a connolled

environment study, alfalfa was labelled by continuous, prolonged exposure to a IsNr-

containing soil atmosphere to allow direct measurement of the fate of fixed N, from

growing and terminated alfalfa. The distribution of rsN in plant and soil components was

measured 74 d after alfalfa establishment at the time of alfalfa termination and again 33

d later following the growth of a 4 wk crop of barley (Hordeum vulgare). At time of

termination , 887o of the 'sN present was in alfalfa and I2Vo in soil (57o in root fragments,

5Vo in microbial biomass and ZVo in root and microbial products). The distribution of tsN

after alfalfa termination was primarily a function of residue placement rather than

termination method. In herbicide treatments in which aLfaffa top-growth was retained on

the soil surface, l7o of the rsN present was recovered in barley top-growth , 8Vo in soil and

9LVo tn residues; in tillage Íeatments in which alfalfa top-growth was incorporated,I\Vo

of the tsN present was recovered in barley top-growth , 52Vo in soil and,38Vo in residues.

Regardless of termination method, l\Vo of the ttN present in alfalfa roots \#as recovered

in barley top-growth, 30Vo in soil and 60Vo in residues. Aithough tillage and herbicide

application result in a similar degree of N release from alfalfa root tissue, termination of

alfalfa by tillage greatly accelerates nineralization of aifalfa top-growth resulting in a

larger short-term supply of plant-available N than herbicide application.
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Legumes release N into the soil during growth and senescence. This N release

occurs by exudation from living roots and nodules, decomposition of roots, nodules and

shoot residues, and leaching from living plants (Lory et aI. 1992; Dubach and Russelle

1994; Tomm et al. 1995). Under growing alfalfa (Medicago sativa L.) stands, soil N

accumulations of 21 to 56 kg N ha-t yr-t have been estimated (Lyon and Bízzell 1934;

Andrén et al. 1990). In fact, these values may somewhat overestimate the net

accumulation of N under alfalfa stands since they include not only symbiotically fixed N

but also soil N absorbed by alfalfa. [n intercropped alfalfy'non-legume systems N

transfers equivalent to 5 to 20 kg N ha-t yr-r have been reported (Ta and Faris 1987;

Burity et al. 1989).

TNTRODUCTION

Substantial amounts of N may also be released from the residues of terminated

legumes. Most legume-derived N is retained in the soil in organic forms which are only

slowly made available to subsequent crops. Field studies have demonstrated recoveries

of 11 to 287o of N present in soil-applied legume residue by the initial wheat (Triticum

aestit,um) crop established after residue additions (Ladd et al. 1981; Ladd et al. 1983;

Janzen et al. 1990); N recoveries by a subsequent crop declined to <5Vo of applied legume

N (Ladd et al. 1983; Janzen et al. 1990).

One factor which may influence the distribution of legume-derived N in the

planlsoil system and its availability to subsequent crops is method of legume termination.

Cunently, herbicide application is being suggested as an aiternative to tillage for the

termination of established alfalfa stands, but, few studies have directly compared the fate
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of legume N under different termination methods.

Much of the information regarding N release from legume residues is based on

studies involving the fate of N from tsN-labelled residues applied to the soil. Alttrough

this technique allows direct measurement of N release from residues, it does not allow

quantification of N release from root systems under undisturbed conditions. Also, N

contributions made by legumes to subsequent crops may be underestimated if N lost from

legumes during gro'çvth is not included (Heichel 1987).

Direct quantification of the fate of legume-derived N requires that plants be

labelled in situ. In a recent study, alfalfa in an undisturbed plant-soil system was pulse

labelled by repeatedty applying tsN-labelled urea directly onto the foliage of non-fixing

allalfa plants (Jordan et al. 1993). Suppression treatments were then applied-and

differences in the distribution of alfalfa-derived N were directly measured. Although this

technique effectively labellecl alfalfa tissue, the means by which ttN was assimilated into

the plant may not reflect that of a Nr-fixing plant under natural conditions. Also, only

the N absorbed at the time of urea application was labelled. Consequently, the rsN

present in the alfalfa may not simulate N assimilated by conventional means.

An alternative technique for labelling plants in situ is to expose the legume root

system to rsN-labelled Nr. Because tsN is incorporated into the plant by biological N,

fixation, assimilated IsN is a true tracer of symbiotically fixed N (lMarembourg 1993).

This technique has been used previously to measure N transfers from iegumes to

intercropped non-legumes (Ta et al. 1989; McNeill and V/ood 1990) and to measure the

loss of symbiotically-fixed N into the rhizosphere of alfalfa (Russelle et al. 1994).
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Exposure times ranging from several hours (Ta et al. 1989) to several days (Ruschel et

al. 1979; McNeill and Wood 1990; Russelle et al. 1994) have been reported but

continuous, prolonged exposure is uncommon (Bremer et al. 1995). In general, previous

studies have used a relaúvely short labelling period; hence, only that N assimilated during

the brief exposure period is labelled. Continuous, prolonged exposure of plants to rsN-

labelled N, would allow labelling of a greater proportion of symbioticaily fixed N which

may be more representative of N fixed throughout alfalfa growth.

The objectives of this study were: 1) to determine the distribution of

symbiotically fixed r5N in the planlsoil system following growth of an alfalfa crop and

2) to determine the effect of method of alfalfa te¡mination on the fate and plant-

availability of symbiotically fixed IsN. Our approach involved labellin g allalfa by

continuous, prolonged exposure to a soil atmosphere containing "N-labelled Nr. Before

and after termination of alfalfa, the distribution in the plant-soil system of symbiotically-

fixed tsN-labelled N, was measured. Potential mineralization of ttN-labelled alfalfa leaf,

stem, crown, fine root and taproot tissues was also measured.

MATEzuALS AND METHODS

Alfalfa establishment. erowth and labelline

Alfalfa was established in cylinders (10 cm diameter x 32 cm ABS pipe attached

with silicone to a base of ABS sheeting or plexiglass) each containing the equivalent of

3188 g (oven dry basis) of a Cavendish sandy loam soil (pH in CaCIr=6.9' organic C=7 .6

g kg-t). (This soil had been collected from _near Purple Springs, AB and stored in a

t02



stocþile at the tæthbridge Research Centre prior to its use.) Air dry soil was moistened

to 50Vo of fietd capacity and nutrient solutions thoroughly mixed into the soil to provide

the following (in mg kg-t soil): 6.6 N,40 P,50.5 K, 10 S, 1 Cu,ZMn,4Zn,4 Fe, 1 B

and 0.40 Mo.

Three 'Nitro' alfalfa seeds were placed just below the soil surface in each cylinder.

One to two drops of a slurry of Rhizobium-peat (commercial inoculant Nitragin,

Liphatech, Madison, WI) in water were applied to each seed by pipette and the soil

surface was covered with moist paper towels. Several cylinders were left unplanted as

conrrols. Cylinders were watered to field capacity (I6.5Vo w/w) and placed in a growth

chamber (16 h day, 22"C;8 h night, l5'C). Alfalfa was thinned to I plant per cylinder

1 wk after emergence.

One to two days prior to labelling the soil atmosphere, selected cylinders were

capped with ABS sheeting or painted plexiglass. Each lid had four holes equipped with

brass or plastic fittings to allow for watering, aeration and emergence of the alfalfa plant

(Fig.6.1). One brass fitting was fitted with a subaseal to allow the addition of water by

syringe. A plastic tube was placed around the alfalfa plant, and the area surrounding the

alfalfa stem was sealed with a layer of medical grade elastomer (Dow Corning

Corporation, Midland, Michigan) and a layer of lanolin-wax. (Additional layers of sealant

were applied during the study to maintain an airtight seal around the stem.) Two brass

fittings in each lid were connected to Nalgene tubing (I.25 cm diameter) to allow air

exchange.

Each cylinder was connected by Nalgene tubes to a central airtight chamber. The
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chamber, consfructed from ABS pipe (10 cm diameter) and sheeting, cont¿ined an electric

fan to continuously circulate air throughout the system. The cenÍal chamber also

contained a soda lime trap to collect CO, and a Cryovac gas bag (Grace Chemicals,

Mississauga, ON) to allow volume changes within the system (Fig. 6.1). O-ring seals

were installed in all joints to produce an airtight system. Two identical tsN labelling

systems (System I which consisted of 6 cylinders attached to one cenfal chamber,

System 2 which consisted of 5 cylinders attached to one central chamber) were

established and operated as described by Bremer et al. (1995).

Prior to the addition of rsNr, positive pressure was applied to the cylinders and

cenffal chambers to ensure all were airtight. Cylinders were then purged with a

combination of He and O, to reduce the concentration of N, in the atmosphere of the

labelling system to approximately 50Vo (Based on periodic analyses of the atmosphere

by gas chromatography, the concentration of N, in the labelling system increased to >80Vo

during the first few weeks of labelling, presumably due to small leaks in the system and

the acldition of rsNr.;

For a 7 wk period beginning 25 d after seeding, the soil atmosphere of 11 sealed

cylinders (9 alfalfa, 2 unplanted) was continuously exposed to air containing ttN, 
lFig.

6.2). Twice weekly, gas samples were collected from the central chamber and analyzed

for rsN by mass spectrometry (VG Optima, VG Isogas Limited, Middlewich, England)

using the mass 29128 and 30128 ratios to determine ttN abundance. Purified, highty

enriched tsN-labelled N, (>99 atom 7o t5N; Isotech Inc., Miamisburg, OH) was usually

acldecl twice each week. The tsN enrichment of the soil atmosphere was usually
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maintained between 4 and 6 atom Vo, although approximately 2 wk after the start of

labelling, rsN enrichment in both labelling systems dropped briefly below this range due

to air leaks (Fig. 6.3). When leaks were identified, System 1 was dismantled, repaired

and reassembled; in System 2, seals around plant stems were repaired or removed and

replaced. After repairs were made, ttNr, was added to both systems and the tsN

concentration returned to >5 atom To.

Additional gas samples were collected from the central chamber every 1-2 d and

analyzed for O, and N, by gas chromatography. Because the concenÍation of O, tended

to fluctuate, pure O, was added once or twice daily to maintain the O, concentration near

that of atmosphere (Fig. 6.3). Average O, concenfations ranged from 16 to 23Vo.

Alfalfa was watered every 1-2 d by injection of water through a subaseal in the

lid of each cylinder. The amount of water required was estimated from the size of

labelled alfalfa plants and water usage by unlabelled alfalfa grown in capped cylinders

placed in the growth cabinet alongside the piants being labelled.

Alfalfa was harvested 42 d and 64 d after seeding by cutting the top-growth

approximately 9.5 cm above the soil surface. Termination treatments were applied l0 d

after the second alfalfa harvest (Fig. 6.2).

Measurement of the distribution of tsN" fixed bv alfalfa

Ten days after the second alfalfa harvest (at the time of termination), three labelled

and three unlabelled alfalfa plants were sampled. Top-growth was removed at the soil

surface and separated into leaf, stem and crown tissue. (Crown tissue was defined as

105



"old" growth including lower stems remaining from previous harvests.)

Fine roots and taproots were manually removed from the soil with forceps. Soil

loosely adhering to roots was removed by sieving (2 mm sieve) and ai¡ dried. Root

samples were then rinsed several times with distilled, deionized water and sonified for

two 60 s periods to remove any remaining soil. The resulting water/soil mixture was

acidified with several drops of concentrated HrSOo to prevent NH, loss and dried at70"C.

This procedure generated three fractions: 1. loosely-adhering rhizosphere soil, 2. closely

associated rhizosphere soil and 3. bulk soil.

One subsample of bulk soil was air dried and analyzed for total N, ttN, inorganic

N, and light fraction N and r5N. A second subsample of the bulk soil was stored moist

at 0.5'C and analyzed for microbial biomass N and rsN and mineralizable C, N and t5N.

Despite attempts at careful removal, small amounts of root tissue remained in the bulk

soil. To determine the rsN and N contributions made by this root tissue to the bulk soil,

root fragments were carefully removed from a 10 g subsample of the bulk soil. This

'root-free' soil was analyzed for N and r5N content.

The total N and t5N concentration in alfalfa tissue, rhizosphere soil, root-free soil,

bulk soil and light fraction organic matter was determined using an automated combustion

technique (Carlo Erba.", Milan, Itaiy) and a continuous flow mass spectrometer (VG

Optima, VG Isogas Limited, Middlewich, England) standardized against a reference gas

(0.36623 atom Vo). Soil inorganic N was exfacted with 2 M KCI and the concentation

of NOr- and NHo* in the exffact was determined by a colorimetric procedure using an

autoanalyzer (Keeney and Nelson 1982).
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Microbial biomass N was determined on moist samples of the bulk soil by a

chloroform fumigation extraction procedure (Brookes et al. 1985). After extraction, a 40

mL aliquot of each sample was acidified, evaporated and digested with sulfuric acid and

hydrogen peroxide (Wolf 1982). Ninogen in the digest was quantified by steam

distillation, collection in boric acid and titration with HrSOo. Following titration, samples

were acidified, dried at 70"C and a20 mg sample of the boric acid crystals was analyzed

on a continuous flow mass spectrometer. Reported rsN values for microbial biomass were

corrected for the N content of blank samples which were assumed to have an rsN

abundance of 0.3663 atom Vo.

Light fraction organic matter was determined using a procedure similar to that

described by Janzen et al. (1992). In brief, soil was vigorously mixed with NaI (specific

density of 1.7), and the suspension allowed to settle for approximately 2 d. The "light

fraction" floating on the solution surface was removed by vacuum and washed with a

dilute CaCI, solution and then water. The procedure was then repeated. The organic

material coliected was dried at70"C, finely ground andanalryzed for N and tsN.

Mineralizable C and N was determined in a 12 wk incubation using a procedure

simila¡ to that described by Bremer et aI. (1994). Five 50 g subsampies were taken from

each of the three bulk soil samples, moistened to 807o of field capacity and individually

incubated in sealed 1 L jars at25oc. Jars were aerated periodically and the COr uap (10

mL of 2 M NaOH) in each jar was replaced at l, 2,4, 8 and 12 wk. To quantify

carbonate content, the NaOH samples were placed in an airtight I L jar, acidified with

HCI and the CO, evolved was measured by gas chromatography. After 1, 2,4,8 and 12
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wk, 1 of the 5 subsamples being incubated was air dried and analyzed for inorganic N as

described previously. The inorganic rsN content was determined by a diffusion method

(Brooks et al. 1989).

Measurement of the effect of termination method on the subsequent fate of r5N,

Termination treatments were applied to the remaining alfalfa plants. Four

treatments were established: 1) labelled roots from alfalfa terminated by herbicide

application; 2) Iabelted roots from alfalfa terminated by tillage; 3) labelled top-growth

from alfalfa terminated by herbicide application and 4) labelled top-growth from alfalfa

terminatecl by tillage.

Prior to termination, six labelled plants were selected and grouped according to

size in a randomized complete block design with three replications. Six unlabelled plants

were similarly arranged. Within each replicate, one cylinder was designated for herbicide

application ancl the orher for tillage. In tot¿I, herbicide was applied to 3 labelled and 3

unlabelled plants; the remaining three labelled and three unlabelled plants were designated

for tillage.

In herbicide ffeatments, glyphosate at a rate of 6.72 mL per 100 mL water was

applied to the alfalla top-growth with a hand-held spray applicator. The soil surface was

covered with vermiculite to avoid contamination with herbicide.

In tillage Íeatments, alfalfa top-growth was cut about 2 cm below-ground, air

dried for several days and weighed. A small subsample of top-growth was oven dried

and dry matter yield and total N and rsN concenÍations were determined.
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To produce "labelled root" and "labelled top-growth" treatments, the top-growth

(including crown) of all labelled and unlabelled plants was removed. Labelled top-growth

was transferred to the corresponding unlabelled cylinders; unlabelled top-growth was oven

dried, ground and analyzed. Thus, "labelled root" treatments contained only tsN-labelled

root material and no top-growth; "labelled top-growth" treatments contained unlabelled

root material and ttN-labelled top-growth.

To simulate tillage, alfalfa roots or roots+top-growth were cut into 4-5 cm lengths

and mixed thoroughly throughout the soil. In treatments to which herbicide had been

applied, labelled roots were left undisturbed in the soil and, in labelled top-growth

treatments, alfalfa top-growth was left intact and placed on the soil surface.

Five days after herbicide application, 10 'Galt' barley seeds were planted in each

cylinder. Barley was thinned to 5 plants cylinder-r a few days after emergence.

All cylinders were destructively sampled 4 wk after barley was seeded. Barley

top-growth was removed at the soil surface and oven dried. V/here present, surface

alfalfa residue was removed and oven dried. Barley roots and alfalfa residue were

removed from the soil by manual picking with forceps. Plant material collected from the

soil was separated into fine roots (barley and alfalfa), intermediate roots, taproot and

alfalfa stems. The soil adhering to the roots and incorporated plant tissue was removed

as described previously for rhizosphere soil.

The bulk soil was analyzed for N,ttN, inorganic N, mineralizable C and N and

light fraction organic matter. Chemical analyses were conducted as described previously

except mineralizable C and N was determined after 8 instead of 12 wk.
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For calculations of tsN in alfalfa prior to termination, the natural abundance of

alfalfa in unlabelled control treatments was used and is indicated in the tables; for any

other calculations of rsN in plant tissue, 0.37 atom 7o was used. For calculations of r5N

in soil, a natural abundance of 0.3685 atom Vo (the atom Vo of the bulk soil in pots in

which unlabelled alfalfa plants had been grown) was used unless otherwise indicated.

The Vo of nimogen derived from legume (ToNDFL) was calculated for all plant and

soil samples as follows:

where:

A, = tsN abunclance (atom 7o) in amended sample

Ao = ttN abundance in background sample

A, = "N abundance in appropriate legume N source (ex. roots, top-growth)

NA = natural abundance of legume N source

ToNDFL = (A,_Ab)/(Ar_NA)

Dat¿ from shoot and root treatments were analyzed by analysis of variance using

the Proc GLM procedure (SAS Institute Inc. 1985). If the effect of replicate was

significant, data were analyzed as a randomized complete block design; if the effect of

replicate was not significant, data were re-analyzed as a completely randomized design.

The ToNDFL in barley and 7o recovery of alfalfa-derived N by barley was tested for

homogeneity of variance using the modified Bartlett test statistic developed by Box (Neter

et al. 1990). In cases where the Bartlett test revealed heterogeneity of variance, data were

log ransformed prior to analysis.
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Relative rates of N and C mineralization from tsN-labelled alfalfa leaf. stem. crown. fine
root and taDroot tissue

An incubation experiment was conducted to measure N and C mineralization from

tsN-labelled alfalfa. Five treatments, consisting of leaf, stem, crown, fine root and taproot

tissue, and a 'soil only' control were established and incubated at 25"C. The evolution

of CO, and concenfrations of soil inorganic N were measured periodically.

Alfalfa top-growth ancl roots harvested in the 'sN labelling experiment were oven

dried and ground. Tissue from each of the three labelled alfalfa plants was ground and

storecl separately; treatments were assigned to each replicate on the basis of the alfalfa

plant from which tissue had been harvested.

A Cavendish sandy loam soil was air dried and passed through a 2 mm sieve.

(This soil had been collected near Purple Springs, AB and stored in a stockpile at the

Lethbridge Research Centre prior to its use.) Fifty grams of soil (oven dry basis) were

placed in a specimen cup and oven dry plant tissue was mixed into the soil at a rate of

0.2 g cup-t (except for stem tissue which was applied at a rate of 0.15 g cup-r because of

small sample size). Soils were moistened to 80Vo of field capacity and placed in a sealecl

1 L glass jar with a vial containing l0 mL of 2 M NaOH to collect COr. Jars were

aerated periodically during the incubation. At 1,2,4,8 and 12 wk, NaOH was replaced.

At 4 and 12 wk, three replications of each featment were destructively sampled and soil

inorganic N determined. Inorganic N, rsN and CO, were determined as described

previously.

Data were ana|yzed by one way analysis of variance for a completely randomized

design and by least significant difference procedure using the Proc GLM procedure (SAS
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Institute Inc. 1985).

Distribution in the plant-soil svstem of rsN" fixed by aLfalfa

Nitrogen concentration in the labelled alfalfa ranged from l.lVo in crown tissue

to 5Vo in leaf tissue (Table 6.1). At time of termination, the majority (62Vo) of alfalfa N

occurred in roots. This estimate may have been conservative because of incomplete

recovery of fine roots. Stem and leaf material comprised a smaller proportion (267o) of

total alfalfa N since alfalfa top-growth had been harvested shortly before sampling.

Despite its high dry matter yield, the crown comprised only I2Vo of total alfalfa N.

All plant parts were effectively labelled during exposure of the alfalfa to a soil

atmosphere containing r5Nr. ttN concentrations were fairly uniform throughout the plant

ran-eing from 3.68 atom Vo in fine roots to 4.62 atom Vo inleaves (Table 6.1). The

slightly higher 'sN concentrations in leaf and stem tissues likely resulted because virtually

all of the leaf and stem material harvested was produced during exposure to the I5N-

labelled atmosphere whereas crown and root tissue had partially developed before

exposure to t5N. In addition, the rsN concenfration measured for roots may have been

diluted with N in adhering soil particles, though the C concentration in the plant material

(43 to 477o) suggests that soil contamination was minimal.

RESULTS

Small amounts of alfalfa-derived N were also recovered in the soil. Of the alfalfa-

derived N in the soil following the growth of alfalfa, 83Vo was recovered in the bulk soil

(Table 6.2). Based on anaiysis of root-free and bulk soil samples, an estimated 36Vo of
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alfalfa-derived N in the bulk soil (the equivalent of 7 .5 mg alfalfa-derived N cylindert)

occurred as alfalfa roots not recovered during manual picking. An additional 11.8 mg

alfalfa-derived N occurred in forms other than root material.

A significant propoftion of the legume-derived N recovered in the bulk soil

occurred in labite soil fractions. The light fraction of the bulk soil contained 9 mg of

alfalfa-derived N, and accounted for 4I7o of the alfalfa-derived N in the soil at sampling.

Much of the iight fraction organic matter may have been unrecovered roots; the quantity

of legume-derived N in the buik soil not attributable to light fraction (10 mg) was nearly

equivalent to that of legume-derived N in root-free soil (12 mÐ.

Microbial biomass N comprised only 2Vo of the total N in soil btÍ 427o of the

alfalfa-derived N present in the soil. The ToNDFL in microbial biomass was 20.47o, the

equivalent of 9 mg alfalfa-derived N cylinderr. These values, however, are only rough

approximations because of uncertainty arising from estimates of k* and the assumptions

made in cor¡ecting for the ttN content of blanks.

Mineralizable N in the bulk soil averaged 60 mg N cylinder-'. The proportion of

mineralized N derived from alfalfa ranged from 21To after 1 wk to l27o after 12 wk

(Table D.1 in Appendix D). After a I wk incubation, the equivalent of 7Vo (I.6 mg

cylinder-t) of the alfalfa-derived N present in the soil at time of sampling had been

mineralized; after 12 wk, the equivalent of 327o (7.2 mg cylindeft) had been mineralized

(Fig. 6.4).

Of alfalfa-derived N deposited in the soil, significant amounts were present in the

rhizosphere soil. An average of 18 g rhizosphere soil was recovered from each alfaffa
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plant although the mass of rhizosphere soil varied depending largely on soil moisture

content at time of sampling. The average N concenftation in rhizosphere soil was twofold

that in the bulk soil and totalled 2l mg N cylinder-r (tabte 6.2). Considerably more of

the N in the rhizosphere soil was derived from alfalfa than in bulk soil; the Vo NDFL in

rhizosphere soil ranged from 13 to 26Vo for a total of 4 mg alfalfa-derived N cylinderr.

Alfalfa N present in the rhizosphere soil as root fragments or root exudates accounted for

llVo of the total alfalfa-derived N present in soil.

Of the total rsN present in the plant-soil system, only I27o occur¡ed in the soil.

Of this, most was present in the bulk soil equally distributed between the light and heavy

fractions; only ZVo of total '5N occurred in rhizosphere soil. The majority of below-

ground (82Vo) and total (88Vo) rsN was present in the roots and shoots of alfalfa (Table

6.3). Of the rsN in the alfalfa plant remaining after the second harvest of top-growth and

a brief regrowth period, 60Vo was in the roots (28Vo in fine roots and 32o/o in the taproot)

and 40Vo in the top-growth.

Effect of termination method on the distribution of t5N" fixed bv alfalfa

Method of alfalfa termination did not affect dry matter yield, plant tissue N

concentration or N uptake by the barley crop established immediately after termination

of alfalfa (Table 6.4).

Termination method had a strong influence on the plant-availability of alfalfa-

derived N, however. Approximately l2.8Vo of barley N was derived from alfalfa top-

growth incorporated into the soil in simulated tillage ffeatments whereas only l.3Vo of
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barley N was derived from herbicide-treated alfalfa top-growth retained on the soil

surface. As well, we observed more than an eightfold greater recovery by barley of N

from alfalfa top-growth in tillage (l0.4Vo) than in herbicide (I.2Vo) treatments.

In contrast, in rsN-labelled root featments, the proportion of barley N derived

from alfalfa roots was significantly greater in herbicide-fteated (42.4Eo) than in tilled

treatments (25.3Eo) (Table 6.4). However, the 7o of alfalfa N recovered by barley did not

differ significantly between treatments.

The averago recovery of applied tsN in labelled shoot ffeatments ranged fromg|Vo

in herbicide treatments to 101Vo intlllage featments. Recoveries for treatments involving

labelled alfalfa roots could not be calculated directly because root weights could not be

determinecl. The¡efore, the distribution of t5N presented in Table 6.5 has been reported

on the basis of total rsN excess present at the time of barley harvest. This calculation

assumes no losses of N via volatilization.

Regardless of termination method, a relatively small proportion (I to l}Vo) of the

ttN present occurred in the top-growth of the barley øop established after alfalfa

termination (Table 6.5). In tilled top-growth freafrnents, most of the r5N was found in the

soil; in the remaining Íeatments, most of the t5N occurred in residue comprised of alfalfa

residues and barley roots. (Detailed analyses of barley, residue and soil components are

reported in Tables D.2 to D.4 in Appendix D.)

Termination of alfalfa top-growth by tillage increased the proportion of 'sN present

in the soii and decreased the proportion retained in crop residue (Table 6.5). Aimost90Vo

of the 'sN in herbicide treatments was retained in surface residues compared to 38Vo in
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incorporated residues of tilled treatments. In herbicide treatments, only 87o of t5N was

recovered from the soil whereas 52Vo of r5N occur¡ed in the soil of tilled reatments.

Tiilage also increasecl the proportion of rsN taken up by barley; barley top-growth

contained l\Vo of ttN present in tillage treatments but only lVo of ttN in herbicide

featments.

In contrast, tennination treatment had no measurable effect on the distribution of

tsN from labelled alfalfa roots (Table 6.5). The soil and recovered residues contained an

average of 30Vo and 60Vo of rsN, respectively. For both methods of alfalfa termination

I\Vo of isN was recovered in the top-growth of the subsequent barley crop.

Although termination method altered the distribution of ttN among barley top-

growth, residue and soil components, detailed analysis revealed minimal effects of

termination treatments on labile N fractions. Termination method had no effect on

mine¡alizable N in shoot or root treatments (Table D.5 in Appendix D). Mineralizable

N after 8 wk averaged 18.8 and 13.3 mg N kg-t soil for alfalfa shoot and root treatments.

Regardless of fteatment, mineralizable N accounted for a significant proportion of the rsN

present in the soil after barley was harvested. Mineralizable N accounted for 16 to34Vo

of the rsN present in the soil of shoot treatments and 9 to lgVo of the rsN present in the

soil of root Íeatments.

Termination treatment also had no effect on the amount of N present as light

fraction organic matter. Light fraction organic matter averaged 145 mg N cylindert in

top-growth ffeatments and 159 mg N cylinder-t in root fteatments (Table D.6 in Appendix

D). Incorporation of alfalfa top-growth increased the ToNDFL (P=0.01) and the rng N
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derived from alfalfa (P:0.03) in the light fraction. In tillage treatments,0.53Vo (0.76 mg

N cylinder-t; of the light fraction N was derived from alfalfa top-growth cornpared to

0.22Vo (0.29 mg N cylinder-r) in herbicide teatments. Termination method did not affect

the proportion or mass of light fraction derived from alfalfa roots; approximately 27o of

light fraction N was derived from alfalfa roots, the equivalent of 3 mg N cylindert.

Relative rates of N and C mineralization from aHalfa leaf. stem. crown. fine root and

taproot

Leaf tissue was rapidly mineralized resulting in release of 3lVo of applied N after

4 wk and 460/o of applied N after 12 wk (Table 6.6). Stem and root tissue mineralized

more slowly with 26 to 31Vo of applied N released after 12 wk. Mineralizatton of crown

tissue was substantially delayed. After 4 wk, net mineralization totalled only I .5Vo of

applied N; however, after 12 wk, the quantity of N releasecl had increasecl to 2l7o of

applied N. These data agree with results of a previous study in which the equivalent of

51, 34 and 27Vo of applied legume N was mineratzed from leaf, stem and root tissue

after a 12 wk incubation period (Chapter 5).

The aclclition of leaf tissue resulteci in accumulations of 5.24 rng N containerr.

Significantly lower N accumulations averaging 1.41 mg N containett were observecl with

the addition of root tissue. Lowest net N mineralization from alfalfa tissue resulted from

soil-appliecl crown material; after 12 wk net tnineralization totalled 0.30 mg N container-t.

Low N concentrations and an initial period of net immobilization of N present likely

contributed to the low levels of net mineralization observed for crown tissue. The

%NDFL ranged from 36Vo in crown lreatments to l4Va in leaf ffeatments; the Vo NDFL
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in stem and root treatments

DISCUSSION

Effectiveness of labelline with tsN-labelled N"

Exposure of alfalfa to a soil atmosphere containing tsN-labelled N, effectively

labelled the alfalfa tissue and allowed direct measurement of N release from alfalfa

residues. Several limitations of this technique were apparent in our study, however.

Regulation of moisture content and O, concentrations in the soil was difficult with the

labelling system used. The system used could accommodate only a limited number of

plants and appeared to stress plants somewhat after prolonged, continuous exposure; these

factors both contributed to the variability observed among labelled alfalfa plants. In

addition, the pool substitution effect (Hart et al. 1986), which may vary in magnitude in

herbicide and tillage ffeatments, may have resulted in underestimation of the uptake of

legume-derived N by the subsequent barley crop.

was intermediate ranging from 53 to 587o.

N release durine alfalfa srowth

Results of this study indicate that a relatively small proportion of symbiotically

fixed N is released into the soil during alfalfa growth. Several clays after harvest, the

alfalfa contained 887o of t5N present in the planlsoil system; the remaining IZVo of the

t5N present was recovered in the soil, in part as uffecovered root fragments. A similar

disribution of symbiotically fixed N was observed for tsN-labelled beans (Phaseolus spp.)

and soybeans (Glycine max); approximately 12 to ISVo of symbiotically fixed N was
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recovered in the soil and the remainingTTtoTSVo was retained in the plant (Ruschel et

al. 1979). In contrast, Poth et al. (1986) estimated that a greater proportion of rsN, fixed

by pigeon pea (Cajanus cajan) was released into the soil than retained in the plant.

Of N released into the soil, a significant proportion was deposited into labile N

pools. In our experiment, of the tsN recovered in the soil, 4IVo occurred as light fraction

organic matter, 42Vo as microbial biomass and 32Vo as mineralizable N. Presumably, the

light fraction organic matter derived from alfalfa was comprised for the most part of

sloughed roots or root fragments. This being the case, and given that IZVo of the total

amount of rsN present occurred in the soil, an estimated 5Vo (4lVo of the L27o in soil) of

the total amount of tsN present several days after harvest occurred as sloughed roots or

root fragments,5Vo (427o of the l2Vo in soil) as microbial biomass and the remaining2Vo

(32Vo of the l2olo in soil) as root and microbial products.

Assuming soil N accumulations of the magnitude observed in this experiment

(23.1 mg symbiotically fixed N planft present in the soil including unrecovered root

fragments) and a stand density of 50 alfalfa plants m-2, an estimated 12kg fixed N ha-t

would have been released from living alfalfa during thel4 d duration of alfalfa growth.

Given that an estimated 227 mg N planft was removed as top-growth in the two harvests

taken during the experiment (based on an average total harvest of 8.3 g top-growth per

tsN-labelled plant and the average N concentration of alfalfa top-growth removed during

the first harvest of 2.74Vo), the amount of N released into the soil by growing alfaffa

would be equivalent to l}Vo of the total amount of N removed in alfalfa top-growth

during two harvests. Similar results have been reported elsewhere. Dubach and Russelle
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(1994) estimated that less than 15 kg symbiotically fixed N hal could be released from

decomposing roots and nodules during the first year of a pure alfalf.a stand. Andrén et

al. (1990) estimated N release from the below-ground biomass of an established alfalfa

stand of 32kg N ha-t yr" (24 kg fixed N ha-r yrr assumingTíVo of alfalfa N resulted

from symbiotic N, fixation) which is equivalent to I3Vo of the N removed as alfalfa top-

$owth during harvest Qa6 kg N ha-r yr-t).

Previous studies have attempted to identify the source of soil N accumulations

under growing alfalfa. Direct excretion results in relativeiy small N losses and may be

less important for N release than other processes (Russelle et al. 1994). Decomposition

of below-ground residue has been identified by Dubach and Russelle (1994) as a

significant source of N release from growing alfalfa; however, neither decomposition nor

direct excretion account for the amounts of N reportedly transferred from legumes to

intercroppecl non-legumes. These authors suggested above-ground residues as a potential

N source. [n an earlier study, Andrén et al. (1990) reported that under an established

alfalfa stand, stubble and litter contributed 103 kg N ha-t yr-t to the soil organic pool

whereas the below-ground biomass contributed 32 kg N ha-r yft. For an

alfalfa,ibromegrass intercrop, litterfall losses combined with harvest losses contributed an

estimated 38 kg N ha t yrt to the soil (Tomm et aL 1995).

In our study, symbiotically fixed N released into the soil presumably resulted from

a combination of direct excretion and decomposition of roots and nodules. Because the

soil surface was covered throughout the labelling period, above-ground residues could not

provide N to the soil.

t20



Under field conditions, various factors including environmental conditions, stand

composition and health, and management factors (number of harvests per growing season,

stand duration) may affect the amount of N released from a growing alfaifa stand and also

the relative contributions of below and above-ground N sources.

N distribution as influenced bv termination method

Results of our study indicate that regardless of termination method, a relatively

small proportion (l-lÙVo) of N symbiotically fixed by alfalfa becomes plant-available

shortly after te¡mination. In general, the values obtained were comparable to values

reported in the literature which range from 6 to 28Vo (Ladd et al. 1981; Ladd et al. 1983;

Müller and Sundman 1988).

Approximately 5 wk after alfalfa termination, in all termination treaünents, a

significant proportion of the symbiotically fixed N present was retained in residues or

deposited into the soil. Thirty-eight to 65Vo of the symbiotically fixed N present remained

in below-ground or incorporated residues whereas 91To remained in the residues of

surface-applied alfalfa top-gowth. Eight to 52Vo of the symbiotically fixed N present

occurred in the soil. These data support the results of previous studies which have

demonstrated that the main benefit of legume crops is to long-term soil fertility and

productivity (Ladd et al. 1981; Janzen et al. 1990).

Based on results of the incubation study conducted, it appears that mineralization

of readily decomposable leaf tissue is important for the short-te¡m soil fertility benefits

derived from alfalfa residues whereas mineralization of more siowly decomposable crown,
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stem and root tissue may be of comparatively less importance in the short term. More

rapid, extensive decomposition of leaf tissue has also been observed for Medicago spp.

incubated under field conditions (Amato et al. 1984). Leaf, stem and root tissue

contained 64Vo, 87Vo and S lVo of initial organic t5N after 4 wk and 40Vo, 56To and 507o

of initial organic tsN after 2 yr. Observed differences in the decomposability of residues

have been atftibuted to various factors including the CN ratio, concentration of water-

soluble constituents, and lignin and carbohydrate content of the plant residue (Nyhan

1975; Herman et al. 1977).

Residue placement appeared to have a greater influence on the fate of

symbiotically fixed N than termination method per se. Termination method had no

measurable effect on the distribution of symbiotically fixed N from alfalfa roots which

suggests that neither differences in residue particle size nor clifferences resulting from

chemical versus mechanical disruption of the plant affected N release. A previous study

demonstrated minimal effects of residue particle size on N mineralization from alfalfa

resiclues (Chapter 5); however, herbicide application was found to increase short-term

plant-available N. [n that study, greater short-term N availabiliry was attributed to greater

root exudation and/or more rapid senescence and subsequent decomposition of alfalfa

residue followin-e herbicide application.

Tillage enhanced the release of symbiotically fixed N from alfalfa top-growth.

Residue incorporation substantially increased the propofiion of tsN present in the soil and

decreased the proportion of rsN retained in residues. This increased the availability of

symbiotically f,rxed N to barley grown for a 4 wk period after alfalfa termination.
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Presumably, incorporation resulted in greater exposure of alfalfa residue, particularly

readily decomposable leaf tissue, to soii microbial populations which enhanced

mineralization (Cogle et al. 1987). Results of this study support a previous study which

demonstrated substantially greater release of short-te¡m plant-available N from

incorporated than surface-applied alfalfa residue (Chapter 5). Residue incorporation has

also been shown to increase short-term N release under field conditions. Varco et al.

(1993) found that after 15 d,4l7o of the N in incorporated vetch residue was recovered

as soil inorganic N compared to l2Vo of the N in surface-appiied vetch residue. After 30

d,89Vo and 607o of the applied N had been lost from legume residue in conventional till

ancl no-till treatments, respectively.

During the growth of alfalfa, a relatively small proportion of symbioticaliy fixed

N (l2%o) is released into the soil, much of it into labile N pools; most of the

symbiotically fixed N (88ølo) is retained in the alfalfa plant.

Termination may substantially increase the proportion of symbiotically fixed N

released from alfalfa; however, the fate and short-term plant availability of this

syrnbiotically fixed N may be strongly influenced by the termination method employed,

particularly as it affects residue placement. Based on the relative amounts of alfalfa leaf,

stem, crown and root tissue present at time of sampling and the relative mineralization

rates of alfalfa plant parts measured in our study, alfalfa shoots and roots would be

expected to contribute almost equally to the mineralizable N pool in the short-term. In

CONCLUSIONS
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our study, an estimated 28Vo of mineralizable N would be derived from leaves, 87o from

stems, 87o from crowns, 27Vo from fine roots and 297o from taproots. Therefore,

termination methods like tillage which enhance the mineralization of alfalfa top-growth

increase the short-term plant-available N supply whereas surface application of herbicide-

terminated alfalfa delays N mineralization from alfalfa top-growth resulting in a smaller

supply of plant-available N in the short-term.
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Table 6.1. Composition of alfalfa (mean of three plants) labelled by continuous,
prolonged exposure of the root system to tsN labelled Nr. Alfalfa was

destructively sampled 10 d after the second cut of alfalfa top-growth was

taken.

Component

leaf

stem

crown

fine root

taproot

Mass (mg)

63s (19s)+

480 (125)

1840 (418)

1990 (813)

2300 (s89)

Natural abundance values based on the mean of 3 unlabelled alfalfa plants grown

and sampled concurrently (leaf=0.3662, stem=0.3658, crown=0.3664, fine
root=0.3668, taproot=0.3664 atom Vo).

Standa¡d deviation given in parenthesis following the mean.

7oC

45.5 (0.6)

43.3 (0.1)

46.7 (0.8)

43.2 (0.2)

43.7 (0.01)

VoN

5.0 (0.4)

2.8 (0.1)

1.1 (0.1)

2.1 (0.1)

2.2 (0.1)

Vo of
plant N

18 (2.0)

8 (0.6)

12 (0.3)

32 (10.8)

30 (11.4)

tsN atom 7o

(excess)r

4.26 (0.09)

4.04 (0.07)

3.38 (0.23)

3.32 (0.22)

3.8s (0.0e)
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Table 6.2. Distribution of symbiotically fixed tsN in the bulk soil and rhizosphere soil
following growth of alfalfa. Alfalfa was destructively sampled 10 d after
the second cut of alfalfa top-growth was taken. (Values represent the
mean of three cylinders.)

Cornponent

Bulk soils

light fraction

rnicrobial biomass

rnineralizable N

root-free

Rhizosphere soil

closely associated

loosely adhering

mg N kg-t mg Nt

670

54

l4

t9

640

t760

900

2140

t7l

44.2

59.1

2040

11.0

9.8

%NDFL

The mg N in components of the bulk soil are based on the mass of bulk soil
(3221 g - mass of rhizosphere soil) in each cylinder. For selected measurements,

the standard deviation is given in parenthesis following the mean.
mg N1o,e indicates the mg N derived from alfalfa in each cylinder. Natural
abundance values a¡e based on the mean of 3 unlabelled pots of alfalfa grown and

sampled concurrently (bulk soil=0.3685, closely associated rhizosphere
soil=0.3687, loosely adhering rhizosphere soil=0.3684, root-free soil=0.3692).
Light fraction, microbial biomass, mineralizable N and root-free samples are based

on a subsample taken from the bulk soil. The bulk soil contained 0.60 mg NOr--N
kg-r and 1.51 mg NH.*-N kg-r.
Mineralizable N and C were measured after 12 wk;' mineralizable C=168 mg C
kg-'.

0.90 (0.23)

s.31 (1.08)

20.4 (s.s)

12.0 (1.6)

0.s8 (0.06)

2s.s (3.4)

tz.s (4.s)

mg Nr"ot

19.3 (4.e8)

9.1 (1.90)

e.0 (2.00)

7.2 (t.s2)

11.8 (0.90)

2.8 (0.1r)

1.1 (0.40)

7o of soil N,rn

83 (2)

41 (rs)

42 (22)

32 (4)

s3 (14)

t2 (3)

s (1)
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Table 6.3. Distribution among soil and plant components of rsN symbiotically fixed
by alfalfa (as Vo of the below-ground and total rsN excess present). Alfalfa
was destructively sampled 10 d after the second cut of alfalfa top-growth
was taken.

Component

Alfalfa

top-growth

fine root

taproot

Soil

rhizosphere soil

light fraction

7o of below-ground rsN

excessl

heavy fraction (by difference)

t Calculations were based on a tot¿l of 3 cylinders.

38.1

43.5

7o of total r5N

EXCESS

82.2

3.0

7.2

1.1

35.6

24.8

28.0

17.9

88.4

t.9

4.1

4.9

1 1.5

121



Table 6.4. Effect of alfalfa termination by herbicide application or simuiated tillage
on dry matter yield, N uptake and r5N content of a subsequent barley crop.
Barley was established immediately after the application of te¡mination
treatments to rsN-labelled alfatfa top-growth and root tissue and grown for
4 wk.

dry matter yield (g) 1.6 1.4 0.57 1.0 1.3 0.48

Vo N 2.0 1.8 0.14 1.1 1.5 0.29

N uptake (mg) 32.0 24.1 0.34 16.6 19.9 0.59

7o NDFL 1.3 12.8 0.03 42.4 25.3 0.009

7o of alfalfa N 1.2 10.4 0.03 6.1 3.6 0.37

recovered by barleys

Barley provided with labelled Barley provided with labelled
alfalfa top-growth alfalfa root

He¡bicide Tillage P>Ft Herbicide Tillage P>Fr

r indicates P>F for termination method. The effect of replicate was significant
(P=0.0i) only for ToNDFL in labelled alfalfa root treatments. ToNDFL and Vo

recovery data were tested for homogeneity of variance by the modified Bartlett
test statistic developed by Box. The ANOVA was conducted on log transformed
data for top-growth data only. The df for effects of rep and termination method
were 2 and 1, respectively.

+ The 7o of alfalfa N recovered by barley was calculated as [(mg N in barley top-
growth derived from alfalfa)/(mg N added in labelled alfalfa)1x100.
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Tabte 6.5. Effect of alfalfa termination by herbicide application or
on the distribution of tsN excess following the harvest
barley crop.

Componentl

Barley top-growth

Soil

Residue$

Labeiled alfalfa top-growth

Herbicide Tillage P>Ft

--Vo of ttN present--

A det¿iled breakclown of the TorsN present in individual components of residue

and soil is presented in Table D.4 in Appendix D.
indicates P>F for effect of termination treatment. The df for effects of rep and

termination method werc 2 and i, respectively. The effect of replicate was not
significant for any measurement.
This value is based on residue + any soil adhering following washing. Except for
herbicide-treated, labelled affalfa top-growth fieatments, residue in all treatments

was recovered below-ground. Below-ground residues consisted of fine roots
(barley+alfalfa), intermediate roots, taproots and, in the case of incorporated top-
growth treatments, incorporated alfalfa stems. Where top-growth was surface-

applied, most of the rsN present occur¡ed in surface residues; only ZVo of the 'sN
present occurred below-ground. [This was significantly (P=0.002) less than in the

corresponding tillage treatment.l

1.1 10.1 0.03

t.s s1.7 0.0003

9r.4 38.2 0.0007

simulated tillage
of a subsequent

Herbicide Tillage

Labelled alfalfa root

--Vo ofttN present--

9.1 r0.2

2s.0 35.4

6s.3 54.4

P>F+

0.92

0.47

0.56
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Brass
fittings

CO2 trap
(soda lime)

Cryovac
gas bag

Electric fan

N

Brass fittings
Not shown: 1 additional brass
fitting with septum for watering

Fig. 6.1.

Silicone/lanolín-wax seal
around alfalfa stem

Schematic diagram
exposure of the root

Soil

of the '5N-labelling system
system of alfalfa to 'sNr.

used for continuous
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Terminate alfalfa

Fig. 6-2. Schedule of the establishment, exposure to rsN, and termination of alfalfa
and the establishment and harvest of a subsequent barley crop.
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Concerns regarding agricultural and environmental sustainability have renewed

interest in perennial legumes like alfalfa which not only contribute N to the plant-soil

system, but also help reduce weed and disease levels and maintain soil quality. One

strategy for increasing the propoftion of a¡able land deriving benefits from alfalfa without

increasing total forage acreage is to shoften st¿nd duration. However, successful adoption

of shorter-term stands demands that management systems be developed which effectively

terminate alfalfa while maximizing benefits to subsequent crops.

Intensive tillage remains the most corrunon method of alfalfa termination in

western Canada, but it is expensive, often provides inconsistent control of aHalfa, and

leaves soil prone to erosion and moisture loss. An alternative which avoids many of these

problems is to apply herbicides and leave alfalfa residues standing on the soil surface;

however, this practice may alter N dynamics in the plant-soil system.

7. SUMMARY AND CONCLUSIONS

Since one of the primary benefits of legumes is as a source of N, information

regarding the impact of termination technique on N dynamics is required in order to select

the most appropriate termination management system. Therefore, a series of field and

controlled environment studies was conducted to determine the effect of termination

technique on the short-term plant-available N supply and to identify factors influencing

N dynamics under different termination management systems.

Four field experiments were initiated on established alfalfa stands in southem

Manitoba to determine the effect of method (herbicide, tillage, herbicide+tiltage) and time

(after first and second cuts of alfalfa) of alfalfa termination on the short-term plant-
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available N supply (Chapter 3). Under field conditions, both method and time of

termination strongly influenced the plant-available N supply. In 3 of 4 experiments,

termination by tillage or herbicide+tillage resulted in larger accumulations of soil NOr--N

in the spring following alfalfa termination than he¡bicide application alone. However,

greater growing-season N mineralization in herbicide treatments appeared to compensate

fo¡ these initial differences so that herbicide treatments produced grain yields similar to

or greater than tillage treatments. In the one case in which termination by herbicide

application resulted in higher yields than tillage, larger soil moisture reserves in the

untilled system may have contributed to higher grain yields (Bullied, Dept. of Plant

Science, University of Manitoba, unpublished data); differences in N uptake by wheat had

not been evident. Previous studies have similarly reported either no yield differences

between crops established after legumes in no-till and conventional-till systems (Triplett

et aI. I9l9; Levin et al. 1987), or higher yields in no-till systems which were attributed

to increased soil moisture reserves (Sarrantonio and Scott 1988).

Regardless of termination method, delaying termination reduced the soil NOr-

content in the spring following alfalfa termination, presumably because of the shorter

period of residue decomposition. Despite the smaller initial available N supply, delaying

termination until the second cut of alfalfa did not generally reduce grain yield. However,

further delaying herbicide application until the spring immediately before whear

establishment reducecl N uptake and yield of the initial wheat crop established after alfalfa

termination. Previous studies have also reported poor synchrony between N release and

N uptake when legumes were terminated shortly before establishment of a subsequent
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crop (Huntington et al. 1985; Westermann and Crothers 1993).

Based on results of the field study, termination management may provide one

means of influencing both the amount and timing of N released following the termination

of perennial alfalfa stands. By selecting terminaúon management practices and

subsequent crops such that N release and N needs by the subsequent crops are well-

matched, potential may exist to improve synchrony between N release and N uptake. For

example, Westermann and Crothers (1993) suggested that, although N release from alfaifa

terminated by fall-applied herbicide was insufficient to meet the N needs of a subsequent

winter wheat crop in their study, synchrony might be improved by selecting crops with

later-season N uptake (e.g. sugarbeet, potato, corn). ln the present study, where N release

from alfalfa terminated by a spring-applied herbicide application was not sufficient to

meet N needs of a subsequent spring wheat crop, selecting crops with smaller N

requirements or supplementing the N supply with fertilizer N may be beneficial. Thus,

the influence of different combinations of termination management and subsequent crops,

and possibly the use of starter N fertilizers, on N use efficiency, potential N losses and

subsequent crop yields may deserve further consideration. Further, although prediction

of N release following alfalfa termination is complex, the development of procedures

which would allow more accurate prediction of N release would also be beneficial. This

information may allow better management of legume N sources and improve the

feasibility of utilizing legume N sources into today's cropping systems.

In order to identify factors which influence N mansformations and thereby

contribute to differences in N availability among management systems, a series of
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contolled environment studies was conducted. These studies examined the impact of

different termination techniques, specifically effects of differences in residue placement,

termination method and residue particle size, on N mineralization and volatilization. In

addition, N mineralization from different plant parts was quantified.

An initial greenhouse study was conducted to determine the influence of

termination method (chemical, mechanical) and residue placement (incorporated, surface)

on volatile N losses from terminated alfalfa (Chapter 4). After a 95 d incubation period,

volatiie N losses from soil-incorporated residues were negligible. However, where alfalfa

residues were surface-applied, volatile N losses amounted to 87o to l27o of surface

legume N, the equivalent of 3Vo to 4Vo of total legume N (roots+shoots). Termination

method did not have a significant effect on volatile N losses. Results of this study

suggested that volatile N loss may contribute to a smaller short-term plant-avaiiable N

supply in herbicide freatments. However, volatile N losses did not account completely

for differences in the available N supply of herbicide and tillage featments, nor were they

large enough to preclude the use of herbicides for alfalfa termination.

A growth chamber study was conducted concurrently to determine the effect of

termination method (chemical, mechanical) and residue placement (incorporated, surface)

on the plant-availability of N following alfalfa termination (Chapter 5). By 25 d after

residue incorporation, N accumulations by a subsequent barley crop accounted for >60Vo

of the total amount of N accumulated by four consecutive barley crops during the 125 d

study. Nitogen accumulations by barley in surface-residue fteatments accounted for only

24Vo to 39Vo of the total amount of N accumulated after 125 d. Latge differences in
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plant-available N supply were still evident between soil-incorporated (104 mg N port) and

surface-residue (57 mg N pofr) treatments at the end of the 125 d experiment. Although

herbicide application increased initial N accumulations by barley, no effects of termination

method were evident beyond 25 d after alfalfa termination. Perhaps most significant was

that residue placement had a substantially larger effect on N uu¿¡1¿bilit1l than did

termination method. Thus, the method of residue placement associated with a termination

technique, rather than termination method per .r¿, appeared to be one of the primary

factors influencing the available N supply.

In order to examine more closely the effect of alfalfa termination by herbicide

application and tillage on the fate of alfalfa N in the plant-soil system, a growth chamber

study was conducted in which alfalfa was continuously labelled with rsN, for 7 weeks

prior to termination (Chapter 6). Immediately prior to termination, SSTI of the tsN in the

plant-soil system was present in alfalfa whereas only l2Vo was present in the soil (57o in

root fragments, 5o/o in microbial biomass and 2Vo in root and microbial products). This

suggested that a relatively small proportion of symbiotically fixed N was released into the

soil during alfalfa growth. Results of this study also confirmed that residue placement

strongly influenced the availabie N supply following alfalfa termination. Moreover, the

disfribution of symbiotically-fixed t5N following alfalfa termination demonstrated that the

larger short-term available N supply in tilled ffeatments was due primarily to accelerated

mineralization of alfalfa top-growth, not alfalfa roots. In herbicide treatments in which

alfalfa top-growth was retained on the soil surface,l,Vo of the IsN present was recovered

in the top-growth of a subsequent barley crop,87o in the soil and 9lVo in plantresidues.
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However, when alfalfa top-growth was incorporated into the soil, the proportion of r5N

released into the soil and made available for uptake by a subsequent crop increased

substantially: in the tilled system, IïVo of the tsN present was recove¡ed in the top-

growth of a subsequent barley crop, 52Vo in the soil and 38Vo tn plant residues. In

conÍast, termination method had no effect on the fate of symbiotically-fixed r5N in soils

containing roots of terminated alfalfa. Regardless of termination method, L\Vo of the rsN

present was recovered in the top-growth of a subsequent barley crop,307o was recovered

in the soil and 60Vo was recovered in plant residues.

The lack of difference between N mineralization from intact roots in herbicide

Íeatments and segmented roots in tilled treatments suggested that neither termination

method per se nor residue particle size strongly influenced N mineralization. A

supplementary 12 wk incubation study which quantified N mineralization from several

size fractions of alfalfa leaf (ground, whole), stem (ground, 1.5 cm, 5 cm lengths) and

root (ground, 1.5 cm,5 cm lengths) tissue confirmed that residue particle size had

minimal effects on N mineralization (Chapter 5). Thus, reductions in residue particle size

resulting from tillage would be expected to have little influence on the short-term plant-

available N supply. The effect of tillage therefore appears to be exerted via residue

placement rather than physical disruption.

Incubation studies revealed large differences in N mineralization among plant

parts. In an initial 12 wk incubation study, 51,34 and 27Vo of applied legume N was

mineralized from alfalfa leaf, stem and root tissue, respectively (Chapter 5). Similar

results were obtained in a second incubation study. After 12 wk, N mineralization from
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tsN-labelled alfalfa leaf, stem, crown and root tissue amounted to 46,31,2L and 287o of

applied legume N (Chapter 6). Given the highly decomposable nature of leaf material,

leaves may be more important than stems, crowns and roots for the short-term N fertility

benefit derived from alfalfa. Thus, in tilled systems, not only is a greater proportion of

alfalfa residue exposed to soil microbial populations, but the most decomposable fraction

is made available to microbial populations. Both factors presumably contribute to the

larger short-term plant-available N supply observed in tilled treatments.

In summ4ry, termination of alfalfa by herbicide application reduced the amount

of inorganic N accumulated in the soil between time of termination and establishment of

a subsequent crop (Chapter 3). These smaller accumulations of soil inorganic N may

reduce the potential for N losses by leaching and denitrification; however, surface residues

in herbicide treatments may be prone to small volatile NH, losses (Chapter 4). Although

these volatile N losses may contribute to a small extent to reductions in the short-term

plant-available N supply in herbicide treatments, the observed reductions in N availability

appeared to be due primarily to reduced mineralization of surface residues (Chapter 6).

Neither residue particle size nor termination method (ie. chemical versus mechanical)

appeared to shongly influence N availability (Chapter 5; Chapter 6). Even though

herbicide termination often reduced the short-term available N supply compared to tillage,

greater N mineralization in herbicide freatments during the growing season often

compensated for these initial differences. Consequently, despite an initial delay in N

release, herbicide-terminated systems contained sufficient plant-available N to achieve

yields at least as high as tilled systems.
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Termination of established alfalfa stands by herbicide application may improve

synchrony between plant-available N release and N needs of a subsequent spring wheat

crop, and thereby potentially reduce N losses f¡om the plant-soil system. This may

provide significant benefits environmentally by reducing the potential for leaching and

denitrification, and their associated hazards: leaching may contribute to NOr-

contamination of water sources whereas NrO production due to denitrification may

contribute to the depletion of atmospheric ozone and to the greenhouse gas effect. From

an agronomic perspective, improving synchrony between N release and N utilization by

subsequent crops is beneficial in that the efficiency with which N is used by subsequent

crops may be improved. Although significant benefits were appilent under the conditions

of this study, various factors including environmental conditions, the proportion of alfalfa

present in a terminated st¿nd, the duration between termination and establishment of a

subsequent crop, and the N needs of a subsequent crop, will ultimately determine the

feasibility of herbicide-termination of established alfalfa stands.

t42



Adamsen, F.J. and Sabey, B.R. 1987. Ammonia volatilization from liquid digested
sewage sludge as affected by placement in soil. Soil Sci. Soc. Am. J.51:1080-
1082.

Addiscott, T.M. 1983. Kinetics and temperature relationships of mineralization and
nitrification in Rothamsted soils with differing histories. J. Soil Sci.34:343-353.

Amato, M., Jackson, R.8., Butler, J.H.A. and Ladd, J.N. 1984. Decomposition of plant
material in Australian soils. II. Residual organic roC and tsN from legume plant
parts decomposing under field and laboratory conditions. Aust. J. Soil Res.
22:331-341.

Andrén, O., Lindberg, T., Bosfröm, U., Clarholm, M., Hansson, 4.C., Johansson, G.,
Lagerlöf J., Paustian, K., Persson, J., Pettersson, R., Schnürer, J., Sohlenius, B.
and Wivstad M. 1990. Organic carbon and nitrogen flows. in O. Andrén et al.,
ed. Ecology of arable land: organisms, carbon and nitrogen cycling. Ecol. Bull.
4085-126.

Aulakh, M.S., Doran, J.V/., Walters, D.T., Mosier, A.R. and Francis, D.D. 1991a. Crop
residue type and placement effects on deninification and mineralization. Soil Sci.
Soc. Am. J. 55:1020-1025.

Aulakh, M.S., Doran, J.W., Walters, D.T. and Power, J.F. 1991b. Legume residue and

soil water effects on denitrification in soils of different textures. Soii Biol.
Biochem. 23:116l-1167 .

Badaruddin, M. and Meyer, D.W. 1990. Green-manure legume effects on soil nitrogen,
grain yield, and nitrogen nutrition of wheat. Crop Sci. 30:819-825.

Baldock, J.O. and Musgrave, R.B. 1980. Manu¡e and mineral fertlhzer effects on
continuous and rotational crop sequences in Cenral New York. Agron. J.12:5II-
5i8.

Baldock, J.O., Higgs, R.L., Paulson, Vy'.H., Jackobs, J.A. and Shrader, W.D. 1981.

Legume and mineral effects on crop yields in several crop sequences in the upper
Mississippi valley. Agron. J. 73:885-890.

Barnes, D.K., Sheaffer, C.C., Heichel, G.H., Smith, D.M. and Peaden, R.N. 1988.

Registration of 'Nitro' alfalfa. Crop Sci. 28:718.

Biederbeck, V.O. and Slinkard, A.E. 1988. Effect of annual green manures on yield and
quality of wheat on a brown loam. Pages 345-361in koceedings of the Soils and

143

8. REFERENCES



Crops Workshop, Saskatoon, SK.

Biederbeck, V.O., Rice, W.4., van Kessel, C., Bailey, L.D. and Huffman, E.C. 1996.
Present and potential future nitrogen gains from legumes in major soil zones of
the prairies. Pages 441-455 i¿ Proceedings of the Soils and Crops Workshop,
Saskatoon, SK.

Blackshaw, R.E. and Lindwall, C.W. 1995. Species, herbicide and tillage effects on
surface crop residue cover during fallow. Can. J. Soil Sci. 75:559-565.

Blackwell, P.S., Green, T.W. and Mason, W.K. 1990. Responses of biopore channels
from roots to compression by vefiical stresses. 54:1088-1091.

Boawn, L.C., Nelson, J.L. and Crawford, C.L. 1963. Residual ninogen from NH.NO,
fertilizer and from alfalfa plowed under. Agron. J.55:231-235.

Bowten, K.E., Cooke, D.A. and Downey, R.K. L969. Yield of dry matter and nifrogen
from tops and roots of sweetclover, alfalfa and red clover at five stages of growth.
Can. J. Plant Sci. 49:61-68.

Bremer, E. and van Kessel, C. 1992. Plant-available nitrogen from lentil and wheat
residuesduringasubsequentgrowingseason. SoilSci.Soc.Arn.J.56:1155-1160.

Bremer, 8., Janzen, H.H. and Gilbertson, C. 1995. Evidence against associative N,
fixation as a significant N source in long-term wheat plots. Plant Soit 175:13-19.

Btemer, 8., Ianzen, H.H. and Johnston, A.M. 1994. Sensitivity of total, light fraction
and mineralizable organic matter to management practices in a Lethbridge soil.
Can. J. Soil Sci. 74:I3l-138.

Brookes, P.C., Landman, 4., Pruden, G. and Jenkinson, D.S. 1985. Chloroform
fumigation and the release of soil nitrogen: A rapid and direct extraction method
to measure microbial biomass nitrogen in soil. Soil Biol. Bioch. 17:837-842.

. Btooks, P.D., Stark, J.M., Mclnteer, B.B. and Preston, T. 1989. Diffusion method to
prepare soil extracts for automated nitrogen-15 analysis. Soil Sci. Soc. Am. J.

53:ll0l -11 lr.

Brophy, L.S. and Heichel, G.H. 1989. Nitogen release from roots of alfalfa and
oybean grown in sand culture. Plant Soil 116:11-84.

Bruulsema, T.W. and Christie, B.R. 1987. Nitrogen contributions to succeeding corn
from alfalfa and red clover. Agron. J.79:96-100.

144



Burity, H.4., Ta, T.C., Faris, M.A. and Coulman, B.E. 1989. Estimation of nitrogen
fixation and transfer from alfalfa to associated grasses in mixed swards under field
conditions. Plant Soil 114:249-255.

Campbell, C.4., Biederbeck, Y.O.,Znntner, R.P. and Lafond, G.P. 1991a. Effect of crop
rotations and cultural practices on soil organic matter, microbial biomass and
respiration in a thin Black Chernozem. Can. J. Soil Sci.7L:363-376.

Campbell, C.4., De Jong, R. and Zentner, R.P. 1984. Effect of cropping, summerfallow
and fertilizer nitrogen on nitrate-ninogen lost by leaching on a brown chernozemic
loam. Can. J. Soil Sci. 64:61-74.

Campbell, C.4., Lafond, G.P. and Z,entner, R.P. 1993. Spring wheat yield trends as
influenced by fertilizer and legumes. J. Prod. Agric. 6:564-568.

Campbell, C.4., Lafond, G.P., Leyshon, AJ., Zentner, R.P. and Janzen, H.H. 199lb.
Effect of cropping practices on the initial potential rate of N mineralization in a
thin Black Chernozem. Can. J. Soil Sci. 7l:43-53.

Campbell, C.4., Lafond, G.P.,7nntner, R.P. and Jame, Y.W. 1994. Nitrate leaching in
a Udic Haploboroll as influenced by fertilization and legumes. J. Environ. Qual.
23:195-201.

Campbell, C.A.,Znntner, R.P., Ianzen, H.H. and Bowren, K.E. 1990. Benefits of crop
rotation for sustainable agriculture in dryland farming. Agriculture Canada
Publication 1839/3. Agriculture and Agri-Food Canada, Otawa.

Cassman, K.G. and Munns, D.N. 1980. Nitrogen mineralization as affected by soil
moisture, temperature and depth. Soil Sci. Soc. Am. l. M:1233-I237.

Chung, I. and Miller, D.A. 1995. Natural herbicide potential of alfalfa residue on
selected weed species. Agron. J.81:920-925.

Cogle, A.L., Strong, W.M., Saffingna, P.G., Ladd, J.N. and Amato, M. 1981. Wheat
sffaw decomposition in subropical Ausfalia. II. Effect of straw placement on
decomposition and recovery of added 'sN-urea. Aust. J. Soil Res. 25:481-490.

Dabney, S.M. and Bouldin, D.R. 1985. Fluxes of ammonia over an alfalfafield. Agron.
L 17:572-578.

Dubach, M. and Russelle, M.P. 1994. Forage iegume roots and nodules and thefu role
in nitrogen transfer. Agron. I. 86:259-266.

Entz, M.H., Bullied, W.J. and Katepa-Mupondwa, F. 1995. Rotational benefits of forage

r45



crops in Canadian prairie cropping systems. J. Prod. Agric. 8:52L-529.

Farquhar, G.D., Wetselaar, R. and Ffuth, P.M. 1979. Ammonia volatilization from
senescing leaves of maize. Science 203:1257-1258.

Firestone, M.K. 1982. Biological denitrification. Pages 289-326 inF.J. Stevenson, ed.
Ninogen in agricultural soils. Agronomy no.22. American Society of Agronomy,
Maclison, WI.

Follett, R.J. 1989. Ninogen management and groundwater protection. Developments in
agricultural ancl managed-forest ecology. Elsevier, New York, NY.

Fribourg, H.A. and Bartholomew, W.V. 1956. Availability of nitrogen from crop
residues during the first and second seasons after application. Soil Sci. Soc. Proc.
20:505-508.

Fribourg, H.A. and Johnson, I.J. 1955. Dry matter and nitrogen yields of legume tops
and roots in the fall of the seeding year. Agron. J. 47:13-17.

Gauer, E., Shaykewich, C.F. and Stobbe, E.H. 1982. Soil temperature and soil water
uncler zero tillage in Manitoba. Can. J. Soil Sci. 62:3Il-325.

Groya, F.L. and Sheaffer, C.C. 1985. Nitrogen from forage legumes: Harvest and
tillage effects. Agron. J. l7:i05-109.

Hart, P.B.S., Rayner, J.H. and Jenkinson, D.S. 1986. Influence of pool substitution on
the interpretation of fertilizer experiments with r5N. J. Soil Sci. 37:389-403.

Harvey, R.G. and McNevin, G.R. 1990. Combining cultural practices and herbicides to
conffol wild-proso millet (Panicum miliaceum). Weed Tech. 4:433-439.

Heichel, G.H. 1987. Legume nitrogen: symbiotic fixation and recovery by subsequent
crops. Pages 63-80 in Z.R. Helsel, ed. Energy in plant nutrition and pest control.
Elsevier, New York.

Heichel, G.H., Barnes, D.K., Vance, C.P. and Henjum, K.l. 1984. N, fixation, and N
and dry matter partitioning during a -year alfalfa stand. Crop Sci. 24:811-815.

Herman, W.4., McGill, W.B. and Dormaar, J.F. lglT. Effects of initial chemical
composition on decomposition of roots of three grass species. Can. J. Soil Sci.
57:205-215.

Hesterman, O.8., Russelle, M.P., Sheaffer, C.C. and Heichel, G.H. 1987. Nitrogen
utilization from fertilizer and legume residues in legume-corn rotations. Agron.

146



Hesterman, O.8., Sheaffer, C.C., Barnes, D.K., Lueschen, W.E. and Ford, J.H. 1986.
Alfalfa dry matter and nitrogen production, and fertilizer nitrogen response in
legume-corn rotations. Agron. J. 78:19-23.

Hossain, S.4., Dalal, R.C., Waring, S.4., Strong, W.M. and Weston, E.J. 1996a.
Comparison of legume-based cropping systems at Warra, Queensland. I. Soil
nitrogen and organic carbon accretion and potentially mineralisable nitrogen.
Aust. J. Soil Res. 34:273-287.

Hossain, S.4., Strong, W.M., Waring, S.4., Dalal, R.C. and Weston, E.J. I996b.
Comparison of legume-based cropping systems in Warra, Queensland. II. Mineral
nitrogen accumulation and availability to the subsequent wheat crop. Aust. J. Soil
F.es. 34:213-287.

Hoyt, P.B. 1990. Residual effect of alfalfa and bromegrass cropping on yields of wheat
grown for 15 subsequent years. Can. J. Soil Sci. 70:109-113.

Hoyt, P.B. and Hennig, A.M.F. l9ll. Effect of alfalfa and grasses on yield of
subsequent wheat crops and some chemical properties of a gray wooded soi[.
Can. J. Soil Sci. 5l:ll7-183.

Hoyt, P.B. and Leitch, R.H. 1983. Effects of forage and legume species on soil
moisture, nitrogen, and yield of succeeding barley crops. Can. J. Soil Sci. 63:125-
t36.

Huntington, T.G., Grove, J.H. and Frye, W.'W. 1985. Release and recovery of nitrogen
from winter annual cover crops in no-till corn production. Commun. Soil Sci.
Plant Anal. 16:193-211.

Iritani, W.M. and Arnold, C.Y. 1960. Nitrogen release of vegetable crop residues during
incubation as related to their chemical composition. Soil Sci. 89:74-82.

Janzen, H.H. and Kucey, R.M.N. 1988. C, N, and S mineralization of crop residues as

influenced by crop species and nutrient regime. Plant Soil 1.06:35-41.

Ianzen, H.H. and McGinn, S.M. lggl. Volatile loss of ninogen during decomposition
of legume green manure. Soil Biol. Biochem. 23:291-291.

Janzen, H.H, Bole, J.8., Biederbeck, V.O. and Slinkard, A.E. 1990. Fate of N applied
as green manure or ammonium fertilizer to soil subsequently cropped with spring
wheat at three sites in western Canada. Can. J. Soil Sci. 10:313-323.

J.79:726-731.

r4l



Janzen, H.H., Campbell, C.4., Brandt, S.4., Lafond, G.P. and Townley-Smith, L. 1992.
Light-fraction organic matter in soils from long-term crop rotations. Soil Sci. Soc.

Am. J. 56:1199-1806.

Jeffrey, S.R., Mooney, S. and Entz, M.H. 1993. An economic analysis of including
alfalfa in Manitoba cereal-legume crop rotations. Can. J. Plant Sci. 73:216.

Jordan, D., Rice, C.W. and Tiedje, J.M. 1993. The effect of suppression treatments on

the uptake of tsN by intercropped corn from labeled alfalfa (Medicago sativü).
Biol. Fert. Soils 16:221-226.

Keeney, D.R. and Nelson, D.W. 1982. Nitrogen-inorganic forms. Pages 643-698 in
A.L. Page et al., ed. Methods of soil analysis. Agronomy no. 9, Patt 2.

American Society of Agronomy, Madison, WI.

Kelner, D.J. 1994. Benefits of alfalfa related to N. M.Sc. thesis. University of
Manitoba, Winnipeg, MB.

Kelner, D.J. and Vessey, J.K. 1995. Nitrogen fixation and gowth of one-year stands of
non-dormant alfalfa in Manitoba. Can. J. Plant Sci. 75:655-665.

King, L.D. and Ball, P.R. 1992. Denitrification in a white clover sward killed by
ploughing, rotary hoeing, shallow tillage, or with a herbicide. N.Z. J. Agric. Res.

35:441-450.

Knudsen, D., Peterson, G.A. and Pratt, P.F. 1982. Exchangeable and soluble potassium.

Pages 228-23I in A.L. Page et al., ed. Methods of soil analysis. Agronomy no.

9,Pan2. American Society of Agronomy, Madison, WI.

Kroonde, W. and Kehr, W.R. 1956. Legume top and root yields in the year of seecling

and subsequent barley yield. Agron. J.48:127-131.

Ladd, J.N. and Amato, M. 1986. The fate of nitrogen from legume and fertilizer sources

in soils successively cropped with wheat under field conditions. Soil Biol.
Biochem. l8:4ll-425.

Ladd, J.N., Amato, M., Jackson, R.B. and Butler, J.H.A. 1983. Utilization by wheat
crops of nitrogen from legume residues decomposing in soils in the field. Soil
Biol. Bioch em. 15,231-238.

Ladd, J.N., Oades, J.M., and Amato, M. 1981. Distribution and recovery of nitrogen
from legume residue decomposing in soils sown to wheat in the field. Soil Biol.
Biochem. 13:251-256.

t48



Lai, M. and Semeniuk, G. 1970. Picloram-induced inc¡ease of carbohydrate exudation
from corn seedlings. Phytopath. 60:563-564.

LaRue, T.A. and Patterson, T.G. 1981. How much nitrogen do legumes fix? Adv.
Agron. 34:15-38.

Lee, M. and Lockwood, J.L. 1917. Enhanced severity of Thielaviopsis basicolarootrot
induced in soybean by the herbicicle chloramben. Phytopath. 67:1360-1367.

Legg, J.O. and Meisinger, J.J. 1982. Soil nitrogen budgets. Pages 503-566 in F.J.

Stevenson, ed. Nitrogen in agricultural soils. Agronomy no. 22. American
Society of Agronomy, Madison, 'WI.

Levin, 4., Beegle, D.B. and Fox, R.H. 1987. Effect of tillage on residual nirogen
availability from alfalfa to succeeding com crops. Agron. I- 79:34-38.

Li, R., Volonec, J.J., Joern, B.C. and Cunningham, S.M. 1996. Seasonal changes in
nonstructural carbohydrates, protein, and macronutrients in roots of alfalfa, red
clover, sweetclover and birdsfoot trefoil. Crop Sci.36:617-623.

Lory, J.4., Russelle, M.P. and Heichel, G.H. 1992. Quantification of symbiotically fixed
nitrogen in soil surrounding alfalfa roots and noclules. Agron. J. 84:1033-1040.

Lyon, T.L. and Bizzell, J.A. 1933. Nitrogen accumulation in soil as influenced by the
cropping system. J. Am. Soc. Agron. 25:266-212.

Lyon, T.L. and Bizzell, I.A. 1934. A comparison of several legumes with respect to
nitrogen accretion. J. Am. Soc. Agron-26:651-656.

MacDonald, N.W., Zak, D.R. and Pregitzer, K.S. 1995. Temperature effects on kinetics
of microbial respiration and net nitrogen and sulfur mineralization. Soil Sci. Soc.
Am. J. 59:233-240.

MacRae, R.J. ancl Mehuys, G.R. 1985. The effect of green manuring on the physical
properties of temperate-area soils. Pages 70-94 in B.A. Stewart, ed. Adv. Soil
Sci., Vol. 3, Springer-Verlag, New York.

Manitoba Agriculture , lgg3. Getting out of alfalfa with herbicides. Conservation facts,
Manitoba Agriculture, Carman, MB.

Manitoba Agriculture. 1995. Manitoba Agriculture Guide to Crop Protection 1994.
Manitoba Agriculture, Carman, MB.

Mathers, 4.C., Stewart, B.A. and Blair, B. 1915. Nitrate-nitrogen removal from soil

r49



Mazurak, 4.P., Cosper, H.R. and Rhoades, H.F. 1955. Rate of water entry into an
irrigated chestnut soil as affected by 39 years of cropping and manurial practices.
Agron. J.4l:490-493.

McCalla, T.M. and Russel, J.C. 1948. Nitrate production as affected by sweetclover
residues lefton the surface of the soil. J. Am. Soc. Agron.40:4II-421.

McKay, H.C., Moss, W.A. and Baker, G.O. 1952. Wheat production in the semiarid
Pacific northwest as influenced by methods of handling sweet clover as a green
manure crop. Agron. J.44:241-251.

McKenney, D.J., Wang, S.W., Drury, C.F. and Findlay, W.I. 1993. Denitrification and

mineralization in soil amenderl with legume, grass and corn residues. Soil Sci.
Soc. Am. I. 57 :1013-1020.

McNeill, A.M. and Wood, M. 1990. Fixation and transfer of nitrogen by white clover
to ryograss. Soil Use Mgt. 6:84-86.

Millar, H.C., Smith, F.B. and Brown, P.E. 1936. The rate of decomposition of various
plant materials in soils. J. Am. Soc. Agron.28:9L4-923.

Mitchell, W.H. and Teel, M.R. 1977. Winter-annual cover crops for no-tillage corn
production. Agron. J. 69:569-573.

Morrison, I.N. and Kraft, D. 1994. Sustainability of Canada's agri-food system: A
prairieperspective. lnternational Institute for Sustainable Development, Winnipeg,
Canada.

Müller, M.M. and Sundman, V. 1988. The fate of nitrogen (IsN) released from different
plant materials during decomposition under field conditions. Plant Soil 105:133-
t39.

Neter, J., Wasserman, W. and Kutner, M.H. 1990. Diagnostics ancl remedial measures-
III Pages 607 -623 in Applied linear statistical models: Regression, analysis of
variance and experimental designs, 3rd ed. Richard D. Irwin Inc., Boston.

Nyhan, J.W. 1975. Decomposition of carbon 14 labelled plant materials in a grassland
soil under f,reld conditions. Soil Sci. Soc. Am. Proc.39:643-648.

Olsen, S.R. and Sommers, L.E. 1982. Phosphorus soluble in sodium bicarbonate. Pages
421-422 in A.L. Page et al., ed. Methods of soil analysis. Agronomy no. 9, Part
2. American Society of Agronomy, Madison, WI.

150

profiles by alfalfa. J. Environ. Qual. 4:403-405.



Osunlaja, S.O. 1990. Effect of organic soil amendments on the incidence of staik rot of
maize. Plant Soil 127:237-241.

Parton, W.J., Morgan, J.4., Altenhofen, J.M. and Harper, L.A. 1988. Ammonia
volatilization from spring wheat plants. Agron. J.80:419-425.

Poth, M., LaFavre, J.S. and Focht, D.D. 1986. Quantification by direct tsN diiution of
fixed N, incorporated into soil by Cajanus cajan (Pigeon pea). Soil Biol.
Biochem. 18:125-127.

Power, J.F. and Doran, J.W. 1984. Nitrogen use in organic farming. Pages 585-598 in
Nitrogen in crop production. American Society of Agronomy, Madison, 'WI.

Reinertsen, s.4., Elliott, L.F., cochran, v.L. and campbell, G.s. rgï4. Role of
available carbon and nitrogen in determining the rate of wheat shaw
decomposition. Soil Biol. Biochem. 16:459-464.

Robbins, C.W. ancl Ca¡ter, D.L. 1980. Nitrate-nitrogen leached below the root zone
during and following alfalfa. J. Environ. Qual. 9:447-450.

Ruschel, 4.P., Salati, E. and Vose, P.B. 1979. Nitrogen enrichment of soil and plant by
R hizobium p hase o [i- P haseo lus v ulgar is symbiosis. Plant Soil 5 | :425-429.

Russelle, M.P., Allan, D.L. and Gourley, C.J.P. 1994. Direct assessment of
symbiotically fixed nitrogen in the rhizosphere of aifalfa. Plant Soil 159:233-243.

Sarrantonio, M. and Scott, T.W. 1988. Tillage effects on availability of nitrogen to corn
following a winter green manure crop. Soil Sci. Soc. Am. J.52:i661-1668.

SAS Institute Inc. 1985. SAS User's Guicle: St¿tistics, Version 5, SAS Institute Inc.,
Cary, NC.

Schertz, D.L. and Miller, D.A. Igl2. Nirate-N accumulation in the soil profile under
alfalfa. Agron. I. 64:660-664.

Sims, J.L. and Frederick, L.R. 1970. Ninogen immobilization and decomposition of
corn residue in soil and sand as affected by residue particle size. Soil Sci.
109:355-361.

Smith, D. 1956. Influence of fall cutting in the seeding year on the dry matter and
nitrogen yield of legumes. Agron. I.48:236-239.

Spratt, E.D. 1966. Fertility of a chernozemic clay soil after 50 years of cropping with
and without forage crops in the rotation. can. J. Soil sci.46:201-212.

151



Stanford, G., Frebe, M.H. and Schwaninger, D.B. 1973. Temperature coefficient of soil
nitrogen mineralization. Soil Sci. 115:321-323.

Stanford, G. and Epstein, E. 1974. Nitrogen mineralization-water relations in soils. Soil
Sci. Soc. Am. Proc. 38:106-106.

Stickler, F.C. and Frederick, L.R. 1959. Residue particle size as a factor in nitrate
releasefromlegumetopSand¡oots.Agron.J.5|:27|-274.

Stickler, F.C. and Johnson, I.J. 1959. Dry matter and nitrogen production of legumes
and legume associations in the fall of the seeding year. Agron. J. 5l: 135-I3l .

Stinner, B.R. and House, G.J. 1989. The search for sustainable agroecosystems. J. Soil
Water Cons. 44:111-1 16.

Stute, J.K. and Posner, J.L. 1995. Legume cover crops as a nitrogen source for corn in
an oat-corn rotation. J. Prod. Agric. 8:385-390.

Ta, T.C. and Faris, M.A. 1981. Effects of alfalfa proportions and clipping frequencies
on timothy-alfalfa mixtures. tr. Nitrogen fixation and transfer. Agron. J.19:820-
824.

Ta, T.C. and Faris, M.A. 1990. Availability of N from IsN-labeled alfalfa residues to
three succeeding barley crops under field conditions. Soil Biol. Biochem.22:835-
838.

Ta, T.C., Faris, M.A. and MacDowall, F.D.H. 1989. Evaluation of 'sN methods to
measure nitrogen transfer from alfalfa to companion timothy. Plant Soil i 14:243-
247.

Ta, R.C., MacDowall, F.D.H. and Faris, M.A. 1986. Excretion of nitrogen assimilated
frorn N, fixed by nodulated roots of alfalfa (Medícago sativa). Can. J. Bot.
64:2063-2067.

Tenuta,M.andBeauchamp,E.G.lgg6.DenitrificationfoIlowingherbicideapplication
to a grass sward. Can. J. Soil Sci. 76:15-22.

Thomas, G.W., Blevins, R.L., Philips, R.E. and McMahon, M.A. 1913. Effect of a
killed sod mulch on nitrate movement and corn yield. Agron. J.65:136-139. 

i

Tiessen, H., Bettany, J.R. and Stewart, J.W.B. 1981. An improved method for the
cletermination of carbon in soils and soil exffacts by dry combustion. Commun.
Soil Sci. Plant Anal. 1,2:2lI-218.

t52



Tomm, G.O., Walley, F.L., van Kessel, C. and Slinkard, A.E. 1995. Nitrogen cycling
in an alfalfa and bromegrass sward via litterfall and harvest losses. Agron. J.

87:1078- 1085.

Toogood, J.A. and Lynch, D.L. 1959- Effect of cropping systems and fertilizers on
mean weight-diameter of aggregates of Breton plot soils. Can. J. Soil Sci. 39:151-
156.

Triplett, G.8., Haghiri, F. and Van Doren, D.M. 1979. Plowing effect on corn yield
response to N following alfalfa. Agron. J. 71:801-803.

Varco, J.J., Frye, W.W., Smith, M.S. and MacKown, C.T. 1989. Tillage effects on
nitrogen recovery by corn from a nirogen-l5 labeled legume cover crop. Soil
Sci. Soc. Am. J. 53:822-827.

Varco, J.J., Frye, W.W., Smith, M.S. ancl MacKown, C.T. 1993. Tillage effects on
legume decomposition and transformation of legume and fertilizer nitrogen-15.
Soil Sci. Soc. Am. 1.57:150-756.

Wall, D.A. and Stobbe, E.H. 1984. The effect of tillage on soil temperature and corn
(Zea mays) growth in Manitoba. Can. J. Plant Sci. 64:59-67.

Wani, S.P., McGill, W.8., Haugen-Kozyra, K.L. and Juma, N.G. 1994. Increased
proportion of active soil N in Breton loam under cropping systems with forages
and green manures. Can. J. Soil Sci. 14:67-74.

Warembourg, F.R. 1993. Nitrogen fixation in soil and plant systems. Pages I27-156 in
R. Knowles and T.H. Blackburn, ed. Nitrogen isotope techniques. Academic
Press, Inc., Toronto.

Weaver, R.W. 1974. A simple, inexpensive apparatus for simultaneous collection of CO,
evolved from numerous soils. Soil Sci. Soc. Am. P¡oc. 38:853.

Westcott, M.P.,'Welty, L.E., Knowx, M.L. and Prestbye, L.S. 1995. Managing alfalfa
and berseem clover for forage and plowdown nitrogen in barley rotations. Agron.
1.87:1176-118l.

Vy'estermann, D.T. and Crothers, S.E. Igg3. Nitrogen fertilization of wheat no-till
planted in alfalfa stubble. J. Prod. Agric. 6:404-408.

Whitehead, D.C., Lockyer, D.R. and Raistrick, N. 1988. The volatllization of ammonia
from perennial ryegrass during decomposition, drying and induced senescence.
Ann. Bot. 6l:567-571.

r53



Wilson, D.O. and Hargrove, W.L. 1986. Release of nitrogen from crimson clover
residue under two tillage systems. Soil Sci. Soc. Am. J. 50:1251-1254.

Wolf, B. 1982. A comprehensive system of leaf analyses and its use for diagnosing crop
nufrient status. Commun. Soil Sci. Plant Anal. 13:1035-1059.

Wright, A.T. 1990. Yield effect of pulses on subsequent cereal crops in the northern
prairies. Can. J. Plant Sci. 70:1023-1032.

t54



9. APPENDICES

155



99t

v Kpueddv



Table A.1. Mean monthly air temperature for selected field sites.

Site Year Jan Feb Mff Apr May June July Aug Sept Oct Nov Dec

---mean temperature eC)-----------

Carma¡r 1992 13.0 15.4 15.5 15.8 lI.2 5.0 4.2 -16.7

1993 -16.1 -13.3 4.5 4.2 11.5 15.0 t7.t 17.5 10.6 3.5 -6.0 -12.0

1994 -22.8 -18.1 -1.4 4.4 t2.9 17.7 18.0 16.8 14.8

Glenlea t992 - 2.5 12.8 15.0 15.8 15.5 10.3 4.5 5.0 -17.0

1993 -r8.0 -16.0 -1.5 4.0 t2.5 14.8 11.3 13.5 10.3 2.5 -5.0 -t2.5

1994 -24.5 -19.0 -3.0 4.0 12.6 17.9 18.1 16.5 14.5

Source: Envi¡onment Canada, Atmospheric Envi¡onmental Services
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Table 4.2. Total monthly precipiration for selected field sites.

Site Year Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

---------total monthly precipitation (mm)--------

Carman 1992 35.0 128.9 116.2 64.9 38.4 4.2 Zt.t 35.6

1993 17.6 0.2 9.0 17.4 70.0 120.0 152.8 114.0 28.8 30.6 25.0 t3.9

1994 t2.9 5.4 13.6 rr.2 39.1 53.5 48.0 102.6 54.8

Glenlea 1992 39.7 28.0 106.6 86.8 69.2 70.0 3.8 33.t 44.2

1993 16.4 0.0 7.6 22.8 41.0 12.8 246.0 160.0 31.8 32.6 15.8 20.2

1994 tt.z 7.2 3.2 10.0 150.7 94.7 96.7 100.8 73.2

Source: Envi¡onment Canada, Atmospheric Environmental Services
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Table 4.3.

Termination featment

Time

Management practices used fo¡ termination of alfalfa stands at field sites established at Glenlea and Carman in 1992 and at Winnipeg and a second
Carman site in 1993.

First cut of alfalfu:

Early herbicide+tillage

Method

'ïi;;ï;ì;iå;

'üii;s;"

Uì\o

Date Operation Date

June 20 June 28

Glenlea-92

July 21 2.5 L ha't luly 22 2.5 L ha'l

Aug. 28 disc (2x) Aug. 29 disc (2x)

Oct. t harrow Oct. 2 harrow'iüit ti' '5 t'nä'i ' """"' ' 'i";ii 22''i r- ïä,i "
Sept. 8 2.5 L ha't Sepr. 10 2.5 L ha'l

Second cut of alþ\fu:
Late herbicide+tillage

1.9921

Íury io å"öp iix ' 'i;'ii';2""ä;;ö'iiri

July 21 deep till Aug. 1 deep till
Aug. 11 deep till (2x) Aug. 15 deep till (2x)

Aug. 28 disc Aug. 29 disc

Oct. 1 disc, harrow Ocr. 2 disc, harrow

'h;;Ëi;;ä;''S;öi 
s'51r,ä,i

' 'iìi];g; ' 'Á,i8. îi 'õ,ip;iii

Aug. 28 disc

Sept. 14 disc

Oct. 1 disc, harrow

Carman-92

Operation

luly 3I
Sept.8 2.5Lha'l
Oct. 1 disc (2x). harrow

ln 1992, Roundup was applied at all sites.
In 1993, herbicide applications consisted of a combination of 1.85 L ha'r Roundup, 1.25 L ha'r Banvei and 1 L har 2,4-D.

-

Date Operation Date Operation

July 9

July 26 4.i L ha-t

Sept 10 4.I L ha-l

Aug I0
Sept. 10 2.5 L ha'l

Oct.2 disc (2x), harrow

ööfi.' ïo 5 l- ha:i" """ '

1993+

' 'Äüs.'ï5'ö;p 
iili

Aug. 29 disc

Sept. 14 disc

July 30 deep till (2x), disc (2x)

Sept 11 disc (2x)

Oct 8 disc, harrow (2x)

Oct.2 disc. ha¡row

Aug 6

s;öi iö 
-¿ti 

üü;:r

Sept il -ä;àp 
llü (t;i;'äi;; TXi

Oct 8 disc (2x), harrow (2x)

Aug 5

'Ä;s 
äË''î.i'1"íi;'i"""'

Sept 11 4.1 L ha''

Sept 9 rototiil (2x)

Oct 12 rototill (1x)



Table 4.4.

year Sampling
I rme

SoiI NOr--y concentrations measured periodically foltowing alfalfa termi¡ation as influenced by
rnethod and time of alfalfa termination at the Glenlea-92 site.

1993 Spring

Time

Treatment

Early

Late

Midseason Early

Late

he¡bicide

herb.+tiIl

tillage

herbicide

herb.+till

tillage

herbicide

herb.+till

tillage

herbicide

herb.+till

tillage

he¡bicide

herb.+till

tillage

herbicide

herb.+till

tillage

herbicide

herbicide

herb.+till

tillage

he¡bicide

herb.+till

tillage

herbicide

herbicide

herb.+till

tillage

herbicide

herb.+till

tillage

herbicide

0-15

Fall Early

13.8

30.0

30.4

15.3

23.1

24.9

6.7

9.6

7.7

3.5

5.1

5.4

7.2

9.0

8.4

5.6

7.0

7.9

5.6

13.3

t4.5

19.4

11.1

14.4

16.4

12.8

11.0

15.4

13.2

t7.l
t3.l
11.3

15.5

-------------mg NOr--¡ ¡*
15-30

Soil depth (cm)

15.7

21.2

26.0

12.2

12.3

17.6

3.2

6.5

9.9

3.0

2.5

3.0

5.4

5.6

5.9

3.9

3.6

4.0

4.5

10.2

t2.8

16.5

8.6

9.8

t4.L

10.3

3.4

6.3

4.8

4.9

4.6

3.9

5.2

1994

Late

Spring

Early

Late

Spring

8.5

5-t

5.8

2.7

2.6

4.6

Áa

3.5

5.9

1.3

1.5

3.9

3.8

4.8

6.4

1..9

2.3

3-t

2.3

5.8

5.7

9.5

4.6

4.5

5.8

4.5

t.7

2.7

2.6

2.6

1.8

1.9

L.)

60-90 90-120

soil---------
3.9

1.3

1.7

0.9

1.2

t.3

2.1

1.5

2.0

0;7

0.8

t.7

Fall

Spring

n.d. n.d.

n.d. n.d.

n.d. n.d.

n.d. n.d.

n.d. n.d.

n.d. n.d.

2.1 1.5

2.6 1.4

4.0 2.2

1.2 1.3

t.2 0.8

2.2 1.4

0.9 0.8

Early

n.d. indicates that the value was not detennined.

Late

Spring

2.7

2.9

4.9

1.9

2.0

3.1

1.6

1.0

1.7

1.8

1.6

r.3

1.1

2.0

1.8

2.1

2.2

1.4

1.3

2.t

0.9

1.6

2.1

2.1

1.5

1.1

1.2

1.1
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Table A.5. Soil NOr--¡ concenüations measured periodically following alfalfa termination as

influenced by method and time of alfalfa termination at the Cannan-92 site.

Yea¡
Sampling

Time

1993 Spring Early

Late

Treatment

ffi

Midseason Early

Late

herbicide

herb.+till

tillage
herbicide

herb.+till

tillage

herbicide

herb.+till

tillage
herbicide

herb.+till
tillage

herbicide

herb.+till
tillage
herbicide

herb.+till

tillage
herbicide

herbicide

herb.+till
tillage

herbicide

herb.+till

tillage
herbicide

herbicide

herb.+till

tillage

herbicide

herb.+till

tillage
herbicide

Soil depth (cm)

Fall Early

Late

SPring

Spring Early

Late

SPring

Fâll Early

Late

Spring

27.8

36.0

32.2

t4.2

t9.t
24.3

1.1

2.6

t.7
0.4

1.1

1.0

23.9

21.8

t8.4

t6.2

2t.9
2t.z
18.1

20.6

22.2

20.6

19.3

21.7

23.0

2t.5

I1.1

tz.4

8.3

10.3

10.2

11.0

11.5

------------mg NO3--N kg-' soil------------
21.0 6.6

22.7 6.5

26.8 7.5

9.5 3.1

13.1 5.0

t6.3 5.1

t.2 1.1

3.7 t.9

3.9 2.1

0.4 0.4

0.8 0.5

1.3 t.2

10.8 4.t
11.8 5.8

10.r 4.6

7.0 4.0

10.5 3.9

10.8 3.2

7.5 2.4

12.8 6.3

14.7 7.4

t2.6 6.5

12.4 4.7

t4.t 5.8

t4.t 6.6

13.6 5.6

4.8 1.,5

3.5 t.]
3.1 1.8

3.5 r.4

3.8 l.8
4.3 t.3
4.4 1.8

t994

2.5

3.8

2.9

2.0

3.t

3.9

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

3.1

3.4

3.2

1.4
.AL.a

2.6

1.2

2.1

2.9

t.9

t.7
2.t
2.6

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

1.8

1.9

1.5

0.9

1.6

1.4

1.0

n.d. indicates that the value was not determined.

4.t 3.4

4.9 3.6

4.9 3.4

5-3 J..L

3.6 3.0

5.2 3.8

3.8 3.0

161

0.9

1.5

r.6

0.9

1.0

0.9

t.4

t.2
2.0

2.t
1.0

t.2
1.0

1.6



Table 4.6. Soil NOr--N concentrations measu¡ed periodically following alfalfa tennination as

influenced by rnethod and time of alfalfa termination at the Cannan-93 site.

v^^- Sampling Treatrnent Soil depth (cm)
'l tme Time Method 0-15 15-30 30-60 60-90 90-120

1993 Termination Late herbicide 2.5 1.6 0.6 0.3 0.3

tillage 1.9 1.4 0.5 0.3 0.1

Fall Early herbicide 13.5 6.0 2.7 0.9 0.8

tillage 33.4 I4.l 5.5 2.2 1.5

Lare herbicide 6.3 1.8 0.9 0.6 0.5

tillage 18.7 3.5 1.6 0.8 0.6

Spring herbicide 2.9 1.2 0.1 0.4 0.4

1994 Spring Early herbicide 9.7 9.6 6.4 3.8 2.8

tillage 33.5 22.0 12.7 8.3 6.1

Late herbicide 10.3 6.5 3.6 2.6 1.7

tillage 19.9 14.7 1.8 6.5 5.1

Spring herbicide 1.1 5.3 2.4 2.0 2.0

Midseason Early herbicide 4.2 2.7 1.3 n.d. n.d.

tillage 9.2 ll.7 3.2 n.d. n.d.

Late herbicide 5.9 3.2 1.6 n.d. n.d.

tillage 8.3 7.1 2.I n.d. n.d.

Spring herbicide 8.1 3.9 1.3 n.d. n.d.

Fall Early herbicide 18.1 5.3 2.3 L.4 1.1

tillage 12.8 13.8 6.0 1.9 1.5

Late herbicide 19.8 6.2 1.1 1.1 0.1

tillage 15.7 5.7 1.8 0.9 1.1

Spring herbicide 18.2 5.5 1.4 0.9 0.8

-------------mg NO,--N kg-' soil-----------

n.d. indicates that the value was not determined.
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Table 4.7. Soil NOr--¡ concenûations measured periodically following alfalfa termination as
influenced by method of alfalfa termination at the Winnipeg-93 site.

V^^- -*"r--"Þ
I rme Time Method 0- 15 15-30 30-60 60-90 90-120

-------------mg NO3--N kg-' soil-------------
1993 Tennination Late herbicide 4.5 2.6 2.4 0.9 0.7

Sampling Treaünent Soil depth (cm)

Fall Late herbicide 5.6 4.7 2.3 1.1 0.8

tillage 10.7 ,s.0 3.3 i.5 1.0

1994 Spring Late herbicide 16.6 13.7 5.7 2.6 1.9

tillage l4.l i 1.0 7.5 4.1 1.9

Midseason Late herbicide 2.8 0.9 0.4 n.d. n.d.

tillage 2.6 0.9 0.3 n.d. n.d.

Fall Late herbicide 5.2 3.4 2.1 0.7 0.5

tillage 6.3 3.5 1.5 0.8 0.8

tillage

n.d. indicates that the values were not detennined.

2.6 2.0 2.2 1.0 0.7

1,63



Table 4.8. Plant tissue sampling schedule and physiological development of wheat at time of sampiing.

Sampling time

Seeding date

1

2

J

4

5

6

Mature harvest

May 13

June 3 (1)I

June 17 (3-4)

July 5 (8-9)

July 14 (10.4)

August 3 (n.d.)

August 13 (soft dough)

September 1

Glenlea-92

o\Þ

1993

the values given in parenthesis
that Feekes development stage

May 6

};l.ay 27 (l)

June 9 (4-5)

June 24 (10)

July 8 (10.s.1-10.5.2)

IuIy 2r (11.1)

August 6 (soft dough)

August 25

Carman-92

May 13

June 6 (n.d.)

June 20 (n.d.)

June 29 (10.2-10.3)

July 18 (10.5.4-11.1)

August 2 (soft dough)

August 18

indicate the Feekes
was not determined

Carman-93

r994

developmental stage of
at time of sampling.

May 10

June 3 (3)

June 16 (7-8)

Iune 29 (10.3)

July 14 (10.5.4-11.1)

July 28 (soft dough)

August 12

Winnipeg-93

wheat at time of samplingt n.d. indicates



Table 4.9.

Time

Treatment

Dry matter accumulations of wheat cluring the growing season and at crop maturity at the Glenlea-92 site in 1993 utd, 1994.

Ezuly Herbicide

Herb.+till

Tillage

Late Herbicide

Herb.+till

Tillage

Spring Herbicide

Method

o\
(Jr

Significance (P)$

Time

Method

M*T

Contrasts

Spring vs early herbicide

Spring vs late herbicide

Spring vs late and early herb.

C.v. (Vo)

40

53

46

4T

36

45

n.d.

Sampling Times in 1993

388

368

375

361

365

450

n.d.

2620

2278

235'l

1842

1 883

2529

1684

3863

4076

4074

3'743

3445

4008

3 139

0.27

0.69

0.29

n.d.

n.d.

n.d.

27.r

LSD for the effect of method is 281 kg hat.
LSD for the effect of method is 1140 kg ha'1.
The degrees of freedom (dÐ for effects of time, method and M*T are

0.70 0.007

0.64 0.05f

0.61 0.009

n.d. 0.0001

n.d. 0.41

n.d. 0.004

26.1 12.3

6329

5167

5506

4847

5072

5039

4670

kg hal

7858

60s6

5864

s206

52tt
6239

54s4

Maturity

0.20

0.49

0.47

0.05

0.09

0.04

12.7

6004

5372

5952

4809

4683

5 189

4372

Sampling times in 1994

Soft dough Maturity

0.006 0.002

0.2r 0.06

0.04 0.002

0.0002 0.0001

0.62 0.60

0.008 0.02

9.6 11.2

6973

8495

8285

6953

7795

8362

7&2

0.003

0.22

0.67

0.0008

0.30

0.009

11.0

s&0

6410

6972

5539

6366

6091

5927

1,2, and 2, respectively. All contrasts are single df cont¡asts.

0.63

0.05t

0.74

0.37

0.36

0.30

13.3

0.37

0.11

0.59

0.65

0.54

0.s4

14.4



Table 4.10. Dry matter accumulations of wheat during the growing season and at crop maturity ar the Carman-92 sitein 1993 anð,1994.

Time

Treatmenl

Eady Herbicide

Herb.+till

Tillage

Late Herbicide

Herb.+till

Tillage

Spring Herbicidc

Method

o\
o\

Significance (P)$

Time

Method

M*T

Contrasts

Spring vs early herbicide

Spring vs late herbicide

Spring vs early and late herb.

C.Y. (Vo)

151

t47

r51

137

158

124

n.d.

Sampling Times in 1993

903

822

177

711

147

780

n.d.

34

3666

3237

3234

3 106

3t69

3tt4
2313

&93

5916

5531

5M6

s996

s85 r

4388

0.04

0.04t

0.007

LSD for the effect of method is 11 kg ha-r; n.d. indicates that the values were not determined.
LSD for the effect of method is 698 kg ha-l.
The degrees of freedom (df,) for effects of time, method and M*T are
All contrasts are single df contrasts.

9293

8883

7948

7320

7896

8238

6600

0.002 0.007

0.58 0.10

0.01 0.05

n.d. 0.0001

n.d. 0.0003

n.d. 0.0001

7.1 8.1

-kg ha't

9728

9082

9364

883 I

9044

8689

8213

n.d.

n.d.

n.d.

7.3

Maturity

0.26 0.05

0.58 0.72

0.06 0.10

0.0001 0.0002

0.01 0.19

0.0002 0.003

9.7 9.9

941 |
8262

7560

8300

8410

8087

7923

Sampling times in 1994

Soft dough Maturity

9s96

9597

9526

8662

9458

875 I

9006

0.12

0.80

0.56

0.03

0.34

0.07

9.9

0.s5

0.02f

0.0s

0.02

0.53

0.08

10.i

6343

6392

5856

5996

659r

6237

5990

0.04

0.42

0.47

0.40

0.62

0.84

10.6

0.70

0.19

0.31

0.39

0.99

0.61

9.1

1, 2, and 2, respectively.



Table 4.11. Dry matter accumulations of wheat during the growing season and at crop maturity at the

Carman-93 site in 1994.

Time

Treatment

Early

Late

Spring

Method

Herbicide

Tillage

Herbicide

Tillage

Herbicide

Significance (P)t

Tilne

Method

M*T

Cont¡asts

36s

281

324

208

138

Spring vs early herbicide

Spring vs late herbicide

Spring vs early and late herb.

C.Y. (Vo)

Sampling Tirnes

t532 3016 7240 t&0

1498 2539 6986 9059

t203 2635 6244 1486

1185 2332 6Zt3 6820

657 1052 3976 4820

0.03 0.004 0.0s

0.002 0.75 0.01

0.42 0.93 0.51

0.0001 0.0001 0.0001

0.0001 0.001 0.0001

0.0001 0.0001 0.0001

15.9 15.1 10.1

The degrees of freedom (df) for effects of time, method and M*T are l, 1, and i, respectively.
All conrasts are single df contrasts.

Maturity

6812

6080

5262

514t

3298

0.09 0.03

0.77 0.42

0.82 0.04

0.0004 0.007

0.005 0.01

0.0004 0.004

t5.4 17.3

0.01

0.30

0.45

0.0001

0.004

0.0001

14.5

r67



Table A.12. Dry matter accumulations of wheat during the growing season and at crop maturity at the
Winnipeg-93 site in 1994.

Time Method

Treatrnent

-kg N hat---

Late Herbicide 140 965 3605 6166 8293 6145

Tillage 220 1043 3424 5636 8005 6234

Significance (P)r

Method

r The effect of method has I df.

l2345Maturity
Sampling Times

0.07 0.64 0.23 0.05 052 0.65

r68



T.ible 4.13. Nitrogen concentration in wheat top-growth during the growing season and in grain and straw at crop maturity at the Glenlea-9} site
in 1993 and 1994.

Time

Treatment

Early Herbicide

Herb.+till

Tillage

Lare Herbicide

Herb.+till

Tillage

Spring Herbicide

Method

o\\o Significance (P)i

Time

Method

M*T

Contrasts

Spring vs early herbicide

Spring vs late herbicide

C.Y. (Vo)

50.8

56.8

56.8

54.0

54.9

ss.9

n.d.

55.1 3s.1

s9.8 3s.4

57.1 36.4

55.1 28.9

54.1 32.8

57.1 33.8

n.d. 31,.4

Sampling Times in 1993

45

27.9

24.9

24.6

20.3

20.2

24.2

20.4

0.90

0.01t

0.11

n.d.

n.d.

4.4

15.4

15.5

15.9

13.8

t3.3

14.5

13.6

The LSD for the effect of method is 2.6; n.d. indicates that the values were not determined.
The degrees of freedom (dÐ for effects of time, method and M*T ate 1,2, and 2, respectively. All contrasts are single df contrasts.

0.08 0.04

0.15 0.33

0.07 0.60

n.d. 0.18

n.d. 0.35

4.0 11.3

16.6 34.1

15.9 35.1

16.9 34.4

t4.2 34.1

17 .r 35.1

t5.2 33.8

16.3 34.2

Grain SÍaw

0.000r

0.10

0.002

0.0001

0.93

7.1

9.4

6.1

9.6

6.0

4.2

10.3

2.8

Sampling times in 1994

0.006 0.20

0.46 0.48

0.82 0.r2

0.06 0.81

0.84 0.10

8.5 10.8

Soft dough Grain Straw

13.6

t4.t

14.7

12.3

14.5

t2.8

14.3

0.97

0.06

0.32

0.8s

0.38

2.3

30.4

30.8

31.6

30.5

31.3

31.8

32.8

0.35

0.08

0.57

0.02

0.24

54.4

6.9

8.7

8.7

7.4

6.9

7.7

7.2

0.21

0.33

0.43

0.s8

0.12

12.9

0.55 0.t7

0.09 0.2'1

0.88 0.2r

0.04 0.84

0.04 0.7''Ì

4.6 16.0



Table 4.14. Nitrogen concentration in wheat top-growth during the growing season and in grain and straw at crop maturity at the Carman-92 site
in 1993 and 1994.

Treatment

Tirne

Early

Method

Late

Herbicide

Herb.+till

Tillage

Herbicide

Herb.+till

Tillage

Herbicide
{

Spring

Significance (P)t

Time

Method+

M*T

Contrasts

Spring vs early herbicide

Spring vs fall herbicide

C.Y. (Vo)

63.7 58.7

63.8 58.4

65.3 59.2

60.4 51.6

62.2 54.9

63.1 58.6

n.d. n.d.

Sampling Times in 1993

27.8

32.2

32.2

24.5

25.8

21.6

24.4

45

18.8

t9.7

19.6

15.5

11.4

11.4

15.4

0.001 0.001 0.001

0.009 0.007 0.00s

0.001 0.003 0.33

n.d. n.d. 0.02

n.d. n.d. 1.00

1.6 2.7 6.8

15.8

15.2

15.5

11.9

t3.2

15. I

13. I

The degrees of freedom (df) for effects of time, method and M*T ate l, 2, and 2, respectively. All conffasts are single df cont¡asts.
LSD's for theeffectof method a¡e 1.1, 1.6,2.1and0.7 g Nkg't for sample times 1,2utd3 and grain (1993), respectively;n.d. indicates that
the values was not determined.

g N kg-t------

32.9 7.0 r3.7 28.7

34.1 5.3 t4.9 30.6

34.2 7.6 12.8 29.5

31.4 7.8 13.5 28.1

33.1 4.4 13.9 28.9

33.3 7.9 t4.5 29.9

32.1 2.5 12.9 28.8

15.3

16.3

14.0

13. 1

15.4

15.4

12.7

Grain Straw

0.009

0.36

0.8s

0.03

0.92

tr.2

Sampling times in 1994

Soft dough Grain Sraw

0.001

0.10

0.07

0.41 0.001

0.16 0.0009

0.13 0.61

0.04 0.12

0.77 0.16

11.6 2.2

0.005

0.31

8.0

0.96

0.40

0.94

0.20

0.14

80.6

7,2

7.4

6.7

5.9

1.0

5.8

6.3

0.86

0.64

0.33

0.50

0.60

12.9

0.43 0.04

0.11 0.12

0.46 0.60

0.81 0.17

0.38 0.s3

3.8 r3.4



Table 4.15. Nitrogen concen6ation in wheat top-growth during the growing season and in grain and

sûaw at crop maturity at the Carman-93 site in 1994.

Tirne

Early Herbicide

Tillage

Late Herbicide

Tillage

Spring Herbicide

Significance (P)I

Tirne

Method

M*T

Contrasts

Spring vs early herbicide

Spring vs late herbicide

c.v. (Eo)

51.4 39.5 26.8

56.0 44.1 30.5

52.6 42.2 28.9

55.8 44.0 31.4

50.0 42..5 32.8

Sampling Times

0.55

0.0007

0.41

t6.9 14.3 33.7

t7.7 15.r 34.5

17.5 16.0 33.6

16.9 14.6 33.3

18.8 16.9 33.7

The degrees of freedom (df) for effects of time, method and M*T a¡e l, l, and 1, respectively.

All contrasts are single df contrasts.

0.16 0.13

0.00s 0.008

0.74 0.52

0.02 0.0006

0.53 0.01

4.3 6.1

Grain Straw

0.25

0.0s

3.1

0.90

0.91

0.34

6.8

6.3

7.9

6.9

8.4

O.ss 0.18 0.08

0.13 0.65 0.13

0.28 0.22 0.51

0.06 0.15

0.r8 0.62

7.t 15.2

0.99 0.06

0.97 0.39

3.6 l s.8

171



Table 4.16. Nitrogen concenúation in wheat top-growth during the growing se¿ìson and in grainO and

strav/ at crop rnaturity at the Winnipeg-93 site tn 1994.

TimeMethodl2345GrainSt¡aw
Treaünent

Late Herbicide 50J 26.8 18.4 11.7 9.1 24.8 3.2

Tillage 54.0 26J 17.1 12.2 9.2 25.3 3.2

Significance @)1

Method

T The effect of method has 1 df.

------g N kg-'

Sampling Times

0.09 0.99 0.76 0.58 n.d. 0.48 0.97

n2



Tablc 4.17. H¿rvcst index of spring whcat at crop maturity during the first and second growing seasons following alfalfa termination.

Eally

Time

Late

Spring

LSD,o,or,(method)

\ì
u)

Method

Significance (P)i

R"p

Time

Method

M*T

Conlrasts

Spling vs latc hcrbiciclc

Spring vs early and late herbicide

C.V. gc)

herbicide

herb.+till

tillage

herbicide

he¡b.+till

tillage

herbicide

Glenlea-92 Carman-92 Ca¡man-93

1st growing season following alfalfa termination 2nd season after alfalfa termination

JU.b

32.8

31.6

39.1

36.2

36.4

38.8

4.1

-7c of total dry matter yield

30.9 41.4

32.3 n.d.

32.8 44.8

33.8 45.9

33.3 n.d.

3r.4 43.2

33.1 47.7

3.4 4.2

At Glenlea-92 and Carman-92. degrees of freedom
of rep, time, method and M*T were 3, f , i, and i,
that the value was not determined.

V/innipeg-93 Glenlea-92 Cuman-9?

0.01

0.003

0.90

0.40

0.90

0.10

10.5

at crop maturity comprised of grain

n.d. 42.6

n.d. 41.1,

n.d. 40.6

46.7 44.7

n.d. 45.1

46.6 44.1

n.d. 45.2

n.d. 3.2

0.06

0.91

0.53

0.42

0.11

0.45

0.83

0.13

0.60

0.18

10.5

(df) for effecs of rep. time. method and M*T were 3,

respectively. At Winnipeg-93, df for effecs of rep

0.96

0.52

10,1

0.41

n.d.

0.94

n.d.

38.8

37.9

40.5

40.2

3t.¿

39.2

38.7

3.1

n,d.

n.d.

J.J

0.001

0.02

0.69

0.80

0.82

0.41

6.8

1, 2 and 2 respectively. At Carman-93, df for effecs
and method were 3 and i, respectively.n.d. indicates

0.02

0.26

0.84

0.65

0.48

0.65

7.5
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Table B.l. Summary of the statistical significance (P value) of effect of residue
placement (surface, incorporated) and termination method (chemical,

mechanical) on daily and cumulative CO, evolution from terminated alfalfa
measured at 17 sampling times during a 95 d period following alfalfa
termination

Days of
incubation placementr Method p*M

I

2

4

5

6

9

t2

15

18

23

26

32

39

46

53

74

95

0.000s

0.000s

0.02

0.r4

0.0001

0.02

0.09

0.30

0.10

0.02

0.07

0.006

0.001

0.004

0.007

0.05

0.69

mg C day-'

0.01

0.002

0.31

0.44

0.0001

0.09

0.01

0.02

0.003

0.0 r

0.003

0.04

0.07

0.25

0.7 |

0. 19

0.48

0.s0

0.24

0.66

0. 18

0.01

0.87

0.64

0.12

0.43

0.21

0.14

0.21

0.63

0.33

0.26

0.42

0.91

Placement Method P*M

Cumulative C (me C)

0.0005

0.0004

0.004

0.01

0.007

0.004

0.004

0.005

0.005

0.00s

0.005

0.004

0.003

0.003

0.003

0.004

0.01

0.01

0.003

0.08

0.r4

0.08

0.0s

0.03

0.02

0.02

0.01

0.01

0.01

0.0r

0.01

0.02

0.08

0.12

0.50

0.3 r

1.00

0.6s

0.55

0.56

0.55

0.62

0.68

0.82

0.91

0.98

0.94

0.96

0.87

0.75

0.80

The effects of placement, method and P*M each have 1 dt.
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Table 8.2. Summary of the statistical significance (P value) of effect of residue
placement (surface, inco¡porated) and termination method (chemical,
mechanicat) on daily and cumulative NH, evolution from terminated alfalfa
measured at 17 sampling times during a 95 d period following alfalfa
termination

Days of
incubation placementt Method p*M

1

2

4

5

6

9

I2

15

r8

23

26

32

39

46

53

74

9s

0.87

0.07

0.05

0.04

0.05

0.0002

0.0003

0.0002

0.000r

0.0008

0.0009

0.0002

0.0001

0. 13

0.002

0.98

0.12

¡rg N day-r

0.36

0.04

0.09

0.10

0.10

0.34

0.07

0.04

0.01

0.15

0.34

0.t4

0.01

0.19

0.37

0.69

0.16

0.76

0.09

0.24

0.12

0.10

0.3s

0.07

0.03

0.009

0.14

0.74

0.39

0.19

0.97

0.41

0.68

0.48

Placement

Cumulative N (pg N)

0.87

0.10

0.05

0.03

0.0s

0.001

0.0002

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

Method

0.36

0.0s

0.06

0.06

0.09

0.09

0.25

0.41

0.s0

0.64

0.67

0.12

0.11

0.81

0.81

0.77

0.80

P*M

0.76

0.1 r

0.r1

0.1 1

0.12

0.1 1

0.29

0.46

0.57

0.12

0.73

0.76

0.78

0.11

0.78

0.19

0.80

The effects of placement, method and P*M each have 1 df.

t7l
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Table C.1. Nitrogen accumulations by four consecutive barley crops established following alfalfa termination as influenced by method of alfalfa
termination (chemical, mechanical) and residue placement (surface, incorporated)

Method

Treatlnent

Herbicide

Tillage

Placement

{\o

Incorporated

Surface

Incorporated

Surface

Significance (P)t

Method

Placement

M*P

N uptake during individual szunpling
periods (mg)

61.0

¿J.O

63.4

12.8

The effects of placement, method and M*P each have 1

mg

19.6

15.2

t7.7

t4.4

N pot-t

2.r

3.2

2.5

3.4

0.02 0.55

0.001 0.11

0.20 0.79

t7.7

18.4

19.8

tt.9

Cumulaúve N uptake (mg)

25d 50d

66.98

23.51

63.44

12.83

0.83

0.45

0.93

mg N pot-t

0.18

0.42

0.62

65d

86.62 88.70

38.73 4t.97

81.15 83.68

27.23 30.61

r25 d

df.

0.02 0.09 0.35

0.0001 0.0001 0.0003

0.20 0.52 0.45

Soil NO,--N

104.63

60.37

103.51

s3.47

125 d

mg kg'l---

1.16

1.50

1,.29

t.20

0.60

0.0006

0.70

0.61

0.47

0.22



Table C.2. Soil NOr- accumulations in uncropped pots 125 d after the termination of
alfalfa as influenced by termination method and method of residue
placement.

Method Placement

Herbicide Incorporated

Surface

Tillage Incorporated

Surface

Treatment

Significance e)I
Method

Placement

M*P

t The effects of placement, methocl and M*P each have I df.

Soil NO, -N concenfrations

-----mg NO3--N kg-t-----

13.07

6.33

r0.54

5.80

0.34

0.004

0.53

r80



Table C.3. Effect of residue particle size on net N mineralization of alfalfa leaf, stem and root tissue

after 5 and 8 wk of incubation.

Residue

Treaûnent

Stem

Size

Root

ground

whole

ground

1.5 crn

-5 cm

ground

l.-5 cm

5cm

Net mineralizationt

Significance (P)s

Treatment

Contrasts

Leaf 'ground vs whole'

Stem 'ground vs unground'

Root 'ground vs unground'

wk5

mg inorganic N pott

88.8 82..7

90.0 81.8

12.9 15.6

r7.5 30.7

18.7 16.3

t4.4 18.6

8.3 15.9

tt.7 14.2

wk8

7o Recoveryt

wk5 wk8

Net rnineraliz¿¡io¡=[soil Nor-+Nl!.],morc¡twæk*-[soit Nor-+NHo.].oilconrorarwæk* in rng N poft
vo lecovaly=fNet rnineralizarion (mg lg'port)/Atfaffa N added (mg lrÐ]*100
The df for the effect of treatment was 7. All conrasts were single df contmsts.

56.0

56.8

19.0

25.7

21.5

19.1

11.0

15.5

0.0001

0.79

0.20

0.28

52.2

51.6

23.0

45.1

24.0

24.8

21.1

18.8

0.000r

0.90

0.20

0.55

0.0001

0.87 0.95

0.08 0.11

0.t7 0.s6

0.005
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Table D.1. Mineralizable C and N in bulk soil in which alfalfa was grown (Mean of 3 replicates.
Roots were removed prior to incubation.)

N mineralization (mg N kg-t soil)T 2.5 5.2 9.0 13.1 18.6

%NDFL*

Cu¡nulative C (rng C kg' soil) 25.8 55.5 107.6 155.6 167.8

t Ner N rnineralization calculated as ltotal inorganic N þost-incubation)] - ltot¿l inorganic N (pre-

incubation)1.
t Calculated using the t5N abundance in fine roots of alfalfa.

wk1 wk2 wk4 wk8 wk12

2t t9 t9 13 12
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Table D.2. The C, N and tsN concenÍation of barley, residue and soil components following the application of alfalfa top-growth terminated by
herbicide application and retained on the soil surface or terminated by tillage and incorporated into the soil.

Barley top-growth

Residue fìne root

intermediate root

taproot

inc. stem

surface

Soil Bulk

Rhizosoil

closely associated

loosely adhering

Light fraction

root-free

Component

oôÀ

Mass (g) VoN

1.61

8.s0

0.40

1.37

0

1.66

2913.9

88.9

1t9.2

11.79

nla

2.001 40.8 0.4146

0.643 t2.8 0.4t82

2.282 29.3 0.3925

2.819 39.6 0.3123

nla nla nla

r.999 43.3 3.8960

0.067 0.634 0.3727

0.049 0.454 0.3735

0.012 0.681 0.3725

1.178 2t.3 0.3777

0.076 0.676 0.3731

Herbicide

VoC r5N atom 7o

n/a indicates that the measurement is not applicable.

ToNDFL

1.28

1.38

0.69

0.06

nla

101.3

0.12

0.14

0.11

0.22

0. 13

Mass (g) 7oN

1.36

5.72

1.18

2.27

0.67

nla

2898.12

l04.54

t19.34

12.87

nla

r.779 40.1

0.881 20.6

3.125 429

2.220 41.1

0.643 46.1

nla nla

0.067 0.64s

0.049 0.47 5

0.069 0.67 t

1.104 t9.1

0.071 0.670

Tillage

VoC
t5N atom 7, ToNDFL

0.8474

0.7988

0.4053

0.3739

2.6159

nla

0.3893

0.5101

0.4185

0.3893

0.3849

12.83

11.95

0.91

0.08

66.63

nla

0.56

4.03

1.40

0.53

0.44



Table D.3. The C, N and 15N concentration of barley, residue and soil components fotlowing termination of tsN-labelled alfalfa roots by herbicide
application or tillage.

Bzuley top-growth

Residue fine root

intermediate root

taproot

Soil Bulk

Rhizosoil

closely associated

loosely adhering

Light fracúon

root-free

Cornponent

oo
(Jr

Mass (g)

1.006

3.843

0.379

t.297

30rt.74

55.38

54.88

12.62

nla

7oN

1.682 40.9 1.8912

0.911 23.5 2.0876

3.348 44.2 3;t279

3.007 42.1 3.9059

0.065 0.636 0.4002

0.070 0.663 0.6331

0.066 0.661 0.45s9

r.256 21.5 0.4550

0.069 0.&2 0.3908

Herbicide

VoC t5N atom Vo VoNDFL

n/a indicates that the measurement is not applicable.

42.40

41.69

93.23

98.18

0.88

7.3s

2.43

2.36

0.62

Mass (g)

1.308

3.952

0.32'l

0.844

2965.48

63.36

93.16

t2.04

nla

VoN

1.536 40.4 1.2812

0.791 225 1.3811

t.918 28.7 3.4631

1.910 4t.19 3.1285

0.063 0.624 0.3929

0.065 0.634 0.4896

0.066 0.669 0.4194

r.239 21.9 0.4184

0.069 0.6ss 0.3906

Tillage

VoC t5N atom % %NDFL

25.30

28.24

8s.88

76.59

0.68

3.36

t.4l

r.34

0.61



Table D.4. Distribuúon of t5N excess in barley top-growth, residue and soil components following
termination of alfalfa by herbicide application or simulated tillage.

Component

Barley top-growth

Residue

surface

incorporated stem

fine root

intermediate root

taproot

Labelled alfalfa top-$owth

Herbicide

Soil

1.1 10.1

-------------7o of '5N present-------------

bulk

Tillage

loosely adhering

closely associated

Toral

89.4

0

1.8

0.3

-0.05

91.4Total

Labelled alfalfa root

0

t4.t

23.1

1.1

-0.14

38.2

Herbicide Tillage

9.7

7.1

0.3

0.2

1.5

0

0

20.2

r 1.8

33.3

65.3

10.2

39.0

4.3

8.4

51.7

0

0

16.8

11.0

2;6.5

54.4

20.9

1.1

2.9

25.0

30.1

2.0

2.7

35.4
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Table D.5. Effecr of alfalfa tennination by herbicide application and simulated úllage on

mineralizable N a¡rd '5N. Mineralizable N and tsN of the bulk soil was detennined

following harvest of a subsequent barley crop.

Alfalfa Termination
residue ¡nethod

Shoot herbicide

tillage

Root herbicide

tillage

t Replicate and termination treatment did not have a statistically significant effect on any of the

p¿ìratneters measured. The df for effects of rep and termination method were2 and 1, respecúvely.

--mg N kg'r soil-- --Vo of ttN excess in soil--

19.9

Lt;7

13.3

13.2

Mineralizable Ñ

34.2

16.1

8.7

r9.0

t87



Table D.6. Light fraction N (LF N) and %NDFL in bulk soil sarnples in which tsN-labe[ed alfalfa

top-growth or root tissue was tenninated by herbicide application or tillage.

Termination method

Herbicide

Tillage

t LF N and LF Nlan refer to totâl light fraction N and light Êraction N derived from alfalfa,

respectivelY.
r Tiltage significantly (P=0.03) increased the rng LF N derived from alfalfa top-growth.
s Tillage signihcantly (P=0.01) increased the 7o NDFL in alfalfa top-growth treatments. Terrnination

tIeâtment did not affect any otlìer lneasures taken.

Labelled alfalfa top-growtht

LF N LF \"ot ToNDFLS LF N LF N1a¡ %NDFL

--mg N cylindert--

t43 0.29 0.22 163 3.9 2.4

147 0.76 0.53 t54 2.1 1.3

Labelled alfalfa root

--mg N cylinderl--

188


