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General Abs trac t 

AIfaIfa Termination Strategies to Consme Soü Moisture for No-Till Crop 
Establishment. Wüliam John Buiiied. Department of Plant Science, University of 
Manitoba Major Professor, Dr. Martin Entz 

Perennial aW.fâ (Meticago satna L.) termination and soil moisture conservation 

are concerm of producers who include alfaIfà in their crop rotations on the Canadian 

Prairies. Tennination of an a W a  stand by conventional tjiiage often results in 

considerable alfalfa regrowth, unacceptable soil moisture losses, and inadequate 

establishment of the crop following ahlfia Altemate methods for tenninating allàlfa need 

to be made available to crop managers expenencing unacceptable results fkom alfalfa 

termination with tillage. 

The ability of herbicides to terminate a l t i a  in the faIl or spring, and the feasibility 

of establishing wheat (cv. Roblin) and barley (cv. Bedford) was investigated at Portage la 

Prairie, MB., in 1992, and at Glenlea, MB., in 1993. Parameters measured included soil 

moisture content (O-IOcm), crop emergence, crop aeriai biomass, alfalfa aeriai biomass, 

and weed aenal biomass, spike density population, grain yield, and alfalfa regrowth. An 

additionai fd alfaifa temination experiment was performed to evaluate herbicides and 

combinations of herbicides at Gledea in 1993 by m e a s u ~ g  alfalfa regrowth in late May 

and late June of the foliowing year. 

In the a l f i a  termination trials, termination (alfiilfa tennination with herbicides or 

tiiiage) x post-emergence herbicide application (dicamba 0.11 kg ai. ha-' + MCPAK 0.42 

kg ai.  ha-') interactions occurred for post-harvest alfhKa regrowth measurements in ail 4 

site-years, indicating that the post-ernergence herbicide application was relatively more 

effective for the less effective initial termination treatments. Post-emergence herbicide 

treatment within ail herbicide treatments was significant for fd a l f i a  tennination, 

however signincance of post-emergence herbicide existed only with the sublethal herbicide 

treatments for s p ~ g  alfalfa termination. Glyphosate at 1.78 kg ai. ha-' terminated alfalfa 

as well as tillage for both faIl and spring dates at both sites. The 1.78 kg ai. ha-' 



glyphosate treatment also produced higher grain yields than the tillage treatment for fail 

alfia termination, however, the opposite occurred for sprhg alf* termination. In the 

herbicide evaluation trial, herbicides were evaluated for their abiity to tenninate alfialfa 

Combinations of glyphosate and dicamba, and giyphosate and 2,4D were found to 

suppress allàlta to a greater extent than giyphosate appiied alone. As weii, 2,4-D was 

found to enhance the ability ofclopyraiid to suppress aifialfa 

Soi1 moisture conservation and successive crop establishment of wheat (cv. 

Katepwa) was compared under diierent management dates and methods of tenninating 

alfalfa stands at Glenlea, Cannan, and HoiIand, in 1992-1993, and Carman and Wnipeg 

in 19934994. Alfalfa was removed using herbicides, tillage, and a combination of 

herbicides and delayed tillage, after the first cut (date 1 tennination), d e r  the second cut 

(date 2), and at s p ~ g  (date 3 - herbicide only). Parameters measwed included soil 

moisture content (O-190cm), residue cover, crop emergence, spike density population, 

grain and biomass yield, and water use efficiency of grain and biomass. 

The moisture conservation experiments indicated that greater soi1 moisture levels 

were conserved in the upper soil profile by fd of the year of aif'iilfa removal, due to both 

the date and method of alf ia  termination, Greater soil moisture levels were evident at 

seeding in the followhg spring due to the method of alfalfa removal only, with the 

herbicide treatments havhg higher soil moisture levels (0-30 cm soil increment) than the 

tillage treatments. Results indicate that the potentiel exists to conserve soi1 moisture in the 

upper 30 cm soil profile, and also obtain a second cutting of alfaifa by u t i h g  herbicide 

to terminate alf ia at date 2 rather than using tillage or herbicide plus delayed tillage at 

date 1. Grain yield was 15.3 % and 14.4 % higher by temiinating alfiilfa with herbicides at 

date 1 or date 2 respectively, compared to using tillage at date 1. 

It is concluded fiom these studies that tennination of alf ia  with herbicides is 

feasible, providmg potentiel for improved alfalfa suppression, as well as increased soil 

moisture conservation, which can enable producers to rotate out of alfalfa more readily. 



1 .O Introduction 

The greatest limitations to dryland crop rotations on the Canadian Prairies 

involving perenniai afala are hadequate suppression of the alfia stand, and insufficient 

soii moisture resemes for the successive grain crop. The msition fiom m a  to 

successive crops in a rotation presents diicuky regardhg alfalfa suppression, soil and 

moisture conservation, and successive crop establishment Therefore, many producers 

prolong the duration of the alfalfa stand, and rotation to annual crops. This results in 

extending the a l f ia  stand beyond the t h e  of its optimum productivity, as weU as a loss of 

potential benefits to the crop rotation (Entz et al., 1995). 

Cunently, the majority of aIfalfa stands in the eastern Prairies are removed by 

means of tillage (Entz et al., 1995). Adequate suppression of a l f i a  requises a large 

amount of tillage, which often contnbutes to soil erosion and soil moisture loss (Benoit 

and Lindstrom, 1987). Unfortunately, few midies have investigated alternative 

approaches to lessen the adverse effects of removing alfiilfa stands when rotating to the 

following crop. While producers have shown interest in removing alfdfa stands with 

herbicides (Entz et al., 1995), giyphosate has only recently become registered for alfalfa 

suppression, and there are no tank mixes of herbicides currently registered specificaily for 

alfalfa suppression. 

The present midy was conducted to compare management strategies for removing 

alfalfa stands in a rotational cropping system, in hope of developing a more reliable 

method of easing the transition nom alfalfà. to the following crop in the rotation. 

Objectives were to 1) evaluate the ability of diierent herbicides (and combinations of 

herbicides) to terminate alfialfa, 2) obtain information as to the best time of year to 

terminate alfalfa, 3) compare soil moisture conservation under difFerent alfalfa termination 

management systems, and 4) assess the performance of wheat (cv. Katepwa; cv. Roblin), 

and barley (cv. Bedford) seeded into chemically suppressed alfalfa residue. 



Hypotheses included 1) an anticipateci increase in alfalfa suppression with the use 

of herbicides over that of tiliage, and 2) an incnase in soil moisture conservation by means 

of m a  removal with herbicides, over that ofalfatfa tedation with tUage. 



Literature Review 

AIfalfa Termination 

2 e l e 1  Malfa Termination with Tiiage 

Tüiage has been the traditional method of terminating forage stands in the 

Canadian Prairie region, and is currently the most fiequently employed method (Entz et 

al., 1995). Moldboard plows, chisel plows, and discers are commonly used to break up 

a l f i a  (Meticago sativa L-) sod (Entz et al., 1995; Moomaw, 1990). 

S prague (1 952) conducted experiments with Kentucky bluegrass (Pm prcrtensis) 

and white clover (Tnfozdm repens) sod with dinerent amounts of tillage. He concluded 

that a large number of tillage treatments were required to sufnciently kill a well established 

sod, and that complete kiii of existing sod was not accompiished by any tillage practice, 

including plowing. Sprague (1952) hrther concluded that two to three discings of a 

sodium trichioracetate and sodium anenite treated (dead) Kentucky bluegrass and white 

clover sod produced essentiaüy the same degree of successive crop establishment and 

yield as 10 to 12 discings of unsprayed sod. Temination of perennial grass sod with 

different types of tillage revealed that subsequent wheat (Tritimm aestiwm L.) yields 

were higher with moldboard plowing, than when discers, cultivators, or rotary tillers were 

used (Agriculture Canada, 199 1). However, the moldboard plowing treatment retained 

the least arnount of root fiber in the surfiace soÿ indicating increased erosion potential. 

Under conventional tillage, few dzerences have been observed in the subsequent 

crop yield, due to the t h e  of plowing to rernove perennial ;ilf;ilfa/grass vegetation 

(Moomaw and Martin, 1976; Smith et al., 1992a). Foster (1990) suggested that during 

dry years, early incorporation of sweetclover to conserve soi1 moisture for succeeding 

crops would be beneficial. In his trials, wheat yield following sweetclover was 80 % 

greater when sweetclover was incorporated June 15 as compared to July 15. Sprague 



(1952) suggested that breaking of perennid sod is best started in late July to take 

advantage of midsummer heat and dry weather to aid in sod suppression. 

Adams et al. (1970), Carreker et al. (1972), Elloas et al. (1979), and Smith et al. 

(1992a) stressed a need for no-tül cropping systems to replace conventional methods of 

removing perennial sod. The primary concem was that the large amount of tülage 

required to sufficiently suppress peremial sod resulted in unacceptable soil losses, 

especialiy fiom rolling topography. 

2.1.2 Alfalfa Terminatîon with Herbicide 

There has been an increase in interest among producers in the Canadian Prairies in 

using herbicides instead of traditional tiliage methods to suppress alfilfa stands (Entz et 

al., 1995). Incomplete kiii of the a l f i a  stand, loss of avaiiable soil moisture, and 

increased vulnerability of the field to erosion were notable concems by alfafa producers 

employing tiiiage to remove forage stands (Entz et ai., 1995). Research with improved 

soil erosion control has resulted in the development of conservation systems, which reduce 

soil disturbance while retaining crop residue on the soi1 surface (Benoit and Lindstrom, 

1987). 

A number of trials have been conducted to support the concept that suppression of 

a l f i a  by herbicides can reduce the number of tiliage operations required to break up 

a l f i a  stands (Button, 1991; Knake et al., 1986a; Koethe et al., 1988). Buhier and 

Mercuno (1988) suggested that in order to control deep-rooted perennial species such as 

alfalfa, a translocated systernic herbicide is required. Herbicides used to control alfifa 

include glyphosate p-(phosphonomethyl) glycine] @avis7 1978), dicamba (3,6-dichloro- 

2-methoqbenroic acid) (Knake et al., 1984c), 2,4D [(2,4-dichlorophenoxy) acetic acid] 

(Moomaw and Martin, 1 W6), and clopyralid (3,6-dichloropicolix~ic acid) (Button, 199 1). 



2.1-2.1 Herbicide Mode of Action 

Herbicide mode of action refers to the entire sequence of events from introduction 

of a herbicide hto the environment to the death of the plant (Ashton and Crafks, 1981). 

This definition includes physiological and biochemical aspects of herbicide action including 

absorption, translocation, rno lda r  fate, biochemical responses, and plant growth and 

structure. 

Glyphosate is applied as a foliar post-emergence spray. Glyphosate is readily 

translocated to underground propagules of perennial species, preventing regrowth nom 

these sites. Glyphosate is mobile in the plant phloem and wili accumulate in meristematic 

areas of the treated plants according to source-sink relationships (Brornilow and 

Chamberlain, 1991). Uptake by plant roots is precluded by absorption of glyphosate to 

soi1 and inactivation of the herbicide (Humburg, 1989). Glyphosate translocation in 

plants occurs by celi to ceU movement as weU as transport by the syrnplasm. Apoplastic 

movement of giyphosate occurs between ceils and in xylem tissue. The efficient transport 

of the phloem to the rhizomes and roots aid the effectiveness of glyphosate activity. 

Glyphosate inhibits the aromatic amino acid biosynthetic pathway, via the 

inhibition of 5-enolpyruvylshikirnic acid-3-phosphate (EPSP) synthase, an enzyme of the 

shikimic acid pathway. Mubition of the shikimic acid pathway reduces the supply of 

aromatic amino acids for protein synthesis, including phenylalanine, tyrosine, and 

tryptophan. The absence of these major end produas of the shikimic acid pathway thus 

inhibit protein synthesis, as well as a diverse array of phenolic end products (Cole, 1985). 

Plant death occurs slowly over days or weeks as a result of this biochemical inhibition. 

The characteristics of high mobility, slow degradation within the plant, and imate 

phytotoxicity enable glyphosate to be ideal for perennial plant control. 

Glyphosate also inhibits chlorophyil synthesis, possibly by inhibiting synthesis of 

porphyrin containing compounds (Cole, 1985). Symptoms of glyphosate activity in plants 

include foliar cbiorosis foUowed by necrosis. Ferennial plant regrowth following 



glyphosate treatment often display foliar malformation. Bromilow and Chamberlain, 

(1991) showed that giyphosate rapidly inhiibited allocation of carbon to starch during 

photosynthesis. The reduction of starch consequently inhibited sucrose export, and 

glyphosate movement, being dependent on bulk fiow in the phloem, was also reduced 

(Bromilow and Chamberlain, 199 1). 

Dicarnba is a tisubstituted benzoic acid herbicide, which is active nom application 

to soil and foliage (Bromilow and Chamberlain, 1991). Diwnba is readiiy absorbed by 

plant leaves and roots, is translocated Ma the symplasm and apoplasrn, although long 

distance transport may be slow. In some plants, dicamba accumulates in mature leaf tips 

indicating apoplastic translocation (Humburg, 1989). Dicamba possesses the properties of 

an auxin-like growth regulator and accumulates in areas of high metabolic activity 

resulting in phytotoxic symptoms of growth inhibition of developing buds and apices. 

Dicarnba also is excreted or Ieaked fkom plant roots hto the surroundhg medium 

(Bromilow and Chamberlain, 1991), therefore care must be taken to avoid successive 

crops that are sensitive to dicamba. 

The herbicide, 2.4-D is a phenoxy aryloxyalkanoic acid herbicide, which induces 

abnormalities in plant growth and structure Uicluding rapid epinastic bending, tumors and 

secondary roots. Plants treated with 2,4-D stimulate ethylene production, causing 

differential responses (stimulation vs inhibition) in ce1 division The herbicide, 2,4-D is 

readily absorbed by plant leaves and translocated pnmarily by the symplastic system. 

Transport of 2,4-D, however, is considerably less than that of photosynthate, due to the 

formation of immobile complexes of the compound in the plant. The herbicide, 2,4-D is 

moved very efnciently in the phloem over short distances, but long distance symplastic 

movement is inhibited by ion trapping of the herbicide in tissue adjacent to the vascular 

system (Brorniiow and Chamberlain, 199 1). The herbicide, 2,4D will, however, move 

firom phloem to xylem in the stem and be carried back to transpiring leaves by the 

transpiration Stream (Ashton and Crafts, 198 1). The abnomal stimulation of biochernicai 



and metabolic plant processes by low levels of 2.4-D lead to uncontrolled growth. KÏgh 

levels of 2.4-D inhibit these processes, thus inhibiting growth (Ashton and Crafts, 198 1). 

The herbicide, 2,4D causes abnormal growth response and affects respiration, food 

reserves. and cell division (Humburg, 1989). Greater accumulations of 2,4-D were 

measured in Hemp Dogbane roots under conditions of higher light intensities (Schultz and 

Bumside, 1980). They did not, however, find any increase in translocation of 2,4-D in 

Hemp Dogbane under conditions ofhigher temperatures (30°C vs 2S°C). 

Clopyralid is a readiiy phloem mobile herbicide which acts as an auxin mimie 

(Bromilow and Chamberlain, 1991). Clopyralid is active in the soii, therefore carefùl crop 

selection should follow clopyralid application. The absorption and translocation of '"c 
labeled clopyralid in Canada thistle (Cirsium wense L. Scop.) and perennial sowthistle 

(Sonchs mensis L.) was studied by Devine and Vanden Born (1985). They observed 

significantly reduced shoot regrowt h in bot h Canada thistle and pereMial sowthistle from 

foliar applications of clopyralid. They also measured rapid exportation of "C cIopyralid 

from the treated leaves of Canada thide, and recovered 29 % of the appiied ''c clopyralid 

in the roots and developing buds 144 h d e r  application. Tunbuli and Stephenson (1985) 

indicated that the rate of absorption and export of "C clopyralid and "C 2,4-D were 

similar in Canada thistle, however the distribution of herbicide in the plant dEered such 

that twice as much "C clopyralid was recovered from the plant roots. Zollinger et al. 

(1992) observed that 14c clopyralid was absorbed slowly with 60 % absorption 216h after 

application with less than 28 % of I4c clopyralid being exported fiom perennial sowthistle 

leaf. 

2.1.2.2 Herbicides to Terminate AIfalfa 

Several workers have investigated the performance of herbicides on alfaifa sods. 

Button (1991) observed that alfalfa terminated with glyphosate at a rate of 0.89 kg ai. ha-' 

provided poor control of alfalfa. He also observed that dicarnba applied at a rate of 0.139 



kg ai. ha-' resulted in some alfas regrowth. Current recomrnendations for alfdfa 

termination in Manitoba are with fd apptied giyphosate at a rate of 1.34 kg ai. ha*' to 

1-78 kg ai. ha" (Manitoba Agriculture, 1997), which is primady based on the work in this 

thesis, 

AlfXf'ii has been shown to have parti-al tolerance to glyphosate (Davis et al., 1978; 

Dawson and Saghir, 1983; Dawson, L989). Dawson (1989) found that ahEh tolerated 

glyphosate sufficientiy, and that rates of 0.075 to 0.150 kg ha-' could be used to control 

attached dodder (Cm& cumpems Yunck)in estabtished a l f i  The resultant alfdfa 

yield was reduced by only 6 % to 14 %. Davis (1976) concluded that although many 

individual alfalfa plants were killed at rates of 0.8 kg ha-' and 1 -0 kg ha-' of glyphosate, 

survivïng plants eventuaiiy resumed growth in a normal manner. 

The effects of mixhg glyphosate with broadleaf weed herbicides were found to 

give antagonistic and synergistic results in dEerent studies. Generally, glyphosate has 

been shown to be compatible with salt formulations of 2,4-D or dicamba (Turner, 1985). 

Clayton (1982) observed that combinations, rather than individual applications of 

glyphosate, dicamba, and 2,443 provide improved control of altalfa. The highest degree 

of alfalfa suppression occurred with combinations of 2.25 kg a.i. ha-' 2,4-D plus 0.42 kg 

ai. hao' dicamba, and L.75 kg ai. ha-' glyphosate plus 2.25 kg a.i. ha-' 2,443, however, the 

level of alfiilfa control was insufficient for crop production the foilowing year. Knake et 

al. (1984~) concluded that herbicide combinations which included dicamba generally gave 

better control of a l f i a  than treatments which included only 2.4-D or giyphosate. This 

was fùrther substantiated by Buhler and Mercurio (1988) who suggested that dicamba or 

2,4D applied alone were not as effective in suppressing al f ia  as when applied together in 

a herbicide combination. Button (1991) also observed that combinations of herbicides 

had a greater suppressive effect on aifàlEi than herbicides used alone. In his study, the 

most effective suppression was observed with the foliowing herbicide treatments: 0.076 

kg a i  h à 1  clopyraiid plus 0.588 kg ai. ha-' 2,4-D, 0.525 kg ai. ha-' dichlorprop plus 



0.494 kg a i  ha4 2,4-D, 0.89 kg ai. ha-' glyphosate plus 0.825 kg a.i. ha-' 2,4-D, and 

0.139 kg ai. h à L  dicamba plus 0.588 kg ai. ha-' 2,443. Buhler and Mercuno (1988) 

observed that dicamba applied at 0.6 kg ai. hao' controiied 66 % to 89 % of a l f i a  across 

different years, whereas dicamba appiied at 0.3 kg ai. ha-' plus 2,4D at 0.6 kg ai. ha-' 

provided 88 % to 91 % control of a ü i  Knake and Raines (1984a) also concluded that 

mixtures of dicamba and 2.4-D provided increased suppression of alfalfa over either 

herbicide used alone. 

The feasi'bility ofgrowhg no-tiU corn after chemically suppressed alfalta (Knake et 

al., 1986e) and meadow fescue (Festucu e h * )  (Box et al., 1980) has been 

demonstrated. Kra1 et al. (1989) fùrther substantiated the potential for no-tdl corn 

production into alfalfa sod, using herbicides to control weeds and alfalfg Moomaw and 

Martin (1976) reported that control of alfalfa with 1.12 kg a i  ha-' 2,4-D and 0.28 ai. kg 

ha-' dicamba was equivalent to ploughing. However, they found a reduction in the yield of 

corn foiiowing a l f i a  where a l f ia  was not adequately controlled. These results point out 

the importance of complete control of the alfalfa stand. Mercuno and Buhler (1985) 

indicated that greater than 90 % a l f i a  control during the first three weeks after corn 

planting is cntical to corn development. 

Consideration must also be given to perennial weeds that exist in the alfalfa stand. 

Buhler and Proost (1990) suggested that planting into untilled alfalfa infested with 

perennial weeds was an extreme fonn of no-tüi crop production. They found that 

sequential herbicide treatments, which included faapptied glyphosate at 1.1 kg ha- 1, 

provided the greatest control for W a  containing perenniai weed species. 

Knake et al. (1986d) cautioned that failure to plan ahead for fd  herbicide 

treatments could result in herbicide residue injury to the foiiowing crop. In one study, he 

confirmed that dicamba residue £tom 2.24 kg ha" fd applied dicamba was sufficient to 

result in 20 % growth reduction of soybean. 



2.1.2.3 Timing o f  Alfalfa Temination 

The plant development stage and growth rate can influence the mode of action of 

herbicides- Davis et al (1979) conducted midies with giyphosate applied to alfalfa at 

various plant development stages, and condudeci that plant mas had no signincant effect 

on glyphosate uptake or translocation of '% labeled glyphosate. The exception was when 

alfalfa plants were subjected to temperatures of -4°C; in this case they found that there 

was a greater reduction in glyphosate translocation in the srnaiier alfhKa plants. Also, for 

herbicides such as 2+D, dicamba, and glyphosate to be effective in suppressing growth., 

the plant mua have sufficient top growth to intercept the herbicide, and also be acùvely 

growing @uhler and Mercurio, 1988). 

Smith et al. (1992a) surnrnarized that fd suppression of perennial aIfalfa/grass 

produced grain yields of the subsequent corn crop comparable to conventional tillage, 

whereas spring suppression resulted in variable yields. In their experiments, spcing 

suppression of alfalfafgrass resulted in a 10 to 50 percent lower grain yield compared to 

fdl suppression. It was suggested that the reduced yield was due to delayed crop 

emergence and subsequent delayed development throughout the growing season. 

According to Buhler and Mercurio (1 988), splitting herbicide applications into faU 

(glyphosate 1.7 kg ha-') and preemergence (atrazine 2.2 kg ha-') applications provided 

better control of alfalfa, perennial grass, and orchardgrass, and higher corn yields than 

preemergence treatments alone. Buhler and Proost (1990) indicated that sequential 

applications of early preplant atrazhe (3.3 kg a i  ha-% and preplant atrazine (3.3 kg a-i. 

ha-'), in addition to fd applied glyphosate (1.1 kg a.e. ha-') produced the best control of 

alfalfa. 

Knake et al. (1986a) found that 0.28 kg a.i. ha*' dicamba plus a post-emergence 

treatment of 0.56 kg ha-' dicamba controiied alfalfa completely, however the subsequent 

corn (Zea rnqys L.) population was lower than other herbicide treatments. Clayton (1982) 

observed unacceptable levels of alfalfa suppression from initial termination treatments of 



glyphosate, dicamba, 2,4-D, applied alone and in mixtures at mid-summer, and therefore 

undertook to apply post-emergent application of Dowco 2906 (clopyralid) at 0.30 kg ai .  

ha-' the foliowing spring. He observed no significant interaction between Dowco 2906 at 

0.3 kg ai. ha*', and the initi0al alfiilf8 temination treatments applied the previous summer. 

Owen e t  al. (1992) noted that initial applications of herbicides did not adequately control 

a mixture of alfalfa, bromegrass and orchardgrass, regardless of the tirne of application. 

He fùrther reported that post-emergence application of atrazhe or nicosulfiron was 

required to provide acceptable levels of a W a  conaol. Knake et. al. (1992) reported that 

combinations ofdicarnba and 2,4-D gave good suppression of established alfialfa, however, 

post-emergence application of nicosuffiron and bromoxynil were necessary for control of 

annual gras and broadleaf weeds. In addition to initial a l f i a  termination treatment of 

glyphosate 2.24. kg a.i ha-', Smith et ai. (1992b) utilized post-emergence application of 

dicamba 0.56 kg ae. ha-' to control alfalfa and dandelion regrowth. 

2.1.2.4 Environmental Influence 

Environmental factors such as temperature, humidity, and soii moisture have been 

found to influence herbicide entry, rnovement, and activity within plants (Ashton and 

Crafls, 198 1, Caseley and Coupland, 1985). The relationship between environmental 

factors and herbicide performance centers on the duration and timing of a particular 

environmental condition in relation to herbicide application and absorption by the plant. 

Environmental conditions, which inauence absorption of a herbicide, will consequently 

also influence translocation of the herbicide. For example, since temperature affects the 

rate of metabolic activity in a plant, a nse in temperature increases both absorption and 

translocation of f o l k  applied herbicides (Cole, 1983). Also, Bula and Massengale (1 972) 

suggest that low temperature inhibition of translocation may be an important 

environmental response in alfalfa- Schultz and Bumside (1980) reported increased 

translocation of giyphosate (39 % vs 18 %) in Hemp Dogbane (Apocymm cmnabimrm) 



with higher temperatures (30°C vs 2S°C, respectively). They also noted greater 

accumulations of glyphosate into untreated areas of the treated leaf under conditions of 

higher Lght intensities. 

Prolonged dry conditions or low temperatures at the time of herbicide application, 

or in the weeks following application, will decrease glyphosate movement within the plant, 

resulting in decreased effiveness (Davis, 1976; Price, 1983). High relative humidity 

was found to enhance the uptake ofwater soluble applied herbicides such as giyphosate by 

maintainhg a fdly hydrated plant cuticle (Davis? 1976; Price. 1983). Price (1983) 

concluded that soi1 moisture innuences a herbicide's activity only to the extent that it 

influences the water status of the plant. ProIonged periods of soil water deficit inhibited 

overall plant growth and metabolism, resulting in decreased movement of herbicide withh 

the plant. Davis (1976) concluded that alfaita was less sensitive to glyphosate injury when 

growing under high soi1 moisture stress, than under low soil moisture stress. 

Davis et al. (1979) demonstrated that light fd fkoa of -2OC increased the 

phytotoxicity of giyphosate to aIfalfa due to increased herbicide uptake. However, faii 

fiost at 4 ° C  injured the phloem tissue of aif'alfa, thereby reducing glyphosate translocation 

and subsequent suppression of the plant. Davis et al. (1979) suggested delaying 

glyphosate treatments for aLfaKa exposed to -4°C to allow for recovery of frost injured 

phloern, therefore enabhg adequate glyphosate translocation to give optimum control. 

2.1.3 Alfalli Escapes and Crop Cornpetition 

Competition exists between a crop and weeds for available Iight, water. and 

nutrients @ew, 1972; Spitters et al., 1983). The plant canopy as well as the root zone of 

each species strive for dominance. Tder species will intercept a greater portion of the 

incoming light than its share of the total leafindex (Spitters et al., 1983). ui a cornpetitive 

relationship, the weed's effect on the crop is the primary focus, however the crop's effect 

on the weed is important in mwniring effects fiom the weed (Aldrich, 1984). 



An alfalfa crop can efficiently shade other plant species, and compete for soil 

moisture, which prevents weed germination, and weed growth (Bendiien and Lanini, 

1993). These attributes also make aifalfa cornpetitive against annual crops seeded into 

suppressed aIfàifà residue. Regrowth Eom suppressed W a  wüi compete vigorously 

with spring seeded crops especidy if the regrowth occurs prior to crop emergence. 

Sprague (1952) indicated that vegetation nom perennial Kentucky bluegrass and 

white clover must be suppressed sdliciently to prevent serious competition with seeded 

crops. As an a l f i a  stand naturally thins with age, it becomes more susceptible to weed 

invasion; weeds provide additional competition to the successive grain crop (Bendixen and 

Lanini, 1993). 

The duration ofcrop - weed competition Muences the crop such that the longer 

the weeds compete after crop emergence, the greater theù effect on crop yield (Zimdahl, 

1980). Smith et al. (1992) indicated that hcreased early season competition for water and 

iight nom delayed sod suppression in s p ~ g  compared to f d  sod suppression resulted in 

decreased corn grain yields in 3 of 4 years. Delayed germination and slower development 

of the subsequent crop may also be due to generally cooler soi1 temperatures in the alfalfa 

sod under no-tiii compared to conventional tillage (Buhler and Mercuno, 1988; Moomaw 

and Martin, 1990; Smith et al., 1992a). Knake et al. (1992) noted that corn plants 

following al l ia  were taller, and higher plant populations were maintained with 

conventional tillage compared to no-tiil under s p ~ g  removai of al f ia-  The slow 

herbicide action to suppress aIfaff'a in the spring, in addition to potentiaily cooler soii 

temperatures, may have dowed for greater competition by the alfia to the emerging 

grain crop. However, Smith et al. (1992b) observed that hcreased residue cover in no-till 

treatments did not consîstently influence soil temperature or moisture after planting 

compared to conventional tillage. Clayton (1982) attributed poor emergence of spring 

seeded wheat in no-tiil compared with tilled alfalfa, to inadequate seed-soi1 contact, and 

desiccation of the seeds. 



Buhler and Mercurio (1988) noted that lack of total perennial sod control 

convibuted to depression of corn yields, due to competition between emerging corn and 

the sod for water, tight, and nutrients. Usïng regrasion analysis, K r d  et ai. (1995) 

recorded a barley yield reduction of87.75 kg ha-' for every end-of-season atfalfa plant 0.5 

m-2- Clayton (1982) obsetved that ineffive control of alfalfa and other weeds increased 

the difliculty of establishg spring wheat the year foliowing alfélfa. Over the duration of 

the cropping season, Knake et al. (198%) discovered improved control of &alfa in no-tiii 

corn, which may have been due to shading of the alfia by the corn. In another study, 

Knake et al. (1992), indicated that alfia mulch possessed the ability to suppress emerging 

weeds in no-till corn. Buhier and Proost, (1990) conducted perennial sod termination 

studies near Arlington, Wi., in a mixed population of alfia (12 crowns m;L), dandelion 

(17 plants m*2), and orchardgrass (12 plants m-2). They reported that faIl applied 

glyphosate at 1.1 kg ha-' with no post-emergence herbicide treatment controlled 66 % 

alfalfa, 96 % dandelion, and 97 % orchardgrass, which resulted in corn yield of 1,570 kg 

ha-', whereas the addition of post-ernergence atrazhe at 1.7 kg ha-' controlled 95 % 

alfdfa, 99 % dandelion, and 98 % orchardgrass, and resulted in corn yield of 9880 kg ha*'. 

Differences in roothg patterns arnong species enables advantages to exist for the 

uptake of available soil moisture (Spitters et al., 1983). The relative root volume of the 

crop or weed determine the degree of competition by each for water resources (Adrich, 

1984). Both lateral and vertical mot distribution are factors in determinhg moisture 

extraction capacity. Alfalfa tends to be more cornpetitive for moisture than cereal crops 

because of its deeper vertical root distribution. The shallower fibrous rooted cereais are 

more dependent on rain fed moisture than the deeper rooted &alfa. in the absence of 

adequate precipitation, alffla wili lower soil moisture in the profile beyond the depth of 

cereai roots. Moomaw and Martin (1990), suggested that alfalfa should be suppressed as 

early in the spring as growing conditions permit in order to conserve soii moisture for the 

subsequent crop. Adams et al. (1970) indicated that the success of a corn crop following 



Coastal bermudagrass (C'odon àùcf~ioon L.) and taii fescue (Festuca m~ndrnacea L.) 

was primarily dependent on the degree of competition f?om the established perennial 

grasses for soii water availability- 

No-till cropping has been observeci to cause différentiai responses among dïerent 

weeds (Baeumer and Bakemans, 1973) A generai reduction in weed number has been 

found under no-tül conditions with many annual species, possibly due to less favorable 

germination conditions. Perenniai species, on the other hand have generaüy been found to 

increase in number under no-till. Baeumer and Bakermans (1973) observed that pereruüal 

weed species in weD established sods and adapted grassland vegetation were able to resist 

most control measures in a no-tillage system- 

The impact of competition fiom in-crop plant species to the crop foilowing alfalfa 

is often reduced by the application of a post-emergence herbicide, in addition to initial pre- 

plant herbicide termination treatments. In addition to an initial a l f i a  termination 

treatment of 0.28 kg ai. ha-' dicamba, Knake et aL (1986a) utilized a post-emergence 

treatment of 0.56 kg ha-' dicamba to obtain complete control of alfalfa escapes. Owen et. 

al. (1992) reported that post-ernergence application of 1.68 kg ha-' atrazine was necessary 

to provide acceptable levels of alfaffa termination, whereas initial application of 2.24 kg 

ha-' glyphosate applied alone did not provide adequate control. Smith et al. (1992b) 

controiled allalfk and dandelion growth in corn by utiluing post-emergence application of 

0.56 kg a-e. ha-' dicamba in addition to initial aif'iilfa termination treatment of 2.24. kg a.i 

ha-' glyphosate. 

2.2 Soi1 and Water Conservation 

hcluding aïliilfa in a cropping system provides many agronomie benefits including 

improved soil tilth, reduced water and nutrient Ieaching, and reduced soil erosion (Hanson 

et al., 1988). However, the attniute of efficient moisture extradion by alfalfa fkom the 

soi1 pronle often results in low moisture reserves for successive crops in the rotation 



(Duley, 1929; Hobbs, 1953). Over the period of several yean, perennial alfalfa often 

depletes soü moisture to a level below that which annual crops are able to extract 

moisture. Subsoii moisture depletion by ab& has been measured to a depth of 2.4 m 

fiom one year growth (Voorhees and Holt, 1969), to a depth of 4.5 m depth fiom a four 

year stand of alfalfa (Kiesselbach et al, 1934), and to a depth of 6 m in Kansas (Duley, 

1929; Hobbs, 1953). Consequently, successive crops in rotation with atfalfa are oAen 

water stressed due to insufficient moisture resenres in their rooting zone, and are therefore 

dependent on current rainfd for growth. 

Malfa will initially extract water fiom the upper soil layers where its root density 

is greatest, and the flow path is shortest (Hanson et al., 1988). The zone of active water 

extraction then moves downward in the soii profiie, as the upper soi1 layers dry. Kohl and 

Kolar (1976) measured soi1 water uptake by alfalfa nom July 8 to July 22 which showed 

that four-fifths of the water extracted from the top 2.3 m of soil came fiom the fist meter. 

Hoyt and Leitch (1983) concluded that soil moisture to 120 cm depth was 1.1 to 3.7 cm 

iower during the spring following 2-3 yem of alfalfa than der  a fdow control. They 

also noted that the alEilfa caused no appreciable change in soil moisture used by the 

following barley crop. Grandfield and Metzger (1936) concluded that 2 years of fallow 

were necessary to restore subsoil moisture in an old &alfa stand to a point where the 

roots of a newly seeded crop could penetrate through moist mil. These observations 

suggest that in order to optimke crop production in a l l i a  containing crop rotations, 

moisnire conservation must be a high priority. Because alfalfa plays such a beneficiai role 

in crop rotations, it cannot be abandoned in agricultural practices, and therefore, the best 

strategy is to increase water conservation during aif'alfa termination- 

The limits of plant available water have been characterized by Ritchie (198 1). The 

lower limit of available water has been tenned the wilting point (-1 -5 MPa), and the upper 

limit has been termed the field capacity (-0.03 MPa). However, plant growth may be 

inhibited before the lower iimit is reached even though root water extraction may continue 



beyond the lower Lmit of avaiiable water (Denmead and Shaw, 1962; Ritchie, 198 1). The 

avaiiable water capacity of a soü has been shown to be approximately linearly related to 

the percentages of sand, silt and organic carbon in soils, behg correlated negatively to 

coarse sand, and correlated positively to silt and organic carbon (Saiter et al., 1966). 

Medium textured soils have been found to have a higher avaiiable water content than 

coarser or finer textured soils (Salter and Williams, 196%; Salter and Williams, 1965b). 

Bennett and Entz (1989) evduated estimates of moisture retention parameters for coarse 

textured soils in Aiberta in order to defhe the minimum acceptable limits of available 

moisture on the basis of particle size. Their assessment indicated that estimates for field 

capacity were signincantly underestimated, although the wiiting point moisture could be 

satisfactoriiy estimated. 

2.2.1 Soi1 Moisture Recharge 

Under continuous cropping in temperate areas, soii moisture recharge is prirnarily a 

result of post-hanrest rainf" snowfiill accumulation, and spring rallifd (Aase and 

Tanaka, 1987; Greb, 1979; Johnson, 1977; Wfis and Carlson, 1962). Since water 

availability is a Iuniting factor to crop yield in the northem Great Plains (Deibert et al., 

1986), and the Canadian prairies (Greven et ai., 1986; Zentner et al., 1990), and because 

of the nature of the prairie climate (variable rainfall and intermittent drought), precipitation 

use efficiency by crops is very important. Bauer et al. (1965) reported that moisture 

reserves were required by crops during the growing season in North Dakota, in addition 

to rainfd typicaliy received. Hence, there is a need to emphasize hproved moisture 

conservation and direct it toward crop use in the prairies. Blevins et al. (1971) suggested 

that conservation of additional soil water under no41 production may be sufficient to 

carry a crop through short drought periods without severe moisture stress. 

The replenishment of soil moisture resetves foilowing alfiilfa can be infiuenced by 

the way in which alfalfa is removed tiom the rotation. Hennig and Rice (1 977) found that 



the later the forage stand was removed in the season, the lower the level of available water 

in the upper 120 cm of the soil at s p ~ g  seeding Hoyt and Leitch (1983) studied the 

effect of soii moisture reseinres of legumes in cereal rotations in the Black soii zone. They 

concluded that alfalfa depleted the moisture resemes in the subsoil at depths of 60-135 cm 

for two succeeding crop years. However, the yield of the subsequent barley (Hordezm 

wcfgare L.) crops was not & i e d  by the moisture deficit- Entz et al. (1992) confinned 

this result in a Portage la Prairie rotation study, in which alfalfa used significantly more 

water than annual crops below 120 cm However, the risk for drought in wheat in the 

year foUowing a l f i a  was no greater than that foliowing an annual crop. By the end of the 

second growing season, the small decrease in soil water level in the annual crop rooting 

zone (upper 100 cm soil profile) by aKilfa compared to an annual cropping rotation was 

reduced due to a recharging by f d  rainfdi and snowfall accumulation. In the drier 

environment of Colorado, Cobum (1906) concluded that terminating an alfalfa stand by 

tillage in September or October would render the soii extremely loose, and malnerable to 

drying out rapidly, which would be problematic for the foilowing wheat crop. 

Soi1 moisture conservation is extremely important for crops following alfaifa. 

Previous research has shown soil moisture conservation benefits that may be utilized in an 

alfalfb rotation. Voorhees and Holt (1969) suggested that while fdlowing pnor to Aupst 

in western Minnesota and eastem South Dakota was not an effective means of conserving 

rainfd because most rainfall was loa by evaporation, fdowing during late August when 

precipitation exceeded evapotranspiration, was found to be effective in c o n s e ~ n g  soii 

moisture. Aase and Tanaka (1987) indicated that there was Iittle daerence between 

chernical fdow and conventional fdow in tenns of conserving surnmer rainfall. Smika 

and Wicks (1968) found soi1 moisture storage to be greater when herbicides were utilized 

to control weeds in fdow compared to conventional tillage. The higher moisture level 

under herbicide treatments occurred in the upper 60 cm of the soil profile, and was largely 

due to increased water storage during and after harvest. 



Water recharge is dependent to an extent on the rate of water infiltration into the 

soi1 profile. According to Unger (1992). there was no close relationship between any soii 

condition and water infïitration, except with low residues, where infiltration was increased 

by tillage, which loosened the soil. Triplett et al. (1968) reported a significantly greater 

increase in water infiltration rate and total infiltration in treatments with 80 % residue 

cover, than with other treatments with less cover. Unger (1992), however, found 

groundcover percent of surfàce residue from dryiand grain sorghum and winter wheat 

crops not to be closely related to water infiltration rates. He also noted that with lixnited 

crop residue, tüiage increased water infiltration. 

The rate of water infiltration into a soi1 influences the amount of runoff d u ~ g  

periods of rain, as weU as moisture evaporation nom the upper soil layers. A large 

percentage of moisture fiom winter snowfall is usually lost in the fonn of water runoff 

during the spring thaw, and any means of holding the snowmelt in place until the moisture 

can infiltrate the soii would aid in retainuig soi1 moisture (Wiis and Carlson, 1962). 

Meek et al. (1990) observed an increase in the moisture infiltration rate over time in a 

sandy loam soil when a l f i a  was grown. They also measured increased infiltration rates in 

no-tili cotton following alfalfa, compared to conventional cotton culture, which they 

attributed to flow through macropores created by the alfalfa roots. Edwards et al. (1988) 

suggested that no-till cropping practices wiii preserve the macropore flow channels from 

one crop to the next, whereas tiliage operations tend to destroy natural channels that 

conduct water to the root zone. Dao (1993) concluded that water infiltration into no-till 

soil was signincantly higher than into plowed soil. He observed a continuous wetting 

depth of 0.4 m to 0.6 m under no-till compared to a layered pattern in plowed soil, and 

attributed the consistent recharge in the no-till soü pronle to undisturbed macropores. 

Gantzer and Blake (1978) indicated that no-tiii treatrnents on a clay loam in south-central 

Minnesota resulted in a significantly higher volumetric water content (0.28 to 0.35 cmkm) 

than conventional tillage (0.25 to 0.3 1 cdcm) in the surface 30 cm. They also noted that 



at depths greater than 30 cm, the tülage treatments were not significantly dïffierent with 

regard to soii moisture. This evidmce suggests that crops following no-tiil a l f i a  stand 

removai may be less susceptible to drought due to inaeased soil water recharge because 

infiltration is generaily higher under no-till. 

Zentner et al. (1990) stressed the importance of stored soil moisture in the root 

zone because of the unpredictabiiïty of growing season precipitation Crop rotations 

including alfitEa have been shown to have improved soi1 aggregate stability, UnpIying 

greater water storage compared to that of contùuious corn (Raimbault and Vyn, 199 1). 

Sugiharto et al. (1994) concluded that reduced tilfage combined with alfalfa, effectively 

lowered water runoff and sediment loss fiom fields compared to that £kom conventional 

tiilage. 
* Snow management is an important aspect of water conservation in the prairie 

region, since snow can constitute a significant portion (approximately 30 %) of the total 

annual precipitation (de Jong and Steppuhn, 1983; Greb, 1975; Greb et al.. 1970; Srnika 

and Unger, 1986; Steppuhn, 1981;). Snow management has been estimated to add 3 cm 

of additional soii water to the next crop (de Jong and Carneron, 1980). Measurements 

taken in southwestern Saskatchewan by W ï s  and Carlson (1962) have shown that snow 

management cm increase over &ter soil water approximately 4.5 cm, which was 

comparable to the additional moisture added by summerfkiiowing. 

The arnount of water available fiom snowfdl depends on the depth, distribution, 

and duration of snow cover, weather conditions d u ~ g  snowmelt, and the soi1 properties 

infiuencing innltration and storage of the snowmett (Steppuhn, 198 1). Staple et al. (1960) 

reported that additional water nom snowmelt appeared to be more beneficial in drier 

fields. Therefore, annual cropphg systems should benefit to a greater extent from 

additional water from snow cover than systems with sumrnerfâllow (Steppuhn, 1981). It 

follows, therefore, that fields previously in alfiilfa should benefit even more fiom additional 



snow cover since infiltration rate is higher in terminated alfoIfa sod, and the soil is more 

receptive to water because it is usudy drier. 

Soil water storage can be increased by maintaining standing residues on the soil 

surface which enhances snow trapping, and subsequently allows snowrnelt to enter the 

soil. de Jong and Steppuhn (1983) reported that crop stubble was effective in trapping 

windbome snow, compared to bare soil, which retained Iittle or no wuidborne snow. 

Smika and Unger (1986)- and Bond et al. (1971) concluded that crop residue was moa 

effective for trapping snow when it was standmg. The height of crop stubble has been 

shown to influence the amount of additional water added to the soil by snowfall (Smika 

and Whitfield, 1966; Steppuhn, 1981). Standing small grain stubble in Saskatchewan was 

found to trap 5 1 mm of stored soil water whereas bare faiiow had only 1 1 mm (Staple et 

al., 1960). 

2.2.2 Evaporation and Crop Residue 

Sources of soil water loss after alfalfa termination include water loss by evaporation 

in the fall, and evaporation between snowmelt and crop emergence in spring. Crop 

residue has been found to generally increase water conservation by increasing infiltration, 

reducing runoff, and reducing the rate of evaporation (Bond and W*fis, 1969; Duley and 

Russel, 1939; Frye et al., 1988; Russel, 1939; Smika and Unger, 1986). Peters (1960) 

reported that as much as 50 % of the total water loss in a season in the Midwest, USA 

occurs due to evaporation fkom the soil surface. This water loss is influenced by plant, 

soil, and atmospheric conditions. 

The process of soil moisture loss can be dserentiated into fkst and second stage 

evaporation. Adams et al. (1976), Bond and Wfis (1969), Idso et al. (1974) and Lemon 

(1956) al1 characterized fkst stage evaporation as a high, and constant rate of moisture 

evaporation which is dependent on water flow through the soil as aEected by soil surface 

wetness, wind speed, temperature, solar radiation, and relative humidity. Second stage 



evaporation, or falling rate evaporation, depends on the drying soil to regulate moisture 

flow to the surtace, and is less dependent on atmosphenc conditions. Idso et al. (1974) 

also characterized a third stage ofevaporation, which was described as being a very low, 

and nearly constant rate of rnoisture loss fkom a very dry soil. 

Residue cover on the field will slow first-stage drying (Bond and Wfis 1969; Bond 

and Wfis, 1970; Unger et al., 197 1; Unger et al., 1988), ailowing water additional tirne to 

move deeper into the soil where it will be less susceptible to evaporative loss. Unger and 

Parker (1976) reported cumulative evaporation to be most strongly infiuenced (in order of 

importance) by residue thichess, surface coverage, residue application rate, and residue 

specific gravity. Crop residues tend to decrease the soi1 surface temperature (Smika, 

1983; Gauer et al., 1982), resultùig in a decrease in vapor pressure of the soil water. 

Residues also decrease water vapor transport away ftom the soi1 surtace by increasing the 

thickness of the nonturbulent air layer above the soi1 surface (Srnika and Unger, 1986). 

Hanks et ai. (1967) conducted experiments with wind and solar radiation to induce 

moisture evaporation fiom three soil types, and concluded that the evaporation rate was 

significantly higher for the wind treatment than for the radiated treatment in two of the 

three soiis. 

The ability of crop residue to reduce evaporation is generally limited to a few days 

d e r  precipitation (Brun et al., 1986; Frye et al., 1988; Greb, 1966; Russel, 1939). Mer 

that the ,  the evaporation rate nom soil with a surtace mulch becomes similar to that of a 

bare soi1 (Adams et al., 1976; Brun et ai., 1986). Aase and fanaka (1987) found higher 

drying rates following rains greater than 3 mm fiom bare soifs compared to plots with 

straw cover, however the dzerences in rates d i s h e d  10 days afler the raki. Steiner 

(1989) reported higher stage one evaporation rates fiom disc treatments compared to no- 

tiil treatments in wheat residue, however stage two evaporation 60m the disc treatments 

were lower than that fiom the no-till. From studies in North Dakota, Brun et al. (1986) 



reported evaporation fiom a bare soi1 surtace the day after rainfdi at O. 168 cm day-', 

compared to 0.134 cm day-' tiom a wheat stubble covered surface. 

Willis (1962) derived an inverse hear relationship between initial rates of evaporative 

loss and percentage of surnlce area covered. He ftrther characterized the moa efficient 

covering for evaporation control as having large continuous cover with the least exposure 

of soil surfice. Unger (1978b) and Greb et al. (1967) conducted studies, which showed a 

progressive increase of soil water storage during fallow with increasing amounts of crop 

residue on the soii sufice. Triplen et al. (1968) aiso reported an increase in available soil 

rnoisture with increasing amounts of residue cover. Even smaii arnounts of crop residue 

on the soil sudace have been show to be effective in decreasing moisture loss during firn 

stage evaporation (Bond and W ~ s ,  1970). Hiil and Blevins (1973) observed that the 

presence of a killed grass sod residue prolonged stage one evaporation in zero tillage 

plots. 

Vegetative residue maintained on the soil surface has been shown to reduce moisture 

evaporation by shading the soil nom solar radiation, insulating soi1 fkom heat conduction 

via air, and slowing water vapor movement nom the soil to the air by increasing the 

boundary layer (Bond and W i s ,  1969). Potter et al. (1985) indicated that thermal 

diffisivity and thermal conductivity was greater under a no-tillage system than under 

conventional and chisel plow tillage systems. The influence on soil temperature and heat 

flux dserences were attributed primarily to sufice residue cover, and to a lesser extent, 

to soil thermal properties. Carter and Rennie (1985) cited soii temperature differences of 

1°C to 5°C lower during the first 30 days of crop growth for spring wheat under no-till 

cornpared to conventional tiilage systems, which was due primariiy to surface wheat 

residues, and to a lesser extent to soil moisture. Johnson and Lowery (1985) cited a 28 % 

lower temperature in the upper soil profile (5 cm to 15 cm) with no-till compared to 

moldboard plow treatments. Gauer (198 1) aiso measured lower soil temperatures, as well 

as increased soil moisture under no-till treatments compared to tilled treatments in which 



2.5 to 5.0 cm of straw had been apptied to the surface. No-till and conventional till 

treaunents without surface applied straw (Gauer, 1981) had sMilar soil temperatures, 

however, the no-tiU treatments had higher soil moisture during the spring. 

Although the effèct of alfalfa residue to soi1 water conservation har not been 

previously documente4 benefits of smaii grain surface residues for conserving soii water 

(Gauer, 1981) and increasing crop yields (Greb et ai., 1967; Unger, 1978b; and Men et 

al., 1980) have been observed Smika and WiIkes (1968) found soil water storage to be 

highest with herbicide-only treatments compared to limited tillage and tiilage, because of 

more surface residues which maintained water infiltration at a higher rate, and suppressed 

evaporation Good and Srnika (1978) suggested that a mVc of standing and flat crop 

residue may be the most effective in reducing soi1 moisture Ioss. Greb (1979) sumarized 

the progress in fdow systems, which showed a transformation f?om maximum tillage to 

zero tillage, resulting in both increased fdow water storage and wheat yield. Black and 

Bauer (1985) reported that the amount of water conserved under conservation tillage 

systems was a ninction of the amount of surface residue, and the precipitation amount and 

distribution. They concluded that 2.5 Mg h i t  of srnali grain residue was required to 

suppress evaporation on the Great Plains during sumrner months. They also concluded 

that wetting the soi1 to depths greater than 10 cm by sufficient precipitation aids in 

suppressing evaporation. Duley and Russel (1939) found that water storage increased 

from 50 to 80 mm as a result of surface applied wheat straw compared to incorporated 

straw treatments. 

Several studies indicated that soil water contents are higher with surface residues than 

without surface residues, providing the soil has the capacity to store the additional water 

(Myhre and Sadord, 1972; Onstad, 1972). For example, Tanaka (1985) confirmed that 

surface residues reduce evaporation losses by reducing the rate of evaporation, although 

total evaporation was not necessarily reduced. In that study, at least 2.5 mg ha" of wheat 

residue was needed to conserve a signincant amount of soi1 moisture with no-tillage, as 



compared to stubble mulch tillage. Van Doren and amaras (1978) reported that surface 

residues significantly reduce evaporation, especialIy while ample moisture exists at the soil 

surface. 

2.2.3 Tüiage 

No-tillage, or zero tillage, is the praaice of diredy planting a crop into the soil 

without previous seedbed preparation since the harvest of the last crop (Baeumer and 

Bakermans, 1973; Dregne and Willis, 1983). Wilkins et al. (1983) cited that tiilage 

operations offered the best opportunity to control the amount of crop residue on the soil 

surface. Benoit and Lindstrom (1987) indicated that the physical conditions of a tilled soil 

are a function of tiiiage type, soi1 type* and soil moisaire content at the tirne of tillage. 

The soil profde often dries out to the depth of cultivation, especially when hverted by 

tiilage such as deep tillage, or discing (de Jong and Steppuhn, 1983). 

Volumetric water content under no-tillage is usualiy greater than that under 

conventiondy tilled soils (Gauer et al., 1982). This has been attniuted to a reduction in 

evaporation, and greater water storage ability under no-tillage @levins et al., 1971; de 

Jong and Steppuhn, 1983; Lal, 1994; Thah, 1993). Steiner (1994) concluded that each 

tillage event resulted in moisture movement to the soi1 surface, resulting in moisture loss 

fiom the subsoil. No-tiiiage has been found to result in higher volumetnc moisture 

content than conventional tillage in the upper 3060crn soi1 profile (Blevins et al., 1971; 

Jones et al., 1969), which has been the main reason for the shift in tiliage systems from 

conventional to no-tiii (Weatherly and Dane, 1979). Lafond et al. (1992) reported a 9 % 

increase in soii water in the 0-60cm soi1 Iayer under stubble cropping by no-tillage 

compared to conventional Mage. D u ~ g  the growing season, tiilage system had linle 

influence on the soi1 moisture reserves below 60 cm depth (Blevins et al., 1971). 

However, Deibert et al. (1986) c o n h e d  that continuous spring wheat in Nonh Dakota 

was unable to utilize 12 % to 24 % of the precipitation received, regardless of the tillage 



system employed. Hamblin and Temant (198 1) indicated that during a wet year in the 

western Australian wheatbelt, the greatest loss of soi1 water from ploughed treatments 

would occur by means of drainage, whereas most soil moisture loss fkom no-tiiled soil 

would take place through evaporatiom They attributed this diifference to the more rapid 

movement of water within the ploughed profile, and the greater retention of moisture near 

the surface in the no-till treatment. 

Bertrand (1967) indicated that reduced tillage was an efféctive method of water 

conservation because the rough soil surface was able to store considerable quantities of 

water in microdepressions, which reduced runoff and prolonged infiltration. He cited 

data, which showed 7.5 cm of runoff water fiom conventional tiliage compared to 4.7 cm 

of runoff fkom reduced tillage. 

- The vast majority of research on soil water conservation has been conducted in 

annual crop systems, however a Iùnited amount of information on perennial forage 

systems does exist. Working in an alfalfa sod in Manitoba, Clayton (1 982) found that zero 

till plots generdy had a higher water content in the surface soil at seeding than tilled sod, 

and the increased moisture resulted in improved germination conditions for grains and 

oilseeds. Grass sod residues reduce water losses to a 30 cm depth fiom zero tiilage plots 

(Shannholtz and Lillard, 1969). HiIl and Blevins (1973) found that the presence of kiUed 

grass sod mulch in zero tiiled plots had an advantage over conventional tillage plots since 

lower direct evaporation from the soii surfâce occurred during the early growing penod. 

They also found that evaporative losses fkorn both zero tUed and conventional tilled 

treatments were similar as the crop canopy developed, however, the sod residue gave the 

zero tilled plots an advantage in available soi1 moishire which was maintained throughout 

the growing season. The increase in water holding capacity of no-tilî sod has been shown 

to be related to organic matter content, since no-till sod retains rnuch of its accumulation 

of organic matter near the soil surfàce (Baeumer and Bakermans, 1973). 



2.3 Agonomic Responscs 

Includiig deep rooted perennial forages in crop rotations in the Black Dark Gray, 

and Gray soils have generally provided beneficial atîrinites to the growth of the foiiowing 

crop (Zentner et al., 1990), however perenniai forages were not recomrnended for use in 

cereai rotations in the Brown and Dark Brown soüs because of cornpetition for limited soil 

moisture, 

Soii water availabüity is a major factor duencing crop produaion. Campbell et 

al. (1993) indicated that in a semi arid region, available water use was by far the most 

important factor influencïng crop parameters, includhg straw yield, heads per plant, and 

kemel weight. 

Crop growth response to no-tiN conditions has been shown by numerous studies to 

be either enhanced or retarded by the soi1 conditions (Baeumer and Bakermans, 1973). 

Moody et al. (1963) reported a depression of early season growth of corn under mulch 

conditions compared to unrnulched conditions. However, beghning in late lune, there 

was a significant increase in corn growth under mulch conditions which was attributed to 

greater moisture under the mulch. 

2.3.1 Crop Establishment 

Moody et al. (1963) attributed lower soi1 temperatures under straw spread crop 

residue in no-tiii systems to be a factor in delaying early growth and development of corn. 

In northern Indiana, Kohnke and Werkhoven (1963) estimated that favorable corn 

germination levels were attained two weeks later with mulched soi1 compared to bare soil. 

Ojeniyi (1986) reported that no-tiü plots had higher soii water content than tiiied plots of 

grass fdow, but without signincant diierences in soil temperature. Experirnents by 

Unger (1987a) indicated that dryland wheat straw yields of 4000 kg ha-' had relatively 

minor effects on soil temperature, and generally did not significantly delay plant 

ernergence. 



Lafond et al. (1992) reported that spMg wheat establishment was not af5ected by 

tillage system in experiments which employed no-, minimum, and conventional tiliage. 

Clayton (1982). however, reported lower plant populations with no-till treatments 

compared to minimum and conventionai tillage treatments d e r  altalfa The importance of 

seedbed moisture and seed-soi1 contact has been ernphasized by Carefoot et ai. (1990). 

They suggested that consideration needs to be given to the type of seed drill used. 

Chevalier and Ciha (1986) indicated that stresses, which occur earfy in wheat seedling 

development under no-Mage at Puhan Washington, reduced early growth and 

vegetative development compared to conventional tillage, and that the wheat plants were 

unable to overcome those effects pnor to maturity. Donaghy (1973) reported an 

increased number of fertile mers in wheat (103 compared to 92 per 1.5 m row) under no- 

tili treatments compared to conventional tiliage. 

2.3.2 Grain Yield 

Grain yield is ofien affeeted by diffierent management techniques when rotating 

crops. Corn development was shown to be consistently slower, and corn yield was iower 

with minimum tiliage folowing corn as compared to conventional tillage in Ontario 

(Raimbault and Vyn, 1991). Other studies (Munawar et al., 1990) have shown that corn 

yields were equal to or better in no-tiii and conservation tülage systems, which was 

amibuted to a higher soil moisture content. Barnett (1990) found that no-till corn 

production in an allalfa-grass sod resulted in lower soii temperatures, reduced vegetative 

leaf number, dry weight, and plant height for the corn, as compared to moldboard plowing 

and discing. However, there were no observed differences in this study for staik lodging 

and grain yield between treatments. Myhre and Sdord  (1972) conducted midies. which 

indicated surtace mulch and soil surface roughness both increased soil water content. 

however ody surface mulch increased corn yield. 



Research conducted by Agriculture Canada (1991) indicated a wheat yield 

advantage under plowing treatments of perennial sods compared to ot her conventional 

tillage methods. In northem Alberta, Hoyt (1990) reported increased wheat yields of 66 

% to 114 % for eight years fol&owing alfas compareci to that foilowing annuai crops. 

Hoyt and Hennig (1971) measured inmeased wheat yields of 68 % to 82 % for the fkst 

five years following afhEa compared to that after fdow. Conversely, Wheeler (1950) 

reported that the yield of aops  was often decreased the first year following unimgated 

alfia. 

Yields of spring wheat grown under no-tiii and minimum tül in Saskatchewan were 

increased by 2 1 % over that of conventionai mage (Lafond et ai., 1992). Greater yields 

of wuiter wheat and barley under no-tiil at Lethbndge were attriiuted to greater soi1 water 

(0-120cm depth) conservation (Carefoot et al., 1990). Water availabitity was confinned 

by Diebert et al. (1986) to be the primary factor Uitluencing s p ~ g  wheat yields in the 

Northem Great Plains. Johnson (1964) estimated that seeding-time increase in soil 

moisture fiom crop residue on the soi1 surface could result in increased wheat yield of 64.6 

kg ha-' cm". Ciha (1982) cited wheat yields in the Pacific Northwest with no-tillage as 

having signincantly greater yields, reduced spikelets per head, and increased kemel weight 

compared to that of conventional tillage. Donaghy (1973) reported simiiar wheat kernel 

weights and number of heads m-2 under no- and conventional tillage. He further indicated 

that wheat yield and barley yield did not dEer between no-till and conventional tUage in 7 

of 8 locations. Unger and Fulton (1990) reported that a no-tillage system did not affect 

soil physical conditions in a manner that wheat yields were adversely affected. 

McKay et al. (1951) conducted experiments that indicated wheat yields were 

depressed when the previous sweetclover crop was dowed to grow for a longer duration 

the previous year. The depression was attributed to a greater extraction of subsoil 

moisture by the sweetclover crop. Clayton (1982) also reported lower yields of wheat 

with no-till treatments compared to conventional tillage. He attributed this to a decrease 



in wheat emergence, and incomplete kili of bromegrass, which competed for moimire and 

nutnents. Duley (1929) observed that reseeding old M a  fields immediately to aifialfa 

often resulted in fdure, prirnariiy due to a depletion of soil moishire by the previous 

alfalfacrop. - 

Triplm et al. (1979) conducted experirnents in which aUàEa vegetation was kiiied 

with herbicides and left on the soi1 surface to decompose, or moldboard piowed to 

incorporate the alfalfa residue. Their experllnents showed that where plots were nitrogen 

deficient, plowing did not improve the following c o n  yield, indicating that there was no 

detectable difference in mineraiization of nitrogen due to tiiiage, however, water 

infiltration and grain yield were higher with the 80 % surface cover treatment than with 

the other treatments. LeWi et al. (1987) also connmied that there was no interaction 

between method of tillage and Ntrogen response for corn crop yield foilowing alfa&. On 

the other hanci, Mohr et al. (1997) observed lower nitrogen levels in the spring with 

herbicide termination of al f ia  compared to temination with tillage, however the lower N 

levels did not reduce grain yield. 

2.3.3 Water Use Effkiency 

Water use efficiency (WUE) is expressed as kilograms of dry weight produced per 

hectare-miliimeter of evapotranspuation (Viets, 1967). WUE can be increased by soi1 

management factors nich as surface residue management, which decrease the moisture 

evaporation component, aiiowing a greater percentage of moisture to be utiliied by the 

crop (Viets, 1967). Gardner (1983) suggested that greater WUE can only be achieved by 

considering each crop-soi1 combination separately. WUE can also be increased by crop 

management by utilizing selection of higher yielding varieties, plant population and 

spacing, ensuring adequate nutrients, and crop pest protection wets7 1967). 

Shanholtz and Lillard (1969) confimed an increase in WUE of corn grown under 

no-til1 soil conditions compared to that of conventional tiiiage, which they attnbuted to 



enhanced water extraction f?om the undisturbed soil by the corn. Steiner (1994) 

concluded that wheat residue on the soil suiface during the growing season greatly 

enhanced WUE of both aenal biomass and grain yield of diyland sorghum. WUE of 

spring wheat in Saskatchewan was found to be 49.7 kg hag1 cm-' for ail soil textures with 

conventional tillage, and varied fiom 53.7 to 186 kg ha-' cmœL for loam and heavy soil 

under no-Nage (Grevers et ai., 1986). Under conditions in the Great Plains, Wttmuss 

and Yazar (1980) conducted cropping practices in which they found no apparent 

relationship between crop water use and tillage treatment, or water use efficiency and 

tiliage treatment. In southwestern Saskatchewan, Campbell et al. (1992) estimated that 

the marginal wheat increase per unit of water increase in available water used varied 

between 5.4 kg ha-' mm-' to 14.6 kg hà1  mm-' for soi1 N03N values of O to 50 kg ha-'. 

2.4 Literature Review Summary 

There is abundant literature dealing with soil water measurements in crop 

rotations, however few studies focus on soi1 moisture levels following alfafa termination. 

Several studies have measured moisture extraction fkom the soi1 pronle by Wb, which 

tends to dry the soil profile to a depth greater than that which annual crops can root. Few 

studies however, have focused on the impact that soii moisture depletion has on the crop 

following alfglfa Since Little can be done to alleviate the moisture depleting characteristics 

of a l f i a  (except to tenninate the a i f ' a  stand sooner), studies need to focus on methods 

of conserwig current soil moisture at the date of termination, as well as conserve 

p recipitation between the date of termination, and the subsequent crop ping season. 

In addition, few studies have focused on the ability of herbicides to terminate 

alfalfa in Western Canada Variations of climatic, soil type, and alfalfa varieties 

necessitate fùrther study with herbicide termination of alfalfa- If producers are to include 

perennial aüiilfa in a rotationai cropphg system, additionai study is necessary to deviate 

current problems of alfalfa termination and soii moisture depletion by alfalfa. 



Alfalfa Termination Date and Method Effects on Aifalfa 

Controi and No-TiU Wheat and Barky Establishmeat 

3.1 Abstmct 

Crop rotations ïnvolving perenniai alfbKa present the unique problem of 

terminahg the aEMà stand. Producer difnculty with a l f i  (Metiago mtfvu L.) 

termination has offen resulted in severe cornpetition to the following crop by a l l i a  

escapes. As weü, the intensive tjiiage used in &alfa termination results in the loss of many 

agronomie benefits that alfalfa could contriiute to the cropping rotation. A series of field 

experiments were conducted at Portage la Prairie, Manitoba in 1992, and Gleniea, 

Manitoba in 1993 in order to (1) investigate the ability of diierent herbicides and rates of 

herbicides, for successtil al f ia  tennination, in cornparison to tillage, (2) compare fdl and 

spring a l f i a  termination dates, (3) evaluate the pefiormance of barley and wheat seeded 

into a l f ia  residue, and (4) assess the need for post-emergence herbicide to contrcsl alfalfa 

escapes in a subsequent grain crop. 

Malfa termination treatments were apptied either in fa11 or in spring prior to grain 

crop seeding. Both fa11 and spring alfaLfa tennination with glyphosate at 1 -78 kg ai. ha-' 

generaliy resulted in higher Ievels of soi1 moimire than Mage in the 0-10 cm increment at 

s p h g  grain crop seeding. Alf ia  regrowth was assessed by measuring plant parameters 

during and after the foliowing crop. Date of termination was not significant for alfaifa 

regrowth, or grain yield, however anaiysis of covariance suggested that similar basal area 

of fall terminateci alfalfa was more cornpetitive than spring terminated a l f i a  with the 

following grain crop. Measurements indicated no dEerences for crop type, suggesting 

that aKàlfa escapes competed sllnilarly with barley and wheat. The only herbicide 

treatment that consistently rivaied tiiiage in terms of alfaltê suppression and grain yield of 

the subsequent crop was Glyphosate at 1.78 kg a i  ha-'. This herbicide treatment reduced 

post-grain harvest alfâlfa basal area to 57 % that of tiiiage across d experiments in this 



study. The L.78 kg ai. ha*' giyphosate m e n t  aiso enabled from 55.3 % greater to 1.8 

% less subsequent grain yield to occur with fd tennination, than did the tillage treatment. 

The tiliage treatment, however, incnased grain yields from 17.3 % to 26.9 % above that 

of the herbicide treatments for spring tennination. Termination treatment x post- 

emergence herbicide interactions occurred for both spring and fd termination for both 

sites. indicating that the post-emergence herbicide reduced the incidence of alfitEa escapes 

for ineffective aifialfa termination treatments, but to a lesser extent for the better alfalfa 

termination treatments. Results of a combined experiment analysis showed signincant 

date x t e d a t i o n  treatment x post-emergence herbicide interaction for alfitEa regrowth. 

This was attributed to an ùiability of the dying alEalfa to uptake the post-emergence 

herbicide in the better herbicide treatments with spring termination, but not with fd 

termination. Results of this study indicate that it is feasible to terminate alfalfa with 

herbicides. however an overd cropping strategy must be considered to deal with alfalfa 

escapes including competitiveness by the following crop, and post-ernergence herbicide 

application. 



3.2 Introduction 

Tiage continues to be the moa popular rnethod of terminating forage stands in 

the Canadian Prairie region (Entz et aL, 1995). However, termination of perennial alfaIfa 

(Meticago &a L-) stands on the Canadian Prairies by tillage has fiequently proven 

unsatisfaaory (Button, 1991; Clayton, 1982; Entz et al., 1995). Incomplete kül of the 

alfihifia stand (Sprague, 1952). loss of avaüable soil moisture (Clayton, 1982), and 

increased vulneraôiity of the field to erosion were notable concems by alf'alfa producers 

employing tillage to remove forage stands (Entz et al., 1995). Also, alfialfa regrowth 

foiiowing initiai suppression can result in considerable cornpetition, reducing yields of 

following crops- Ditnculty in forage stand tennuiation is a major reason why many 

producers keep alfalfa stands longer than required for maximum rotational benefits (Entz 

et ai., 1995). Adams et al. (1970), Carreker et al. (1972). Elkins et al. (1979), and Smith 

et al. (1992a) aii stressed a need for no-till cropping systems to replace conventional 

methods of removing perennial sod. There is increasing interest among producers in the 

Canadian Prairies and northem US Great Plains in using herbicides instead of traditional 

tillage methods to suppress aüaEa stands (Anderson and Halvorson, 1996; Entz et al.. 

1995). 

A number of trials have been conducted to support the concept that suppression of 

alfia by herbicides can reduce the number of mage operations required to break up 

alfalfa stands (Button, 1991; Knake et ai., 1986a; Koethe et al., 1988). Sprague (1952) 

concluded that 2 to 3 discings of a sodium tnchloracetate and sodium arsenite treated 

(dead) Kentucky bluegrass (Poa pratensis) and white clover (Tniofium repens) sod 

produced essentially the same degree of successive crop establishment and yield as 10 to 

12 discings of unsprayed sod. Buhler and Mercuno (1988) suggested that in order to 

control deep-rooted perennial species such as alfalfa, a translocated herbicide is required. 

Perennial alfalfa control and subsequent annual grain crop growth is infiuenced by 

herbicide type and application timing (Buhier and Mercuno, 1988; Button, 199 1; Knake, 



1984b). Herbicides shown to exhibit properties which iahibit growth of alfalfa include 

glyphosate ~-(phosphonomethyl) giycine] (Clayton, 1982; Davis et al., 1978), dicamba 

(3,6-dichloro-2-methoqhenzoic acid) (Button, 199 1; Knake et ai., 1986a), 2,4D [(2,4- 

dichlorophenoxy) acetic acid] @foomaw and Matin, 1976), and clopyralid (3-6- 

dichioropicolinic acid) (Button, 199 1; Clayton, 1982). 

Several workers have investigated the performance of herbicides on alfaifa sods. 

Button (1991) observed that alf8üa tenninated with glyphosate at a rate of 0.89 kg ai. ha*' 

provided poor control o f w a ,  He also observed that dicamba applied at a rate of 0.139 

kg ai. ha-' resulted in some m a  regrowth. A l f i  has been shown to have partial 

tolerance to glyphosate (Davis et al., 1978; Dawson and Saghir, 1983; Dawson, 1989). 

Davis (1976) concluded that although many individual alEia plants were Mled at rates of 

0.8 kg ha-' and 1.0 kg ha-' of glyphosate, nirviving plants escaped termination and 

eventualiy resumed growth in a normal manner. Moomaw and Martin (1976) reported 

that control of a l f ia  with 1.12 kg ai. ha-' 2,4-D and 0.28 a.i. kg ha-' dicamba was 

equivalent to ploughing. 

The feasibility of growing no-tiii corn (Zea mqys L.) after chemically suppressed 

affalfa (Knake et al., 1986c) and meadow fescue (Fesfuca efiztior) (Box et al.. 1980) has 

been demonstrated. Krali et al. (1989) further substantiated the potential for no-till corn 

production into aifalfa sod, using herbicides to control weeds and alfalfa Moomaw and 

Martin (1976) found a reduction in the yield of corn foliowing a l f i a  where alfitNa was not 

adequately controlled. Mercurio and Buhler (1985) indicated that greater than 90% alfalfa 

control during the first three weeks after corn planting is critical to corn development. 

Under conventional tiliage, few diierences have been observed in the subsequent 

crop yield, due to the time of plowing to remove perennial alfalfaQgrass vegetation 

(Moomaw and Martin, 1976; Smith et al., 1992a). Smith et al. (1992a) summarized that 

fd suppression of perennial alfdfidgrass produced grain yields of the subsequent corn 

crop comparable to conventional tillage, whereas spring suppression reduced grain yields 



by 10 to 50 percent. This yield reduction was attributed to delayed crop emergence and 

absequent delayed development throughout the growkg season. WMe s p ~ g  herbicide 

termination offers producers more Be>a'bi, sdcient  alfialfa regrowth to intercept and 

absorb the herbicide is required, and this can reduce soil moisture reserves and delay 

seeding. Buhler and Mercurio (1988) noted that for 2,4-D, dicamba and glyphosate to be 

effective, the plant must have sufficient top growth to intercept the herbicide, and also be 

actively growing, while Davis et al. (1978) concluded that plant mass had no significant 

effect on glyphosate uptake or translocation of '% labeled glyphosate. 

Weed control is also an important consideration when terminating alfalla with 

herbicides, since at the tirne of temination, many alfalfa fields are infested with quackgrass 

(Agropy*on repens p.] Beauv.), dandelion (Taraxacz~m officinale Weber), and other 

perennial weeds. Buhier and Proost (1990) found that sequential herbicide treatments that 

included fall-applied glyphosate at 1.1 kg h à 1  provided the greatest control for alfalfa 

containing perennial weed species. In situations of good control, but poor weed control, 

weeds can become a major problem. Knake et al. (L984a) expenenced vigorous 

quackgrass growth when a l f i a  was terminated with 2,4-D. Herbicide treatments that 

include glyphosate have often been utilued to control a wide diversity of weed species 

(Buhler and Proost, 1990; Knake et ai., 1984a). 

The attributes of efficient shading of other plant species, and cornpetition for soil 

moisture make alfaEa cornpetitive against annual crops seeded imo terminated aLfaLfa 

residue. Therefore, a l f i a  regrowth can pose a serious risk to foliowing crops. Using 

regression analysis, Krall et al. (1995) recorded a barley yield reduction of 87.75 kg ha-' 

for evely end-of-season alf'alfa plants 0.5 m-2. 

In response to the widespread diniculty with alfalfa termination, and the lack of 

knowledge about this systern in the alfalfa-grain crop rotations of western Canada and 

nonhem US Great Plains, experiments were înitiated in pursuit of better methods of 

rernoving alfalfa stands in a cropping system. The objectives of this study were to 1) 



evaluate the effectiveness of herbicides and rates of herbicides, for a l f ia  stand 

ternllnation, in cornparison to tillage, 2) compare different dates (fd or spring) of alfalfa 

tedation, 3) evaluate the penomance of wheat and barley establishment into alfalfa 

residue, and 4) assess the requirement ofa post-emergence herbicide for in-crop control of 

alfalfa escapes. It was hypothesized that alfiia termination by herbicides could have 

greater potentiai for aüiilFa control than m a  removal by tiüage, and that a l f ia  

termination by herbicides couId result in equal or higher subsequent crop yields than 

removal of alf ia  by tillage. 



3.3 Materials and Methods 

3.3.1 Gentrai 

The experiments were located at Portage la Prairie on a Dugas clay soil with the 

suflace soi1 consisting of 5 % sana 49 % siit, and 46 % clay, and at Glenlea on an 

Osborne clay soil with the surfàce soi1 consisting of 9 % sand, 26 % silt, and 66 % clay. 

Experiments were established on a two year alEilfjl (cv. OAC Minto) stand at Portage la 

Prairie, and a six year alfia (cv. Beaver) stand at Glenlea Both are tap-rooted cultivars 

in the medium maturing class (Seed Manitoba, 1997). The alfalfa suppression experiments 

were designed as a randornized complete block design arranged as a split-split-plot with 

four replications. The main plot was aifiêlfa termination treatment, the sub-plot was the 

annual spring seeded crop, and the sub-sub-plot was post-emergence herbicide treatment. 

Eight main plot treatments of alfalfa suppression methods included tillage (two passes with 

a rototiller at a 15 cm depth), glyphosate at 0.89 kg ai. ha-' and 1.78 kg a.i. ha-', 

clopyralid at 0.15 kg ai. ha*' and 0.30 kg ai. h i ' ,  dicamba at 0.36 kg a.i. ha-' and 0.60 kg 

ai. ha-', and an untreated control. Sub-plot treatments were spring crop of wheat (cv. 

Robh) or barley (cv. Bedford). Sub-sub-plot treatments included post emergence 

herbicide sprayed with O. 1 1 kg ai. ha*' dicamba and 0.42 kg ai.  ha-' MCPAK, and an 

unsprayed control. Sub-sub-plot size was 3.2 m x 1.8 m at Portage la Prairie and was 6 m 

x 1.8 m at Glenlea The alFalfa termination experiment was conducted twice at each 

location; once with fall tennination, and once with spring alfia termination (Table 3 .O 1). 

The tiilage termination treatment involved two passes with a rotary tiller and 

harrowing in the fd  in the case of the f d  aifialfa tennination experhnent for the 1992 trial 

at Portage la Prairie. In the 1992 spring termination triai, tiüed treatments were rototiiled 

twice, harrowed and packed prior to seeding with a Fabro press drill. In the 1993 fa11 

tennination trial at Glenlea, a l f i a  was rototiiled twice in the fa, and cultivated to a depth 

of 6 to 8 cm with a 3-point hitch cultivator, harrowed, and packed in the spring. In the 



1993 spring termination triai, aüiâEa was rototilled twice, and packed pnor to seeding 

using a Fabro press drill. 

Table 3.01. Summary dates (Julian day of year) for agronomie treatments and parameten 
for fd and spring alfalfa termination trials at Portage la Prairie, MB. (1991-1992) and 
Glenlea, MB. (1 992-Lg93). 

Portage la Prairie (1 992) Glenlea (1 993) 

Termination trial Fa11 S P ~ S  Fall SPMS 

Date (day of year) 
TreatmentParameter 
Malfa termination Sept 16, '9 1 (259) May 26 (146) Sept. 15, '92 (259) May 2 1 (14 1) 
Crop seeding May 8 (129) May 29 (150) May 13 (133) May 26 (146) 
AlfâEa basal rating May 13 (134) - May 13 (133) - 
Post-emergence 
herbicide application May 28 (149) June 26 (178) June 17 (168) June 23 (1 74) 

ln-crop aeriai biomass June 16 (168) July 17 (1 99) July 7 (1 88) Aug I 1 (223) 
Grain harvest Aug 26 (239) Sept 16 (260) Aug 26 (238) Sept 29 (272) 
Post-grain harvest 
aifalfa basal rating Aug 27 (240) Oct 13 (287) Sept 24 (267) Oct 1 (274) 

Spring alf ia  aerial 
rating May 28, '93 (1 53) May 28, '93 (153) - - 

Al1 crop seeding was pefonned using a Fabro no-tili offset disc press drill (Swift 

Machinery Co., Swift Current, SK) equipped with a cone seeder distributor. A row 

spacing of 15 cm was used in al1 trials. The Fabro no-tiil drill placed the wheat and barley 

at a unifonn depth of 2.5 cm, and W y  packed the soi1 in each row. Certified wheat (cv. 

Roblin) was seeded at 275 viable seeds m-' (98.9 kg ha-' at 93 % germination) in 1992, 

and 275 viable seeds m'* (93 -9 kg ha" at 98% germination) in 1993. Cettified barley (cv. 

Bedford) was seeded at 275 viable seeds m-* (102.5 kg ha-' at 99 % germination) for both 

years. Fertilizer (1 1-52-0) was appiied with the seed via the no-till drill at a rate of 33.3 



kg ha-' actual P, and 7.1 kg ha-' actuai N for the four experirnents. No additional nitrogen 

fertilizer was added to the cereai crops. 

Foiiar spray treatments for a&Ea termination at Portage la Prairie were applied in 

107 L water ha" with a CO2 pressurLed bicyck sprayer. M a  termination treatments at 

Glenlea were applied in 110 L water h i 1  by means of a 3-point hitch tractor mounted 

sprayer- Alf ia  height at the t h e  of herbicide application (pre-bud stage) was 15 to 25 

cm. Alfiilfa height and environmentai conditions at the t h e  of H a  termination are 

summarized in Table 3.02. Post-emergence herbicide treatments were applied in 107 L 

water hao' with an air pressure bicycle sprayer. 

Table 3.02. ALfalfa height and environmental conditions at the t h e  of tennination. 
- -- - - -- - -- 

Location Year Termination Canopy height T i e  of day ~maxf '  ~ m i d  Relative 
date humidityt 

(cm) ("0 (OC) Y0 
Portage la 1992 Fdl 20 - 25 - 13-6 5.7 66 - 93 
Prairie, MB. s ~ m 3  20 - 25 7:OO am 20.7 0-9 x 
Glenlea, 1993 Fall 18 -25 1 1 :OOam 20.0 5-0 70 
Ml3 . s ~ h g  15 -20 1:OO pm 20.5 -3.5 66 

- - - -. - - - 

source ~n&nment Canada 
$ some dew on alfalfa 

Climatological weather data was recorded by the Environmentai Canada stations at 

Portage la Prairie (1992), Wuuiipeg and Glenlea (1993). Monthly actual and long-tenn 

average precipitation and temperature are given in Table 3.03. Daily maximum, minimum, 

and mean air temperature at Portage la Prairie, and Glenlea are show in Appendix A 

Figure A0 1. 



Table 3.03. Monthly actual and long-term average precipitation and temperature at 
Portage la Prairie, MB. (1992) and Gledea, MB. (1993). 

Portage la Prairie Glenlea 

Precipitation Temperature PrecipÎtation Tempeme  
- - 

Max Min Mean Max Min Mean 

May Actualt 12.6 
Normal 56.8% 

June Amal 44-0 
Normal 75-0 

Iuly Actual 109.0 
Nonnai 769 

August Actual 49.0 
Normal 78.8 

September Actual 50.0 
Normal 50.1 

t Source Environment Canada. 
$ Source Environment Canada long-term average 1941 to 1990 

Source Environment Canada long-tem average 1967 to 1990 

3.3.2 Agronomie Measurements 

Gravimetric soii moisture (g cm-3) measurements at Portage la Prairie were 

determined fiom 5.5 cm diameter soil cores taken from depths of O - 10 cm and 10 - 30 

cm at intervals throughout the s p ~ g  from the tilied, 0.30 kg ai. ha-' clopyralid, 1.78 kg 

a-i. ha*' glyphosate and untreated plots. Buik density (g cmg3) was determined at Portage 

la Prairie and Gledea by excavating soii cores of known volume corn depths of O - 10 cm 

and 10 - 30 cm. Volumetric soii moishire content (cm3 cm-3) was determined by 

multiplying the gravimetic moisture content by the buk density of the soil. In 1993, 

volumetric surnice soii moisture content at Glenlea (0-10 cm) was measured using a 

calibrated neutron moisture gauge (Troxler mode1 4300 rnoisture gauge, Troxler 



Electronic Laboratones, Inc., Triangle Park, NC.) (Figure C.01) with a surface shield, as 

explained by Chanasyk and McKenzie (1986), and Chanasyk and Naeth (1988). 

Volumetric surface measurements at Glenlea were taken at intervals throughout the spring 

for the untreated, 1 -78 kg ai. ha-' giyphosate, and ttllage treatments. 

m a  recovety £iom tennination treatments was assessed using a number of 

different methods at âiierent times of the year. ALfiilfa regrowth for the fd termination 

trials was detennined for each sub-plot after sprïng seeding on May Il;  (Yutian date, day 

of year (DOY-132)) at Portage la Prairie, and on May 13 @OY-133) at Gleniea using a 

basal quadrat containhg a grid of 1 1 by 1 1 intersections 5 cm apart (Smith et al., L 992~). 

Basal area is the portion of the soil sufiace occupied by alfalfa crowns in contact with the 

soil surface, and is estirnated by counting grid intersections directly over a crown as 

descnbed in detaii by Tothill and Peterson (1962). Total in-crop aenal alfalfa dry matter 

accumulation was determined by harvesting a 0.5 rn2 area within each sub-sub-plot. 

Alfaifa was hand sorted fiom wheat or barley, and weeds, oven dried at 80°C for 48 h, 

weighed, and mass was expressed on a dry weight basis. Post harvest assessrnent of 

alfaffa regrowth was determined by taking a basal quadrat measurement in each sub- 

subplot at Portage la Prairie for f d  (August 27, DOY-240), and sprhg (October 13, 

DOY-287) alfaifa tennination, and at Glenlea for fd (September 24, DOY-267), and 

spring (October 1, DOY-274) alfalfa termination. Alfalfa regrowth was also assessed in 

the spring of 1993 at Portage la Prairie (20 and 12 months after f d  and spring termination 

of alfalfa, respectively) by removing 0.5 m2 quadrats of above ground alfalfa biomw fiom 

each sub-sub-plot. The samples were dned at 80°C for 48 h, and weighed. 

Wheat and barley establishment was assessed by measuring plant emergence two 

to three weeks after seeding. Plant counts were taken fkom four one rneter lengths of row 

within each subplot. The data was expressed on a square meter basis. 

Total bcrop aeriai alfia, wheat or barley, and weed dry matter accumulation was 

detemhed by harvesting a 0.5 m2 area within each sub-sub-plot. Time of sampling for 



the Portage la Prairie fd and spring temùnation trials was late crop tillering (lune 16, 

DOY- 168), and early crop stem elongation (July 17, D O W  99), respectively. Sampling 

dates for Glenlea were early crop heading ( M y  7. DOY-188)' and crop heading (August 

11, DOY-223) for the fd and spring temination trials. respectively. Aü3aifi wheat or 

barley, and weeds were hand sorted, and oven dried at 80°C for 48 4 weighed, and 

recorded on a dry weight basis. 

Wheat and barley spüce population density was detedned by counting spikes in 

four, one meter row lengths taken nom each subplot. Grain yield was deterrnined in 1992 

by removing a one square meter sample (7 rows x 1 m length) h m  each sub-subplot at 

Portage la Prairie* which was threshed with a stationary thresher. Grain yield was 

determined in 1993 at Glenlea by harvesting a 1.3 m width by 1.8 m length with a srnail 

plot combine. Grain sarnples fiom both years were oven dried at 65°C for 72 h, cleaned, 

and weighed. 

3.3.3 Statisticai Analysis 

Statistical anaiysis of the data was conducted using analysis of variance (Statistical 

Analysis Systems, 1990). Each experiment (site and date) was analyzed separately with 

the appropriate error terms for alfdfa termination and crop type, and their interactions. 

The effect of the post-emergence herbicide treatment and its interactions were tested with 

the residual, as were the error terms. When the analysis of variance F statistic was 

significant (P s O.OS), Fisher's Least Significant Difrence test was utilired in order to 

determine mean separation (Gomez and Gomez, 1984). Where interactions were 

significant (P r O.OS), analysis of significant interaction ternis were conducted to 

determine dserences between the interactive treatment components (Steel and Tome, 

1980). Dates of alfalfa termination were combined where error tenns were found to be 

homogenous according to Bartlett's test (Steel and Tome, 1980). Sites and dates were 

included in a combined analysis for post harvest a l f i a  basal measurements. 



Heterogeneity of enor variance exïsted for other measurements, which were considered as 

combined dates, or independent experiments oniy- Combined site analysis assumed a 

mixed mode1 with sites and dates as random effects, and alâilfa termination, crop type, and 

post herbicide treatments as fixeci effkcts. 

Linear regression analysis was utilized to detemûne significance of intercepts and 

dopes for a l f i  escapes in determining grain yield Analysis of covariance (Statistical 

Analysis Systems, 1990) was perfonned to determine diifferences behveen date variables 

and crop variables in detennining grain yield, as siffected by regrowth of alfklfia escapes. 

The analysis of covariance variables were averaged over both sites, and derived from al1 

alfalfa termination treatrnents, excludlmg the untreated check. 



3.4 Rc~ults and Discussion 

3.4.1 Soii Moisturc 

?II the f d  tecminated alfia scperiments, différences in soil moisture content 

between treatments were noted in the upper 10 cm soil profile (Figure 3.0 1a; Figure 

3.02a). The 10-30 cm soi1 profile held similar soil moisture content for all treatments at 

Portage la Prairie (Figure 3 .O lb). Soi1 moisture content (0-10 cm) throughout the sprhg 

period for the fd appiied 1.78 kg ai. ha-' glyphosate treatrnent was similar to the tillage 

treatment at Portage la Prairie (Figure 3.01a), but was greater than the tiliage treatment at 

Glenlea (Figure 3.02a). This diierence between sites rnay have been due to greater 

raididi at Portage la Prairie in the week preceding DOY 134, which elirninated potential 

soil moisture dxerences between treatments at that time. Also, the higher clay content in 

the soil at Glenlea resulted in greater surface cracking, which may have dowed greater 

soil moisture Ioss in the exposed tillage plots than at Portage la Prairie. Greater soil 

rnoisture content (P 5 0.05) in the 0-10 cm depth was generdy noted in the 1.78 kg ai. 

ha-' glyphosate and 0.30 kg ai. ha-' clopyraiid treatments, than in the untreated check for 

the fa11 alfdfa termination triai at Portage la Prairie (1992) (Figure 3 .O la). Similady, 

higher soi1 moisture content (0-10 cm) was also found in the 1.78 kg a i  ha-' glyphosate 

treatment over that of the untreated check for fêll termination at Glenlea Figure 3-OZa). 

Alfdfa has been documented as being capable of depleting subsoil moisture to the 

extent that the folowing crop becarne dependent on current rainfall (Grandfield and 

Metzger, 1936). Hanson et al. (1988) noted that water extraction by alfaüa initially 

occurs from the upper soil profle where the greatest a l f ia  root density exists. The 

suppressive effect on alfatfa growth by the glyphosate (Clayton, 1982; Davis, 1976) and 

clopyralid (Button, 1991) may have contributed to a reduction in the ability of a l f a  to 

extract moisture fkorn the soil compared to the untreated check. AU treatments for fa11 

tenninated alfalfa retained simiiar soiI moisture content for the 10-30 cm soil depth at 



Portage la Prairie where actual precipitation received was considerably l e s  than the long 

t e m  average during the early growing season (Table 3.03). Second stage evaporation. 

being l e s  dependent upon atmospheric and sudàce conditions (Idso et al., 1974; Unger, 

1988) probably took effkct as water loss occumd fiom the 10-30 cm soii profile depth 

which negated Werences in rate of soi1 moisture loss between treatments. 

In the spMg tenninated a&üà experiments, p a t e r  soil moisture content (P I 

0.05) was observed in the 1.78 kg ai. haœL glyphosate treatment compared to the tillage 

treatment at Portage la Prairie (Figure 3.01~; Figure 3.01d) and Glenlea (Figure 3.02b). 

Clayton (1982) also cited soil moisture conservation in the 0-10 cm soil profile with the 

use ofno-tili alfhWia removai, compared to tiilage treatments. The glyphosate treated plots 

retained more residue on the soil surface than the mage treatmenk which has been found 

to decrease soil moistwe loss due to Grst stage evaporation (Black and Bauer, 1985; Bond 

and Willis, 1970; Srnika and Unger, 1986). Additional soil moisture in the herbicide Mled 

(1 -78 kg a i  ha-' glyphosate and 0.30 kg ai. ha-' clopyralid) vs. tilied alfâlf'a was ais0 

observed for several measurements during the early growing season at Portage la Prairie- 

Increased surface residue in the herbicide treated plots mely reduced first stage 

evaporation down to the 10-30 cm soil profile depth. 

The timing of tillage may explain soil moisture content differences between 

herbicide and tillage treatments, which existed with the spring tennination trials and not 

the fa11 tennination trials. The tillage treatments for the fd termination experiments were 

not tiiied in the sprhg at Portage la Prairie and only tiiied once and then packed at 

Glenlea, which would tend to conserve overwinter moisture. The tillage plots for the 

spring termination trials were rototilled twice in the s p ~ g ,  which would contribute to 

evaporative moisture loss of overwinter moisture fiom upper soil profle, compared to the 

untiUed herbicide plots. This amount of tiiiage, however, is required to Ml the aIfalfa 

plants. 



Cered crop type seeded into terminated altêlfa generaiiy did not influence available 

water in 0-10, or 10-30 cm soi1 depths at either site or termination date (Appendix A: 

Table A01; Table kO2; Table A03; Table A04). Wheat and barley have comparable 

fibrous root systems with sùnilar eady season growth characteristics and moisture 

extracting capability. 
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AIfalfa Regrowth 

3.4.2.1 AH& Basai Crown Measurement at Spring Seeding 

Alfia basal measurements give an indication of alfia regrowth potentid. At 

both locations, a l f i a  basal measurements taken just &er the t h e  of seeding were 

reduced to one-third or less than the untreated check for fd termination treatments at 

both locations, (Table 3.04). The herbicides utilized in these triais, nameiy giyphosate, 

clopyraiid, and dicamba, have been shown to exhibit properties, which inhibit growth of 

alfalfa (Button, 199 1; Clayton, 1982; Davis, 1976; Knake, 1986a). Few dEerences 

among fd tennination treatments were noted. At Glenlea, f d  tillage suppressed aifialfa 

regrowth in s p ~ g  as weli as moa herbicide tennination treatments, and resulted in better 

alfialfa suppression than 0.89 kg a i  ha-' glyphosate. 

Low soi1 moisture levels coincided with spring alfalfa termination at both Portage 

la Prairie and Glenlea (Table 3.03). Soi1 rnoisture stress at the t h e  of alfalfa termination 

has been shown to reduce the effectiveness of glyphosate activity on alfalfa (Davis, 1976). 

Air temperatures were also lower than n o d  during the penod following spring alfdfa 

termination (Table 3.03). which may have also contributed to reduced ability of the 

herbicides to suppress the alfalfa. Moomaw and Martin (1976) suggested that daytime 

temperatures below 15.6OC may be detrimentai to good aifalfa control with dicamba- 

Temperatures below 10°C were detennined by Bula and Massengale (1972) to be 

associated with a reduction in translocation within aifialfa, therefore slowing herbicide 

movement within the plant. 

3.4.2.2 In-Crop Alfalfa Regrowth 

In-crop aerial biomass yield of aifàifk was measured to assess treatment effects on 

a l f i a  competition to the cereal crop. AU tennination treatments reduced alfdfa a e d  dry 

weight production below that of the untreated check (Table 3.04). Dicamba at 0.36 kg 



a i  ha-' did not suppress a l f i a  to the same extent as 1.78 kg a.i. ha-' glyphosate, 0.89 kg 

ai. ha-' glyphosate, 0.30 kg ai. ha-' clopyralid, 0.60 kg a i  ha-' dicamba, and tdlage (three 

of four expwknents). The tillage termination treatment reduced a l f ia  aerial regrowth to 

the same extent as the best herbicide treatment in three of four experirnents. Application 

of a post-emergence herbicide treatment reduced alfatfa aeriai biomass production by 56.7 

% and 21.8 % for fhii and spring alfalfa termination respectively, at Portage la Prairie, and 

by 35.8 % and 75.2 % for fd and spring alfia termination, respectively, at Glenlea 

(Table 3-04), however no dfierences (P > 0.05) were noted in aüiilfa a e d  dry weight 

with regard to crop type (Table 3.04). 

Termination treatment x post-emergence herbicide interactions for in-crop alfalfa 

regrowth occurred (P I 0.05) for both fd and spring alf ia  tennination at both sites 

(Figure 3.03). The termination treatment x post-emergence herbicide interaction for fall 

termination at the late crop tiiiering stage at Portage la Prairie, and the early crop heading 

stage at Gledea indicated no effect of post-emergence herbicide for 1.78 kg ai. ha-' 

giyphosate, 0.89 kg ai. ha*' glyphosate, and 0.30 kg ai. ha*' clopyralid, while aii other 

treatments benefited from the in-crop herbicide. Therefore, the treatments, which 

suppressed alfalfa to a greater extent, namely 1.78 kg ai. ha-' glyphosate, 0.30 kg a-i. ha-' 

clopyraiid and tillage, did not benefit from the post-emergence herbicide in ternis of 

a l f ~ a  suppression. 

The termination treatment x post-emergence herbicide interaction for spnng 

termination at the early crop stem elongation stage at Portage la Prairie indicated a 

significant (P 5 0.05) effect of post-emergence herbicide for the untreated check ody. 

Visual assessrnent of s p ~ g  herbicide treated alEiüa indicated a slow die back of the alfafa 

plants, and an absence of abundant regrowth at the tirne of post-emergence herbicide 

application. Slow plant degradation has been noted for applications of the translocated 

herbicides; glyphosate (Cole, 1985), dicamba (Bromilow and Chamberlain, 1991), and 

clopyralid (Zohger et al., 19%). The untreated check, having not been initially sprayed, 



was growing actively at the time of the post-emergence herbicide treatment, and therefore 

benefited most Erom herbicide. The tinage treatment contained vhal ly  no &alfa 

regrowth with or without the post-emergence herbicide treatment. The termination 

treatment x post-emergence herbicide interaction for spring termination at the crop 

heading stage at Glenlea indicated a similar response to that of Portage la Prairie. 

Signincant effects of post-emergence herbicide were shown for the untreated check, 0.15 

kg ha" clopyralid, and 0.36 kg ha-L dicamba (Figure 3.03). Clopyralid at 0.15 kg ha-' and 

dicamba at 0.36 kg ha-' were the least effective treatments for terminating alfalfa, allowing 

the alfialfa to retain sufficient growth which enabled the post-emergence herbicide 

treatment to effectively reduce a l f i  regrowth. ûverall, there was less alfalfa aenal dry 

matter for spring t e d a t e d  vs. f d  tenninated alfalfa (Figure 3 -03). This was probably 

due to the fact that the escapes in the fd temiinated a l f i a  resumed growth from early 

s p ~ g ,  while the spring suppressed escapes did not resume growth until late in the spring 

after recovery fkom initial herbicide or tillage treatments. 

3.4.2.3 Post-Harvest Alfalfa Basal Crown Measurement 

The effectiveness of alfalfa control treatments were determined by taking 

additional measurements of alfalfa basal area after the spring cereal crops had been 

hawested. The results indicated signincant termination treatment and post-ernergence 

herbicide application effects (Table 3-05), however no dserences (P > 0.05) in post- 

harvest alfalfa regrowth due to crop type used were observed. The significant post- 

emergence herbicide effécts across both dates for both sites emphasized the need for post- 

emergence herbicide treatment in an alfalfg termination management system. Owen et al. 

(1992) observed that single applications of herbicides to terminate alfdfia did not provide 

acceptable control, regardless of the date of spraying. Clayton (1982) also experienced 

inadequate alfalfa control with single applications of glyphosate, dicamba, and 2,4-D, and 

suggested that combinations of herbicides, rather than individual herbicide applications 



could bnprove the level of alfalfa control. However the control was still insufficient for 

crop production the foiiowing year. Knake et al. (1984b) found that control of alfialfa with 

glyphosate alone was oniy f&, however the addition of a post-emergence application of 

dicamba improved *alfa control. These findings support the importance of poa- 

emergence herbicide in addition to the initial herbicide treatment, to achieve adequate 

aUIaUIa temination. 

AU termination treatments suppressed alfia regrowth, as measured by alfalfa 

basal crown area, to one-half or less than that of the untreated check (Table 3 -05). Based 

on measurements of al f ia  basal crown area, glyphosate at 1.78 kg ai. ha-' and clopyralid 

at 0.30 kg ai. ha-' were consistently among the better herbicide treatments for temiinating 

alfalfa in ail four experiments. Glyphosate at 0.89 kg ai. ha-' reduced the basal crown 

area of alfalfa as well as 0.30 kg ai. ha-' clopyralid for fd termination at both Portage la 

Prairie and Glenlea, and spring alfalfa t e d a t i o n  at Glenlea. Glyphosate at 0.89 kg a-i. 

ha-' terminated alfalfa as weil as 1.78 kg ai. ha-L glyphosate for both f d  and spring alfalfa 

termination at Glenlea. Dicamba at 0.60 kg ai. ha-' was as effective in reducing post- 

harvest alfalfa basal crown area as either glyphosate treatment, or 0.30 kg a-i. h à 1  

clopyralid for spring aüalfa suppression at Glenlea only. Knake et al. (1986d) suggested 

that under actively growing conditions for alEilfa, fd application of 0.56 kg ha-' dicamba 

should be effeaive in terminating alfalfa sufficiently. Clopyralid at O. 15 kg a i  ha-' and 

dicamba at 0.36 kg ai. ha-' consistently provided poor aifaEa control relative to the other 

termination treatrnents. 

The tillage treatment suppressed alfallà regrowth as measured by post-harvest 

amfa basal crown area to an extent comparable to that of the most effective herbicide 

treatments for three of four experiments. Tihg alfaEa in spring appeared more effective 

in terminating alfalfa (vimiaiiy reducing alfalfa basal crown area to O %) than fa11 tillage 

(Table 3 -05). 



Signifiant termination treatment x post-emergence herbicide interactions for fd 

basal crown area was obsecved for both fa and spring a l f i a  termination at both sites 

(Table 3.05). Contributions to this interaction are shown in Figure 3.04. For faIl 

termination at Portage la Prairie, aii termination treatments displayed a significant 

response (P < 0.05) to the post-emergence herbicide. Diierences in magnitude were 

noted however, with 1.78 kg ai. haoL glyphosate displaying a lower magnitude interaction 

than the less e f fdve  herbicide treatrnents, tillage, or the untreated check. Simiiar results 

were observed for fd temiination at Gleniea Ali treatments were significant (P 1 O.OS), 

however, the magnitude of response by 1-78 kg a.i. ha-L glyphosate, 0.30 a i  ha-' 

clopyralid, and mage was leu than that of the less effective herbicide treatments, and the 

untreated check, 

Spring alfialfa termination at Portage la Prairie revealed different responses to post- 

emergence herbicide application, as measured by poa harvea alfaüia basal crown area 

(Table 3.05). The tillage and 0.30 kg ai. ha-' clopyralid treatments displayed no increased 

a l f ia  suppression with the application of the post-emergence herbicide. Glyphosate at 

1.78 kg a i  havL displayed a lower response to the addition of the post-emergence 

herbicide than the remaining termination treatments, or the untreated check. Termination 

treatment x post-emergence herbicide interaction for spring termination at Glenlea also 

displayed d i f f e ~ g  responses to post-emergence herbicide application. The glyphosate 

treatments at 1.78 kg a.i. ha-' and 0.89 kg ai. ha-', 0.30 kg ai. ha-' clopyralid and tillage 

treatments gained no additional ability to suppress aifàifa with the addition of the post- 

emergence herbicide application. The less e f f ~ i v e  herbicide temiination treatments and 

untreated check displayed a significant effect of post-emergence herbicide application. As 

with the in-crop allalfa aerial biomass accumulation, the more effective spring termination 

herbicide treatments displayed no additionai benefit from the addition of the post- 

emergence herbicide application. 



Combined d y s i s  of post harvest alfia basal crown area for both dates and sites 

indicated significance with regard to site (Table 3-06), suggesting that degree of alfalfa 

termination may dBer across locations, perhaps due to a l f i a  stand density and cultivar, 

environmental conditions, or mil type. Figure 3.04 dearly indicates that alfalfa basal area 

at Portage la Prairie maintained a basal crown area of 10 to 12 % as shown by the 

untreated check, whereas the altàlt8 basal crown area at Glenlea was approxhately 5.5 % 

in the untreated check. The &alfa stand at Portage la Prairie was younger, hence 

hedthier and more resilient than at Glenlea. The date of alfalfa termination did not affect 

post harvest alfalfa basai crown m a ,  however termhation treatments did. Glyphosate at 

1.78 kg a i  ha-' was the most effective treatment for reducing alfalfa regrowth, although 

not better than tillage. On the other han& Clayton (1982) found that glyphosate at 1.75 

kg ai. ha*' provided insufficient a l l i a  control for crop production. Davis (1976) 

observed partial giyphosate tolerance by alfalfa to rates of glyphosate at 1.5 kg a-e. ha-'. 

Clopyralid at 0.30 kg a i  ha-' was as effective as tillage in terminating alfalfa, Crop type 

did not dEer with regard to poa harvest alfalfa basal crown area measurements. Poa 

harvest alfalfa regrowth measurement was lower with the appiication of the post- 

emergence herbicide treatment. 

Interactions of site, date, and termination were ali significant for post-harvest basal 

crown area, indicating a van-able response by the diierent termination treatments at the 

different sites and dates, possibly iduenced by environmental conditions. Site x date, site 

x termination treatment, and site x date x termhation treatment interactions existed, at 

lest in part, as a result ofdifferent initial a l f ia  basal area and different alfalfa cultivar at 

each location. Date x termination treatment interactions were probably a result of the 

increased effectiveness of the tillage treatment in the spring at both locations compared to 

the fall (Figure 3 .O4). Date x termination treatment x post-emergence herbicide was 

signifiant for a l f i  regrowth (Table 3-06), indicating an Uiability of the dying alfatfa to 

absorb the post-emergence herbicide for the better herbicide treatments with spring 



termination. Moomaw and Martin (1976) recorded better alfalfa control from spnng 

termination than f d  termination, except during one season when the temperature 

foIIowing spring termination was 3.3 OC cooler than normal. Knake et al. (1986~) 

suggested that f d  termination of alfia was neces- in order to achieve better alfalfa 

control, and minimUe herbicide residue, which may pose a problem for some crops 

following in the rotation. Ali crop interactions for the post harvest alfalfa basal crown 

area were non-significant, firther strengthening the concept that the barley and wheat 

displayed s i d a  competitiveness to the a i f ' a  regrowth. 



Table 3-04. Alfilfa basal rating at spring and inîrop alf- aerial biomass accumulation tespanse to 
alfalfa tennination treatment, crop type, and post-emergence herbicide treaunents at Portage la Prairie. 
MB (1992) and Glenlea, MB (1993). 

S p ~ g  a b l h  basal rating m a  aerial biomass yield 

Portage la Prairie Gledea 

Main efféct Fall Spring Fall S p ~ g  
Date sampled May 11 May 13 - 
@OY) (132) 9 (133) 9 

Portage la we Gleaiea 

Fall Spring F A  Spring 
June 16 July 17 July 7 Aug 11 
(168) (199) (188) (223) 

Temination treatment 
GIyphosate 1.78$ 03b t  
Glyphosate 0-89 3 J b  
Clopyralid 0.30 1.9b 
Clopydid 0- 15 6.0b 
Dicamba 0.60 1 .Sb 
Dicamba 0.36 4.9b 
Tiliage 3 ,Ob 
Untreated check 19.4a 

Crop 
Wheat 
Barley 

Post-emergence herbicide 
spray ed 9 

Unspmyed - 
LSD (0.05) O 

Source of variation 

Termination (T) <0.00 1 
Crop (Cl - 
Post herbicide (P) O 

TxC - 
T s P  O 

C s P  9 

T x C x P  - 

ANOVA (P > F) 

- co.001 <0.001 
O 0.637 0.698 
- <0.001 a 0 0 1  
O 0.160 0.686 - <0.001 0.007 
O 0.680 0.426 
O 0.728 0.106 

t Means within each date and location, followed by the same letter are not signifIcantiy different 
according to Fisher's protected Least Signincant DHerence test (P s 0.05). 

$ kg ai. ba". 
No basai measurements taken for spriag alfilfa tennlltation experiments, 



Table 3.05. m a  regrowth fesponse to H a  termination treatment crop type, and post-emergence 
herbicide tteatments measured pst-harvest to the graùi crop and the fouowing sprhg at Portage la 
Prairie, MB (1992) and Glenlea, MB (1993). 

- - - - -- - 

Posî-harvesî a l f i  basal rathg Sprhg alfiaifa aenal biomass field 
-- - - -  

Portage la Prairie GlenIea Portage la Prairies Glenka 

Main efféct Fdl Spring Fa11 Spring Fall S p ~ g  Fall Spcing 
Date sampled Aug27 Oct 13 Sept24 Oct 1 May28 May28 -8 O 

(DOY) (240) (287) (267) (275) (148) (148) O - 

Termination treatment 
Glyphosate 1,78$ 
Glyphosate 0.89 
CIopyralid 0.30 
Clopyralid 0-15 
Dicamba 0.60 
Dicamba 0.36 
Tülage 
Untreated check 

0.427 
1.3d 
1, lde 
3 3  
2.3~ 
3 S b  
2 .2~  
7-9a 

LSD (0.05) 0-7 1 .O 0.9 1.0 

Crop 
Wheat 
Barley 

LSD (0.05) 0.4 0.5 0.3 0.3 157 160 - 
Post-emergence herbicide 
Spray& 1 2.lb 0 .9  0.6b 71% 371b g 

Unsprayed &Oa 46a 3.la 1.4a 1,535a 1,326a - 
LSD (0.05) 0.3 0.3 0.4 0.2 166 120 9 

Source of variation 

Termination CT) 
trop (0 
Post herbicide (P) 
TxC 
TxP 
C x P  
T x C X P  

ANOVA (P > F) 

- - - - - - - - - - - - -- - - - - - -- - 

t Meaas withia each date and location, followed by the same letter are not signincantly different 
according to Fisher's pmtected Least Signincant Differenœ test (P s 0.05)- 

$ kg a i  haL. 
Measwements taken the foltowing spruig DOY 148 (May 28), 474 and 368 days after initial 
temination treatmeat for faIl and s p ~ g  termination, respectively, 

'Ij No aeriai biomass measurements taken for Gledea site. 



Portage la Prairie 
Fall Termination 

0 1.78 00.89 C 0.30 C 0.15 00.80 00.36 Tlllage Check 

Alfalfa Termination Method 

Glenlea 
Fall Termination 

G 1.78 G0.89 C 0.30 C 0,15 D 0.60 0 0.36 Tillage Check 

Alfalfa Termination Method 

Portage la Prairie 
Spring Termination 

*** 

G 1.78 G 0,89 C 0.30 C O,15 D 0,aO 0 0 , s  TNqp Check 

Alfalfa Termination Meaiod 

Glenlea 
Spring Termination 

5 1.78 G 0.89 C 030 C 0.15 D 0.60 D 036 TIUaga Check 

Alfalfa Terminahion Method 

Figure 3.01 Alfalfu icnninaiion trcuimmts, glyphosalr: (G), clopyrulid (C), dicaiiibu (D), und iillagc (p s 0.05, 0.01, 0.001) coniribu~ing to alfallu 
terminuiion x pst-cmcrgcncc herbicide inicruciions on post-htirvcst ulfulfu basul % ai Po~tugc lu l'ruiric, MB., 1992, and Glenlca, MD,, 1993, for full 
and sliring clfuli'c tenninution, tlcrbicidc rutcs in kg u,i, h d ,  l3n.or burs rcpresciii the pcxiled stunduid crror of the mcun. O\ 

O 



Table 3.06 Ccnnbuicd d y s i s  of post- hvvest ~~ brsl cmwn arcs rrspocw to site, date, t a u h h n  U=Umrnt m P  Cpt and 
babicide vratmcnt cffëas ;rt Porîagc la Rame, MB and G l d t 4  ,Cla 

Main Eaea P a s t ~ ~ ~ ~ n r i n g  

Sik 
PoRage h Prairie 
Glcnla 

t s D  (0.03) 
Dait 

Fall 
spring 

r s D  (0.0s) 
Tammatimtrrahnn~ 

Glyphasate L78$ 
Glyphogte 0.89 
CIopyalid 030 
Clopynlid 0.15 
Dicamba 0.60 
Dicamba 036 
r iagc  
Untrratcdcilcdr 

LSD (0.05) 

C ~ P  
Wbcat 
B d q t  

LSD (0.09 
Postcmagmcc herbicide 
sprawd 
uww'=i 
LSD (0.05) 

Source o f  -don 

Replia*on 
Site (S) 
DaCC @) 
SxD 

poolcd S x  D crmr 
Tennidon 0 
S  xT 
D x T  
S x D x T  

poolcd m;rui ptot error 
C ~ P  (cl 
s x c  
D x C  
TxC 
S x D x C  
SxTxC 
DxTxC 
S x D x T x C  

poolcd subplot enor 
Post herbicide (P) 
SxP 
DxP 
TxP 
CxP 
SxDxP 
SxTxP 
SxCxP 
DxTxP 
DxCxP 
TxCxP 
S x D x T x P  
SxDxCxP 
SxTxCxP 
DxTxCxP 
SxDxTxCxP 
paoled subbplot aror 

t X f e ~ u  (means fiom t r a n s î i d  data) followd by thc S ; L ~ C  letter arc not signincantly diierrnt d i g  to Fuhcr's p r o u  Lust 
Significant Di'cc test (P S 0.05). 

$ kg ai. ha". 
5 iucsin (ssrt(dIOO)xl8O/PI. 



3.4.2.4 Alfalfa Regrowth in the Foiiowing S prïng 

Alfia aerial biomass mwurements at Portage la Prairie on May 28 @OY-153) 

after the wheat and barley production year indicated significant termination treatment 

effects (Table 3.05). In the fd tennination experiment, 1.78 kg ai. ha-' glyphosate and 

0.30 kg ai. ha-' clopyraüd continued to suppress a l f ?  regrowth to a greater extent than 

the other treatments. In the spring termination experiment, tiiiage, 1.78 kg ai. ha-' 

glyphosate, and 0.30 kg ai. ha-' clopyralid suppressed alfiilfa regrowth better than the 

other herbicide temination treatments. The post-ernergence herbicide application 

suppressed 53.3 % of aKalfa escapes for fd termination, and 72.0 % of alfalfa escapes for 

spring termination, however, crop type did not significantly (P > 0.05) affect aerial dly 

matter. 

Termination treatment x post-emergence herbicide interaction for aifilfa aerial 

regrowth the foliowing May @OY-153) at Portage la Prairie for spring termination 

indicated a difEering response (P r 0.05) to the addition of post-emergence herbicide 

(Figure 3.05). Tillage, 1.78 kg ai. ha'' glyphosate, and 0.30 kg a i  ha-' clopyralid 

termination treatments showed no additional benefit to post-emergence herbicide 

application while the remaining temiination treatments did. 

3.4.3 ln-Crop Weed Growth 

Termination treatment was significant with regard to in-crop weed aerial biomass 

for the fa11 tennination trial at Portage la Prairie, and both f d  and s p ~ g  termination trials 

at Glenlea (Table 3.07). In the fIU alfalfa termination trial at Portage la Prairie, clopyralid 

at 0.30 kg ai. ha'' allowed greater annual weed growth to occur than the other 

termination treatments at the late crop tillering stage, except 0.89 kg ai. ha" glyphosate, 

and 0.60 kg ai. ha-' dicamba Greater annual weed growth for the 0.30 kg a.i. ha-' 

clopyralid treatment was attributed to the fact that while it is more effective than most 

other treatments for terminating alfaIfa, clopyralid is ineffective against certain weeds (MB 



Agriculture, 1995). The most abundant weeds at the Portage la Prairie tennination site 

were wild oats (Avena fauu L.), green foxtail (Setmia vindis (L.) Beauv.), larnb's 

quarters (Chenopodim a h  L-), and round leaved rnallow (Mala rortcndifoa L.). 

This ineffiveness to control certain weeds, combied with the absence of abundant 

allêlEz to compete with the weeds, enabled pater weed growth to occur in this treatment. 

The suppressive efféa of an aifalfa mulch against emerging weeds has been observed by 

Knake (1992). Knake (1984b) noted that the elimination of alf ia allowed quackgrass to 

grow vigorously, adversely afEecting corn growth. Moomaw and Martin (1990) also 

noted that successfiil alfalfa tennination is a two fold process Vivolving control of the 

a l l a  and control of the subsequent invadimg gras and broadleaf weeds &er the alfalfa 

is eliminated. 

For the spring t e d a t i o n  trial at Portage la Prairie, the 0.3 0 kg a. i. ha-' clopyralid 

treatment ailowed greater weed growth to occur than the untreated check at the early crop 

stem elongation stage (Table 3.07). The fd termination trial overali had greater weed 

growth compared to the spring trial, perhaps due to the suppressive effect of the alfalfa 

mulch on emerging weeds. The untreated check for both the f& and spring termination at 

Portage la Prairie had virtually no weed growth, probably because cornpetition from the 

unsuppressed alfaKa reduced weed growth. For the fa11 termination trial at Glenlea, the 

0.89 kg a.i. hi1 glyphosate treatment ailowed more weed growth to occur at early crop 

heading than the 1.78 kg ai. ha-' glyphosate, tiliage, or untreated check treatments. The 

Ieast amount of weed growth for the spring alfiilfa termination at Glenlea occurred in the 

0.30 kg a.i. ha-' clopyralid, 0.15 kg ai. ha-' clopyralid, and tillage treatments at crop 

heading. The most abundant weed at the Glenlea site was dandetion (~mux~cz~rn 

of/icafe Weber), which is effedvely controlied with clopyralid (Hall and Sagan, 1993; 

Smith and Zollinger, 1993). The tillage treatment eliminated the dandetion population by 

destroying the entire plant and root system. The untreated check contained a high 

uncontrolied dandelion growth in the spring termination trial at Glenlea. 



Crop type did not influence aeriai weed dry weight accumulation for either fdl or 

spring temination date, or either site (Table 3 -07). Dew (1972) observed that barley was 

a more cornpetitive crop against wiid oats than wheat. The diirence in results can be 

explahed by the fact that the grain crops in the Portage la Prairie and Glenlea trials were 

inauenced by a complex weed population, includhg alfiilfa Post-emergence herbicide 

application reduced weed growth for both fd and spring termination dates at both sites. 

Simcant termination treatment x post-emergence interactions for weed biomass 

were recorded for fali termination at Portage la Prairie and spruig t e d a t i o n  at Glenlea 

(Figure 3.06). Differences in herbicide esectiveness between sites may have been due to 

diierences in the weed populations between sites. For the fd termination trial at Portage 

la Prairie, the 0.89 kg ai. ha-' glyphosate, 0.30 kg a i  ha-L clopylid, and 0.60 kg ai. ha-' 

dicamba treatments benefited signincantly nom a post-emergence herbicide application. 

Less weed growth did not occur with the addition of the post-emergence herbicide 

treatment to the 0.15 kg ai. ha-' clopydid and 0.36 kg a i  ha-' dicamba treatrnents, 

probably because these treatments were relatively ineffective for terminating alfalfa. 

therefore the aIfalfa escapes suppressed weed growth without the addition of the post- 

emergence treatment. For the spring termination trial at Glenlea, the 0.89 kg a i  ha-' 

giyphosate, 0.60 kg a i  ha*' dicamba, and 0.36 kg ai. ha-' dicamba treatments significantly 

benefited from the addition of the post-emergence herbicide treatment. Adding the post- 

emergence herbicide to the 1.78 kg a i  ha-' glyphosate treatment did not reduce weed 

growth at either site. This treatment suppressed weed growth to the extent that the 

addition of the post-emergence herbicide treatment did not suppress weed growth further 

(Figure 3 .O6). 



0 1.78 0 0.89 C 030 C 0.15 D 0.60 0 0.36 Tlllage Check 

Alfalfa Termination Method 

Figure 3.QS. Alfalfa terminalion ireatments, glyphosaie (G), clopyrulid 
(C), dicumba (D), and tillugc (p c; 0,05, 0.01, 0,001) cantributing 10 
alfnlfa terminuiion x pst-cmcrgcncc herbicide interactions on ulfalfn 
aerial biomuss accumulation in the following spring (DOY- 153) for 
spring alhlfa tcnniiiution ai Portage lu Pruiric, MB,, 1992, 
1-lcrbicidc rutes in kg a.i, hwi. Enor burs reprcscnt ihe pooled 
standard crrar of thc niean, 



Table 3.07. In-crop wheat and barley, and weed aerial biomass accumulation response to alfalfa 
termination treatment, m p  type, a& past+xnergence herbicide treatments at Portage la Prairie. MB 
(1992) and Glenlea, MB (1993)- 

Cmp aerial biomass yield Weed aerial biomass yield 

Portage la Prairie Glenlea 

Main &ect Fall S p ~ g  Fm S p d g  
Date sampled June 16 Juiy 17 Juiy 7 Aug 11 
@oY) (168) (199) (188) (233) 

Portage la Prairie Glenlea 

Faii Spring Fail Sprïng 
June 16 July 17 July 7 Aug 11 
(168) (199) (188) (223) 

Termination treatment 
Glyphosate 1-78: l,6 l0at 
Glyphosate 0.89 l,62 la 
Cfopyralid 0.30 1,495ab 
Clopyralid 0.15 604d 
Dicamba 0.60 1,350b 
Dicamba 0.36 834c 
Tüiage 1,s 15a 
Untreated check 2 le 

LSD (0.05) 146 

LSD (0.05) 83 

Post-emergence herbicide 
s ~ r a ~ e d  1, M a  
uns~ra~ed 1,117a 

LSD (0.05) 68 

Source of variation 

Tenuination CT) <0,00 1 
trop (0 <O.OO 1 
Post herbicide (P) 0.422 
T s C  0.068 
T s P  0,022 
C sP 0.863 
T x C x P  0.645 

kg ha' 

7 Means nrithin each date and location, followed by the same letter are not signincantly different 
according to Fisher's protected Least Signincant Dflerence test (P s 0.05)- 

# kg ai. ha*'. 





3.4.4 Crop Parameters 

3.4.4.1 Crop Emergence 

Crop emergence was UiBuenced by termination treatment in all experiments (Table 

3.08). As expected, the untreated check resulted in the lowest crop establishment for both 

dates at both sites. Untnated alfalfa is known ta compete vigorously with the ernergïng 

crop for available light and soil moisture, resulting in decreased crop establishment 

(Sprague, 1952). The 1.78 kg ai. ha-' glyphosate treatment provided better crop 

emergence than 0.15 kg a i  ha-' clopyraiid for f d  tennination at Portage la Prairie, 

probably because of better alf ia  suppression. For the spring alfalfa terrnination at 

Portage la Prairie, ali herbicide termination treatrnents provided better crop emergence 

than tillage, possibly due to higher seedbed moisture content in the herbicide treatments 

compared to the tillage. The fd terminated a l f i a  at Glenlea had better crop emergence 

with the 0.30 kg ai. ha-' clopyraiid and tiilage treatrnents, cornpared to 0.15 kg ai. ha-' 

clopyralid, 0.60 kg ai. ha-' dicamba, and 0.3 6 kg a i  ha-' dicamba, possibly due to better 

alfaUa suppression. Higher plant populations of barley compared with wheat were 

observed for s p ~ g  alfalfa termination at both sites. This was probably due to the late 

May planting date, which may have been less favorable to wheat emergence. No 

terrnination treatment x crop interactions were observed in that trial. 

Combined analysis of f d  and spring termination indicated that date of termination 

was significant for crop establishment at both Portage la Prairie (Table 3-10) and Glenlea 

(Table 3.1 1). FaU termination resulted in better emergence than spring termination at 

Portage la Prairie, whereas the opposite trend was observed at Glenlea Dry soii 

conditions at the t h e  of planting for the s p h g  terrnination experiment at Portage la 

Prairie (Table 3.03) rnay have been a factor in reducing crop emergence at that tirne. 

Results compiled by Smith et al. (1992a) indicated that delayed crop emergence and 

subsequently delayed development was associated with spring aüalfalgrass termination 



with herbicides. Greater crop emergence in the spring termination experiment at Glenlea 

compared to the fa11 trial, may have been due to warmer soil conditions associated with 

later seedmg in the heavy clay soil. 

3.4.4.2 In-Crop Ac* Biornass Yield 

In-crop aerial crop dry weight accumulation was Uitluenced by temiination 

treatment for both temiination dates at both sites (Table 3.07). In general, the two 

glyphosate treatments, as well as the sage resulted in the highest crop aenal biomass 

production in these trials. Glyphosate at 1.78 kg a.i. ha*' and 0.89 kg ai. ha-', and tiilage 

enabled higher aerial crop dry weight accumulation than 0.15 kg ai. ha-' clopyralid, 0.60 

kg ai. ha-' dicamba, and 0.36 kg ai. ha-' dicamba at late tillering for fd alfalfa terrnination 

at Portage la Prairie. The glyphosate at L.78 kg ai. ha-' and Mage treatments enabled 

greater aerial crop growth to occur than the remaihg termination treatments for spring 

alfalfa termination at early stem elongation at Portage la Prairie, and fd a l f i a  termination 

at early crop heading at Glenlea. For the Glenlea spring termination, tillage termination 

resulted in the highest (P s 0.05) crop aerial biomass levels at heading, followed by a 

number of the more effective herbicide treatments (1.78 kg ai. ha-' giyphosate, 0.89 kg 

ai. ha-' glyphosate, and 0.30 kg ai. ha-' clopyraiid), folîowed by ail other treatments 

(Table 3.07). As expected, the untreated check produced less crop aeriai dry weight than 

the termination treatments in most cases. In the fall termination treatment at Glenlea, the 

0.15 kg ai. ha-' clopydid and 0.36 kg ai.  ha-' dicarnba treatments produced similar aenal 

crop dry weight accumuIation as the untreated control, indicating the weakness of these 

herbicide treatments- 

Crop type influenced bcrop aeriai dry weight accumulation at Portage la Prairie 

(P s O.OS), but not at Glenlea Barley produced greater aerial dry weight than wheat for 

both fall and spring termination treatments at Portage la Prairie (Table 3.07). There was 

no influence by post-emergence herbicide on in-crop aerial biomass (P > 0.05). 



The only tennination treatment x crop type interaction for in-crop aenal crop 

biomass was recorded for the spring a l f i  termination at Portage la Prairie (Figure 

3.07b). In this me,  barley produced more aerial dry weight than wheat in the tiUage and 

1.78 kg a i  ha-' glyphosate treatrnents oniy. Therefore, it appeared that the greater 

biomass advantage of barley over wheat was expressed oniy in the two most effective 

alfalfa tennination treatments. A temination treatment x post-emergence herbicide 

interaction for late tuering aerial crop biomass occurred for fd t e d a t i o n  at Portage la 

Prairie (Figure 3.07a). Clopyralid at 0.15 kg ai. ha-' was the only tennination treatment 

excludimg the untreated check that benefited from the addition of post-emergence 

herbicide, probably because the initial herbicide treatment 

control, 

resulted in iderior alfalfa 

3.4.4.3 Spike Population Deasity 

Spike density is an important determinant of grain yield in cereal crops (Hay and 

Walker, 1989). Spike density was influenced by termination treatment for both 

tennination dates at both sites (Table 3.09). The untreated check had the lowest spike 

density in all four experiments. Glyphosate at 1.78 kg ai. ha-' was among the best alfàlfa 

termination treatments with regard to high spike number, in ail four experiments. Both 

0.60 kg ai. ha-' dicamba and 0.89 kg ai. ha-' giyphosate treatments enabled a simifar spike 

density to that of 1-78 kg ai. ha-' glyphosate for spring termination at Portage la Prairie. 

and Glenlea Clopyralid at 0.30 kg ai. ha'' provided a similar spike density to that of 1.78 

kg ai. ha-' glyphosate for spring termination at Portage la Prairie, and for both fali and 

spring termination at Glenlea. Dicamba at 0.60 kg a.i. ha*' provided a similar spike density 

to that of 1.78 kg a.i. ha-' glyphosate for spring termination at both Portage la Prairie and 

Glenlea. 

Spike density was influenced by crop type for f d  termination at both Portage la 

Prairie and Glenlea, and spring termination at Glenlea (Table 3.09). Barley produced a 



higher spike density for fall termination at Portage la Prairie, whiie wheat produced higher 

spike densities for both fkü and spring termination at Glenlea. The post-emergence 

herbicide treatment influenceci spike number such that aiI four experiments had higher 

spike densities when the post-emergence herbicide was added (Table 3 -09). 

A termination treatment x crop type interaction for spike densities for the fd 

termination at Portage la Prairie (Figure 3.08d), indicated that 0.15 kg ai. ha*' clopyralid 

and the untreated check were the only treatments in which barley produced a greater spike 

count than wheat (Figure 3.08d). Barley was perhaps better able to cope with the higher 

competition fiom alfalfa in these treatments than wheat. A second termination treatment x 

crop type interaction for spring tennination at Glenlea (Figure 3.09) showed that wheat 

produced more spikes m'2 than barley for ali termination treatments except 0.15 kg ai. ha-' 

clopyralid and the untreated check. This is a similar response to that of fd termination at 

Portage la Prairie such that wheat tended to produce sVNlar, or higher spike number than 

barley under less aLfalfa competition, and similar or lower spike number than barley under 

higher alfalfa competition. 

Termination treatment x post-emergence herbicide interactions for spike density 

occurred for f d  (Figure 3 .OSa) and spring (Figure 3 .O8b) termination at Portage la Prairie, 

and spring tennination at Glenlea (Figure 3 -08~). For fd termination at Portage la Prairie, 

this interaction showed that adding post-emergence herbicide increased spike densities in 

al1 termination treatments except 1 -78 kg ai. ha-' glyp hosate. This observation suggests 

that 1.78 kg ai. ha-' giyphosate was one of the best treatments for tenninating aüâifà, 

therefore the application of the post-emergence herbicide treatment provided no additional 

benefit. The termination treatment x post-emergence herbicide interaction for spring 

termination at Portage la Prairie was attributed to the fact that adding post-emergence 

herbicide only increased spike density for the weaker treatments (0.15 kg ai. ha*' 

clopyralid and untreated control) (Figure 3.08b). A sirnilar observation was made for the 

spring &alfa termination at Glenlea (Figure 3.08~). Without the post-emergence 



herbicide treatment, the tennination treatments (0.89 kg ai. ha" glyphosate, 0.60 kg a i  

ha-' dicamba, and 0.36 kg a i  ha" dicamba) provided the lowest spike count of al1 the 

tennination treatments excludimg the untreated check. 

Crop spike densities were sïmiiar for fali and sprîng alfhKa termination in the 

combined anaiysis of the Portage la Prairie data (Table 3.10). The 1.78 kg ai. ha-' 

glyphosate termination treatment provided the greatest spike density, although not 

dEerent than the 0.89 kg ai. haœL glyphosate treatment, followed by 0.30 kg a.i. h à L  

clopyralid and tiilage treatments. The lowest spike densities were a result of the 0.36 kg 

ai. ha-' dicamba and 0.15 kg ai. ha-' clopyralid treatments. No effect of crop type was 

indicated by the combined analysis for crop spike density (P> 0.05). Post-ernergence 

herbicide was effective for increasing spike density at Portage la Prairie (Table 3.10). 

Date x tennination treatrnent interactions signincantly affected spike density (P S 0.05) at 

Portage la Prairie, Uidicating a ciiffirent response by treatments for each date of 

tennination (Table 3. IO). The more effective herbicide treatments (1.78 kg a.i. ha-' 

glyphosate, 0.89 kg a i  ha-' glyphosate, and 0.30 kg ai. ha-' clopyraljd) produced greater 

spike density than the tiilage treatment for fd aifalfa termination, however the opposite 

occurred for spring alfalfa termination (Table 3.09). Date x crop interactions for spike 

density (Table 3.10) occurred as a result of a greater barley spike density for the faIl 

termination trial, and a greater wheat spike density for the spring termination trial (Table 

3 -09). The occurrence of date x post-emergence herbicide application interactions (Table 

3.10) was a result of post-emergence herbicide application being considerably more 

effective for the fdl alfalfa temiination trial, than for the spring tennination experiment 

(Table 3 -09). 

Combined analysis for fd and spring a l l i a  termination at Glenlea indicated that 

spike density was influenced by the date of alf ia  termination (Table 3.1 l), where spring 

termination provided a greater spike density. AU tennination treatments provided greater 

spike density than the untreated check. The greatest spike densities occurred with the 



1.78 kg ai-  ha-' glyphosate, 0.30 kg ai. ha-' clopyralïd and tiilage treatments. Crop type 

was signikant at Glenlea indicating that wheat had higher spike counts than barley. The 

post-emergence herbicide treatrnent effectively increased spike density (Table 3.1 1). 

Significant date x termination treatment interactions were Wrely a result of greater spike 

densities for aii termination treatments in the spring aifdfia suppression trial (Table 3.1 1; 

Table 3.09). Interactions of date x crop at the Gleniea Diais occurred as a result of a 

much greater wheat spike density increase over barley for the sprhg tennination trial, than 

for the fdi termination trial (Table 3.09). Date x post-emergence herbicide interactions 

were significant (Table 3.1 l), which may have been due to a greater increase in spike 

density with the post-emergence herbicide application than without it, in the fd 

termination trial compared to the spring termination trial (Table 3 -09). 

3.4.4.4 Grain Yield 

Grain yield differed significantly with tennination treatment (Table 3 -09). Al1 

treatments gave significantly higher grain yields than the untreated check for both dates at 

both sites except for the fd termination at Glenlea where the 0.36 kg a.i. ha-' dicamba 

achieved a similar grain yield to that of the untreated check. Cornpetition corn non- 

terrninated perennial sod, includhg alfaKa has been found to substantially reduce yields of 

corn (Buhler et al., 1988; Carreker et al., 1972; E b s  et al, 1978) and wheat (Clayton, 

1982). 

For fidl a l f ia  ternination, the highest grain yield was attained with treatments of 

1 -78 kg ai. ha-' glyphosate at Portage la Prairie, and with 1 -78 kg ai. ha-' glyphosate, and 

tillage at Glenlea For spring allàlfa tennination, the highest grain yield at both sites was 

achieved by the tillage treatment, followed by both glyphosate treatments, and the high 

rate of clopyralid. Dicamba at 0.60 kg ai. ha-' and 0.36 kg ai. ha-', and clopyralid at 0.15 

kg a.i. ha-' resulted in the lowest grain yields. 



Grain yield was affected by crop type as show by greater barley yield than wheat 

for both dates at both sites (Table 3.09). Grain yield was also consistently increased by 

the application of the postanergence herbicide treatment (Table 3.09). Knake et al. 

(1984) observed that the greatest corn yields were derived fiom an al f ia  termination 

treatment, which included a posteergence treatment with dicamba at 0.56 kg ha-', in 

addition to the initial 2.24 kg h â L  glyphosate application. 

Tennination treatment x crop type interactions for grain yield were observed in 

three of four trials (Table 3 -09). The temination treatment x crop type interaction for fdi 

termination at Glenlea indicated that barley yielded more than wheat in the better 

t eda t ion  treatments (Figure 3.10~). The significant t e d a t i o n  treatment x crop type 

interactions for grain yield at both Portage la Prairie and Glenlea spring termination trials 

were attributed to higher yields for barley in aIl treatments except the untreated check 

where wheat and barley yields were similar (Figure 3.1 Ob; Figure 3.10d). Among 

termination treatments, the tillage treatment resulted in the greatest yield advantage of 

barley over wheat. 

Termination treatment x post-emergence herbicide interactions for grain yield were 

observed for both dates at Portage la Prairie (Figure 3.07~; Figure 3.07d). Mercurio and 

Buhler (1985) recommended that no-till corn production required sod species to be 

controlied nearly completely, and they suggested that fd and early preplant herbicide 

termination would accomplish adequate sod control, unlike that of preplant termination 

alone. In the case of fd termination, ail treatments with the exception of 1-78 kg a i  ha-' 

glyphosate, had higher grain yields where post-emergence herbicide was used (Figure 

3.07~). A sirnilar obsewation for the spring termination date at Portage la Prairie 

indicated that for 1-78 kg ai. ha-' glyphosate, 0.89 kg ai. ha*' glyphosate, 0.30 kg a-i. ha-' 

clopyralid, and 0.60 kg ai. ha-' dicamba, addimg a post-emergence herbicide treatment did 

not increase yield (Figure 3 .O7d). 



A significant crop x post-ernergence herbicide interaction for grain yield for fa11 

alf ia  termination at Portage la Prairie indicated that addig the post-emergence herbicide 

increased grain yîeld more for barley than for wheat (Figure 3.1Oa), probably because 

barley has a greater yield capability than wheat. 

Combined analysis for fd and spring alfkifâ tennination for grain yield at Portage 

la Prairie indicated that no yield difference between termination dates existed (Table 3.10). 

Date of alfalfa tennination was however, si@cant at Glenlea, indicatÿig a higher yield 

potential for tàIl termination (Table 3.11). Temination treatment was significant for grah 

yield at both Portage la Prairie (Table 3.10) and Glenlea (Table 3.1 l), and showed that al1 

termination treatments enabled significantly higher grain yield to occur than with the 

untreated check. Glyphosate at 1.78 kg ai. ha-' provided the highest grain yield of al1 

termination treatments, includiig tiiiage (Portage la Prairie trials only), which is an 

indication that grain crop yield c m  be maintained by the use of herbicides to terminate 

alf'alffa Glyphosate at 0.89 kg a i  ha", 0.30 kg a.i. ha-' clopyralid, and the tillage 

termination treatments achieved similar grain yields at the Portage la Prairie trials, which 

further supports the role of herbicides in alfaifa termination. 

Date x tennination treatrnent in the combined analysis for grain yield was 

significant at the Portage la Prairie experiments (Table 3.10). The better herbicide 

treatments, namely 1-78 kg ai. ha-' glyphosate, 0.89 kg ai. ha-' glyphosate, 0.30 kg ai. 

ha-' clopyraiid, and 0.60 kg a i  ha-' dicarnba achieved greater crop yields for fa11 

termination than for spring termination, however the opposite occurred for the weaker 

herbicide treatments (0.15 kg a.i. ha-' clopyralid, and 0.36 kg ai. ha-' dicamba) and tillage 

treatments (Table 3.09). This may have been due to the cornpetition by the slowly dying 

alf'ia to the grain crop in the spring tennination trial during the time span Ui which the 

herbicides translocated within the altia. This did not occur with the tillage treatment in 

the spring termination trial because alfalfa kiIi was not extended over a period of time. 

The less effective herbicide treatments (clopyralid 0.15 kg ai. ha-', and dicarnba 0.3 6 kg 



ai. ha-') had greater grain yield in the s p h g  termhation treatments, probably because 

some die back of aifalfa occurred before aifalfa regrowth resurned, whereas with the fi11 

suppression, alfalfa regrowth occuned immediately in the spring at the time of crop 

seeding. Significant date x post-emergence herbicide application (Table 3.10) occurred as 

a result of a greater yield increase in fàü suppression with the addition of a post- 

emergence herbicide treatment, compared to that of spMg suppression (ïable 3.09). This 

was probably due to the interference of the spMg applied herbicide treatments with the 

post-emergence herbicide, in which the H a  couid not absorb nor translocate the post- 

emergence herbicide, due to the prolonged suppressive effect fkom the initial termination 

treatment, 

Significant date x termination interactions for grain yield at Glenlea (Table 3.1 1) 

also displayed higher yield potential for f d  a l f i a  termination with the better herbicide 

treatments (1 -78 kg a.i. ha" glyphosate, 0.89 kg ai. ha-' glyphosate, 0.30 kg a-i. ha-' 

ciopyralid, and 0.60 kg ai. ha-L dicamba), similar to that of the Portage la Prairie triais 

(Table 3.09). However, unke the Portage la Prairie experirnents, the tillage treatment at 

the Glenlea trials enabled a higher grah increase to occur with fdI suppression (Table 

3 -09). Date x post-emergence herbicide application interactions did not occur (P>0.05) at 

Glenlea (Table 3.1 l), indicating that post-emergence herbicide application increased yield 

sidarly but signincantly for both dates (Table 3.09). Date x crop interactions occurred 

for grain yield at Glenlea (Table 3.1 1) due to a greater increase in barley yield over that of 

wheat for the f d  termination triai, compared to the spring termination trial (Table 3.09). 



Table 3.08. Crop emergence response to a l f i  termination treatment, crop type, and post-emergence 
herbicide ueatments at Portage la MB (1992) and Gleniea, MB (1993)- 

Cmp emergenœ 
Portage la Prairie Gleniea 

Maia effect Fa11 s~nag FaIl s~ring 

Tennination treatment 
Glyphosate 1,78$ 
Glyphosate 0.89 
Clopycaiid 0-30 
Clopyralid 0-15 
Dicamba 0-60 
Dicamba 0.36 
Tiage 
Untreated check 

178.6ab 
181.2a 
168, Iab 
166,Oab 
158.a 
17 1.2ab 
107.0~ 
125-9c 

LSD (0.05) 19, 1 

Crop 
Wheat 
Barley 

LSD (0.05) 8.3 

Post-emergence herbicide 
spray ed -8 
Unsprayed - 
LSD (0.05) O 

Source of variation ANOVA iP > F) 

Termination (ï') 0.0 11 
C ~ P  (0 O. 163 
Post herbicide (P) O 

TxC 0.933 
T x P  O 

CxP - 
T x C x P  - 
t Mean plant number within each date and location, followeâ by the same letter are not signincanily 

Merent according to Fisher's protected Least Simiifrcant Dinefence test (P S 0.05). 
f kg ai. bal. 
S Crop emergence was d u a t e â  pnor to pst-emergenœ herbicide application. 





Table 3.09. Spike density and grain yield response to a l f i a  termination treament, crop type. and p s t -  
emergence herbicide treatments at Portage la Prairie* MB (1992) and Glen la  MB (1993). 

Spike density Grain yield 

Portage ia Glenlea Portage la Prairie Gleniea 

Temination treatmeat 
Glyphosate 1-78t 530. l a i  
Glyphosate 0.89 484% 
Clopydd 0.30 487- lb 
Clopyralryralrd 0.15 295. l e  
Dicamba 0.60 430-2c 
Dicamba 0.36 341.66 
Tiage 426.8~ 
Untreated check 93.2f 

- no. 
468.2ab 
4883a 
446.2b 
113.3~ 
135.9bc 
U9Sb 
497Sa 
57. ld 

LSD (0.05) 41.2 32.6 57.4 83.3 587 428 465 289 

LSD (0.05) 17.6 18.0 22.8 27-5 307 169 1.6 143 

Post-emergence herbicide 
spray& 4643a 423 .Sa 3 12.5a 4 19. la 4,437a 3,666a 1,364a 1,007a 
un~pra~ed 307.9b 390.2b 221.7b 389-6b 2,555b 3,513b 1.220b 916b 

LSD (0.05) 21.4 15.9 18-4 14.5 225 L50 122 38 

Source of variation 

Temination (T) 
trop (Cl 
Post herbicide (P) 
TxC 
TsP 
C x P  
TxCxP 

t Means withh each date and location, followed by the same letter are not sïgnifïcantly dinerent 
according to Fisher's pmtected Least Significant DEerence test (P I 0.05). 

# kg a i  ha". 



Table 3.10. Combined analysis of crop emergence, crop spike derrsity, and grain yield response to date. 
termination treatment, crop type* and post-emergence herbicide treatment effects at Portage la Pnin'e. 
MB (1992). 

C ~ P  
Main effect emergence 

Grain 
yield 

Date 
Fau 
S P ~ W  

LSD (0.05) 

Tennination treatment 
Glyphosate 1.78$ 
Glyphosate 0.89 
Ctopyralid 0.30 
Clopyraiid 0.15 
Dicamba 0.60 
Dicamba 0.36 
Tüiage 
Untreated check 

LSD (0.05) 

Crop 
Wheat 
Barley 
LSD (0.05) 

Post-emergence herbicide 
Sprayed 
Unspmyed 
LSD (0.05) 

Source of variation 

Date @) 
Termination (T) 
D x T  
C~OP (Cl 
D x C  
TxC 
D x T x C  
Post herbicide (P) 
D x P  
T x P  
C x P  
D x T x P  
D x C x P  
T x C x P  
D x T x C x P  

f Means foiiowed by the same letter are not signincantly different according to Fisher's protected Least 
Significant Differeace test p s 0.05). 

f kg a.i. ha". 
Crop emergence \vas evaluated prior to post-emergence herbicide application. 



Table 3.11. Combined adysis of crop emergence, spike density, and grain yield r a p w  to date. 
termination treatment, crop type, and post-emergence herbicide treatment &ects at Glenlea. MB 
(1993)- 

Crop 
Main eEect emergence 

Date 
FaIl 
S P ~  

LSD (0.05) 

Termination treatment 
Glyphosate 1.78$ 
Glyphosate 0.89 
Clopyralid 0-30 
Clopyralid O- 15 
Dicamba 0.60 
Dicamba 0.36 
Tiage  
Untreated check 
LSD (0-05) 

Crop 
Wheat 
Barley 
LSD (0.05) 

Post-emergence herbicide 
S p rayed 
Unsprayed 
LSD (0.05) 

Source of variation 

Date @) 
Termination (T) 
D x T  
trop (Cl 
D x C  
T x C  
D s T x C  
Post herbicide (P) 
D x P  
T x P  
C x P  
D x T x P  
D x C x P  
T x C x P  
D x T x C x P  

no- ui2 kg  ha" 

t Means (means fiom transformai data) foiiowed by the same letter are not significantly dinerent 
according to Fisher's protected Least Si&nincant Dineremce test (P S 0.05). 
kg a.i. ha-'. 
Crop emergence was evaluated prior to pst-emergence herbicide application. 





0 178 0 0.89 C 0.30 C 0.15 0 0,60 DO.3û Tillqa Check 

Alfalfa Termination Method 

Figure 3.09. Alfalfn termination ircntments, glyphosate (G), clopyralid 
(C), dicmbu (D), and tillage (p 5 0.05, 0,O 1 ,  0.00 1 )  contributing to 
slfalfa tcrminution x crop interactions on crop spikc dcnsity (no, m") 
for spring alfalfu temination at Glcnlca, MB,, 1993. Mcrbicidc rates 
in kg a i  ha.', Error brus reprcscnt the poolcd stundard error of the 
rncan. 



Portage la Prairie 
Fall Termination 

Crop 

Glenlea 
Fall Termination 

G 1.78 G0.89 C 0.30 C 0.15 0 0.60 0036 Tillage Check 

Alfalfa Termination Method 

Portage la Prairie *fi* 

Spring Termination 
b 

Alfalfa Termination Method 

Gtenlea 
Spring Termlnaüon 

d 

G 1,713 G 0.89 C 030 C 0.15 D 0.60 D 0.38 Tlllags Check 

Alfalfa Termination Method 

Figure 3.10. Alfolfa teminotion ireoiments contiibuiing ta tcmiinulion x crop inicructions (p 5 0,05, 0.01, 0,001) an grain yicld (kg ha.1) ai Poriage 
la Pruiric, MD,, 1992, anci Glcnlcu, MB., 1993, for full (c) und spring (b t d) tcniiinution, Contribulion by crop type to crop x post-cmergence 

habicide interactions on grain yicld (u) ut I'oi~ugc lu I'ruiric for hl1 icrminution. IIerbicidc rutes iii kg a i ,  ha.'. Error bars reprcwnt (Iic poolcd 
00 P 

sicindurd crror of (hç nicun. 



3.4.4.5 Enect of AlfaMa Escapes on Grain Yield 

The efféa of alfalfa escapes, as characterized by basal crown area, on wheat and 

barley grain yieid (Portage la Prairie and Glenlea combined) is shown in Figure 3.11. 

Significance of linear regression y-intercepts and slopes for alfaIfa escapes on wheat and 

barley grain yield is shown in Table 3.12. Although barley attained a significantly iiigher 

intercept than wheat for both fi11 and spring tenninated aifialfa, the dEerence in slope 

between the two crops was non-signincant for both dates, indicating that alfalfa escapes 

affected grain yield of both crops similarly (Figure 3.11). The significance of the slope 

values hdicate a decrease in crop yield with increashg a l f i a  basal crown area For €dl 

a l l i a  termination, p i n  yield of barley was reduced by 1 174.4 kg ha-', and grain yield of 

wheat was reduced by 81 1.8 kg ha-' for each percent increase in a l f i a  basal crown area 

that escaped termination and was dowed to compete with the grah crop for the duration 

of the growing season (Table 3.12). Krall et al. (1995) also realized decreasing barley 

yield with increasing alfaMa yield or increasing alfalfa stand. As well Wiikinson et al. 

(1987) dso observed reduced grain yield with each increase in level of cornpetition fiom 

sod species. 

Table 3.12. Combined site iinear regression y-intercepts and slopes for grain yield 
response to alfalfa escapes at Portage la Prairie, Mû and Glenlea, MB. 

Treatmentf Grain yield 

Date Crop Intercept Slope 8 

Fall Barley 5 196 <O.OO i - 1 174.4 0.002 0.88 
Fall Wheat 3563 <O.OO 1 -8 1 1.8 0.00 1 0.9 1 

s~r ing  Barley 3806 <O-001 -457.6 0,008 0-78 
S P ~ @  Wheat 2515 <O,OO 1 -3 18.3 0.007 O. 79 

t Control treatment removed from data set. 



In the present study, fd terminated M a  resulted in higher grain yields for both 

wheat and barïey than spring terminated aIfalfil, However, this advantage was only 

achieved with the better t e d a t i o n  treatments capable of l o w e ~ g  aifkifa basai crown 

area s 2 % (Figure 3.12). Smith et al. (1992a) r&ed higher grain yields in three of four 

years with fd alfalfatgrass herbicide termination compared to s p ~ g  alf~algrass herbicide 

termination. However, no diierences in crop yield were noted between fd and spring 

alfalfdgrass termination by tillage. 

Once the basai cmwn area exceeded 2 % in the present study, higher crop yields 

occurred under s p ~ g  terminated alfalfa than fd  terminated a l f i a  (Figure 3.12). The 

steeper yield loss curve associated with the fd teninated a l f ia  was probably due to the 

actively growing aifialfa for the entire duration of the growing period of the grain crop. 

S p ~ g  tenninated alfaifa resulted in grain yield loss of 39 % that o f  fd tenninated alfalfa 

for each percent increase in aüalfa basal crown area (Table 3.12). The a l f i a  associated 

with spring termination was probably not as cornpetitive as the f d  terminated allàlfa for 

the entire Length of the growing season, because the spring terminated alfiidfa regrowth 

occurred Iater in the season. Higher grain yield for fa11 alfalfa termination associated with 

basal crown area s 2 % may also be explained by the eariier planting of the grain crop, and 

consequently higher yield potential. 





3.5 Summary and Condusions 

AUfla temination involves severai management components includïng initial 

termination, successive crop cornpetition, and post-emergence herbicide application. The 

success of individual management strategies wüi determine the overail success of the 

termination process. The choice of termination method and date of Uiitiai termînation 

affect interactions of these management components. AEaa termination with herbicides 

appears to be a viable option for crop managers currently employing mage to remove 

alfialfa nom the crop rotation. Herbicide termination, padcularly giyphosate at 1.78 kg 

a.i. ha-', reduced post-grain harvest al f ia  basai area to 57 % that of tillage across al1 

experiments for this study. The 1.78 kg ai. ha-' giyphosate treatment also enabled from 

55.3 % greater to 1.8 % less subsequent grain yield to occur with fd termination, than did 

the tillage treatment. The tiiiage treatment, however, resulted in 17.3 % greater to 26.9 % 

greater grain yields than the herbicide treatments for spring termination. 

Spring termination with herbicides presents the problem with slow die back of 

alfaLfa, and cornpetition from a l f i a  on the emerging grain crop. That is, a l f i a  die back 

will continue weli into the late spring fiom spring tennination, therefore herbicide 

damaged plant tissue may not sufficiently absorb the post-emergence herbicide. However, 

due to the slow die back fiom termination, spring temiinated alfalfa is relatively less 

cornpetitive than fd terminated alfia Fali termination with herbicides avoids this 

problem, as well as the problem of interference with the post-emergence herbicide 

application Fall alf ia termination ais0 enables earlier seedig of the sprïng seeded grain 

crop to take better advantage of early spring soi1 moisture, as well as the full duration of 

the growing season, resulting in hcreased yield potentiai. Spring &'alfa tennination, and 

consequently spring crop seeding, however, is often delayed to allow for sufficient alfalfa 

growth to enable adequate herbicide uptake by the plants. 

No differences between barley or wheat competitiveness existed with alfafa, as 

measured by alfaifia regrowth either post-hawest, or the s p ~ g  following barley and wheat 



production. Also, no dierence in relative yield potential for wheat or barley existed 

across the range of H a  basal aown area. Post-emergence herbicide application was 

beneficid in both reducing overaü m a  basal crown area 63.6 % averaged across ail 

experirnents as well as contniuting to a 33.6 % increase in grain yield at Portage la 

Prairie, and an 1 1.0 % increase in grain yield at Glenlea 

From the data in this study, it appears that temination of & ' a  with herbicides is 

a feasible alternative to conventional tiiiage, however the type and rate of herbicide used is 

important. The oniy herbicide treatmern that consistently rivaied Mage in ternis of alfalfa 

suppression and grain yield ofthe foiiowing crop, was glyphosate at 1.78 kg a-i. ha-'. It 

would appear that producers looking for an alternative to teminating aifalfa with tiliage, 

shouid plan to terminate in the fd with glyphosate at 1.78 kg ai.  ha-', and as well, plan 

for rotation to a cornpetitive crop that enables an effective post-ernergence herbicide to be 

used to control alfilfia escapes. 



Soii Moisture Conservation Foiiowing Alfdfa 

as Influenceci by Alfdfa Termination Date and Method 

4.1 Abstract 

Experiments were established on perennial alfhEa stands at Carman, Glenlea, and 

Houand, Manitoba in 1992, and Carman and Wuuiipeg, Manitoba in 1993, to evaluate the 

effectiveness of soii moisture conservation under different alma stand termination dates 

and methods; and to assess the extent to which termination dates and methods affected the 

establishment and veld of a following spring wheat crop. 

F d  and spring groundcover percent was highest where alf ia  was terminated 

using herbicides, and lowest where tiilage was used. Herbicide treated alfalfa plots 

conserved greater fdi soil moisture content in the upper soi1 profile than either tiliage or 

herbicide plus delayed tillage treatments. DifEerences in soil rnoisture due to the method 

of alfaifa termination were significant to the 30 cm soii depth at spring seeding in four of 

five experimental sites. Herbicide termination treatments had lower mean crop emergence 

densities than either herbicide plus delayed Mage or tillage treatments. Grain yield was 

320 kg ha-' greater, and aerial biomass yield was 1,080 kg ha-' larger with alfalfa 

termination by herbicide in July (date 1) than by tillage (date 1). Grain water use 

efficiency was 0.6 kg hà' mm-' higher, and aerial biomass WUE was 2.0 kg ha-' mm-' 

greater when a ü i a  was tenninated with herbicide (date 1) than by tiliage (date 1). Malfa 

tennination in late summer (date 2) with herbicide conserved fkom 78 mm less to 166 mm 

greater fall and 36 to 61 mm greater spring soil moisture, as weli as 26 kg ha'' to 548 kg 

ha-' more grain yield than termination by tillage on date 1. Temiinating alfalfa on date 2 

with herbicide also resulted in greater grain yield than terminahg with tiiiage on date 2. 

Results fiom these experiments indicate that additional soil moisture can be conserved in 

the soil profile d e r  a l f i a  termination by utilieng herbicides instead of tillage, especiaily 

on date 1. The practical benefit for producers who terminate alfalfa stands with herbicides 



are increased yields of grain and aerid biomass of the crop foilowing allalfi primanly 

resulting nom the conservation of additional soi1 moisture, as weU as increased water use 

efficiency. 



4.2 Introduction 

The success of dryland cropping on the Canadian Prairies is primarily dependent 

on the conservation and efficient utilization of avdable soil moisture. Perennial a l f i a  is 

not as well adapted as mual crops to diyland crop rotations because of its soil moisture 

deplethg characteristics (Zentner et ai., 1990). The attri'bute of efficient moisture 

extraction by a W a  from the soii profile often results in low moisture reserves for 

successive crops in the rotation (Duley, 1929; Hobbs, 1953). Over the period of several 

years, perennial alf3iKa ofien depletes soii moisture to a Ievd below that which annual 

crops are able to extract moisture (Duley, 1929; Hobbs 1953; Voorhees and Holt, 1969). 

Consequently, successive crops in rotation with alfalfa are ofien water stressed due to 

insuffiCient moisture resemes in their rooting zone, and are therefore dependent on current 

rainfd for growth. 

Conventional tennination of a l f ' a  stands involve numerous tillage passes, often 

resulting in firther depletion of soil moisttire (Coburn, 1906), as well as growth and yield 

inhibition to the foUowing crop in the rotation @dey, 1929; Cobum, 1906, Wheeler, 

1950; Zentner et al., 1990). More recently, crop production systems have been developed 

which cm minimite the moisture depletion effect on the foliowing crop caused by alfafa- 

The prernise of these systems, namely conservation tillage and no-tiiiage cropping 

practices, is to increase the efficiency of soii moisture by increasing moisture recharge, and 

reducing moisture loss by means of crop residue retention on the soil surface. 

Conservation and no-tillage practices can reduce evaporative soi1 moisture loss, however, 

the amount of crop residue residimg on the surface ofken influences the success of these 

tillage systems (Gauer et al., 1982; Greb et ai., 1967). 

Kohl and Kolar (1976) measured soil water uptake by all&lfa nom July 8 to July 22 

which showed that four-Mhs of the water extracted fiom the top 2.3 m of soil came fiom 

the first meter. Hoyt and Leitch (1983) concluded that soïl moisture to 120 cm depth was 

1.1 to 3.7 cm lower during the spring followuig 2-3 years of alfalla than after a fallow 



control. They also noted that the alfalfa caused no appreciable change in soil moisture 

used by the foiiowing barley crop. Grandfieid and Metzger (1936) concluded that 2 years 

of fdow were necessary to restore subsoü moisture in an oid d stand to a point 

where the roots of a newly seeded crop could penetrate through moist soil. These 

observations suggest that in order to optllnue crop production in alfalfà containhg crop 

rotations, moisture conservation must be a high prionty. 

The replenïshment of soi1 moisture reserves followïng al l ia  can be intluenced by the 

way in which alfab is removed fiom the rotation. Hennig and Rice (1977) found that the 

later the forage stand was removed in the season, the lower the level of avaiiable water in 

the upper 120 cm of the soi1 at spring seedlmg. Hoyt and Leitch (1983) studied the effect 

of soil moisture reserves of legumes in cereal rotations in the Black soil zone. They 

concluded that alfalfa depleted the moisture reserves in the subsoil at depths of 60-135 cm 

for two succeeding crop years. However, the yield of the subsequent barley (Horda~m 

wilgare L-) crops was not affected by the moisture deficit. Entz et al. (1992) connmied 

this result in a Portage la Prairie rotation study, in which alf ia  used significantly more 

water than annual crops below 120 cm However, the risk for drought in wheat in the 

year following a l f i a  was no greater than that fouowing an annuai crop. By the end of the 

second growing season, the smd decrease in soil water level in the annuai crop rooting 

zone (upper 100 cm soii profile) by aKalfa compared to an annual cropping rotation was 

reduced due to a recharging by f d  r a i d '  and snowtd accumulation. In the drier 

environment of Colorado, Cobum (1906) concluded that terminating an alf ia  stand by 

tiilage in September or October would render the soii extremely loose, and vulnerable to 

drying out rapidly, which would be problematic for the following wheat crop. 

Snow management by maintaining standing residues on the soii is an important 

aspect of water conservation in the prairie region, since snow can constitute a significant 

portion (approxhately 30%) of the total annual precipitation (de Jong and Steppuhn, 

1983; Greb, 1975; Smika and Unger, 1986; Steppuhn, 1981;). Snow management has 



been estimated to add 3 cm of additional soü water to the next crop (de Jong and 

Carneron, 1980. Staple et al. (1960) reported that additionai water fiom snowmelt 

appeared to be more beneficial in drier fields. It foliows, therefore, that fields previously 

in aifia should benefit wen more 6orn additional snow cover since infiltration rate is 

higher Ri terminated alEilfa sod, and the soil is more receptive to water because it is 

usualiy drier. 

Sources of soil water loss d e r  alfia termination include water loss by evaporation 

in the fall, and evaporation between snowmelt and =op ernergence in spring. Crop 

residue has been found to generaily increase water conservation by increasing infiltration, 

reducing runoff; and reducing the rate of evaporation (Bond and Willis, 1969; Frye et al., 

1988; Smika and Unger, 1986). 

Volumetric water content under no-tillage is usually greater than that under 

conventionaiiy tilled soils (Gauer et al., 1982). This has been attributed to a reduction in 

evaporation, and greater water storage ability under no-tiilage (de Jong and Steppuhn, 

1983; Lal, 1994; Thanh, 1993). Steiner (1994) concluded that each tillage event resulted 

in moisture movement to the soil surface, resulting in subsoil moisture loss. No-Mage has 

been found to result in higher volumetrk moisture content than conventional tillage in the 

upper 3060cm soii pronle (Blevins et al., 1971; Jones et al., 1969). Lafond et al. (1992) 

reported a 9% increase in soil water in the 0-60cm soü layer under stubble cropping by no- 

tillage compared to conventional tillage. During the growing season, tiilage system had 

linle influence on the soil moisture reserves below 60 cm depth (Blevins et al., 1971). 

Working in an alfalfa sod in Manitoba, Clayton (1982) found that zero till plots 

generally had higher water content in the surface soil at seeding than tiiied sod, and the 

increased moisture resulted in improved germination conditions for the foliowing wheat 

crop. Hill and Blevins (1973) found that the presence of killed grass sod mulch in zero 

tilled plots had an advantage over conventional tillage plots since lower direct evaporation 

f?om the soi1 surface occurred during the early growing period. They also found that 



evaporative losses fiom both zero tilled and conventional tUed treatments were similar as 

the crop canopy developed, however, the çod residue gave the zero tilied plots an 

advantage in adab le  soil moisture which was maintaineci throughout the growing season. 

Grain yield is often af8ected by dBerent management techniques when rotating 

crops. Barnett (1990) found that no-till corn production in an altia-gras sod resdted in 

no observed dinerences for stalk iodgùlg and grain yield between treatments. Wheeler 

(1950) reported that the yield of crops was often decreased the nrst year followhg 

unirrigated alfia. McKay et al. (1% 1) conducted experhnents that indicated wheat 

yields were depressed when the previous sweetclover crop was aiiowed to grow for a 

longer duration the previous year. The depression was attributed to a greater extraction 

of subsoil moisture by the sweetclover crop. Clayton (1982) also reported lower yields of 

wheat foiiowuig alfalfa with no-till treatments compared to conventional tillage. He 

atrniuted this to a decrease in wheat emergence, and incomplete kill of alfalfa, which 

competed for moistwe and nutnents. 

Steiner (1994) concluded that wheat residue on the soil surface during the growing 

season greatly enhanced WüE of both aerial biomass and grain yield of dryland sorghum. 

WüE of s p ~ g  wheat in Saskatchewan was found to be 49.7 kg ha-' cm-' for al1 soil 

textures with conventional tiliage, and varied frorn 53.7 to 186 kg ha-' cm-' for loam and 

heavy soil under no-tillage (Grevers et al., 1986). 

There is abundant literature dealing with soii water rneasurements in crop 

rotations, however few studies focus on soi1 moisaire levels foUowing alfalfa termination. 

Several studies have measured moisture extraction from the soil profile by alfalfâ, which 

tends to dry the soil profile to a depth greater than that which annual crops can root. Few 

studies however, have focused on the impact that soi1 moi- depletion has on the crop 

foliowing alfalfa. Since Little can be done to alleviate the moisture depleting charactenstics 

of alfalfa (except to terminate the aiilfa stand sooner), studies need to focus on methods 

of consenhg current soi1 moisture at the date of termination, as wefl as conserve 



precipitation between the date of termination, and the subsequent cropping season. 

In addition, few studies have focused on the ab%@ of herbicides to terminate 

alfalfâ, particularly in Western Canada Variations of climatic, soü type, and a l f ia  

varieties necessitate further study with herbicide termination of aifia If producen are to 

include perenniai W a  in a rotationai cropping system, additionai study is necessary to 

aiieviate cunent problems of alfilfa tennination and soi1 moistue depletion by alfdfk To 

address this concern, experiments were initiated in pursuit of better methods of 

tenninating U a  stands in a cropping system. The objectives of this study were to 1) 

evaluate the effectiveness of soi1 moisture conservation under dEerent a l f i a  stand 

termination dates and methods and 2) to assess the extent to which termination date and 

method affect the establishment and yield of a subsequent spring wheat crop. It was 

hypothesized that aifialfa tennination by herbicides could have greater potential for soi1 

moisture conservation than a l f ia  tennination by tillage, and that the additional moisture 

could result in increased subsequent crop yields. 



4.3 Materials and Methods 

4.3.1 General 

The soil moisture conservation trials (199201993) were located in southem 

Manitoba at Carman on a Denham clay loam soii with the surfiice soil consisting of 50 % 

sand, 21 % siit, and 30 % clay; at Glenlea on an Osborne clay soii with the surface soii 

consisting of 9 % sand, 26 % silt, and 66 % clay; and at HoUand on a Stockton sandy 

Ioam soii consisting of 50 % sand, 28 % siit, and 22 % clay. The soil moisture 

conservation experiments (1993-1994) were located at Cannan on a Hochfeld fine sandy 

loam soii consisting of 78 % sand, 9 % süt, and 13 % clay. and at Winnipeg on a Riverdale 

silty clay consisting of 13 % sand, 45 % siit, and 42 % clay. Establishment of the 

experiments took place on a two year a l f i a  (cv. Arrow) stand at Carman (1992), a two 

year &alfa stand (cv. Algonquin) at HoUand, a six year alfalfa stand (cv. Beaver) at 

Glenlea, a three year a l f ia  stand (cv. Arrow) at Carman (1993), and three year aifialfa 

(cv. OAC Minto) at WUuiipeg. 

Experimental design of the soil moisture conservation experiments was a 

randomized complete block design with four replications. In 1992, the seven alfàlfa 

termination treatments consisted of al f ia  termination by herbicides, mage, herbicides 

plus delayed tillage after the first alfaEa cut (date 1 termination), and by herbicides, tillage, 

herbicides plus delayed tillage after the second alfidfh cut (date 2 termination), and 

herbicide termination during the s p ~ g  of 1993 (date 3 termination) prior to crop seeding. 

Plot size was 12 m x 12 m at Carman, Glenlea, and Holland for 1992, and Carman for 

1993. Plot size at Wumipeg (1993) was 5.5 m x 16 m. One 190 cm neutron access tube 

was positioned in the center of each plot at Carman, Glenlea, and Hoiiand in 1992, for the 

purpose of soii moisture measurements. At the Carman site in 1993, soil profile access 

tubes were instalied to a depth of 150 cm. The Winnipeg site (1993) had two access tubes 

instded in each plot to a depth of 190 cm. 



Sumrnary of alf ia  cutting regime (Table 4.01) and alfâEa termination dates and 

treatment schedule paôle 4.02) are shown for both years. The alfalfa was cut and 

removed fiom the plot area at all sites. Herbicide treatments involved initial spraying with 

1.78 kg ha" glyphosate followed by 0.89 kg hi1 glyphosate later in the season (Table 

4.02). Tiage treamients were performed with a chisel plow and tandem dkcer. The 

herbicide plus delayed tiiiage treatment included spraying with 0.89 kg ha-' glyphosate 

followed later by two passes with a tandem discer (Table 4.02). During 1993, five main 

plots were initiated in an experiment at Carman, including tennination by herbicide, and 

tiiiage, after the first cut (date 1 termination) and aîter the second cut (date 2 tennination); 

and herbicide t e d a t i o n  treatment the foliowing spring (date 3 tennination). At 

Winnipeg (1993), three main plots were initiated in an experiment including herbicide and 

tiilage tennination, afker the second alfalfa cut (date 2 tedat ion) ,  as well as a herbicide 

termination treatment in the following s p ~ g  (date 3 termination). AU mage, and 

herbicide plus delayed tillage treatments were harrowed in October for both years. 

Table 4.01 Malfa cutting regime for Carman, Glenlea, and Holland, MB. (1992), and 
Carman and Winnipeg, MB. (1993). 

Malfa aerial harvest 

Location Year Harvest Date (day of year) 

Cannan 1992 

Glenlea 1992 

Hoiland 1992 

Carman 1993 

Winnipeg 1993 

1st cut 
2nd cut 

1st cut 
2nd cut 

1st cut 
2nd cut 

1st cut 
2nd cut 

2nd cut 

June 28 (180) 
Aug 10 (223) 

June 20 (172) 
July 3 1 (213) 

June 29 (1 8 1) 
Aug 9 (222) 

July 9 (19 1) 
Aug 6 (2 19) 

Aug 5 (2 18) 



Table 4.02 A b k  temination treatment descriptions for Carman, Glenlea, and Holland, MB. 
(1992), and Carman and MB. (1993). 

Location Year Date Method Treatment Date (day of year) 

herbicide + tillage 

1992 post-2nd cut herbicide 
(date 2) tiUage 

herbicide + tillage 

1993 spring herbicide 
(date 3) 

Gleniea 1992 post- 1st cut herbicide 
(date 1) 

tillage 

herbicide + tillage 

1992 post-2nd cut herbicide 
2) tillage 

herbicide + tiliage 

1993 spring herbicide 
(date 3) 

(continued) 

giyphosate 1-78? 
giyphosate 0.89 
chisel plow (1)t 
chisei pimv (1) 
chisel plow (2) 
tandem discer (1) 
tandem discer (1) 
hamw (1) 
glyphosate 0.89 
tandem discer (2) 
harrow (1) 
glyphosate 1-78 
chisei plow (1) 
tandem discer (1) 
tandem discer ( 1) 
tandem discer ( 1) 
harrow (1) 
glyphosate 0.89 
tandem discer (2) 
harrow (1) 
&phosate 0.66 
+ clopyralid 0.08 

glyphosate 1-78 
glyphosate 0.89 
chisel plow (1) 
chisel plow (1) 
chisel plow (2) 
tandem discer (1) 
tandem discer (1) 
harrow (1) 
glyphosate 0-89 
tandem discer (2) 
harrow (1) 
glyphosate 1-78 
chisel plow (1) 
tandem discer (1) 
tandem discer (1) 
tandem discer (1) 
barrow (1) 
glyphosate 0.89 
tandem discer (2) 
hmow (1) 
glyphosate 0.66 
+ c1opyraliyralid 0.08 

- .  

July 22 (204) 
Sept IO (î54) 
Jury 22 (204) 
Aug 1 (2 14) 
Aug 15 (228) 
Aug 29 (242) 
Oct 2 (276) 
Oct 2 (276) 
July 22 (204) 
Aug 29 (242) 
Oct 2 (276) 
Sept 10 (254) 
Aug I5 (228) 
Aug 29 (242) 
Sept 14 (258) 
Oct 2 (276) 
Oct 2 (276) 
Sept 10 (254) 
Oct 2 (276) 
Oct 2 (276) 
May 4 (124) 

July 2 1 (203) 
Sept 8 (252) 
July 10 (192) 
July 2 1 (203) 
Aug 11 (224) 
Aug 28 (24 1) 
Oct 1 (275) 
Oct 1 (275) 
July 21 (203) 
Aug 28 (24 1) 
Oct 1 (275) 
Sept 8 (252) 
Aug 11 (224) 
Aug 28 (241) 
Sept 14 (258) 
Oct 1 (275) 
Oct 1 (275) 
Sept 8 (252) 
Oct 1 (275) 
Oct 1 (275) 
May 3 ( 124) 



Table 4.02 (continuecl) A M à b  temuoatiaon treatment descriptions for Carman, Gledea, and 
Holand, MB. (1992). and Carman and Wïpe& MB. (1993). 

AhMà termination treatments 

Location Year Date Method Treatment Date (day of year) 

Hoiiand 1992 pst-1st cut herbicide 
(date 1) 

tillage 

herbicide + tiilage 

1992 post-2nd cut herbicide 
(date 2) tillage 

herbicide + tillage 

1993 s p ~ g  herbicide 
(date 3) 

giyphosate 1-78 
glyphosate 0.89 
chisel plow (1) 
chisel plaw (1) 
chisel plow (2) 
tandem discer (1) 
tandem discer (1) 
hamm (1) 
giyphosate 0.89 
tandem discer (2) 
tlarmw (1) 
glyphosate 1 -78 
chisel pIow (1) 
tandem discer (1) 
tandem discer (1) 
tandem discer ( L) 
harrow (1) 
glyphosate 0.89 
tandem discer (2) 
harrotv (1) 
giyphosate 0.66 
+ clopyralid 0.08 

Carman 1993 post-1st cut herbicide glyphosate0,66$ 
(date 1) gLyphosate0.66§ 

tillage chisel plow (2) 
tandem discer (2) 
tandem discer (2) 
tandem discer (1) 
harrow (2) 
glyphosateû.66§ 
chisel plow (2) 
tandem discer (2) 
tandem discer (2) 
harrotv (2) 

1993 pst-2nd cut herbicide 
(date 2) tillage 

Winnipeg 1993 pst-2nd cut herbicide giyphosateû.66§ 
(date 2) glyphosateû .66$ 

Mage rototiUer (2) 
rototiiier (1) 

July 27 (209) 
Sept 10 (254) 
July 27 (209) 
Aug 3 (2 16) 
Aug 14 (227) 
Aug 3 1 (244) 
Oct 4 (278) 
Oct 4 (278) 
Juiy 27 (209) 
Aug 3 1 (244) 
Oct 4 (278) 
Sept 10 (254) 
Aug 14 (227) 
Aug 3 1 (244) 
Sept 13 (257) 
Oct 4 (278) 
Oct 4 (278) 
Sept 10 (254) 
Oct 4 (278) 
Oct 4 (278) 
May 5 (125) 

Iuly 26 (207) 
Sept LO (253) 
July 30 (21 1) 
July 30 (2 1 1) 
Sept 11 (254) 
Oct 8 (281) 
Oct 8 (28 1) 
Sept 10 (253) 
Sept 11 (254) 
Sept 1 1 (254) 
Oct 8 (28 1) 
Oct 8 (28 1) 

Aug 26 (23 8) 
Sept 11 (254) 
Sept 9 (252) 
Oct 12 (285) 

t kg ai. ha-'. 
t nurnber of passes wvith Nage hplement. 
8 0.66 kg ai. h;il glyphosate + 0.60 kg a.i. M' dicarnba + 0.50 kg a-i. ha' 2,4-D. 



Crop seeding for 1993 involved pre-seedllig application of 0.66 kg ha*' glyphosate 

plus 0.08 kg ha-' clopyralidd S p ~ g  herbicide treatment plots were sprayed with two 

applications of 0.66 kg ha-' glyphosate plus 0.08 kg ha-' clopyralid. Plots which had 

received the tillage and herbicide plus delayed tiüage treatments the previous fd were 

cultivated to a depth of 6 to 8 cm with a 3-point hitch cultivator, hanowed, and packed in 

spring prior to seeding. Seeding was perfonned with a Fabro no-till press d a  with 15 

cm row spacing. Certined wheat (cv. Katepwa) was planted to a 2.5 cm soi1 depth, and 

then W y  packed. Wheat (cv. Katepwa) was seeded at a rate of 275 viable seeds ni2 

(95.2 kg ha-' at 97 % germination) on May 6 @OY 126) at Carman and HoIland, and 

May 13 @OY 133) at Glenlea in 1993. Plots were fedked at the Hoiland site with a 

blend (34.5-0-0 + 12-51-0 + 20-0-0-24) of 40.8 kg ha-' actual nitrogen, 14.2 kg ha-' actual 

P, and 8.3 kg ha'' actual suffir. No nitrogen was added at Carman and Glenlea, due to the 

absence of N deficiency for spring cereal crop production, and also in order to 

accommodate future nitrogen uptake experiments (Mohr et al., 1997). Fertilizer (0-46-0) 

was placed in the seed row at ail sites with the no-till drill at a rate of40.2 kg h à L  actual 

phosphate. 

The post-emergence foliar herbicide treatment for Carman and Holland was 0.28 

kg ha-' bromoxynil plus 0.28 kg ha-' MCPA ester plus 0.2 kg ha-' tralkoxydim. Adjuvant 

was added at a rate of 0.5 L 100 L-' spray solution. The herbicide treatrnent was applied 

at the four leaf stage of wheat on June 1 (DOY 152). Post-emergence herbicide (0.1 1 kg 

ha-' dicarnba plus 0.42 kg hao' MCPAK) was applied at the early tillering stage of wheat at 

Glenlea on June 15 @OY 166). AU post-emergence herbicide treatments were applied at 

a rate of 1 10 L ha*' water with a 3-point hitch tractor mounted sprayer. 

Chatological weather data was obtained fiom Environment Canada for Carman, 

Glenlea, HoUand, and Winnipeg. Monthly actual and long-tenn average precipitation and 

temperature are shown in Table 4.03 and Table 4.04. 





Table 4.04 Monthly achial and long-term average precipitation and average temperature at Carman and 
Wianipeg MB- (19934994). 

Carmaa Winnipeg 

Precipitatioa Temperature Precipitation Temperature 

U~.Y Min Mean Max Min Mean 

May 
1993 

lune 
1993 

J ~ Y  
1993 

A u w t  
1993 

September 
1993 

October 
1993 

November 
1993 

December 
1993 

J a n w  
1994 

February 
1994 

March 
1994 

Aptil 
1994 

May 
1994 

June 
1994 

J ~ Y  
1994 

August 
1994 

September 
1994 

A-t 
Normal 
Actuai 
Nomai 
Actual 
Normal 
Actual 
Normal 
AcRial 
Normal 
Actual 
Normal 
Acîuai 
Normal 
Actual 
Normal 
Actual 
Normal 
Actual 
Normal 
Actual 
Normal 

Actual 
Normal 
Achial 
Normal 
Actual 
Normal 
Actual 
Normal 
Actual 
Normal 
Actual 
Normal 

t Source Environment Canada 
$ Source Environment Canada Long-tenu average 1964 to 1990. 
S Source Environment Canada long-term average 1941 to 1990- 
7 Source Environment Canada long-term average 1967 to 1990. 



4.3.2 AgronomK Measurements 

Volumetric soii moisture content (cm3 cm-? measurements eom a depth of 10 cm 

below the soil surtace to a depth of 190 cm were detennuied in 20 cm increments by 

means of a calibrateci neutron moisture gauge (J3oxkr model4330, Triangle Park, NC.). 

Soil moisture in 1992 to a 10 cm depth was detennined gravimetrically by extracthg two 

5.5 cm diameter soil cores nom each plot. Bulk density (g mi3) was determined at each 

site in 1992. Volumetric soii moisture content (cm3 cmm3) was calculated by multiplying 

the buk density of each soii by the gravimetric moisture content. In 1993, volumetrk 

surface soii moisture (O - 10 cm depth) was measured using a calibrated neutron moisture 

gauge (Troxler rnodel 4300 moisture gauge, Troxler Electronic Laboratones, Inc., 

Triangle Park, NC.) (Appendii C, Figure COL) with a surface shield, as illustrated by 

Chanasyk and M c K e ~ e  (1986), and Chanasyk and Naeth (1988). Soil moisture 

measurements were taken at various intervals throughout the season and the followîng 

cropping season (Table 4.05 and 4.06). 

Groundcover was d e t e d e d  across each plot by laying a diagonal line transect 

with 15 cm increments, as outhed by Laflen et al. (1981), and Richards et al. (1984. 

Two groundcover counts were measured at right angles, averaged, and converted to a 

percentage basis. 

Crop emergence was measured three to four weeks d e r  seeding. Wheat 

establishment was based on four-one meter lengths of row within each plot, and converted 

to a square meter basis. Grain yield was determined in 1993 with a srnail plot combine by 

harvesting two 1.33 rn widths of wheat 7 m in length. Grain harvest occurred at Carman 

on August 25 @OY 237), at Holland on August 31 (DOY 243), and at Glenlea on 

September 1 (DOY 244). Grain samples were oven dried at 6S°C for 72 h, cleaned, and 

weighed. Total above ground aerial biomass was measured at the time of grain harvest by 

removing six-one meter lengths of row. The straw and grain was oven dried at 65°C for 

72 h, and weighed. 



4.3.3 Statistical Anmsis 

Statisticai analysis for the soi1 moistue conservation data utiked anaiysis of 

variance (Statistical -sis Systems, 1990). Each experiment was anaiyzed separately 

with anaiysis of variance (P < 0.05) as a two (date) by three (method) factoriai (excluding 

spring herbicide termination), to detemine main e f f i  for date, method, and date x 

method interactions of alMa temination- Orthogonal contrasts were utiiized to 

detennine dserences between specific treatments. The data were reanalyted with analysis 

of variance (P i 0.05) for the date (herbicide only) includimg herbicide termination on date 

1, date 2, and date 3 (spring). Crop parameter data from 1992-1993 sites were combined 

since error terms were found to be homogenous accordhg to Bartlett's test (Steel and 

Torrie, 1980). 



Table 4.05 Schedule of soi1 moisture profile sarnpling (0-190 cm) for Carnian, Glenlea, 
and Hoiiand, MB. (19924993). 

Date 

Year Field measurement Calendar (day of year) 

Carman Glenlea Holland 

1 992 post- 1 st cut (date 1) July 22 (204) Juiy 21 (203) Jdy 24 (206) 
post-2nd cut (date 2) Aug 2 1 (234) Aug 20 (233) Aug 25 (238) 
late fd Oct 20 (294) Oct 19 (293) Oct 21 (295) 

1993 spring (date 3) May 10 (130) May 14 (134) May 1 1  (13 1) 
iate spring May 28 (148) June 4 (155) June 12 (163) 
fd (harvest) Aug 27 (239) Sept 1 (244) Aug 3 l(243) 

Table 4.06 Schedule of soii moisture pmfïie samphg at Carman (0-150 cm), and 
Wuuiipeg, MB. (0-190 cm) for 19934994. 

Date 
- - --  - 

Year Field measurement Calendar (day of year) 

Carman Winnipeg 

1993 post-1st cut (date 1) July 30 (2 1 1) 
post-2nd cut (date 2) Sept 17 (260) 
Iate fa11 Oct 15 (288) 

1994 spring (date 3) May 3 (123) 

- 
Sept 15 (258) 
Oct 14 (287) 
May 13 (133) 



Results and Discussion 

4.4.1 Soi1 Moisturc: Conservation Period 

4.4.1.1 Soi1 Moisturc Rcscrves on Fint Termination Date 

Soil moisture levels in the profile between treatments for aüglfa termination on 

date 1 were generaily simiiar at al1 sites since fïrst termination treatrnents were just being 

initiated (Figure 4.01; Figure 4.02a). Soil moisture levels between treatments at aii 

locations were not different for profile increments of 0-30 cm, 30-90 cm, and 90490cm 

(Figure 4.10 through Figure 4.13). Orthogonal conaasts for soü moisture levels dso 

revealed no dEerences between treatments for any profile increment (Table 4.07). 

4.4.1.2 Soi1 Moisture Reserves on Second Termination Date 

DEerences in soi1 moisture levels between treatments became apparent prirnady 

in the upper soil profle at the t h e  of date 2 alfalfa termination (Figure 4.03; Figure 4.02b; 

Figure 4.02~). Soil moisture differences at Caman (1992) and Glenlea were due to the 

date of alfalfa removai, with date 1 terminated alfalfa treatments cowerving more soil 

moisture to a depth of30 cm at Carman, and to a depth of 70 cm at Glenlea (Figure 4.03). 

Soi1 moisture differences between treatments after date 2 aifialfa tennination at Hofland 

and Carman (1993) were due to both the date and method of alfalfa termination. In the 

upper soi1 increment, herbicide-kiiled alfalfa conserved more moisture than al1 other 

treatments. However, deeper in the soil profile, both date and method of a l f i  

termination influenced soil moisture retention at Holland (Figure 4.03) and Carman 

(Figure 4.02b). The method of alfalfa termination alone iduenced diierences in soil 

moisture between treatments at Wuuiipeg, since there were no date 1 termination 

treatments, however, this influence existed only in the upper 10 cm soil depth. 





increment dEered only at Glenlea (Figure 4.1 1) and HoUand (Figure 4.12). Soil moisture 

change in the 0-30 cm soii increment between treatments fiom the first al f ia  termination 

to the second temination were fiirther substantiated by orthogonal contrasts (Table 4.09). 

Herbicide terminateci aifàifà on date 1 coasaved more soi1 moisture than the tillage 

treatment. Both herbicide and tillage alfia termination on date 1 consemeci greater soil 

moisture than herbicide and tiilage treatments on date 2. The second date termination 

treatments generaliy conserved less soü moisture in the 0-30 cm soi1 depth, as weU as the 

30-90 an depth, compared to the fint date tennination treatments, probably due to the 

longer duration of water usage by the W a  plants in the second cut treatments. 

4.4.1.3 End of Season Soiï Moisture Reserves 

Soil moisture difrences between treatments in rnid-October occurred in the upper 

soil profile at all five locations (Figure 4.04; Figure 4.05). Similar to the previous 

observations, soi1 moisture deeper in the pronle was infiuenced more by date than by 

method of alfia termination, as noted at three locations. The date of alfalfa termination 

alone influenced soi1 moisture at Carman (1992). The date of herbicide method (herbicide 

only) iduenced soil moisture in the profile similarly to the date of alfaifa termination. 

Treatment ciifferences in soii profle moisture in October extended to a 30 cm depth at 

Carman (1992) and Wrnnipeg, 50 cm at Carman (1993). 90 cm at Holand, and 150 cm at 

Glenlea (Figure 4.04; Figure 4.05). 

Soi1 moisture reserves in the 0-30 cm soil depth at the end of the season (mid- 

October) were signincantly dïerent among the treatments at ail locations (Figure 4.10 

through Figure 4.14). DSerences due to the date of alfiilfa tennination existed for soi1 

moisture in the 0-30 cm increment at ail locations; the method of alfia termination 

infiuenced soi1 moisture at al sites except Carman (1992). The 30-90 cm soil increment 

also had daerences in soil moisture among treatments at al locations except Carman 

(1992). Differences in soil moisture at the 30-90 cm depth were due to the date of alfdfa 



termination at all sites, and due to both date and method of alfalfa termination at Hoiland. 

No différences in soi1 moisture between treatments were found below 90 cm except at 

Gleniea (Figure 4.1 1). 

Orthogonal contrasts for soi1 moisture levels betwea alf;ilfa termination 

treatments in October (Table 4.10) showed siflcance primdy for the 0-30 cm soil 

increment, some significant treatments in the 30-90 cm depth, and almoa no signihicant 

treatments below the 90 cm depth. Alfafi t e d a t i o n  by herbicide on date 1 conserved 

more soil moisture in the 0-30 cm depth than that by mage at 4 of 4 sites. There was no 

diffierence between first date termination by herbicide vs. fmt date termination by mage 

below the 30 cm depth (Table 4.10). Alfalfa termination on date 2 by herbicide also 

conserved more soil moisture in the upper 30 cm profiie than the date 2 mage treatment 

at 4 of 5 locations (Table 4.10). Below 30 cm, there were no si@cant dEerences in soi1 

moisture. Herbicide terminated a l f i a  at the first date conserved more soi1 rnoisture than 

herbicide terminated alfalfa at the second date in the 0-30 cm depth at 3 of 4 locations, 

and in the 30-90 cm depth, at 2 of 4 locations. 

The soil moisture change nom the time of measurement at the second termination 

date untii the end of season (mid-October) was signincantly dif5erent between treatments 

for the 0-30 cm increment at ail sites except Wuuiipeg, and the 30-90 cm increment at al1 

sites (Figure 4.10 through Figure 4.14). During this period. no differences in soil moisture 

change below 90 cm between treatments were found. Soil moisture dinerences for the 0- 

30 cm soi1 increment were due to both date and method of termination, except Carman 

(1992) which was due to date of herbicide method (herbicide only). DEerences in soil 

moisture for the 30-90 cm increment were due only to date of termination. 

Orthogonal contrasts between treatments for dynamic soil moisture dinerences 

fkom the second tennination date untiI the end of season are shown in Table 4- 1 1. In the 

0-30 cm profle increment, alfiilfa tennination by herbicide on date 1 conserved greater soil 

moisture than termination by tillage on date 1 for 3 of 4 locations (Table 4.1 1). More soil 
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moisture was conserved by the alfalfa suppression with herbicide on the second 

t e d a t i o n  date than either tillage or herbicide plus delayed tillage treatments on the first 

termination date. These results suggest that aifàh producen are able to obtain a second 

cut in a no41 oystem, and still conserve a greater level of soü water than with a tiliage 

system. Also, the consenation of additional soil moisture has hnpiications for growhg 

winter cereals no-tiiied into terminated alfalfa sod, The herbicide treatrnent on the first 

termination date conserved more moisture than herbicide tenninated atfia on the second 

terrnination date for the 30-90 cm soii increment for 3 of 4 experiments. Therefore, 

terminating alf'alfa eariier can conserve greater subsoil moisture, which is beneficial for the 

most annual crops, since their rooting zone occupies the 90 cm depth. No signifïcant 

difference between treatments existed below the 90 cm soil depth hplying that no 

leaching occurred below the root zone of annual crops. 

4.4.2 Soi1 Moistute: Overwinter Recharge Period 

Soil moisture reserves for ail treatments were greater in spring than in the previous 

fa11 for the 0-30 cm soi1 increment at aii locations, except Winnipeg (Figure 4.10 through 

Figure 4.14). Aase and Tanaka (1 987) estimated that under fdow conditions, 50 to 70 % 

of soi1 water recharge occurs between harvest and the foUowing spring. The 30-90 cm 

increment showed increased soil moisture for all treatments at al1 locations. Below 90 cm, 

moisture levels did not consistently show an increase at ali locations. 

Soil moisture recharge f'kom f d  until spring seeding was signincantly affected by 

both the date and method of alfhifa terrnination at 3 of 5 locations for both the 0-30 cm 

and 30-90 cm increments (Figure 4.10 through Figure 4.14). Below 90 cm, no difference 

in moisture recharge occurred between treatments. 

Orthogonal contrasts for the dynarnic soil moisture recharge over winter indicated 

significant differences between treatments for the 0-30 cm and 30-90 cm soil increments 

(Table 4.12). Date 1 alf'alfa termination by tillage for the 0-30 cm soil increment gained 



more moisture over winter than date 1 alf ia  termination by herbicide for 2 of 4 locations, 

however the herbicide treatment conserved greater total soi1 moisture during both fd  and 

spring. The efficiency of soîl water storage nom rain and snow is partially dependent on 

the precediig soil water level (Greb, 1979; Staple et al., 1960). that is, treatments with 

higher soi1 moisture in the fa such as date 1 herbicide termination in the present study, 

are not inched to gain as much rnoisture oveminter as drier treatments. Grevers et al. 

(1986). however, observed autumn to s p ~ g  seeding soil water recharge averaghg 6.2 cm 

with zero tiliage compared to 1.7 cm with conventional mage. Grevers et ai. (1986) 

noted that much of the dinerence was due to greater soi1 water Iosses between snow-melt 

and seeding with conventional tillage than with zero tillage. 

The second date alfaIfa termination by mage also gained more soil moisture than 

the second date a l f ia  termination by herbicide at one location for the 0-30 cm soil 

increment. The date 2 herbicide terminated alfalfa recharged soil moisnire at a greater rate 

than the date 1 herbicide terminated alfalfa for the 0-30 cm profle at 3 of 4 locations, 

probably since it was drier at the tirne of the date 2 termination treatment, and therefore 

the date 2 termination treatment had a greater capacity to store additional moisture (Table 

4.12). A similar additionai increase in soil moisnire by the date 2 tillage treatment over 

that of the date 1 tillage treatment was observed at only one location. The date 2 

herbicide treatment gained more soil moisture overwinter for the 0-30 cm soil profile than 

the date 1 tillage treatment at Carman in 1992 and 1993, however the opposite was true 

for the Glenlea location. For the 30-90 cm soil increment, the second termination 

herbicide treatment gained more soil moisaire than the first temiination herbicide 

treatment at 2 of 4 locations. The second temination herbicide treatment gained more 

moisture for the 30-90 cm soi1 inaement than either the fkst termination tüiage or first 

t e d a t i o n  herbicide plus delayed tillage treatments at 2 locations (Table 4.12). Lindwall 

and Anderson (1981) observed that fall tillage of chernicdy fdowed fields tended to 

decrease the amount of soil water stored over winter compared to no-till fields. 



4.4.3 Soi1 Moisture: Evapotranspiration Period 

4.4.3.1 Soii Moistun at Spring Secding 

Soii moisture Merences in the profile at the t h e  of spring seeding were primariiy 

due to the method of alf& termination (Figure 4.06; Figure 4.07). These différences 

were observed only in the upper soii profüe, and not below a 30 cm soil depth. The date 

of aifialfa termination infiuenced several individual soil moisture increments in the profile at 

some locations. 

When larger soil depth inaements were considered, soil moisture difEerences 

between treatrneats at the t h e  of spring seediig occurred at 4 of 5 locations (Figure 4.10 

through Figure 4.14). Dserences in soil moisture occurred primarily in the 0-30 cm soil 

profile and were once again due to the method of alfiilfa termination. 

Orthogonal contrasts showed an increase in spring soi1 moisture with the herbicide 

tennination compared to the tiUage termination for the 0-30 cm soil increment (Table 

4.13). Shanholtz and Liiiard (1969) also measured greater avaiiable soil moisture at spring 

planting under a kilied sod with a no-tillage system compared to that with conventional 

tiiiage. Brun et ai. (1986) reported that under dryland conditions on the Great Plains, 

evaporation in April and May in a no-tili crop production system was one cm l e s  than in a 

conventional tilled system. 

Soi1 moisture differences between herbicide vs. tiIlage treatments occurred at 3 of 

4 locations for date 1 alfalfa tennination, and 2 of 5 locations for date 2 alfalfa 

teda t ion .  The date 2 herbicide temiinated alfafi had greater moisture reserves in the 

0-30 cm soil increment than date 1 a l f i  termination by tillage at 2 of 4 locations, and 

date 1 a l f ia  terminated by herbicide plus delayed mage at 1 of 3 locations. No 

ciifferences in soil moisture occurred for alfalfa tennination by either herbicide or tiilage 

due to date of alfalfa termination (Table 4.13). Below 30 cm, no apparent differences in 

soi1 moisture existed between any contrasted treatments (Table 4.13). These results dfler 



from those of Hennig and Rice (1977) who measured decreasïng levels of avaiiable water 

at spring seeding to 120 cm soil depth, as the forage crop was terrninated later in the 

season. 

4.4.3.2 Late Spring S o l  Moïsturc 

Soi1 moisture memements during late spring (iate May to early June) at the four 

leaf to early tillering stage of wheat reveaiexi similar patterns to those observed in eariy 

spring (Figure 4.08). The method of alfalfa temination innuenced soil moisture to a 10 

cm depth at two of three locations, whereas the date of siffla termination influenced 

several soii increments deeper in the profile. 

When larger soii depth increments were considered, merences in late s p ~ g  soil 

moisture between treatments were observed at the Holland site for the 0-30 cm soil 

increment only; the difEerence was due to the method of alfdfia temination Figure 4.12). 

At the Hoiiand site, alfalfa termination by herbicide on the fûst termination date 

maintained higher soii moisture levels during late spring than termination by tiliage on the 

first date. Malfa temination by herbicide on date 2 had greater soil rnoisture reserves 

than termination by herbicide plus delayed Mage on the first date. Shanholtr and Lillard 

(1969) found that diierences in soil moisture between no-tiii and conventiondy tiiled sod 

graduaily dmeased after planting, but continued to d i e r  throughout the growuig season. 

Clayton (1982) also observed soil moistue differences between no-tiil and tiilage 

treatments in the upper 20 cm, but oniy for the tVst two months of the growing season. 

Orthogonal cornparison between treatments revealed significantly higher moimire only at 

the Hoiiand site for the 0-30 cm soil increment (Table 4.14). Jones et al. (1969) aiso 

found soii moisture diierences to a 30 cm depth d u ~ g  the growing season by a no-tiiiage 

treatment with küled sod mulch compared to a conventionai treatment with no mulch. 

Ahost no diierences existed between treatrnents for the change in soil moisture 

6om spring seeding till late spring (Figure 4.10; Figure 4.11; Figure 4.12). Late spring 



and summer of the cropping season has been documented as being the period of lowea 

soil moisture storage efficiency (Aase and Tanaka, 1987; Black et al., 1974; Greb, 1979; 

Srnika and Wckq 1968). W and BleWis (1973) concluded that soü moisture Ioss by 

evaporation was virtudy eiiminated during the early growing season fkom a corn crop 

grown under zero-tillage production with a killed sod mulch, howwer moishire losses 

after crop canopy closure equaled that of conventional tillage. Orthogonal contrasts 

indicated treatment différences at Carman in which the first termination tilage treatment 

lost less soi1 moisture ducing the spring than the second termination mage treatment in the 

0-30 cm pronle (Table 4.15). 

4.4*3,3 Soii Moisture at Grain Harvest 

At the time of hmest, no diierences between treatments existed in soil moisture 

in the upper soil profile (Figure 4.09). Soil moisture content at grain harvest increased 

over the duration of the evapotranspiration perÏod at ail three sites due to high amounts of 

precipitation that replenished moisture levels (Figure 4.10; Figure 4.11; Figure 412). Soil 

moisture levels between treatments at the t h e  of harvest were signincant only at Glenlea 

(Figure 4.1 1). No differences in soil moisture between treatments were shown by 

orthogonal contrasts, except for the 90-190 cm soii increment at Glenlea (Table 4.16). 

The date 1 termination treatment with herbicide had greater soii moisture reserves in the 

90-190 cm soi1 increment than the second t e d a t i o n  treatment (Table 4.16). The date 1 

alfalfa termination treatment by tiliage conserved greater moisture reserves than the date 2 

herbicide termination treatment (Table 4.16). No consistent dxerences with moisture 

retention fiom late spring tiii harvest existed among treatrnents over the dif3erent sites 

(Table 4.17). Grevers et al. (1986) found that the pattern of soi1 water depletion over the 

growing season with spring wheat was similar with conventional and no-tiiî systems. 
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Figure 4.01. Soil profile moisture content (cm3 mo3) in midJuly (1992) ut dote I alfalfu taminution a\ Camion, Olcnleu, and Holland, MD., us 
affcctcd by date (1-lirst tcminutioii; 2-swnd terminution; 3-spring tcnninution), und method (H-hçrbicidc; H+T-herbicide plus dclayed tillogc; T- 
tillugc) uf alfolfa rcmovul. (D. dute; M. mcthd; DM. dutc x mcthod inîcruction; Dl!, datc of herbicide tcrmination mL?lhal). (*, significani ut 
0.05 probnbility bvcl; ns, nonsipificunt). 
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Figure 4.05. Soil profile moisturc content (cm3 ms3) in mid-Octobcr (1993) at Cunnan and Winnipeg, MB., as affècid by datc (1-first termination; 
2-second termincilion; 3-spring icrmination), and inethod (1-f-hçrbicidc; T-iilluge) of ulfalfu rcniovul, (D, datc; M, methoci; DM, date x merhod 
interaction; Dli, dutc of  herbicide terminution mctbod), (*, **, ***, significant ut 0,05, 0.01, 0.001 probabiliiy lcvels r ç p t i v e l y ;  ns, 
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Figure 408. Soil profile moisiure content (cm3 rn.9 during lute spring (1993) at Cannun, Glcnlca, and Holland, m., as aft'ected by dute (I-Tirsi 
terminotion; 2-second terminotion; 3-spring termination), und mctliod (I-l-herbicide; H+T-herbicide plus delayd tillage; T-tillagc) of alfolfa 
rcmoval. (D, date; M, method; DM, date x m e i h d  interaction; DI! dote of herbicide tcrminiition meihod). (*, **, ***, significant at 0.05, 0.01, 
0,00 1 probability lcvels, rcspecîively; ns, nonsignificunt), C 
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Figure 4.10. Soi1 moi- content for profife increments of 0-30 cm, 30-90 cm, and 90-190 cm at 
Carman, MB., h m  the initial dates of alfalfa termination to the hmest of the successive wheat crop, 
as affecteci by date (1-fbt termination; 2-second termination; 3-spring termination), and method (H- 
herbicide; H+T-herbicide plus delayeci tiiiage; T-mage) of alfialfa rernoval. (D, date; M, method; DM, 
date x method interaction; DH. date of herbicide termination method). Upper maiysis indicates stntic 
soi1 moisture dinefences behveen treatrnents at a specific time. Lower analysis indicates dynamic soi1 
rnoisture dïEerences (conservation, recharge, evapotranspiration) between treatments over a duration of 
the. (*, **, ***, signincant at 0.05, 0.01, 0.001 probability levels respective15 ns, noasignificant). 
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Figure 4-11. Soi1 moisture content for pmtiIe increments of 0-30 cm, 30-90 cm, and 90-190 cm at 
Glenlea, MB., h m  the initial dates of alfaifa tennination to the harvest of the successive wheat crop, 
as affecteci by date (1-first termination; 2-second termination; 3-spring tennination), and method (H- 
herbicide; H+T-herbicide plus delayed tillage; T-tillage) of &alfa removal. @, date; M, method; DM. 
date x method interaction; date of herbicide tamination method). Uppa malysis indicates static 
soi1 moisture clifkences between treatments at a specific tirne- Lower analysis indicates dynarnic soi1 
moishue diffefences (consematioq recharge, evapotranspiraûon) benveen treatments over a duration of 
the .  (4, **, ***, signifïcant at 0.05, 0.0 1, 0.00 1 probability Ievels respective15 ns, nonsi@cuit). 
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Figure 4-12. Soii rnoistwe content for prof& increments of 0-30 cm, 30-90 cm, and 90-190 cm at 
Holland, MB., h m  the initial dates of alfilfa termination to the harvest of the successive wheat crop, 
as décted by date (1-nrst tenninaîion; 2-second termination; 3-spring termination), and methoci (H- 
herbicide; H+T-herùicide plus delayeci tillage; T-tiiiage) of alfalfa removal, (D, date; M, method; DM, 
date x method interaction; D? date of herbicide temination method). Uppa analysis indicates static 
soi1 moisture d a m c e s  between treatments at a specïfk the. Lower anaiysis indicates dynamic soi1 
moisture differences (conservation, recharge, evapotranspüation) between treatments over a duration of 
time. (*, **, ***, sigdicant at 0.05, 0.01, 0.001 probability levels respectively; ns, nonsignif~cant). 
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'igure 4.13. Soü moisture content for pmnle increments of 0-30 cm, 30-90 cm, and 90-IH) cm at 
Carman, MB.. nom the initial dates of aifalfa termiaation to the spruig of the following year, as affecteci 
by date (1-fïrst temination; 2-sefond tennination; 3-spring termination), and method (H-herbicide; T- 
tdage) of alfalfa removal. (D, date; M, method; D M  date x method interaction; w, date of herbicide 
temination method). Upper analysis indicates static soi1 moisture diffefences between treatments at a 
s p d c  Ume. Lower andysis indicates dynamic soi1 moisture dinmrces (co~l~ervation, recharge) 
between treatmnts over a duration of time. (*. **. ***, signilïcant at 0.05. 0.01. 0.001 probability 
levels respectively; os, nonsignifïcant). 
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Figure 4.14. Soi1 moisture content for profiie mcfements of 0-30 cm, 30-90 cm, and 90-190 cm at 
Winnipeg, MB., h m  the initial date of alfaifa temination to the spring of  the foiiowing year. as 
affécted by date (2-scond taminatioo; 3-spring temination), and me- (H-herbicide; T-tillage) of 
alfalfa removal. (M method; &te of herbicide temination methoâ). Upper aaalysis indicates 
static soi1 moisture diaefences bebveen treatments at a specific thee Lotver analysis indicates dynamic 
soi1 moisture dinerwces (conservation, recharge) behveen treatments over a duration of tirne. (*, **, 
***, sipïficant at 0.05, 0.0 1, 0.00 1 probabiiity levels respectively; ns, nonsignifïcant). 



Table 4.07. Orthogonal contras& for soll moisture levels in the pmnle Uicrements (0-30 cm, 30-90 cm. 
and 90-190 cm) in July at the first aiarra temination (date 1) as afkted by Qte and method of alfalfa 
termination at Carman, Gleniea and Hoiland, MB.(1992), and Carman, MR(1993)- 

0-30 
Herbicide vs. tillage (date 1) 0.840 
Herbicide vs. tillage (date 2) 0,490 
Herbicide (date 1 vs. date 2) 0.89 1 
Tiage (date 1 vs. date 2) 0.722 
Herbicide (date 2) vs. tillage (date 1) 0.735 
Herbicide (date 2) vs, H+T (date 1) 0.896 

30-90 
Herbicide vs, tilIage (date 1) 0.255 
Herbicide vs, tiiiage (date 2) 0.869 
Herbicide (date 1 vs. date 2) 0.250 
Tiiiage (date 1 vs, date 2) 0.819 
Herbicide (date 2) vs. tillage (date 1) 0.989 
Herbicide (date 2) vs, H+T (date 1) 0.3 17 

90-190 
Herbicide vs. tillage (date 1) 0.357 
Herbicide vs. tillage (date 2) 0.534 
Herbicide (date 1 vs- date 2) 0.80 1 
Tiage (date 1 vs, date 2) 0.957 
Herbicide (date 2) vs, tillage (date 1) 0.350 
Herbicide (date 2) vs. H+T (&te 1) 0.726 

t Soil moisture increment at Canaan (1993) mas 90-150 c m  



Table 4.08. Orthogonal coatrasts for soil moïsture leveis in the profile increments (0-30 cm 30-90 cm. 
and 90-190 cm) in Augustlseptember at the second a M f k  termination (date 2) as a.tTected by date and 
methoci of alfalfa termination at Carman, GIeniea and Hoiianâ, MB.(1992), and Carman and 
Wi-peg, ?ci18.(1993). 

19% 1993 
Carman GIeniea HoUaad Carman Winnipeg 

0-30 
Herbicide vs- tillage (date 1) 0.3 16 
Herbicide vs, üüage (date 2) 0.939 
Herbicide (date 1 vs, date 2) 0.002 
Tiage (date 1 vs, date 2) 0.0 14 
Herbicide (date 2) vs. tillage (&te 1) 0.017 
Herbicide (date 2) vs, H+T (date 1) 0,002 

30-90 cm 
Herbicide vs, Mage (date 1) 0.260 
Herbicide vs. tillage (date 2) 0.9 14 
Herbicide (date 1 vs. date 2) 0.533 
Tiage (date 1 vs. date 2) 0.532 
Herbicide (date 2) vs- tillage (date 1) 0.604 
Herbicide (date 2) vs, H+T (date 1) 0.575 

90490 cmt 
Herbicide vs. Mage (date 1) 0.354 
Herbicide vs- tillage (date 2) 0,760 
Herbicide (date 1 vs. date 2) 0,709 
Tiage (date 1 vs. date 2) 0.797 
Herbicide (date 2) vs, tiliage (date 1) 0,574 
Herbicide (date 2) vs, H+T (date 1) 0,712 

Soi1 moisnire increment at Caman (1993) was 90-150 cm, 



Table 4-09. Orthogonal contras& for dynainïc soil moistute Merences in the pranle increments (0-30 
cm, 30-90 cm, and 90-190 cm) during the soil moisnue conservation penod fiom the fïrst to the 
second a l f i  termination dates, as aEiected by date and methai of aifaifa termination at Carman 
GIedea and Hoiland, MB.(1992), a d  Carman, MB.(1993), 

0-30 
Herbicide vs. tillage (date 1) 0,348 
Herbicide vs. tlllage (date 2) 0,480 
Herbicide (date 1 vs. date 2) <0,00 1 
Tillage (date 1 vs. date 2) 0-0 13 
Herbicide (date 2) vs- tlllage (date 1) 0,003 
Herbicide (date 2) vs- H+T (date 1) <O.W 1 

30-90 cm 
Herbicide vs, mage (date 1) 0.795 
Herbicide vs- mage (date 2) 0.849 
Herbicide (date 1 vs. date 2) 0,067 
Tillage (date 1 vs. date 2) 0,059 
Herbicide (date 2) vs. mage (date 1) 0,040 
Herbicide (date 2) vs. H+T (date 1) 0.127 

90-1 90 cm7 
Herbicide vs. tiiiage (&te 1) 0.607 
Herbicide vs- tillage (date 2) 0.35 1 
Herbicide (date 1 vs. &te 2) 0.539 
Tilage (date 1 vs. date 2) 0.403 
Herbicide (date 2) vs. tiilage (&te 1) 0.920 
Herbicide (date 2) vs, H+T (date 1) 0,795 



Table 4.10. Orthogonal coatrasts for soi1 moistute levels in the profile increments (0-30 cm, 30-90 cm. 
and 90-190 cm) in October as afîiecteâ by date and method ofalfalfa termination at Carman, Gleniea 
and HoUaad, MB.(1992), and Carman and Winnipeg, MB(1993)- 

1992 1993 
Carman Gienlea Hoiland Carman Winnipeg 

0-30 cm 
Herbicide vs- tillage (&te 1) 0.0 18 
Herbicide vs, tiüage (date 2) 0.878 
Herbicide (date 1 vs. date 2) 4.00 1 
Tillage (date 1 vs. date 2) 0.024 
Herbicide (date 2) vs. tillage (date 1) 0.033 
Herbicide (date 2) vs. H+T (date 1) 0.002 

30-90 cm 
Herbicide vs. mage (date 1) 0,390 
Herbicide vs- mage (date 2) 0,990 
Herbicide (date 1 vs, date 2) 0,920 
Tiage (date 1 vs, date 2) 0,454 
Herbicide (date 2) vs, tillage (date 1) 0-446 
Herbicide (date 2) vs, H+T (date 1) 0,967 

90- 190 
Herbicide vs- tillage (date 1) 0.27 1 
Herbicide vs. ülage (date 2) 0.653 
Herbicide (date 1 vs, date 2) 0.699 
Tiage (&te 1 vs- date 2) 0,780 
Herbicide (date 2) vs, tillage (date 1) 0.468 
Herbicide (date 2) vs. H+T (date 1) 0.576 

f Soi1 moisture incirement at Catrnan (1993) was 90-150 cm. 



Table 4.11. Orthogonai conttasts for dynamic soü moisture merences in the prome increments (0-30 
cm, 30-90 cm, and 90-190 cm) during the soi1 moisture consemation period hm the second a l f ia  
termination date to late fall, as aftiected by date and methocl of aEWa termination at Carman, Glenlea 
and H o h d ,  MB.(1992), and Carman and Winnipeg, MB.(1993)- 

1992 1993 
Carman Gleniea Hoiland Carman Winnipeg 

0-30 
Herbicide vs, tillage (date 1) 0,175 
Herbicide vs. tillage (&te 2) 0,950 
Herbicide (date 1 vs. date 2) 0.722 
Tillage (date 1 vs- date 2) 0.337 
Herbicide (&te 2) vs. mage (&te 1) 0.307 
Herbicide (date 2) vs, H+T (date 1) 0,356 

30-90 cm 
Herbicide vs, tillage (date 1) 0,043 
Herbicide vs, tillage (date 2) 0.43 1 
Herbicide (date 1 M. date 2) 0,002 
Tillage (date 1 vs- date 2) 0.577 
Herbicide (date 2) vs. tillage (date 1) 0,186 
Herbicide (date 2) vs. H+T (date 1) 0,003 

90-190 CIII~ 

Herbicide vs. tiüage (date 1) 0,696 
Herbicide vs, Mage (date 2) 0.6 11 
Herbicide (date 1 vs, date 2) 0-9 18 
Tiage (date 1 vs, date 2) 0,988 
Herbicide (date 2) us. tillage (date 1) 0.622 
Herbicide (date 2) vs. H+T (date 1) 0.489 

7 Soil moisture increment at Carman (1993) was 90-150 c m  



Table 4-12. Orthogonal contras6 fot dyaamic soi1 moisture dinerences in the pmfiïe increments (0-30 
cm, 30-90 cm, and 90-190 cm) during the soi1 moisture recharge period h m  late fdl to spcing seeding 
of the fotlowing year, as Sected by date and method o f a M h  tennination at Carmaa, Glenlea and 
Holland, MB,(1992-1993), and Carman and Winnipeg, MB.(1993-1994). 

0-30 
Herbicide vs, tillage (date 1) 0.348 
Herbicide vs Wage (date 2) 0.449 
Herbicide (date 1 vs, date 2) a00 1 
Tillage (date 1 vs. date 2) 0-02 1 
Herbicide (&te 2) vs, tillage (date 1) 0.004 
Herbicide (date 2) vs, H+T (date 1) <0,001 

30-90 
Herbicide vs- mage (date 1) 0,355 
Herbicide vs. tillage (date 2) 0,006 
Herbicide (date 1 vs. date 2) 0-03 1 
Tiage (date 1 vs- &te 2) 0,865 
Herbicide (&te 2) vs- tiiiage (date 1) 0,004 
Herbicide (date 2) vs, H+T (date 1) 0.003 

90-190 c ~ T  
Herbicide vs. tilIage (date 1) 0.288 
Herbicide vs. tillage (date 2) 0.034 
Herbicide (date 1 vs. date 2) 0.064 
Tiage (date L vs. date 2) O. 174 
Herbicide (date 2) vs. tiiiage (date 1) 0,392 
Herbicide (date 2) vs, H+T (date 1) O, 14s 

t Soi1 moisture increment at Carman (1993-1994) was 90-150 cm. 



Table 4.13. Orthogonal Gontrasts for soii moisture b e l s  in the prome increments (0-30 cm 30-90 cm. 
and 90-190 cm) in May as afRcted by &te and method of alfalfa temination at Carman, Glenlea and 
HoNaad, MB.(1993), and Cannan and Winnipeg, MB.(1994). 

1993 1994 
Carman Glenlea Hoiîand Carman WilllLUpeg 

0-30 
Herbicide us. tillage (date 1) 0.084 
Herbicide vs, tillage (date 2) 0298 
Herbicide (&te 1 vs. date 2) 0.535 
Tiage (date I vs. date 2) 0.90 1 
Herbicide (&te 2) vs. tillage (date 1) 0.246 
Herbicide (date 2) vs. H+T (&te 1) 0.551 

30-90 
Herbicide vs- tillage (date 1) 0.737 
Herbicide v s  tillage (date 2) 0.098 
Herbicide (date 1 vs. date 2) O, 172 
Tiage (date 1 vs, date 2) 0.5 14 
Herbicide (date 2) vs, tillage (date 1) 0.294 
Herbicide (date 2) vs, H+T (date 1) 0.066 

90- 190 ~mt 
Herbicide vs. tillage (date 1) O. 140 
Herbicide vs. tillage (date 2) 0.508 
Herbicide (date I vs. date 2) 0.213 
Tiiiage (date 1 vs, date 2) 0.365 
Herbicide (date 2) vs- tillage (date 1) 0.803 
Herbicide (date 2) vs- H+T (date 1) 0.23 1 

-- - - - - - - - 

Soi1 moisture increment at C a m  (1994) was 90-150 cm, 



Table 4.14. Orthogonal contrasts for soi1 moistue levels in the profile increments (0-30 cm, 30-90 cm 
and 90-190 cm) in late spring as &ected by Qte and methd of alfalfa termination at Canna 
GIenlea and Hoiland, MB.(L993), 

0-30 cm 
Herbicide vs. Mage (date 1) 
Herbicide vs. mage (Qte 2) 
Herbicide (&te 1 vs. date 2) 
Tïage (date 1 vs. date 2) 
Herbicide (&te 2) vs. tillage (&te 1) 
Herbicide (&te 2) vs. H+T (date 1) 

30-90 cm 
Herbicide vs. Wage (date 1) 
Herbicide vs. tüïage (date 2) 
Herbicide (date 1 vs, date 2) 
Tiage (date 1 vs. date 2) 
Herbicide (&te 2) vs. t.age (date 1) 
Herbicide (date 2) vs. H+T (date i) 

90-190 
Herbicide vs. Wage (date 1) 
Herbicide vs. tillage (date 2) 
Herbicide (date 1 vs. date 2) 
Tiage (date 1 vs. date 2) 
Herbicide (date 2) vs. mage (date 1) 
Herbicide (date 2) vs. H+T (date 1) 



Table 4,15, Orthogonal cootrasts for dynamic soiî moisture Merences in the pmHe increments (0-30 
cm, 30-90 cm, and 90-190 cm) during the soi. moistwe evapovanspiration period fiom s p ~ g  seeding 
to late spring, as affécted by date and method of alEilfa termination at Carman, GIenlea and HoIland 
MB.(1993), 

Contrasts Canaan Glenlea Holland 

0-30 cm 
Herbicide vs- tillage (date 1) 
Herbicide vs. tillage (date 2) 
Herbicide (date 1 vs, date 2) 
Tiage (date 1 vs. date 2) 
Herbicide (date 2) vs. Mage (date 1) 
Herbicide (date 2) vs. H+T (&te 1) 

30-90 cm 
Herbicide vs. tillage (date 1) 
Herbicide vs- tillage (date 2) 
Herbicide (date 1 vs. date 2) 
Tiage  (date 1 vs. date 2) 
Herbicide (date 2) vs. tillage (date 1) 
Herbicide (date 2) vs. H+T (date 1) 

90-190 
Herbicide vs. tillage (date I) 
Herbicide vs- tillage (date 2) 
Herbicide (date 1 vs. date 2) 
Tillage (date 1 vs. date 2) 
Herbicide (date 2) vs. tillage (date 1) 
Herbicide (date 2) vs. H+T (date 1) 



Table 4.16. Orthogonal cantrasts for soil moisme levels in the profile increments (0-30 cm, 30-90 cm 
and 90-190 cm) at harvest as affiected by date and methad of aUWâ tenuination at Carman, Glenlea 
and Holiand, MB,(1993), 

0-30 cm 
Herbicide vs. tillage (date 1) 
Herbicide vs. tillage (date 2) 
Herbicide (date 1 vs- date 2) 
Tiiiage (date 1 vs. date 2) 
Herbicide (date 2) vs- tillage (date 1) 
Hehicide (date 2) vs. H+T (date 1) 

30-90 cm 
Herbicide vs, tillage (&te 1) 
Herbicide vs- tillage (date 2) 
Herbicide (date 1 vs, date 2) 
Tillage (date 1 vs, date 2) 
Herbicide (date 2) vs. mage (date 1) 
Herbicide (date 2) vs- H+T (date 1) 

90-190 
Herbicide vs- Mage (date 1) 
Herbicide vs. tillage (date 2) 
Herbicide (date 1 vs- date 2) 
Tiage (date 1 vs. date 2) 
Herbicide (date 2) vs. tillage (date 1) 
Hehicide (date 2) vs. H+T (date 1) 



Table 4-17, Orthogonal contrasts for dyaamic soi1 moisture ciifferences Ï n  the pronle increments (0-30 
cm, 30-90 cm, and 90-190 cm) during the soil moisme evapottanspiration p e n d  h m  late s p ~ g  to 
W e s t ,  as a f f i  by date and method of aEW termination at Carman, Glenlea and HoUand 
MB.(1993). 

Contrasts Carman Glenlea Hoiland 

0-30 
Herbicide vs. tillage (date 1) 
Herbicide vs. tillage (date 2) 
Herbicide (date 1 vs. &te 2) 
Tillage (date 1 vs. date 2) 
Herbicide (date 2) vs- tillage (date 1) 
Herbicide (date 2) vs- H+T (date 1) 

30-90 cm 
Herbicide vs. tillage (date 1) 
Herbicide vs- tillage (date 2) 
Herbicide (&te 1 vs- date 2) 
Tiiiage (date 1 vs. date 2) 
Herbicide (date 2) vs- m a g e  (date 1) 
Herbicide (date 2) vs- H+T (date 1) 

90-190 
Herbicide vs. tiUage (date 1) 
Herbicide vs. m a g e  (date 2) 
Herbicide (date 1 vs, date 2) 
Tillage (date 1 vs. date 2) 
Herbicide (date 2) vs- tillage (date 1) 
Herbicide (date 2) vs, H+T (date 1) 



4.4.4 Groundcover 

Percent groundcover during late fàll diiered sigdicantly between treatments at al1 

locations due to the method of aitàh tennination, and to a lesser extent, due to the date 

of alfilfa termhation (Table 4.18). Individual treatment contrasts revealed that 

groundcover percent for alnilfa termination by herbicide vs. m a  tennination by tillage 

was sigdïcantly différent for both date 1 and date 2 (Table 4.18). The titlage treatment 

reduced groundcover percentage by incorporating a portion of the alfalfa residue into the 

soil. Alf ia  termination by herbicide (date 1 vs. date 2) was diirent at 2 o f4  locations, 

probably due to a generai deterioration of the surfiace residue d u ~ g  the tirne between the 

measurement dates. Malfa residue has a low carbon to nitrogen ratio which tends to 

promote rapid decomposition, comparai to that of higher carbon to nitrogen ratio residue 

such as smaii cereal straw (Schomberg et al., 1994). SMar groundcover was retained by 

tillage (date 1 vs. date 2), however, in both treatments there was only a small percent of 

surface residue present to break down (Table 4.18). Alfalfa tennination by herbicide (date 

2) retained considerably greater groundcover than that of either tillage (date 1) or 

herbicide plus delayed tillage (date 1). 

Groundcover measurements after spring seeding were lower than fa11 

measurements in virtuaily all treatments at the measured locations (Table 4.19). This was 

probably due to deterioration of the alfalfa residue during the t h e  between measurements, 

and also due to the additional spring tillage on those plots which were tilled. Orthogonal 

contrasts between treatments for spring groundcover revealed sirnilar responses to that of 

the fd  groundcover measurements (Table 4.19). 

Combined site analysis for groundcover percent (Table 4.20) indicated site 

difTerences in October. These diierences may have been due to soil texture dserences 

between sites. The coarse textured soi1 at the Holland site retained less groundcover than 

the loam soil at the Carman site, which retained less groundcover than the clay soil at the 

Glenlea site. By May, differences in groundcover at the 3 sites were not significant. 



Averaged amss sites, date 2 of a l f i a  termination retained significantly more 

groundcover than date 1 for the October measurement, however this dmerence diminished 

by May of the foiiowing spring (Table 4.20). The method of akk& termination 

significantly infiuenced the amount of surface residue in both October and May. The loss 

in groundcover fiom fd to spring was also sign5cantLy S i e d  by the method of alfalfa 

termination, since the herbicide pius delayed mage treatment reduced groundcover more 

than the no-tili or tilled treatrnents (Table 4.20). This may have occurred due to the 

deteriorating efféct of the herbicide on the alfalfa biomass, which increased vulnerabiliq of 

the alfia residue to fùrther breakdown by mage, compared to tiliage without an initial 

herbicide treatment. A significant site x method interaction for both October and May 

groundcover was attributed to greater burial of residue in the tiliage and herbicide plus 

delayed tillage treatments at the HoUand site where the soi1 was coarser in texture, thus 

allowing for greater penetration of the tiilage irnplernent. Date (herbicide only) was 

significant for both fd and spring groundcover measurements since iive growth in the 

spring herbicide treatment contributed to greater groundcover than date 1 or date 2 

herbicide treatments (Table 4.20). The loss of groundcover for the spring herbicide 

treatment was due to naturd fkost Mling of the aenal biomass present in the fdl, as well as 

the spring herbicide treatment. 

Orthogonal contrasts indicated that the herbicide treatment retained greater 

groundcover than tillage for both date 1 and date 2, and for both the fd and spring 

groundcover measurements (Table 4.20). The loss of groundcover from fall to spring was 

greater for the herbicide treatments (6.7 to 12.3 %) compared to the tillage treatments 

(0.0 to 0.2 %) since fd groundcover on the herbicide treated plots was considerably 

greater, therefore greater degradation of groundcover occurred. No dEerence in 

groundcover existed between dates of herbicide treatrnents, or between dates of tillage 

treatments (Table 4-20). Herbicide (date 2) retained greater groundcover than either 

tillage (date 1) or herbicide plus delayed tillage (date 1) for both fd and spnng 



measurements, however the herbicide (date 2) treatment also lost a greater percentage of 

groundcover fiom fd to spring than either the Mage (Table 4.20) or herbicide plus 

delayed tillage treatment (date 1) (Table 4.20). 

Herbicide treatments retained the greatest groundcover in late fitll (Table 4.18; 

Table 4-20), and also maintained the greatest mil moisture content during the sarne penod 

(Figure 4.04; Figure 4.05; Figure 4.10 through Figure 4.14). The positive influence of 

crop residue cover on consenhg soil moisture is well documented (Bond and W i s ,  

1969; Russel, 1939; Smika and Unger, 1986). A progressive increase in soil moisture 

storage during f i o w  from increasing amounts of a o p  residue on the soil sufiace was 

show by Unger (197%) and Greb et al. (1967). 

Herbicide treatments maintained the highest amount of soil residue cover in the 

spring (Table 4.1 8; Table 4-20), as weii as the highest soil moisture reserves in the upper 

soi1 profile (Figure 4.06; Figure 4.07; Figure 4.10 through Figure 4.14). W i s  and 

Carlson (1962) suggested that the retention of crop residue on the soi1 surface will reduce 

runoff loses f?om overwinter water accumulation during sprïng rnelt. Unger et ai. (1988) 

impiied that residue cover on the field will reduce evaporative loss by allowing moisture 

additionai tirne to move deeper into the soil. Tnplett et al. (1968) found that moisture 

infiltration was significantly greater with 80 % surface cover than treatments with less 

cover. 



Table 118. Groundcovefi percent response during late fidi to date and method of aifilfa tefmination at 
Carman, Glenlea and Holland, MB.(1992), and Carman and Wipeg, MB.(1993). 

1992 1993 
Carman Glenlea Hoiiand Carman Winnipeg 

Means 
Herbicide (date 1) 75.0 77-0 83 -8 71.5 O 

Herbicide + &Iayed tiliage (&te 1) 21.8 28.3 12.5 - O 

Tillage (date 1) 4.6 7.0 3 -4 3.5 - 
Herbicide (date 2) 74-4 82.8 84.5 85.3 76-8 
Herbicide + delayed tillage (&te 2) 37-5 25.2 12-4 - - 
Tiage (date 2) 6.3 11.3 4.8 15.0 4-9 
Herbicide (&te 3) 93.2 90.3 96.8 90.7 80.5 

ANOVA (P > F) 
Source of variation 

Date 0.00 1 0,096 0.572 <O.OO 1 - 
Method <0,001 <0,00 1 <0,001 <O.OO 1 <O.OO 1 
Date x Method <OB0 1 0.033 0,859 0.130 - 
Date (herbicide ody) <0.001 <0.00 1 a00 1 c0.00 1 O, 175 

cmttasts 
Herbicide vs. tillage (date 1) <0.001 <0,00 1 <O.OO 1 ~0.00 1 - 
Herbicide vs, Nage (date 2) <0,001 <0,001 ~0.00 1 <O.OO 1 ~0.00 1 
Herbicide (date 1 vs, date 2) 0,808 0,022 0.715 ~0.00 1 - 
Tillage (date 1 vs. date 2) 0,493 0.082 0.49 1 - - 
Herbicide (date 2) vs. mage (date 1)<0.00 1 <0,00 1 <O.OO 1 <O.OO 1 - 
Herbicide (date 2) vs. H+T (date 1) ~0.00 1 <O,OOl <O.OO 1 - - 

f Groundcover includes Live alfalfa regr0wt.h. 



Table 4.19. Groundcovefl percent response duxing spring after seeding to date and method of alfalfa 
termination at Carman, Glealea and HoUand, MB.(1993). 

Means 
Herbicide (date 1) 66-6 
Herbicide + delayed tillage (date 1) 15-4 
Tiage (date 1) 4-9 
Herbicide (&te 2) 66-6 
Herbicide + delayed tillage (date 2) 20.8 
Tülage (date 2) 6.3 
Herbicide (date 3) 87-4 

ANOVA (P > F) 
Source of variation 

Date 
Method 
Date x Method 
Date (herbicide only) 

Contrasts 
Herbicide vs. tillage (date 1) <O,Ool 
Herbicide vs. tillage (date 2) <0,001 
Herbicide (date 1 vs, date 2) 0.995 
Tiage (date 1 vs. date 2) 0.730 
Herbicide (date 2) vs. tillage (date 1) c0.00 1 
Herbicide (date 2) vs. H+T (date 1) <O,Oo 1 

7 Groundcover inchdes Iive alfalfa regrowth+ 



Table 1.20. Combineci site response of groundcovefl percent during mid-october and mid-May and Ioss 
of groundcover h m  mid-october to mid-May to date and metbod of M a  termination at Carman. 
Glenlea and Hoiland, MB.(I 992-1 993)- 

mid-october rnîd-May Ioss (M to spMg) 

Means % 
Site 

Carman 44.7 38.3 6.4 
Glenlea 46-0 36.1 9.9 
Holland 42-6 40.2 2.4 

Treatment 
Herbicide (date 1) 78.6 71.9 6.7 
Herbicide + delayed tillage (date 1) 20-9 13.8 7. t 
Tillage (date 1) 5.0 5.5 0.0 
Herbicide (date 2) 80.6 68.3 12-3 
Herbicide + delayed tiilage (date 2) 25.0 149 10.1 
Tiage  (date 2) 7.5 7.3 0.2 
Herbicide (date 3) 93 .q 85-7 7-7 

Source of wiation 
Site 
Date 
Method 
Site x Date 
Site x Method 
Date x Method 
Site x Date .u Method 
Date (herbicide only) 

Con trasts 
Herbicide vs. tüiage (date 1) a 0 0  1 
Herbicide vs. tiilage (date 2) <0,00 1 
Herbicide (&te 1 vs. date 2) O, 14 1 
Tillage (date 1 vs. date 2) 0.066 
Herbicide (date 2) vs. tillage (date 1) ~0.00 1 
Herbicide (date 2) vs- H+T (date 1) <0.001 

7 Groundcover includes live alf'alfa regrowth 



Crop Paruneters 

4.4.5.1 Crop Emergence 

Wheat emergence was affected by the method of alfia termination at the Glenlea 

site only (Table 4.2 1). No différences for crop emergence density were evident due to the 

date ofafalfa termination. Orthogonai con- indicated différences in wheat emergence 

density between alfalfa termication by herbicide (date 1) and aFUa t e d a t i o n  by tiilage 

(date 1) at the Glenlea site only. DEerences in emergence density were also shown by 

orthogonal contrasts for alfia termination by herbicide (date 2) vs. al f ia  termination by 

tiiiage (date 1) at the Glenlea and HoUand sites (Table 4.21). 

Combined site analysis for wheat ernergence density (Table 4.22) indicated 

dserences due to site and method of &alfa termination. Mean crop density at the 

Glenlea site was lower than that of the other two sites (Table 4.22). AU herbicide 

termination treatments had lower mean crop emergence densities than either herbicide plus 

delayed tillage or tiliage treatments (Table 4.22). Clayton (1982) also observed lower 

wheat populations under no-tillage in alfdfh sod cornpared to minimum and conventional 

tiliage, which he attributed to variable seeding depth, poor seed-soi1 contact, and seed 

desiccation, especially on clay soils under dry conditions. Orthogonal contrasts for the 

combined analysis did not indicate any differences between individual treatments for crop 

emergence density. Lafond et al. (1992) found the rate of plant establishment of spring 

wheat to be sirnilar wit h zero-tillage, minimum tiiiage, and conventional tiilage. Kra11 et al. 

(1989) showed corn populations in plowed alfalfa treatrnents to be sigxüficantly lower than 

that in no-till treatments. Carefoot et al. (1990) concluded that increased soil water 

reserves and improved seedbed moisture with a no-till practice resulted in greater seed 

imbibition of water and plant emergence compared to a conventionai tiilage system. 

However, Knake et al. (1986a) experienced higher corn populations and talier corn height 

with moldboard plowed alfalfa, compared to no-tillage terminated alfalfa. 



4.4.5.2 Grain Yield 

Grain yield was Uinwnced by the method of aKia  termination at aü three 

locations (Table 4.23). The date of aBEa termination affected grain yield at the HoUand 

site only, where date 2 treatments outyielded date L treaûnents. The date of alfalfa 

termination (herbicide oniy) affected grain yield at the Cannan site only (Table 4.23). 

Orthogonal con- for alnilfii termination treatments showed grain yield to be greater at 

2 of 3 sites when alf&a was terminated on date 1 with herbicide rather than tillage (Table 

4.23). On date 2, grain yield of herbicide vs. tiliage termhated alf ia  was greater only at 

the Cannan site. Al f ia  termination by tillage (date 2) at the Hofland site resulted in a 

higher grain yield than a l f i  t e d a t i o n  by tillage on date 1. Grain yield was higher for 

herbicide (date 2) than tülage (date 1) at the Cannan and Holland sites (Table 4.23). 

Combined site analysis for grain yield indicated that the highest grain yields were 

achieved in the herbicide treatment (date l), whereas the lowest yields were observed in 

the tillage treatrnent (date 1) (Table 4.22). This is supported by Jones et al. (1969) who 

observed that grain yield of corn was increased 1,932 kg ha-' due to conserved soil 

moisture fiom kiiled sod rnulch on the soil sufiace. Adams et al. (1970) emphasized that 

the success of a no-till corn crop seeded into a killed gras sod was dependent on soil 

water availability. Spring seeding moisture levels at Glenlea and HoIland, but not Carman, 

were difEerent in the 0-30 cm soil profile due to the method of alfàifa termination. 

However growing season precipitation was high (Tigure 4.10; Figure 4.11; Figure 412) 

and may have masked earlier soii moisture dEerences between treatments. The greatest 

yield response to surfiace rnulch during the growhg season was found to occur when soil 

water at seeding was low (Steiner, 1994). No-tiil corn yields in Wyoming were also found 

to be higher (1,479 kg ha-') than plowed treatments (Krall et al., 1989). Barnett (1990) 

concluded that no-till corn planted after herbicide terminated alfalfalgrass sod in 

Wisconsin produced yields equal to that planted &er conventiondy tilled sod. Moomaw 



and M d  (1976) also measured corn grain yield nom no-till treatments that were similar 

to that of sprïng plow treatment. 

Grain yield was Uitluenced by site, with Carman having the highest yield, and 

Gleniea having the lowest yield. Giain yield was also influenced by date and method of 

alfalfa termination. Orthogonal contrasts for the combined d y s i s  of grain yield indicated 

alfalfa termination by herbicide (date 1) to significantly achieve higher grain yields than 

termination by tiilage (date 1) (Table 4.22). ALf&Ea termination by tillage (date 2) resulted 

in higher grain yields than termination by Mage (date 1). Malfa termination by herbicide 

(date 2) resulted in higher grain yields than termination by either tillage (date 1)- or 

termination by herbicide plus delayed tülage (date 1) (Table 4.22). Currently, the majonq 

of producers terminate their m a  stands by tillage, or herbicide plus delayed tillage on 

date 1, indicating that an expected increase in grain yield can occur by changing their 

termination strategy to date 2 with herbicide. Site x date interactions afFiected grain yield 

(Table 4-22), since the tillage treatrnent on date 2 outyielded tiiiage on date 1 at the 

Holland site only (Table 4.23). Significant site x method interactions also iduenced grain 

yield p rimariiy because the herbicide treatment outyielded the tillage treatment for bot h 

date 1 and date 2 at the C m a n  site, only date 1 at Holland, and not at al1 at Gienlea 

(Table 4.23). Date (herbicide only) was significant since grain yield decreased, as alfalfa 

termination progressed f?om date 1 to date 3. 

4.4.5.3 Aen'al Biomass Yield 

Biomass production is an important measure of the ability of a system to grow 

plants. Total above ground wheat biomass yield at harvest was affected by the date of 

&alfa termination at the Glenlea site only (Table 4.24). However, date (herbicide ody) 

termination influenced aeriai biomass yield at all3 sites. The method of a l f ' a  termication 

afTected aenal biomass yield at the C m a n  and Hoiiand sites. Orthogonal contrasts for 

the alfalfa termination treatments indicated that alfalfa termination on date I by herbicide 



produced a higher aend biomass yielr; than t e d a t i o n  by tillage at the Carman and 

HoIland sites (Table 4.24). On date 2, aend biomass yield was greater for alfalfa 

tennination with herbicide than with tillage at the HoUand site ody. Alfkb termination 

(date 1) produced greater aerial biomass yield than aifhiîà termination with herbicide (date 

2) at the Glenlea site oniy. No diffierences in aerial biomass were noted between dates of 

termination with mage. m a  termination by herbicide (date 2) produced higher aerial 

biomass yield than termination by tülage (date 1) at the HoiIand site, however the opposite 

occurred at the Gfedea site. No merences were h d  in aerial biomass yield when 

alfalfa tennination by herbicide (date 2) and termination by herbicide plus delayed tiilage 

were contrasted (Table 4.24). 

Combined site analysis of aerial biornass indicated yield dflerences among the 

three sites (Table 4.22). Yield diffierences in aenal biomass were also due to the date and 

method of alfalfa tennination (Table 4.22). Site x date and site x method interactions of 

&alfa termination Muenced aeriai biomass yield due to date and method dserences 

among the sites (Table 4.24). Date (herbicide only) of a l f i a  terrnination had a significant 

impact on aerid biornass yield, which decreased with each successive date of termination. 

Alfàlfa termination by herbicide (date 1) had a higher aerial biomass yield than tennination 

by tiIIage (date 1). as indicated by orthogonal contrast (Table 4.22). Malfa termination 

by herbicide (date 1) also resulted in higher aerial biomass yield than tennination by 

herbicide (date 2). 

4.4.5.4 Water Use ECliciency 

Grain yield water use efficiency (WUE) was infiuenced by the date and method of 

alfalfà termination at the Holland site only (Table 4.25). The date (herbicide only) affected 

grain yield WUE at the Gleniea site. Grain yield WUE was 1.1 kg ha" mm" greater when 

the altalfa was terminated with herbicides (date 1) rather than with tillage at the Holland 

site (Table 4.25). No affect on WUE at any location was evident between alfalfa 



termination by herbicide and tülage on date 2. Grain yield WUE was found to be higher at 

the Holland location when al f ia  was terminated by herbicide (date 2) than by either 

Mage (date 1) or herbicide plus delayed Mage (date 1). Deibert et al. (1986) reported 

grain WUE of continuous s p ~ g  wheat under no-tül averaging 5.3 kg ha-' mm-' soi1 water, 

and WUE of wheat with spring piow only marginaiiy higher. Clayton (1982) observed 

higher grain WUE with conventional tillage compared to no-mage, due to higher grain 

yields on the conventional treatments. 

Combined site anaiysis indicated that Gledea had signincantly lower grain yield 

due to excess rainnill, than either the Carman or Holiand sites (Table 4.22). The 

method of a l f i a  termination si@cantly infiuenced grain yield WUE, with herbicide 

termination being greater. Steiner (1994) concluded that wheat residue on the soi1 surface 

during the growing season enhanced WLlE of both aerial biomass and grain for dryland 

sorghum. Site x date and site x method also affected grain yield WUE. The date 

(herbicide only) of alfia t eda t ion  iduenced grain yield WUE, pharily due to lower 

grain yield of the s p ~ g  tenninated treatment (Table 4.22). Grain yield WUE was 

significantly greater when aifaita was terminated by herbicide rather than by either Nage 

or herbicide plus delayed tiiiage on date 1 (Table 4.22). 

Aenal biomass WUE was inûuenced by the date of a l f i a  tennination at the 

Glenlea site, and the method of alfalfa termination at the HoUand site (Table 4.26). Above 

ground biomass WUE was afFiected by the date (herbicide only) ofalfaliEi tennination at al1 

3 sites (Table 4.26). Mal fa  termination by herbicide (date 1) produced greater aerial 

biomass WUE at Carman than that by tiliage (date 1). Shanholtz and Liilard (1969) 

measured greater aerid dry matter in no-till küled grass sod plots, which they attributed to 

the ability of the no-tili system to use soii moisture more efficientiy than the conventional 

system, 

Malfa tennination on date 2 by herbicide produced higher aerial biomass WUE at 

Holland than did the tüiage treatment. Greater aerial biomass WUE was achieved on date 



I with alfaffa termination by herbicide treatment than with date 2 at the Glenlea location, 

however the opposite was observed at the H o h d  site. The mage treatment on date I 

produced greater aerial biomass WUE than with date 2 at the Glenlea site. By tefminating 

aifâlfa on date 2 with herbicide rather than on date 1 with tillage or herbicide plus delayed 

tillage, higher aerial biomass WUE was attained at the Hoiiand location. However, 

greater aerial biomass WUE was achieved at Glmlea when a i l f a  was terminated by 

tiliage (date 1) rather than with herbicide on date 2 (Table 4.26). 

Aerid biomass WUE for the combined site analysis was lower at the Glenlea site 

than either the Carman or Hoiiand locations (Table 4.22). Aerial biomass WUE was 

greater when alfalfa was terminateci on date 1 rather than date 2. Site x date and site x 

method interactions aiso iduenced above ground biomass WUE. Date (herbicide only) of 

&alfa termination also significantiy akcted aenal biomass WUE (Table 4.22). 

Orthogonal contrasts indicated aerial biomass WUE to be greater when a l f i a  was 

terminated by herbicide rather than by tillage on date 1, as weii as on date 2 (Table 4.22). 



Table 1.21. Wbeat emergence cespouse to date and method of N a  termination in 1992 at Carman 
Glenlea and Hoiiand, MB.(I993). 

Carman Glenlea Holland 

Means 
Herbicide (date 1) 343 -6 
Herbicide + delayed mage (date 1) 344.0 
TilIage (date 1) 338.3 
Herbicide (date 2) 350.6 
Herbicide + delayed tiiiage (date 2) 357.5 
TiUage (date 2) 350.6 
Herbicide (date 3) 3 18.2 

ANOVA (F' > F) 
Source of variation 

Date 
Method 
Date x Methoci 
Date (herbicide only) 

Contrasts 
Herbicide 
Herbicide 

vs- mage (date 1) 0,746 
vs. tillage (date 2) 0.67 1 

Herbicide (date 1 vs, date 2) Ob70 
Tiiiage (date 1 vs. date 2) 0.456 
Herbicide (date 2) vs. tillage (date 1) 0.457 
Herbicide (date 2) vs. H+T (date 1) 0.689 



Table 432. Combined site response ofcrop parameters to date and methoci of alfialta termination in 1992 
at Carman, Gtenlea and Holland, MB.(L993)- 

Emergence Grain Aeriai biomass WUE WUE 
yield yield (grain) (biom=t) 

Site 
Cannan 
Gieniea 
Hoiiand 

Tmtmeat 
Herbicide (date 1) 
Herbicide + delayed tillage (date 1) 
TiUage (date 1) 
Herbicide (date 2) 
Herbicide + deiayed tillage (date 2) 
Tillage (date 2) 
~erbicide (date 3) 

kg ha" 

2,679 
1,782 
2,384 

2,4 14 
2,227 
2,094 
2,395 
2,324 

ANOVA (P > F) 
Source of variation 

Site 
Date 
M e W  
Site x Date 
Site .u Method 
Date .u Method 
Site x Date x Method 
Date (herbicide oniy) 

Contrasts 
Herbicide vs. tillage (date 1) 
Herbicide vs. mage (date 2) 
Herbicide (date 1 vs. date 2) 
Tillage (date 1 vs- date 2) 
Herbicide (date 2) vs. tillage (date 1) 0.706 a.00 1 O. 159 0.008 0.446 
Herbicide (&te 2) vs- H+T (date 1) 0,151 0.0 1 1 0.680 0.032 0.371 



Table 4.23. Grain yield response of wheat to date and methad of alfalfa termination in 1992 at Carman, 
Glenlea and HoUand, MB(1993)- 

Means 
Herbicide (date 1) 2,925 
Herbicide + delayed tillage (date 1) 2,625 
TiUage (date 1) 2,481 
Herbicide (date 2) 2,779 
Herbicide + delayed tillage (date 2) 2,782 
Tiiiage (date 2) 2,535 
Herbicide (date 3) 2,625 

Source of variation 
Date 
Method 
Date x Method 
Date (herbicide oniy) 

Contrasts 
Herbicide vs, tillage (date 1) - a 0 0  1 
Herbicide vs- Mage (date 2) 0.035 
Herbicide (date 1 vs. date 2) O. 188 
Tiiiage (date 1 vs. date 2) 0.623 
Herbicide (date 2) vs, tillage (date 1) 0.0 12 
Herbicide (date 2) vs. H+T (date 1) O. 165 



Table 4.24. Wheat aerid biomass yield response to date and methocl of alfalfa termination in 1992 at 
Carman, GIeniea and Hoiland, MB(1993)- 

Meaas - 
Herbicide (&te 1) 9,8045 
Herbicide + deiayed tillage (date 1) 8,39û 
Tiage (date 1) 7,770 
Herbicide (date 2) 8,925 
Herbicide + delayed tillage (date 2) 8,769 
TiUage (date 2) 7,854 
Herbicide (date 3) 8,111 

Source of variation 
Date 
Method 
Date x Method 
Date (herbicide only) 

Contrasts 
Herbicide vs. Éillage (date 1) 0.004 
Herbicide vs. tillage (date 2) 0.097 
Herbicide (date 1 vs, date 2) O. 166 
Tillage (date 1 vs, &te 2) 0.893 
Hetbicide (date 2) vs, mage (date 1) 0.075 
Herbicide (date 2) vs. H+T (date 1) 0.393 



Table 125, Grain yield water use eciency respoase of wheat to date and method of alfalfa termination 
in 1992 at C~IIMII, Gleniea and HoUand MB(1993)- 

Means 
Herbicide (&te 1) 8 2  
Herbicide + delayed tillage (date 1) 7-1 
Tiüage (date 1) 7.3 
Herbicide (&te 2) 7.5 
Herbicide + delayeci tillage (date 2) 7 2  
Tiage (&te 2) 6-7 
Herbicide (date 3) 6.8 

kg ha" mmL ET 

Source of variation 
Date 
Meîhod 
Date x Method 
Date (herbicide only) 

Contrasts 
Herbicide vs. tiilage (date 1) O. 110 
Herbicide vs- tüiage (date 2) 0.2 15 
Herbicide (date 1 vs. date 2) 0.256 
Tiage (date 1 vs. date 2) 0.330 
Herbicide (date 2) vs, tillage (date 1) 0,715 
Herbicide (date 2) vs. H+T (date 1) 0.520 



Table 5-26, Aeriai biomass yield water use efûciency response of wheat to date and method of aKalfa 
termination in 1992 at Carman, Glenlea and HoLiand, M6.(1993)- 

Means 
Herbicide (date 1) 27-5 
Herbicide + delayeci tillage (date 1) 22.5 
Tiage (date 1) 22-9 
Herbicide (date 2) 23 -9 
Herbicide + delayed tiilage (date 2) 22.7 
Tüiage (date 2) 20.8 
Herbicide (date 3) 20.9 

Source of variation 
Date 
Methoci 
Date ?c Method 
Date (herbicide only) 

Contrasts 
Herbicide vs. mage (date 1) 0,047 0.53 9 
Herbicide vs. mage (date 2) O, 186 O, 158 
Herbicide (date 1 vs. date 2) 0,156 0.003 
Tiflage (date 1 vs. date 2) 0.338 0.020 
Herbicide (date 2) vs. tillage (date 1) 0.638 <O.OO 1 
Herbicide (date 2) vs, H+T (date 1) 0.503 0.05 1 



4.5 Summary and Conclusions 

Soi1 moisture content foiiowing aifàlfâ is Uifluenced by both the date and method 

of alf&ia termination The extent to which soü water is conserved for the foilowing crop 

is also dependent on initial moisture levels in the soü and accumulated precipitation. 

Sufncient moisture Ui the soü pronle of the seedbed is necessary for successfùl 

establishment of f a  and s p ~ g  seeded crops. Greater soil moimire levels were attained in 

the 0-30 cm and 30-90 cm soü increments in October at the end of the fint season by 

tenninaàng alfalfa on date 1 compared to date 2, primarily because the growing a l f ia  

contùiued to extract soil rnoisture until the date 2 tennination treatments were applied. 

Soi1 moisture was aiso conserved in the 0-30 cm soil increment at fd by utilking 

herbicides instead of tillage to terminate alfalfa, which was Likely due to either the abiiity 

of the alfalfa residue to reduce evaporative moisture Ioss, as weli as the additional 

moisture loss incurred by each Nage event, or both. Termination with herbicides 

increased soil moisture levels in the 0-30 cm soil increment by 52 mm to 8 L mm more than 

the tillage at date 1, and 32 mm to 72 mm more than tillage at date 2. Producers wanting 

to obtain a second alfalfa cut prior to tennination are able to also conserve soii moisture in 

the upper 30 cm soi1 profle increment by utilizing herbicide termination on date 2 in lieu 

of tiilage or herbicide plus delayed tiiiage on date 1. 

The method of &alfa termination inûuenced grain yield at al1 three sites, whereas 

the date of temhation affected grain yield at only one site. Grain yield was 15.3 % and 

14.4 % higher by utilizlig herbicide on date I or date 2 respectively, instead of tillage on 

date 1. Also, by ushg herbicide to terminate affalfa at date 2, incnased grain and biomass 

yields can be achieved in the crop following aüalfa, and as well, a second cutting of alfalfa 

can be harvested in the &alfa year. 

Greater WUE of grain yield (10.7 %) and crop aenal biomass (10.6 %) was 

achieved by terminating alfalfa on date 1 with herôicide compared to using tillage on date 

1. Greater WUE for crop aerial biomass (1 1.4 %) was also attained on date 2 by using 



herbicides to tenninate alfaifa, Termination of alfia on date 2 with herbicide was able to 

promote 3.8 % and 1.8 % greater WUE of grain yield than using mage or herbicide plus 

delayed tiUage respectively, on date 1. in conditions of moisture shortage for crop 

production, herbicide termination ofahEa coupled with no-ti. seed'mg of the foliowing 

crop appears to make the best use of avaüable soil moisaire- Tenninating al f ia  with 

herbicides combiied with a no-till cropping system also include soi1 conservation benefits 

through additional retention of residue on the soil sudice. 



5.0 Gentml Summary and Conclusions 

5.1 Conclusioas 

Successfui temination of a l f i  in a crop rotation involves a systems approach 

includimg initial termination, soi1 moisture consewation, crop competition, and post- 

emergence herbicide management stnitegies. Conclusions f?om this study indicate that 

alfalfa can be succesmilly terminated with 1.78 kg ai. ha-' giyphosate. Results aiso show 

that 1.78 kg ai. ha-' giyphosate can suppress alfalfa as weii as mage for both fd and 

spring termination. 

Increased soi1 moisture in the upper soii profile can be conserved by using 

herbicide instead of tillage for a l f i a  termination. Soii moishire content in the upper soil 

profile at fd of the year of termination was uifluenced by both the date and method of 

termination, however, only the method of tennination infiuenced soil moisture at spring 

seeding. 

Grain yields of the crop foliowing alfalfa termination were sirnilar or greater for the 

1.78 kg a i  ha-' glyphosate treatment than tillage when alfalfa was terminated in the fall, 

however, the tüiage treatment resulted in higher crop yields for spring termination 

Problems associated with spring temination by herbicide ùiclude soil moisture loss, late 

crop seeding, slow die back of a l f i a  causing excess competition to the emerging crop, 

and interference with the ability of the post-emergence herbicide application. The post- 

emergence herbicide application is an important component of the temination strategy to 

suppress aüaKa escapes which cause competition to the emerging grain crop. 



5.2 Recommendations 

Producers rotating out of alfiilfii with tillage who experience inadequate 

suppression of the alfàifà stand or excessive moistue l o s  nom the soil profle, should 

consider using the herbicide approach in combination with no-till seeduig. The use of 

herbicides will prornote successfùi tennination of perennïai a l f i  in a cropphg system 

which may encourage producers to rotate aEdh stands more fiequently, thus enabling 

alfalfa's beneficial attributes to the rotation to be better realized. Herbicide termination of 

alfkfa coupled with no-tiU seeding of spring aops wili retain alfalfa residue on the soil 

surface, resulting in reduced soil erosion potential, and reduced soil moisture loss. 

F d  termination of a l f ia  with herbicides enables the foliowing grain crop to be 

seeded earlier in the spring, thus taking advantage of early spring moisture, as welI as the 

full duration of the growing season S p ~ g  tenninated alfia, on the other hand, delays 

crop seeding, and often results Ui soii moisture loss pnor to seeding. Also, reduced 

effectiveness of the post-emergence herbicide on in-crop aifialfa escapes may occur for 

spring herbicide texminated alfaifa compared to faIl ter-ated alfalfa. 

The selection of herbicide used to terminate a l f ia  depends on the presence of 

weeds in the stand in addition to the alfaLfa. If perennial grass weeds are present, a 

glyphosate mixture must be used. Glyphosate mixed with 2,4-D or dicamba will suppress 

&alfa better than glyphosate aione. 

The crop in rotation foiiowing alfalfa should be relatively cornpetitive, such as 

wheat or barley, and be able to withstand a post-emergence herbicide application to 

suppress a l f ia  escapes. 



5.3 Future Research 

Additional research is requued to support the r d t s  of the current study, since a l f i a  is 

grown across a wider range of soii, crop, and environmental conditions, than that 

supported by the current project. Further investigation into the timing of a l f i  

termination, to fhd the stage of alfialfa development for optimum herbicide efficacy, and 

fùrther investigate the time of year for alf;Ilfa termination, such as pre-harvest aifalta 

termination which may better suit crop management objectives. Further research is 

required to develop cost effective herbicide mixtures for optimum controt of alfia across 

a broad range of environmental conditions, and aiso develop herbicide mixtures for allàlfa 

stands with unique weed infestations. Consideration must also be given to mbsequent 

crop susceptibility to herbicide residue fiom the tennination treatments. Additionai 

research is also required to better understand the physiological aspects of herbicide 

efficacy within the alfilfa plant, and interactions of herbicide efficacy with other 

herbicides, either in mixtures or split applications (Le. pre-plant and post-emergence), soi1 

and environmental conditions, alfia growth and development, and the date of affaffa 

tennination. 
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Figure A.01. Daily mahurn, minimum, and mean air temperature at Portage la Prairie, MB. (1992). 
and Glenlea, MB. (1 993). 



Table A01 F-test significance (P > F) for f d  termination of a l f i  treatment effects on soi1 moisture at 0-10 cm and 
10-30 cm deph  at Portage ia -e, MB- (1992)- 

Day of Year 

Source of 0-10 10-30 0-10 10-30 0-10 10-30 0-10 10-30 0-10 10-30 0-10 10-30 
(283)$(74.6) (36.2) (820) (325) (77-9) (26-9) (73.9) (14.5) (60.9) (26.7) (75.6) 

Termination (ï) 0.012 0,768 0.096 0.531 4.001 0.240 0.018 0384 0.501 0.830 O252 0248 
C ~ P  (cl 0.512 0.315 0298 0,418 0.354 0,601 0,721 0.601 0.379 0.415 0.311 0219 
Post herbicide (P) - - - - - - O - 0.482 0.739 0.614 0.315 
TxC 0.654 0,797 0313 0.509 0.368 0,930 0546 0.421 0.084 0358 0.490 0217 
TxP - - - - - - O - 0,728 O514 0.429 0.616 
C X P  - - - - - - - - 0.847 0.691 0.514 0.409 
TxCXP - - - - - - - - 0.527 0.459 0.610 0,569 

Planting date DOY 129 (May 8). 
$ Mean soii moisture (mm). 

Table Aû2 F-test signircance > F) for sprïng termination of alfalfa treatment effêcts on soi1 moisture at 0-10 cm 
and 10-30 cm depths at Portage la Prairie, MB- (1992). 

Day of Year 

Source of 0-10 10-30 0-10 10-30 0-10 10-30 0-10 10-30 0-10 10-30 0-10 10-30 
variation (23.4)t (662) (23.3) (68.4) (18.9) (55.4) (31.5) (72.6) (37-1) (77-1) (37.8) (77.6) 

Texmination (T) 0.004 <0.00 1 0.004 0.003 0.8 17 0260 0.002 0.038 4-00 1 0.33 1 0.038 0.942 
C ~ P  (c) 0.460 0.455 0.988 0.359 0.980 0291 0.482 0.273 0.179 0.707 0.201 O. 139 
Post herbicide Cf) - - - - - - - - - - 0.340 0.663 
T x C  0.864 0.213 0.316 0224 0.398 O281 0.440 0.306 0233 0.155 0.662 0.210 
T x P  - - - - - - - - - - 0.306 0.253 
C X P  - O - - - - - - - - 0.339 0.486 
TxCxP - - - - - - - - - - 0.344 0.204 

PIanting date DOY 129 (May 8). 
$ Mean soi1 moisture (mm). 



Table A03 F-test sigdicance (P > F) for Edi temination of aifdt5 traitment e f f i  on soil moisture at 
0-10 cm depth at Glenlea, MB. (1993)- 

Source 133f 139 146 153 158 162 168 173 
of -ation (26-9)# (232) (26-9) (28-9) (272) (35.8) (33-3) (23.7) 

Termination (T) 0.026 0.002 0,005 4)-001 0,001 0.090 ~0.001 0.003 
C ~ P  (0 0,237 0.865 0.926 0,046 0.241 0,758 0272 0.425 
Post herbicide (P) - O O - O - - 0.328 
T x C  0,358 0.685 0.576 0,752 0.838 0.396 0.316 0.540 
T x P  - w w - O 

- 0.578 
C x P  - - - 9 9 - - 0-467 
T x C x P  - - - - O O O 0.227 

Planting date DOY 133 (May 13). 
3 Mean soi1 moishue (mm), 

Table A01 F-test sigaincance (P > F) for s p ~ g  termination of alfalfa treatment effets on soi1 moisîure 
at 0-10 cm depth at GIenlea MB. (1993). 

Day of Year 

Source 1467 153 158 162 168 173 182 188 195 
of variation (24.6) # (26.2) (25.9) (33.3) (32.7) (21.6) (32.0) (35.2) (25.1) 

Termination (T) 0.004 <0.001 0.01 1 0.002 0.004 0.010 0.003 0.198 0.582 
C~OP (C) 0.835 0.308 0.805 0.798 0,553 0.262 0.660 0.511 0.864 
Post herbicide (P) - w - - O 0.321 0.633 0.076 
T x C  0.217 0.217 0.660 0,782 0,752 0.028 0.889 0.710 0.650 
T x P  O O O O 0.034 0.495 0.126 
C x P  - - - - O - 0.852 0.294 0.I16 
T x C x P  - w - - 0.498 0.707 0.177 

t PIanting date DOY 146 (May 26)- 
$ Mean soi1 moiSnire (mm). 



Effîcacy o f  Herbicides and Herbicide Combinations to 

Terminate Pennniai AïfalCa Stands 

B. 1 Abstract 

Herbicides currently avaüable are oflen hadequate to terminate perennial alfalfa 

sufficientiy for crop production the foilowïng year. In addition, few studies are available 

for herbicide termination of a l f i a  stands in Canadian Prairie conditions. An alfia 

termination study was initiated at Glenlea, Manitoba on a six year H a  (cv. Baver) 

stand to investigate the ability ofglyphosate, dicamba, 2,4-D, clopyralid, and combinations 

of these herbicides to effect termination of alf ia.  

Visual and aerial biomass assessments of alfalfa suppression indicated that 

herbicides applied in combination with one another generaiiy controlied allaita to a greater 

extent than herbicides applied alone. Clopyralid at 0.30 kg ai. ha-' applied done, 

however, was the only treatment to terminate alfalfa as effectively as the herbicide 

combination treatments. Weed growth was also assessed, indicating the importance of 

attendmg to weeds which often invade alfua stands. Winter annuals including 

shepherd's purse (Capsella btum-pa~roris F I  Medic.) and stinkweed (ThIatspi mense 

L.), and perennial grasses includïng quackgrass (Agropyron repens [L.] Beauv.), and 

foxtail barley (Hordetim jtibatm L.) were not controiled with the clopyralid treatment. 

As weil, 0.50 kg ai. ha" 2,4-D and 0.60 kg ai. ha-' dicamba treatments were ineffective 

for dandelion (Trnaxacurn o @ c f . e  Weber) control. Overd weed control was generdy 

adequate with glyphosate combinations with dicamba or 2+D, however for total control 

includig summer annuai weeds, and complete control of alldfia, post-emergence herbicide 

applications are recommended in addition to the initial termination treatment. 



B.2 Introduction 

Complete control of perem-al alfalfa is rquued for successful m u a i  crop 

production in the year foliowing aifialfa t eda t ion .  The inabüity of many herbicides to 

control a l f i a  adequately suggests that additionai studies need to be perfonned, in order 

to find herbicides or herbicide combinations to effect increased suppression of alfalfa 

Many herbicides, including glyphosate, dicamba, and 2,4D appüed alone or at subletha1 

rates, are not suffiCient for adequate alfoltà control (Button, 1991; Clayton, 1982; Knake 

et al., 1985b). Individuai treatment of clopyralid however, can control a l f i a  adequately 

for crop production (Koethe, 1987). Treatments of the preceding herbicides used in 

combination with one another have been successfûl for adequate a l f ia  termination 

(Button, 199 1; Knake et al., 1985b; Moomaw and Martin, 1976). 

Weed control is also an important aspect to be considered when terminating alfalfa 

with herbicides, since at the time of termination, many al l ia  fields are infested with 

quackgrass dandelion, and other perennial weeds (Buhler and Proost, 1990). ui situations 

where a l f i a  is terminated succesfiUy, and the herbicide has no efficacy on a weed 

population, that weed population will often flourish nom lack of cornpetition by the 

alfalfa. Knake et al. (1984b) experienced vigorous quackgrass growth when alfalfa was 

terminated with 2,4-D. Treatments of glyphosate have often been utilized to control a 

wide diversity of weed species, including alfalfa (Buhler and Proost, 1990; Knake, l984b). 

B.3 Materials and Methods 

The study was located at Glenlea, Manitoba on an Osborne clay soi1 with the 

surface texture consisting of9% sand, 26% silt, 66% clay. The experiment was conducted 

on a s u  year alfa& (W. Beaver) stand, and was designed as a randomized complete block 

experiment with four replications. Fourteen treatments were applied to the altalfa stand 

including 0.50 kg ai. ha-' 2,4-D, 0.60 kg a i .  ha-' dicamba, 0.60 kg ai. ha-' dicamba plus 

0.50 kg ai. ha-' 2,4-D, 0.30 kg ai. ha-' clopyralid, 0.30 kg a.i. ha-' clopyralid plus 0.50 kg 



a i  ha'' 2,4-D, 0.44 kg ai. hag' giyphosate, 0.66 kg ai. ha-' glyphosate, 0.66 kg ai. ha*' 

glyphosate plus 0.50 kg ai. ha" 2,4-D, 0.66 kg ai- ha-' giyphosate plus 0.60 kg ai. ha-' 

dicamba, 0.66 kg ai. ha-' glyphosate plus 0.60 kg ai. ha-' dicamba plus 0.50 kg ai. ha-' 

2,4-D, 0.66 kg ai. ha*' giyphosate plus 0.08 kg a i  ha'' clopyraiid, 0.89 kg ai. ha'' 

giyphosate, 1.78 kg ai. hg1 glyphosate, and an untreated check. The treamients were 

applied at 7:00 pm on September 22, 1992. The wind was cairn, temperature was 9.8OC, 

and relative humidity was 49%. The herbicide treatments were applied in 107L water h%' 

with a CO2 equipped bicycle sprayer. 

Visual ratings of alf ia  suppression were recorded on October 15 and May 8, by 

averaging three observations per plot. A rating scale of zero to five was utilued with five 

representing the untreated check and zero representing the complete absence of green 

regrowth. Alfiilfa aerial regrowth was also assessed May 25 and June 22, by removing 

two 0.5 m2 quadrats of biomass per plot, and hand sorting the alfalfa fiom other plant 

species. Milfa biomass was dried at SOC for 48h, and weighed. Each treatment was 

expressed as a percentage of the untreated check. 

Weed control was also assessed on May 25, by removing two 0.5 m2 quadrats of 

biomass per plot, and hand sorting the weeds into groups of similar growth charactenstics 

(Le. summer annuals including lamb's quarters (Chenopudizm czlbzm L.), winter annuals 

including shepherd's purse (Cupsella bursa-paston's p.] Medic.) and stinkweed (ZElaqt 

mense L.), perennial broadleaf weeds including dandelions (Turaxaczmt oflciiale 

Weber), and perennial grasses inciudiig quackgrass (Agropyron repens L.] Beauv.), and 

foxtail barley (Hordem jubutm L.). 

Statistical analysis of the data was perfionned using analysis of v&ance (Statistical 

Analysis Systems, 1990). Fischer's Least Sigaificant DifEerence test was used to 

determine mean separation of treatments. 



Rcsults and Discussion 

Aifialfa Termination 

Vsud ratings of W a  suppression on October 15, three weeks after herbicide 

tennination of W a  indicated that combinations of herbicide were more efféctive for 

suppressïng W a  than that of individual herbicide mixtures (Table B.01). The most 

effective treatments were 0.66 kg ai. ha-' ghlphosate plus 0.50 kg ai. ha-' 2.443, 0.66 kg 

ai. ha-' glyphosate plus 0.60 kg ai. ha-' dicamba, 0.66 kg ai. ha-' glyphosate plus 0.60 kg 

ai. ha-' dicamba plus 0.50 kg ai. ha-' 2,4D, and 0.66 kg ai. hà' glyphosate plus 0.08 kg 

a.i. ha-' clopyraiid, which wppressed &alfa to a greater extent than the other treatments. 

The 0.60 kg a i  ha*' dicamba plus 0.50 kg ai. ha-' 2,CD treatment was almost as effective 

in-suppressing m a  growth as the precediig treatments, however it was not dierent 

than the 0.30 kg ai. ha-' clopyraiid, 0.30 kg ai. ha-' clopyralid plus 0.50 kg ai. ha-' 2,4-D, 

and 1-78 kg a.i. ha-' glyphosate treatments. The remaining treatrnents were considerably 

less effective in terminahg alfalfa, The visual assessrnent on May 8 showed a similar 

pattern of treatment cornparisons as that on October 15 (Table B.01), however dserences 

between treatments were not as obvious, probably because alfaIfa regrowth was only 

beginning in early May. The May visuai rating assessed regrowth of alfalfa, whereas 

&alfa die back, which was more prominent, was assessed in the October rating. Button 

(1 99 1) conducted visual assessments of chemicaiiy suppressed alf ia in the fd and spring, 

and detennined herbicide combinations to be genedy more effective than individual 

herbicides to control alfalfa regrowth. 

Aerial regmwth of alfâifâ biomass measured on May 25 indicated few dxerences 

between treatrnents, except for the 0.66 kg ai. hao' glyphosate, 0.44 kg ai. ha-' 

glyphosate, and 0.50 kg ai. ha-' 2,4-D treatrnents, which did not t e d a t e  altaffa as weli 

as the other treatrnents (Figure B-Ola). Reassessment of alfalfa aerial regrowth on June 

22 clearly indicated the superïor termination treatments (Figure B.0 1 b), and ranking of 



treatments was similar to that of the October 15 visual assessment- The herbicide 

treatments which obtained greater than 85% suppression of alfiilfa according to the June 

22 assessment of alfalfa aerid regrowth were 0.60 kg ai. hgL dicamba plus 0.50 kg ai. ha- 

' 2,4-D, 0.30 kg ri. ha-' clopyraiïd plus 0.50 kg ai ML 2,4-D, 0.66 kg ai. ha-' giyphosate 

plus 0.60 kg a i  haœL dicamba plus 0.50 kg ai. ha-' 2,4-D, 0.66 kg a i  ha-' glyphosate plus 

0.60 kg a.i. ha-' dicamba, and 0.30 kg ai. ha-' clopyralid (Figure B-Olb). Button (1991) 

found that 0.89 kg ai. ha-' glyphosate plus 0.825 kg a i  ha-' 2,4-D, 0.89 kg ai. ha-' 

glyphosate plus 0.14 kg a.i. ha-' dicamba, and 0.076 kg ai. ha-' clopplid plus 0.588 kg 

a-i. ha" 2,4-D provided adequate suppression of alfalfh, as indicated by s p ~ g ,  post-1st 

alfalfa cut, and early fd spraying. Koethe et al. (1987) obtained 94% control of alfaHia 

with clopyralid at 0.28 kg ha-' with spring termination. 

The herbicide treatments, which provided between 55% and 75% suppression of 

alf;itfa, were 0.66 kg ai. ha-' glyphosate plus 0.50 kg ai. ha-' 2,4-D, 0.60 kg ai. ha-' 

dicamba, and 1.78 kg a.i. ha-' glyphosate. The remahhg treatments (0.89 kg ai. ha-' 

glyphosate, 0.66 kg a.i. ha? glyphosate plus 0.08 kg a.i ha-' clopyralid, 0.50 kg a i  ha-' 

2-4-D, 0.66 kg ai.  ham' glyphosate, and 0.44 kg ai. ha*' giyphosate) provided less than 

40% control of alfatfa and were not considered feasible in a field situation (Figure B.0 1 b). 

Generdy, the herbicide combinations provided better control of alf ia  than the individual 

herbicide treatments. Button (1 99 1) cited 0.89 kg ai. ha-' glyphosate and 0.14 kg a i  ha-' 

dicamba treatments as being inadequate for alfalfa control. Buhler and Proost (1990) 

however, achieved 78% control of a l f ~ a  with f d  appfied giyphosate at 1.1 kg a.e. ha' 
prior to post-emergence herbicide application. Moomaw and Martin (1976) achieved 

greater suppression of ahEa in spring or fhll with 1.12 kg ha*' 2,4-D plus 0.28 kg ha" 

dicamba combined than with either herbicide applied alone. Clayton (1982) also observed 

that herbicides in combination with each other were able to terminate alfalfa more 

effectively than herbicides applied alone. He found that herbicide combinations of 1.12 kg 

a i  h à 1  2,4D plus 0.42 kg a.i. hao1 dicamba, and 2.25 kg ai. ha-' 2,4D plus 0.42 kg a.i. 



ha'' dicamba effectively suppressed alfia to 75% of the untreated control when sprayed 

Augua 30, but were not signincantiy diffèrent than combinations of 1.12 kg ai. ha-' 2,4D 

or 2.25 kg ai. ha-' 2,4D plus 1.12 kg ai. ha-' gLyphosate or 1.75 kg ai. ha-' glyphosate. 

Clayton (1982) noted that aii of the preceding herbicide combinations gave unacceptable 

levels ofalfalfa suppression for crop production. Knake et al. (1985b) found inadequate 

alfaEa control with 0.56 kg ha-' 2,4-D, or 0.56 kg hiL dicamba, but obtahed greatIy 

increased a l f ia  control with combinations of 0.56 kg ha-' 2,4D plus 0.56 kg ha'' 

dicamba 

Table B.O1. Visuai rating assessrnent of alfalfa termination treatments at Gleniea, MB (1993). 

V i  rating 
October 15,1992 May 8, 1993 

Tennination treatment 
2,+D 0.50$ 
D 0.60 
D 0.60 + 2,4-D 0.50 
C 0.30 
C 0-30 + 2,4-D 0.50 
G 0.44 
G 0-66 
G 0.66 + 2,4-D 0.50 
G 0.66 + D 0.60 
G 0.66 + D 0.60 + 2,4-D 0.50 
G 0.66 + C 0.08 
G 0-89 
G 1-78 
Untreated Check 

LSD (0.05) 

Source of variation 

Tennination 

ANOVA (P > F") 

f Mean visual ratings followed by the same letter are not simiificantiy Werent according to Fisher's 
pmtected Least Signincant DiBlerence test (P s 0.05). 

# kg ai. ha'. 



May 25 

June 22 

T LSD 0.05 

Alfalfa Termination (kg a.i. ha1) 

Figure B.O1. Faii alfalfa suppression treatments, glyphosate (G), clopyralid 
dicamba @), 2,4-D, and combinations of herbicides rated as % of untreated check at 
Gledea, MB. on May 25 (a), and June 22 (b). Error bar represents LSD (0.05). 



B.4.2 Wttd Suppressioa 

Successful tennination of an alfialfa stand also includes control of weed species 

growing with the W a  Control of weed types in the aEd& stand dinered among the 

tennination treatments (Table B.02). Generally, annuai weeds were less abundant in 

treatments where alfalfa was not adequately controiieà, and competed with emerging 

weeds. Knake et al. (1984d) also indicated that cornpetition fkom uncontroiied alfiilfa and 

sweetclover provided some suppression of mual broadleaf weeds. Moomaw and Martin 

(1976) achieved good W a  control with spring applied 1.12 kg ha'' 2.4-D plus 0.28 kg 

ha-' dicamba, however they found that the dicamba did not provide enough residual 

activity to control annual weeds in the absence of the alfalfa Generdy, post-emergence 

herbicide applications are requued to provide adequate control of annual broadleaf weeds 

(Knake et al., 1992; Smith et ai., 1992b). 

Wmter annual weeds including stinkweed and shepherd's purse were not 

controlled by the 0.30 kg ai.  hao' clopyralid treatment (Table B.O2), which has no 

suppressive activity for these weeds (Maritoba Agriculture, 1997). The winter annual 

weeds were controlied to a simiiar extent by the other termination treatments. 

Dandelions were not controlled with the 0.50 kg ai ha-' 2,4-D, or 0.60 kg a-i. ha-' 

dicarnba treatments relative to the other treatments, excludimg the untreated control, which 

had the greatest dandelion biomass (Table 8-02). Glyphosate (Buhler and Proost, 1 WO), 

dicamba (Smith et al., 1992b), 2+D, and clopyralid (Hall and Sagan, 1993; Smith and 

Zollinger, 1993) have been utilued to suppress dandelion growth. Buhler and Proost 

(1990) achieved 96% control of dandelions with fd apptied glyphosate at 1.1 kg a-e. ha-' 

treatment in alfalfa Smith et ai. (1992b) used a post-emergence application of 0.56 kg 

a-e. ha" dicarnba to control both alfalfa and dandelion regrowth, in addition to an initial 

alfalfa termination treatment of 2-24 kg a.i ha*' giyphosate. 

Perenniai grasses were best controlled by treatments contaïning glyphosate either 

alone or in combinations with other herbicides. (Table B.02). The 0.30 kg a.i.haL 



clopyralid, 0.30 kg ai. ha-' clopyralid plus 0.50 kg ai. ha-' 2,4-D, and 0.60 kg ai. ha-' 

dicamba plus 0.50 kg ai. ha-' 2.4-D treatrnents contained the greatea amount of perenniai 

g r a s  biomass probably because these treatments were very effective for alfalfa control, 

but not for grass controf, and in the absence of the a W à  competition, the grasses 

achieved greater growth. The 0.50 kg ai. hgL 2,4-D, or 0.60 kg ai. ha-' dicamba 

treatments were i n e f f i v e  br both p s  and alf ia control, and have the alfatfa regrowth 

which provided competition to the grass weeds. Knake et al. (1984b) experienced similar 

results with invading quackgrass when alfküà was 80% contmlled with 1.12 kg. ha-' 2.4- 

D. Knake et al. (1984b) however, achieved good quackgrass control in an a l f ia  stand 

with a treatment of 2-24 kg ha-' glyphosate. 

Table B.02. Weed aerial biomass response to aifalfa termination treatments at GIenlea, MB. ( 1993). 

Main effect 
weed type 

Summer annuals Wmter annuab Dandelions Perenniai Grasses 

Termination treatmeat 
2.4-D 050$ 
D 0.60 
D 0.60 + 2,4-D 0.50 
C 0.30 
C 0.30 + 2,4-D 0.50 
G 0.44 
G 0.66 
G 0.66 + 2,4-D 0.50 
G 0.66 + D 0.60 
G 0.66 + D 0.60 + 2,J-D 0.50 
G 0-66 + C 0.0% 
G 0.89 
G 1-78 
Untreated Check 

LSD (0.05) 7-6 30.9 192.6 28.0 

Source of variation ANOVA P > F) 
Termination 0.060 ~ 0 . 0 0  1 ~0.00 1 0.006 

t Mean aerial biomass foiiowed by the same letter are not signincantIy ditrerent according to Fisher's 
protected Least SiPnificant Difference test (P 1; 0.03). 
kg ai. ha-'. 



B.5 Summa y and Condusioas 

This study has highlighted two important aspects of perennïal a l f i a  temination. 

First, increased suppression of althifk was achieved by application of herbicides in 

combination with one another, rathet than by individual applications of herôicides. 

Second, weed species growing in the alfiilfji stand must also be adequately controlled for 

successful crop production in the foliowing year. Herbicide combinations including 

glyphosate are generally required to control perennial grass weeds and dandelions- 

To achieve successfiil alfalfa termination, especiaiiy in situations with diverse 

perennial weed populations, it is recommended that herbicide combinations including 

glyphosate be utiked in order to address adequate weed and a l f ' a  control. Since no 

treatment achieved total a l f ia  or weed controi, it is recommended that in addition to the 

ini$al alfalfa termination treatment, a post-emergence herbicide app iication is also app lied 

to control alfia and weed escapes, as weli as annual in-crop weeds. 



1 .O 1.1 1.2 1.3 

Count Ratio 

Figure C.01. Neutron probe standard caiibration curve derived from volumetnc soil 
moisture measurements with a surface shield (Troxler mode1 4300 moisture gauge, 
Troxler Electronic Laboratones, Inc., Triangle Park, NC.) at the 0-10 cm soil depth 
at Hoiland, Carman, and Glenlea, MB. 




