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Abstract:
In aging alfalfa (Medicago sativa L.) swards, weeds establish and compete with alfalfa. Alfalfa grows
less vigorously and forage yields are reduced. Some growers are attempting to renovate alfalfa by
intensive spring tillage. The objectives of this research were to determine the short and long term
effects of various tillage practices and compare these effects with the use of herbicides in established
alfalfa.

Experiments were established at three locations in 1981. Herbicide and tillage treatments were applied
in a split plot, randomized complete block design. Subplots consisted of treatment in: (1) one year only,
(2) two consecutive years, and (3) three consecutive years.

Tillage reduced alfalfa stand densities but yields were not greatly affected by stand reductions. Deep
(10 cm) tillage with a shank implement benefited alfalfa lacking vigorous growth. Both percentage of
alfalfa in forage and total forage yield were increased. Chemical treatments improved the percentage of
alfalfa in forage but not forage yield. Deep tillage did not improve yields in young, dense, vigorous
alfalfa stands. Tillage increased soil temperature, and plant tissue analysis indicated an increased
uptake of N and P by alfalfa in tilled plots. 
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ABSTRACT

In aging alfalfa (Medicago sativa L.) swards, weeds establish and compete with alfalfa. 
Alfalfa grows less vigorously and forage yields are reduced. Some growers are attempting to 
renovate alfalfa by intensive spring tillage. The objectives of this research were to determine 
the short and long term effects of various tillage practices and compare these effects with 
the use of herbicides in established alfalfa.

Experiments were established at three locations in 1981. Herbicide and tillage treat­
ments were applied in a split plot, randomized complete block design. Subplots consisted 
of treatment in: (I) one year only, (2) two consecutive years, and (3) three consecutive 
years. ■

Tillage reduced alfalfa stand densities but yields were not greatly affected by stand 
reductions. Deep (10 cm) tillage with a shank implement benefited alfalfa lacking vigorous 
growth. Both percentage of alfalfa in forage and total forage yield were increased. Chemi­
cal treatments improved the percentage of alfalfa in forage but not forage yield. Deep til­
lage did not improve yields in young, dense, vigorous alfalfa stands. Tillage increased soil 
temperature, and plant tissue analysis indicated an increased uptake of N and P by alfalfa 
in tilled plots.
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CHAPTER I 

INTRODUCTION

Weeds invading aging alfalfa (Medicago sativa L.) stands compete with alfalfa and 

reduce alfalfa yield. Some growers are attempting to renovate alfalfa by intensive spring 

tillage.

Tillage of alfalfa stands is practiced in many areas of Montana (especially Western 

Montana). Some alfalfa growers are tilling young stands and are including deep tillage as 

an annual management practice. Implement dealers are selling narrow shanks called “alfalfa 

points” and are encouraging this practice.

Agronomists have received many questions concerning tillage of alfalfa fields. There­

fore, research was initiated in 1981 by the Montana Agricultural Experiment Station to: 

(I) determine short and long term effects of various tillage operations on weed control, 

yield, plant density, and longevity of forage stands, (2) evaluate several labeled, dormant 

applied herbicides for weed control and productivity of alfalfa, (3) compare the effects of 

tillage versus herbicides, and (4) determine the effects of various levels of tillage on young 

vigorously growing alfalfa.
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CHAPTER II 

LITERATURE REVIEW

Alfalfa (Medicago sativa L.), the most widely grown hay crop in the world, has been 

extensively researched and improved for over one hundred years. Germplasm exploration 

beginning in the late nineteenth century and subsequent cultivar development have in­

creased use and distribution of alfalfa in the U.S. (59). Management practices are continu­

ally being altered to better suit new germplasms and differing environments of various 

regions.

Tilling established alfalfa is an old management tool, developed and promoted as a 

weed control measure (1,4,13,18,55,62,69). Since the introduction of selective herbicides 

in the mid-1950s, tillage has decreased in popularity, but is still practiced by many alfalfa 

growers.

Direct Effects of Tilling in Established Alfalfa Stands

Weed Competition

A weed is “any plant growing where it is not wanted” (55). Annual and perennial 

grasses and broadleaved weeds are common weed problems in aging alfalfa fields (4,62). 

Since most weeds invading alfalfa fields have shallower root systems than alfalfa, tillage 

has been used to reduce weed competition.

New alfalfa stands are susceptible to weed infestations. Most weeds, however, do not 

flourish in mature, dense, vigorously growing alfalfa (18,55). Failure to control weeds in 

the establishment year may result in poorly competitive stands ( 18,69). When alfalfa stands 

become thin, sunlight reaching the soil surface stimulates weed seeds to germinate (55).
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Winter annuals that germinate and grow while the alfalfa is dormant can invade even vigor­

ous stands of. alfalfa (6,62). Weeds reduce alfalfa yields through competition for water, 

nutrients and light. Weeds also reduce the quality of harvested forage (55).

Degree of competition between grass and alfalfa depends on the grass species. Stand 

density ratings (space occupied by alfalfa plants) of numerous alfalfa cultivars increased in 

each of four years following seeding when grown with intermediate wheatgrass (Agropyron 

intermedium [L.] Beauv.) or crested wheatgrass {Agropyron cristatum [L.] Beauv.) (30). 

However, alfalfa stand density ratings declined when alfalfa was planted in mixtures with 

Russian wild ryegrass {Elymus junceus Fish.) or smooth bromegrass (Bromus inermis 

Leyss.) (32). Grass competition is greatest in early spring as growth commences from the 

crown buds of alfalfa (8,23). Vigorously growing alfalfa is equally competitive with grasses 

for moisture and nutrients in the upper 30 cm of the soil profile (3).

Tillage Studies

The value of tilling established alfalfa has often been questioned. Experiments in Colo­

rado during the 1930s indicated that cultivation of alfalfa had little effect on either weed 

populations or alfalfa plants (69).

At Prosser, Washington in 1938, a disk, spring-tooth harrow, and Hankmo renovator 

(spiked teeth on a revolving shaft) were used in various combinations of early spring and 

late fall tillage to control downy bromegrass {Bromus tectorum L.) (62). Results were 

erratic because of variation in the initial downy brome and alfalfa populations, but indicated 

a marked reduction in downy brome by all tillage treatments. Treatments incorporating 

both early spring and late fall tillage were most effective in controlling downy brome, but 

reduced alfalfa yields slightly. A single spring tillage did not affect alfalfa yields.
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Similar results were reported by Bruns et al. (4). twenty years later in Washington. 

They noted that downy brome control was short lived, and concluded that tillage caused 

considerable damage to alfalfa, crowns.

Garver (18) summarized alfalfa cultivation experiments conducted in South Dakota 

during the 1930s. Alfalfa cultivated with a spring-tooth harrow each spring for five years 

had higher stand density ratings (space occupied by alfalfa plants), and yielded similar to 

noncultivated alfalfa. Disking improved alfalfa yields for two years and then decreased 

both stand density and yield in the remaining years. All cultivation treatments reduced 

weed populations.

Alfalfa growth is initially slowed by tillage, however, normal growth soon resumes 

with no permanent adverse effects to the alfalfa plant (13). Delayed growth may result 

from crown bud injury (55). Implements with straight chisel-type teeth normally slide 

around well roofed alfalfa plants causing minimum damage to the roots (13,55,62). In con­

trast, deep set disks can cause extensive damage to alfalfa crowns and roots (13).

Dawson and Timmons (13) advocated frequent spring tillage of alfalfa seed fields 

“until the field looks as if it had been plowed and harrowed to form a seedbed.” This 

created a dust mulch at least 5 cm deep which provided excellent weed control with no 

apparent adverse effects on the alfalfa.

Leyshon (41) investigated using a power seeder to drill fertilizer (P2 O5) between wide­

spaced (45-90 cm) alfalfa rows. Yields were not increased by banding fertilizer 2.5 cm deep 

and were decreased when the fertilizer was placed 10 cm deep. He concluded that alfalfa 

root damage was responsible for the yield reduction. A second study, where soil between 

alfalfa rows was tilled to 10 cm without the addition of fertilizer, supported his earlier con­

clusion (41).

Pesak (54) found that drilling P2 O5 into legume-grass meadows decreased forage yields 

the first harvest following treatment, but yields recovered in subsequent harvests and years.
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Stand Density

Although tillage will probably reduce alfalfa plant density (plants per unit area), its 

effects on plant size end tillering capacity are not well known. Alfalfa adjusts its growth
i .

habit to the surrounding environment. Rapid tillering commonly occurs in sparse stands 

(5,11,50), especially when carbohydrate root reserves are high (11,23). Tiller number of 

healthy alfalfa plants may vary from five to thirty stems per crown (5,11).

Soil moisture, light intensity, temperature, mineral nutrition, disease, and cutting fre­

quency affect tillering capacity and plant vigor (11,39). Carbohydrate production and 

accumulation is the major determinant for crown bud initiation and development (11,23).

Increases in crown diameter the year following seeding normally increases stand dens­

ity (space occupied) even though plant numbers are reduced (18,29,36,68). Competition 

for space, nutrients and water among seedlings in dense stands reduces plant vigor. Larger 

plants usually persist and thrive while smaller ones die (39).

Kehr et al. (29) stated that tap root size is determined more by stand density (plants 

per unit area) than by cultivar characteristics. Tap roots commonly increase in diameter as 

space becomes available (29,36).

Kehr et al. (29) and Kramer et al. (36) reported that stand densities based on plants 

per unit area do not account for the tremendous variation in crown size and plant vigor in 

a field; therefore, plants per unit area is not often highly correlated with yield. Plant num­

bers in excess of those needed to obtain maximum leaf area index do not necessarily con­

tribute to greater yields (29,36). Correlations between yield and stand density are usually 

low in young stands, but increase as the stand ages (58,71). x

Indirect Effects o f Tillage

Alfalfa growth habit and yield are genetically determined, but environmentally influ­

enced. Environmental changes, either on a macro or micro scale, elicit plant responses (5,
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22,53). Tillage can affect the field environment in numerous ways. Among these are root 

structure, soil temperature, fertility, plant extract inhibition and disease.

Root Structure

Soil environment is a major determinant of alfalfa root structure (53,64). Although 

alfalfa is described as a deep, tap-rooted perennial, it shows considerable variability in root-r 

ing habit (11,18,37,47,63,64,68). Differences in number and size of branch roots and 

rhizomes occur among individual plants of a cultivaf and among cultivars.

Most alfalfa roots are located in the top 20 cm of soil (15,37). Lamba et al. (37) 

found that alfalfa contained more roots in the upper 20.cm of soil than smooth bromegrass 

or timothy (Phleum pratense L.). They also showed that artificial aeration of a silt loam 

soil to 20 cm greatly increased root growth of both alfalfa and smooth bromegrass. Oxygen 

deficiencies can reduce root growth by either reducing turgor pressure or by increasing cell 

wall constraints (66).

Cohen and Strickling (10) reported that moisture removal by alfalfa was most inten­

sive in the top 24 cm, even when soil moisture tension was lower at greater depths. How­

ever, Evans (15) found that root depth did not affect preferential moisture uptake by alfal­

fa. Taylor (66) reported that the absorption of water per unit length of root was the same 

for deep and shallow roots, so the proportion of roots in an area of available moisture 

determined water use patterns. Thus, the relatively shallow, fibrous root system of alfalfa 

supplies much of the plants’ water requirement when moisture is available near the surface.

Plant spacing influences rooting pattern and plant survival of alfalfa. Healthy alfalfa 

plants are maintained in close plantings during years of abundant precipitation. However 

during drought conditions, survival in stands three or more years old is best when plants 

are more liberally spaced (18).
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Normally, crown and root size rapidly increase during the first three to four years of 

growth (18,68). Number and size of alfalfa lateral roots increases as space becomes availa­

ble (18). Plant spacing influences root size and type more than plant age (18,68).

Thinning alfalfa stands after the seeding year promotes increased root development 

of surviving plants (18,53). Plant thinning is most efficient when it occurs in the seeding 

year or shortly thereafter. Greater abnormalities occur in root growth when thinning is 

delayed (18). L

Some strains of alfalfa can develop aerial shoots from severed root segments (18,63).

In 1946, Garver (18) observed this phenomenon in 6Ladak’ plants that had been severed 

by plowing. Vigorous plants developed from both tap and branch roots of severed plants. 

Experiments by. Smith (63) in 1950 supported Carver’s observations. He found bud and 

shoot formation on 8 cm root segments of Ladak alfalfa and on some Medicago falcata L. 

strains. Over 30% of the Ladak root segments cut from roots as deep as 18 cm below the 

cotyledonary node produced vigorous aerial shoots. Shoots were produced most often 

when root reserves were high.

Soil Temperature

Tillage causes soils to warm faster, and greatly increases the temperature fluctuations #■ 

near the soil surface (47).

Field studies on plant response to root zone temperatures have been inconclusive 

because of complicating factors such as air temperature, photoperiod, humidity, and 

moisture regime (53). Kinbacher and Jensen (33) found a 12C temperature difference 

between the soil surface.and one meter above the soil. They concluded that air tempera­

tures were of little use in studying the early season growth of alfalfa and temperate grasses.

Alfalfa shoot and root growth is affected by soil temperature. Shoot growth yield

increases as soil temperature increases to 28C (21). However, maximum root growth occurs



at root zone temperatures of 12C to I SC (21,26,40,49). This indicates that alfalfa root 

growth in temperate climates is greatest in early spring and late fall (21). Warm soil sur­

faces encourage branched root development in the surface horizon (47).

Cool season grasses begin rapid growth at a lower soil temperature than does alfalfa 

(8,31,47). Optimum soil temperatures reported for top and root growth of most temper­

ate grasses are about 20C and 10C, respectively (50,52). In dry conditions, grasses can use 

limited early season soil moisture before alfalfa commences rapid growth. Rapidly rising 

soil temperatures in the spring increase the competitive advantage of alfalfa over cool season 

grasses.

Nutrient conversion rate in the soil and subsequent plant uptake is affected by soil 

temperature. Low temperatures retard uptake of potassium (K), magnesium (Mg), phos­

phorus (P), and nitrogen (N) (23,24,52). Root zone temperature influences availability of 

P more than N (21). Reduced soil temperature usually requires increased P requirement to 

produce a given response in many species (40). Increased P fertilizer rates can partially com­

pensate for adverse growing conditions created by low soil temperatures in alfalfa fields 

(40,47,49).

Nielsen et al. (49) demonstrated an increase in alfalfa root yield up to 1000% by the 

addition of P at low soil temperatures. They showed that low soil temperature repressed 

root growth more than top growth. Moisture and nutrient uptake by alfalfa is ineffective 

during periods of very slow root growth (23).

The percentage of P and N in alfalfa tops and roots increases as soil temperature in­

creases (21,49). Tillage normally increases soil temperature and facilitates, the breakdown 

of organic compounds. This may make N and P more available to alfalfa (49).

An increase in soil temperature does not hasten alfalfa maturity because flower initi­

ation is mostly a function of foliage temperature and photoperiod (21).
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Variation among alfalfa plants and among cultivars in their response to soil tempera? 

ture have been noted (21,24,40,47).

Fertility

When in competition with grass, alfalfa competes well for P, but not for sulfur (S) and 

K (8). Inability to compete for K may account for much of the repressive effect of grasses 

upon legumes (8). Alfalfa roots have a cation-exchange capacity nearly double that of 

roots of common perennial grasses (8). Relatively large amounts of available K and P are 

required for new crown bud formation in alfalfa (3). Few crown buds and stems are pro­

duced when these elements are deficient (11) and root growth is severely reduced (60).

Alfalfa absorbs P most efficiently from the soil surface to an 8 cm depth. In an alfalfa- 

smooth bromegrass field, where fertilizer was surface broadcast, the smooth bromegrass 

obtained a greater percentage of its P from the fertilizer than did alfalfa. However, when P 

was placed 8 to 16 cm deep, alfalfa absorbed two to three times more P than smooth 

bromegrass (38). Neller and Hutton (46) reported that P placement to 16 cm had no effect 

on growth of sodded grasses when compared to surface placement of P.

Brown (3) found that the percentage of P in alfalfa tissues increased gradually with 

additions of P, but differences were smaller than increased growth rate. Phosphorus be­

comes less available to alfalfa as the stand ages because it becomes soil-bound (3).

Nitrogen requirements of healthy, vigorously growing alfalfa are normally met by a 

symbiotic relationship with Rhizobium meliloti. Nitrogen fertilizer added to grass-alfalfa 

mixtures usually increases the percentage of grass and decreases alfalfa’s contribution to 

the mixture (8,28,30,32). Brown (3) reported that N fertilizer increased both alfalfa yield 

and stand density ratings (space occupied by alfalfa plants) when added to fields with 

declining stands and non-vigorous plant growth. This indicated that N deficiencies may be 

limiting alfalfa growth due to poor N fixation in older plants.
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Underground transference of N from legumes to associated grasses can occur by 

sloughing and decay of nodules and plant residues, and by direct excretion of N from the 

intact root system, mainly in the form of aspartic acid and related compounds (8,61). 

Simpson (61) reported that N release after plowing alfalfa was small as compared to N 

release of living alfalfa. Organic N accumulators in the soil under a legume-grass mix pro­

vides much of the N for the grass (61). Organic residues mineralize slowly providing long­

term transference. Tillage can increase the rate of organic mineralization under favorable 

environments (5).

Plant Extract Inhibition

Numerous scientists have investigated the influence of plant extracts and soil residues 

on germination and growth of crops (2,25,35,48,67). Direct excretion of growth inhibitors 

and toxic compounds produced by plant decomposition can affect alfalfa growth (48). 

Both factors could be influenced by tillage.

Quackgrass (Agropyron repens [L.] Beauv.) extracts have deleterious effects on ger­

mination and seedling growth of alfalfa (35,67). Smooth bromegrass produces a substance 

inhibitory to its own growth (auto-toxic) which contributes to the sod-binding condition 

observed in aging smooth bromegrass fields (2)..

Alfalfa extracts inhibit germination and establishment of many grasses and legumes 

and are least inhibitory to alfalfa (48). However, Jensen et al. (25) reported that seeding 

alfalfa into a field recently plowed out of alfalfa resulted in poor vigor of new alfalfa seed­

lings as compared to seeding alfalfa on fallow soil, even though both soils were sterilized.

Disease

Alfalfa is susceptible to crown, root and vascular diseases in which the pathogen is 

introduced from the crown and root area (19). Some of the most important diseases 

include: bacterial wilt (Corynebacterium insidiosum (McCull) H. L. Jens.); Anthracnose
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(Colletotrichum trifolii Bain.); Phytophthora root rot (Phytopherora megasperma Drechs.); 

Verticillium wilt (Verticillium albo-atrum Reinke and Berth); and Fusarium root rot 

(Fusarium spp.).

Crown and root damage caused by frost heaving, nematode feeding, and/or harvesting

can increase the incidence of these diseases (19,39,55,57). Intentional wounding of the 
'

root and/or crown has been successfully used as a screening technique in the development 

of resistant varieties (29,56,70).

Certain species of Fusarium (F. solani [Mart.] appel and Wr., F. roseum Lk. emend 

Snyd. and Hans, and F. oxysporum Schlecht) have been consistently associated with most 

types of root and crown deterioration in alfalfa (33). Robert! (57) found that necrotic 

areas were frequently associated with wounds in the crown of root surface, and Fusarium 

spp. were nearly always isolated from these areas. However, the same fungi are commonly 

isolated from roots showing no lesions (51). Chi et al. (9) demonstrated that Fusarium spp. 

are capable of invading non-injured root tissue.

Although the presence of root wounds increases root invasion by soil fungi, disease 

symptoms are not consistently associated with wounded tissue (39). Leath et al. (39) 

showed that callus formations often seal off decay sites in wounded tissue. High K plant 

levels are necessary for adequate wound healing.

O’Rourke and Millar (51) established that Fusarium spp. colonized alfalfa seedlings 

soon after germination, apd developed a parasitic relationship with vigorously growing 

plants. The potential of these fungi as pathogens depends upon environmental factors 

which weaken or stress the plant (39,51,57,60). One such factor could be tillage.
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CHAPTER III

RENOVATION OF OLDER ESTABLISHED ALFALFA STANDS 

Materials and Methods

Experiments were established in the spring of 1981 at three locations. All studies 

were identical in design but differed in initial forage composition. Two of the studies were 

located on the Northwestern Agricultural Research Cepter at Kalispell, Montana, and the 

third study was located on the Montana State University Animal Science Farm at Boze­

man, Montana.

Treatments were arranged in split plot, randomized complete block designs with four 

replications. Tillage and herbicide treatments were randomly assigned as main plots (18.4 X 

9.2 m). Each main plot contained four sub-plots (4.6 X 9.2 m) consisting of: I) plots 

treated one year only (1981); 2) plots treated for two consecutive years (1981 and 1982); 

3) plots treated in three consecutive years (1981, 1982, and 1983); and 4) plots left 

untreated in all years (control).

The experiment was designed to continue for three years in order to determine long 

term treatment effects. However, only 1981 and 1982 data are included herein.

Tillage treatments consisted of: I) deep one-way tillage (10 cm) with afield cultiva­

tor containing multiple spring loaded shanks (points); 2) shallow one-way tillage (5 cm) 

with a field cultivator; and 3) one-way tillage with a tandem disk set 8 cm deep. At Kali- 

spell, both deep and shallow tillage treatments were applied with a Vibra-shank1 cultivator

1 Mention of a trademark, proprietary product, or vendor is included for the benefit 
of the reader, and does not imply endorsement by Montana State University or the Mon­
tana Agricultural Experiment Station to the exclusion of other suitable products.
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which has narrow shanks (4 cm) spaced every 15 cm along the tool bars. A light harrow is 

also attached at the rear of this implement. At Bozeman, a Triple-K1 cultivator was used 

for deep and shallow tillage. The Triple-K is similar to the Vibra-shank, but the shanks are 

2.5 cm wide and spaced every 10 cm along the tool bars.

The three herbicides were I) pronamide (3,5-dichloro(TV-1,1-dimethyl-2-propynyl)- 

benzamide), at 2.24 kg Al ha"1 ; 2) metribuzin (4-amino-6-O r f -butyl-3-(methylthio)-as- 

triazin-5 (4 # ) -one), at 1.12 kg Al ha"1 ; and 3) terbacil (3-ferf-butyl-5-chloro-6-methylura- 

cil), at 1.12 kg Al ha"1. These herbicides are soil activated and labeled for dormant appli­

cation to established alfalfa stands.

At Kalispell, herbicides were applied with a tractor mounted sprayer with nozzles 

spaced 50 cm apart on a 4.6 m boom. A 3.6 m hand held boom with nozzle spacing of 

46 cm was used at Bozeman. Total spray solution was 32.2 L ha"1 at all locations.

Kalispell (Experiment I)

This study was conducted on a six-year-old stand of ‘Thor’ alfalfa. The experimental 

area encompassed Creston silt loam (Udic Haploboroll) and Flathead fine sandy loam 

(Pachic Udic Haploboroll) soils.

Perennial grasses invading the alfalfa stand were Kentucky bluegrass (Poa pratensis L.), 

quackgrass, orchardgrass (Dactylis glomerata L.), smooth bromegrass, and redtop (Agrostis 

alia L.). Annual grasses present were cheatgrass and bulbous bluegrass {Poa bulbosa L). 

Total grass composition, as obtained by occular ratings, was approximately 25%. Variation 

within the experimental area was high, with occular grass ratings ranging from 10-60%.

Broadleaved weeds present were dandelion {Taraxacum officinale Weber), pigweed 

{Amaranthus retroflexus L.), chickweed {Stellaria media [L.] Cyrillo), lambsquarter 

{Chenopodium album L.), corn gromwell {Lithospermum arvense L.), and tansy mustard 

{Descurainia pinnata L.).
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Herbicide and tillage treatments were applied on March 18 and March 23, respectively, 

in 1981. Soil and air temperatures were 6.2C and 3.3C, respectively, on March 18 and 6.9C 

and 4.8C on March 23. Alfalfa growth was approximately 4 cm high at time of treatment. 

Perennial grasses had about 6 cm of new growth. '

Forage was harvested with a sickle bar mower on July 2 and August 11, 1981, from a 

4.46 m2 area in each plot, and weighed immediately. A fandom 5.00 g sample was obtained 

from the harvested forage of each plot, dried at 38C, and reweighed to determine moisture 

content. Dry matter yield was calculated for each plot and reported as kg ha-1.

Crop year precipitation (September, 1980-August, 1981) was 59.4 cm. The experi­

ment was sprinkler irrigated on July 29, 1981 with 4.6 cm of water.

In response to low first cutting yields for all treatments, the experimental area was 

fertilized on July 13, 1981 with 42 kg ha™1 N, 75.7 kg ha™1 P2O5 and 31 kg ha™1 S.

Plots receiving herbicide treatments for the 1982 growing season were sprayed on 

November 3, 1982. Soil and air temperatures were 12.2C and 8.2C, respectively. New 

growth was apparent on both alfalfa and grass plants at the time of tillage treatments.

Forage was harvested on June 25 and August 11, 1982. A small plot flail harvester 

(Rem Mfg. Co., Swift Current, Canada) was used to harvest 2.97 m2 of forage per'plot. 

Other procedures were the same as in 1981.

Crop year precipitation was 46 cm in 1982. The experimental area was sprinkler irri­

gated once with 4.6 cm of water on July 26.

Kalispell (Experiment II) '

This study was conducted on an eight-year-old stand of ‘Ladak’ alfalfa established on 

a Yeomon gravely loam (Udic Haploboroll) soil;

The stand had.been severely invaded by perennial grasses and broadleaved weeds. 

Kentucky bluegrass accounted for nearly 40% of the stand by occular ratings. Other peren-
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nial grasses invading the stand included orchardgrass, meadow foxtail (Alopecurus praten- 

sis L.), and smooth bromegrass. Although quackgrass and annual grasses (cheatgrass and 

bulbous bluegrass) were present, they were not a significant problem. Grass composition in 

the stand ranged from 20-70%.

Dandelion was the most serious broadleaved weed problem, although most of the 

species listed for Experiment I were also present.

Dates and methods of treatment application for this study are identical to those 

described for Kalispell Experiment I, in both 1981 and 1982. The soil temperature was 

6.IC when both herbicide and tillage treatments were applied in 1981. In 1982, the soil 

temperature was 8.2C when the tillage treatments were applied.

Forage was harvested July 9 and August 25, 1981. In 1982, harvests were taken on 

June 24 and August 11. The study was not irrigated in 1981. In 1982, plots were sprinkler 

irrigated on June 29 and August 6 with 4.6 cm of water at each irrigation.

Bozeman

This study was conducted on a six-year-old forage stand initially seeded to alfalfa 

(cultivar unknown) and intermediate wheatgrass. Stand composition was approximately 

equal portions of grass and alfalfa. The experimental area was located on a Bozeman silt 

loam (Agric Pachic Cryoboral) soil.

Although intermediate wheatgrass was the dominant grass species, smooth bromegrass, 

orchardgrass, and quackgrass had also invaded the stand. Cheatgrass was present, but was 

not a significant problem.

Broadleaved weeds included dandelion, chickweed, shepherds purse (Capsella bursa- 

pastoris [L.] Medic.), field pennycress (Thlaspi arvense L.), and common milkweed (Asc- 

lepias syriaca L.).
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Herbicide and tillage treatments were applied April 10 and April 16, 1981, respec­

tively, when alfalfa plants had just begun new growth. Soil and air temperatures were 9.4C 

and 11.2C, respectively, on April 16.

In 1981, a 3.72 m2 area was harvested on July 8 with a small plot flail harvester 

(Rem). A moisture sample was taken for each plot and dry matter yield calculated as pre­

viously described.

Crop year precipitation was 57.4 cm in 1981. The field was flood irrigated in early 

August. Because, of the variability caused by uneven irrigation, a second harvest was not 

taken in 1981.

Alfalfa weevil (Hypera postica Gyllenhal) damage occurred in 1981. All treatments 

were affected similarly.

In 1982, herbicide treatments were applied on April 24. Tillage treatments were 

applied on April 27 when alfalfa had about 4 cm of new growth. Soil and air tempera­

tures were 8.IC and 17.4C, respectively, on April 24, and 8.3C and 16.3C, respectively, 

on April 27. Forage was harvested on July 12 and October 16, 1982. Harvest procedure 

in 1982 was identical to that described for 1981 at Bozeman.

Crop year precipitation was 58.8 cm in 1982. The experiment was not irrigated in 

1982.

Soil Test

Soil samples were taken to a depth of 23 cm in control plots at the time of initial til­

lage treatment in 1981 at all locations. Soils were sampled again one week after treatment 

in tillage and control plots. Thereafter, soil samples were taken every two weeks until early 

June. In 1982, soil samples were not taken because of insignificant results obtained from 

analyses of 1981 soil sample data.
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Soil Temperature

Soil temperatures were recorded weekly until early June to a depth of 5 cm in 1981, 

and 2.5 cm in 1982 in control and tillage plots. A Cibachrome thermometer was used at 

Kalispell and a similar thermometer manufactured by Weston Company was used at Boze­

man. Temperatures were not measured in the Kalispell Experiment II study during 1982.

Botanical Composition

Random forage samples were taken from each plot at each harvest for species deter­

mination. A hand sickle was used at Bozeman and a sickle-bar mower and hand sickle were 

employed at Kalispell. The samples were frozen, and later separated into categories of al­

falfa, grass, and broadleaved weeds. Annual grasses were also separated from first cuttings 

in the Kalispell Experiment I study. Samples were forced-air dried (38C) and weighed. Cal­

culations were made to determine the percentage of each species category making up the 

total sample.

Alfalfa Stand Density

All plots (excluding Kalispell Experiment II) were sampled in fall of 1982 to deter­

mine alfalfa plant density and to evaluate alfalfa plants for disease and injury. A tree root 

pruning blade mounted on a tractor was used to sever roots at a depth of approximately 

30 cm. A 1.5 m2 section was then dug from each plot.

Alfalfa plants in each plot were counted and scored for size and vigor. Plants were 

assigned a value from I to 4 based on the crown size and amount of tap root supporting 

live plant material. Scores of 2, 3 and 4 reflect approximately two, three and four times 

the crown size of plants receiving a score of I .

At Bozeman, alfalfa plants were; assigned the following disease severity scores: I) = no 

discoloration, 2) = slight discoloration of crown and/or upper root area, 3) = severe necrosis 

of crown and upper root area, and 4) = majority of crown composed of dead tissue.
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Disease severity scores were not assigned to plants in the Kalispell Experiment I study. 

The crown-rot complex was well established in this field, with the majority of plants show­

ing disease symptoms when the experiment began in 1981.

Statistical Methods

Analyses of variance were calculated for all parameters for each harvest and location. 

Data were analyzed as a split plot design with tillage and herbicide treatments as main plots, 

and years of treatment (plus control) as sub-plots. Mean separation of. sub-plots within a 

main plot was accomplished by LSD (p=0.05) derived from the error mean square b (for 

sub-plots) as described by Little and Hills (42).

In most instances, significant interactions between main plots and sub-plots were ob­

tained. Therefore, analyses of variance among main plots were calculated separately for 

each of the sub-plot classifications (excluding control). Mean squares for treatment (till­

age and herbicides) were tested at the p=0.05 level of significance. Means were separated 

by a Student Newman Keul procedure (p=0.05).

The large area encompassed by the experiments caused considerable variation among 

main plots even within a single.replication. The experimental design included a control plot 

within each main plot which allowed the use of covariance analyses to adjust treatment 

means (44). The control plots were used as an independent variable (covariant) to adjust 

the dependent variable (treatment means). Adjusted treatment means are reported only 

when the covariant fit was significant at p=0.05.

Results and Discussion

Kalispell (Experiment I)

1981 harvest year. Deep tillage increased total forage yield by approximately 800 kg 

ha-1 over no tillage (control), due primarily to first harvest response (Fig. I). Shallow till-
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Figure I . Effect of tillage and herbicide treatments on forage yield at each harvest at Kali-
spell, Montana, 1981 (Experiment I). Different letters within a treatment denote
significantly different means (p=0.05).
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age did not affect first harvest or total forage yields, but decreased second harvest produc­

tion. Disking reduced both first and second harvest forage yields.

Pronamide and metribuzin did not affect forage yields for either harvest compared to 

their respective controls (Fig. I). Terbacil reduced first harvest yield, but.increased second 

harvest yield, resulting in total forage yield similar to the control.

All tillage and herbicide treatments increased the percentage of alfalfa in forage (%A) 

at first harvest (Fig. 2). Terbacil and metribuzin increased %A (greater reduction in grass 

component) more than other treatments at first harvest (Table I). Pronamide application 

resulted in increases in %A similar to those of tillage treatments.

Coefficients of variation [CV’s] (Table I) were very high for annual grass and broad­

leaved weed components of the total forage yield, indicating considerable random variation 

of these components throughout the experimental area. All herbicide treatments reduced 

the annual grass component of the forage (Table I). Tillage treatments did not significantly 

reduce the annual grass component of the forage althpugh deep tillage approached a signifi­

cant (p=0.05) annual grass reduction. .

Terbacil and metribuzin reduced the broadleaved weed component of forage as com­

pared to the non-treated controls (Table I), however some dandelions were still present. 

Broadleaved weeds, particularly dandelions, invaded pronamide treated plots due to reduc­

tions in grasses. Tillage treatments did not significantly reduce broadleaved weeds.

Total seasonal alfalfa yield (%A X forage yield at each harvest and summed over har­

vests) and total grass yield (calculated in a similar manner) for each treatment were expres­

sed as a percentage of control yield for each component (Table 2). Deep tillage resulted in 

a 17% increase in alfalfa yield without significantly affecting grass yield. Grass reduction 

was apparent early in the season, but the remaining grass grew vigorously in June. After 

deep tillage, quackgrass recovered faster than other perennial grasses.
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Figure 2. Effect of tillage and herbicide treatments on forage composition at each harvest
at Kalispell, Montana, 1981 (Experiment I). Different letters within a treatment
denote significantly different means (p=0.05).



Table I. Effect of Tillage and Herbicide Treatments on First Harvest Forage Composition at Kalispell, Mt., 1981 (Exp. I).

Treatments

Alfalfa
Perennial

Grass Annual Grass
Broadleaf

Weeds'
Actual
means

Adjusted1
means Control

Trt.
means Control

Actual
means

Adjusted
means Control

Trt.
means Control

_________% _ _ __

Deep till 54.8 (56.5b) 42.42 42.6b 47.8 1.88 . (2.33ab) 5.98 0.71a 3.61
Shallow till 70.0 (68.4b) 50.8 22.8b 35.7 6.26 (5.72ab) 8.74 0.98a 3.49
Disk till 53.3 (57.3b) 36.7 37.7b 55.8 7.09 (7.81b) 5.10 1.90a 2.33
Pronamide 67.4 (68.4b) 44.2 25.3b 44.9 0.11 (0.59a) 5.77 7.17b 5.16
Metribuzin 90.4 (85.8a) 58.5 9.4a 23.9 0.00 (6.00a) 12.2 0.15a 5.37
Terbacil 95.9 (95:2a) 48.3 3.3a 37.8 0.00 (0:00a) 5.28 0.86a 8.58
Mean 72.0 46.8 23.5 42.3 2.56 7.16 1.96 4.76
C.V. = 13.8% 27.8% 67:3% 76.7%
1 Means adjusted by analysis of covariance and covariant fit significant at the 5% level.
2 LSD’s (0.05) for comparisons between the actual trt. mean and the control mean of each treatment =12.1 for alfalfa, 13.5 for 
perennial grass, 4.87 for annual grass, and 3.83 for broadleaf weeds.
*Means within a column followed by a common letter are not significantly different at the 5% level by Student Newman Keul test.
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Table 2. Treatment Effects on Total Seasonal Dry Matter Yields of Alfalfa, Grass, and 
Total Forage Expressed as a Percentage of Control Yield for Each Component at 
Kalispell, Mt., 1981 (Exp. I).

Treatments Alfalfa Yield^ Grass Yield ̂  Forage Yield
■Percentage of Control

Deep till +17* +12 +15*
Shallow till -3 -37* -11
Disk till -4 -39* -17*
Pronamide +5 -38* -7
Metribuzin +19* -78* - I
T erbacil +38* -94* -2
* Denotes significant difference (p=0.05) between treatment and control means.
' Forage yield X percentage of alfalfa at each harvest and summed over harvests (similar for 
grass yield).

Shallow and disk tillage, and pronamide treatments each decreased the amount of 

grass harvested without affecting alfalfa yield. These treatments either damaged the alfalfa, 

or the reduction in weed competition was not enough to elicit a positive response from 

alfalfa.

Pronamide reduced grass competition early in the season (April) more effectively than 

metribuzin or terbacil. However, reduced alfalfa vigor was also observed in pronamide 

treated plots. Grasses (especially quackgrass) partially recovered by the end of June.

Adverse effects to alfalfa from pronamide treatment may have resulted from applica­

tion timing. All three herbicides are recommended for application to dormant alfalfa. In 

1981, all herbicides were applied after initiation of spring growth.

Metribuzin and terbacil severely reduced grass yield (78% and 94% respectively), and 

increased alfalfa yields by 19% and 38% respectively (Table 2). Since total forage yields 

were not reduced by these herbicide treatments, the benefits from increased percentage of 

alfalfa in harvested forage were substantial.
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These data indicate that alfalfa growth can be increased by effective weed control. 

However, the positive response of alfalfa to deep tillage was not completely dependent 

upon reduced weed competition.

1982 harvest year. First harvest yields were much higher in 1982 than 1981. In­

creased growth and vigor of alfalfa and grass was probably due to fertilizer application fol­

lowing first harvest in 1981.

In 1982, each experimental whole plot contained (I) plots treated in 1981 only and 

(2) plots treated in 1981 and 1982. The objectives were to assess the residual effects of a 

single treatment and the effects of two consecutive years of treatment applications. To pre­

vent confusion between the harvest year (1981 or 1982) and the treatment year(s), treat­

ments will be designated; [81] referring to plots treated in 1981 only, and [81-82] refer­

ring to plots treated in both 1981 and 1982.

Deep tillage in 1981 [81] resulted in higher forage yields at each harvest in 1982 as 

compared to the control (Fig. 3). In contrast, [81-82] deep tillage reduced forage yield at 

first harvest, and was similar to control at second harvest, and for total seasonal yield.

The [81] shallow and disk tillage treatments did not have a residual effect on forage 

yield in 1982. The [81-82] treatments of shallow and disk tillage reduced first harvest and 

total forage yields.

Forage yields from [81] pronamide, metribuzin or terbacil treated plots were similar 

to control yields at each harvest. Metribuzin and terbacil [81-82] treatments decreased 

first harvest yields and did not affect second harvest yields. Total seasonal yield was reduced 

by the [81-82] metribuzin treatment.

Residual effects from [81] tillage treatments were not apparent on botanical compo­

sition at first harvest (Fig. 4), but the [81] deep tillage treatment decreased % A at second
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Figure 3. Effect of tillage and herbicide treatments on forage yield at each harvest at Kali-
spell, Montana, 1982 (Experiment I). Different letters within a treatment denote
significantly different means (p=0.05).
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Figure 4. Effect of tillage and herbicide treatments on forage composition at each harvest
at Kalispell, Montana, 1982 (Experiment I). Different letters within a treatment
denote significantly different means (p=0.05).
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harvest. This difference reflects increased grass vigor rather than a reduction in alfalfa. All 

of the [81-82] tillage treatments increased %A (about 10%) at first harvest.

Metribuzin and terbacil [81] applications increased %A by 8.5% and 13%, respec­

tively, at first harvest (Table 3). The [81] pronamide application did not affect forage 

Composition in 1982. The [81-82] applications of pronamide, metribuzin, and terbacil 

increased %A by 16.5%, 18.2%, and 17.2%, respectively. Differences in %A between [81] 

and [81-82] terbacil treatments were not significant, indicating that treatment for two 

consecutive years is not necessary.

Annual grasses reestablished in [81] plots of all treatments, resulting in grass densities 

similar to those in control plots (Table 3), except metribuzin where the percentage of 

annual grasses was reduced. The [81-82] herbicide treatments decreased annual grass densi­

ties significantly more than tillage treatments. However, [81-82] deep and shallow tillage 

•treatments decreased the percentage of annual grass in forage. '

Total alfalfa and grass yields in 1982 were increased by 16% and 59%, respectively, 

from [81] deep tillage (Table 4), indicating significant residual effects on both components 

from treatment the previous year.

In contrast, [81-82] deep tillage treatment did not increase alfalfa yield, and decreased 

grass yield by 56%. This indicates that deep tillage in the second year probably injured the 

alfalfa, thus eliminating any potential advantage from reduced grass competition.

The [81] shallow and disk tillage treatments showed no residual effects in 1982 

(Table 4), indicating that grass recovered from these treatments. Grass yields were reduced • 

by [81-82] shallow and disk tillage treatments, similar to results obtained in 1981. How­

ever, alfalfa yield was also reduced by these treatments, indicating greater damage to alfalfa 

than was observed from a single tillage operation.



Table 3. Effect of Tillage and Herbicide Treatments on First Harvest Forage Composition at Kalispell, Mt., 1982 (Exp. I).
Years Treated.1

Treatments

Alfalfa Perennial Grass Annual Grass
81

means
81-82
means Control

81
means

81-82
means Control

81
means

81-82
means Control

......... % ____

Deep till 73.7b 88.9ab 76.32 23.1b 9.3a 18.1 3.17a 1.76b 5.58
Shallow till 74.6b 85.9ab 76.8 20.8b 12.3a 16.1 4.35a 1.65b 7.03
Disk till 79.7b 82.7b 74.3 16.7b 16.1a 22.1 3.48a 1.09b 3.58
Pronamide 78.2b 97.6a 81.1 16.6b 2.2a 15.3 2.71a 0.11a 2.98
Metribuzin 87.7a 97.4a 79.2 10.7ab 2.5a 14.9 1.74a 0.00a 5.88
Terbacil 89.4a 93.Sab 76.3 8.1a 6.3a 21.0 . 2.17a 0.08a 2.36
Mean 80.6 91.0 77.3 16.0 8.1 17.9 2.94 0.78 4.57
C.V. = 5.8% . 35.9% 79.8%
1 Treated in 1981 only, in 1981 and 1982, and not treated respectively.
2 LSD’s (0.05) for comparisons between the 81 mean, 81-82 mean and the control mean of each treatment = 6.9 for alfalfa, 7.2 for 
perennial grass, and 3.16 for annual grass.
*Means within a column followed by a common letter are not significantly different at the 5% level by Student Newman Keul test.
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Table 4. Treatment Effects on Total Seasonal Dry Matter Yields of Alfalfa, Grass, and 
Total Forage Expressed as a Percentage of Control Yield for Each Component at 
Kalispell, Mt., 1982 (Exp. I).

Alfalfa Yield^ Grass Yield"*' Forage Yield
Treatments [81] [81-82]* [81] [81-82] [81] [81-82]

■Percentage of Control
Deep till +16* +2 +59* -56* +24* -8
Shallow till -7 -14* +5 -53* ■ -5 -20*
Disk till -9 -12* -3 -32* -8 -15*
Pronamide +4 +17* +28* -83* +8 +3
Metribuzin +5 - I -43* -85* -2 -13*
Terbacil +15* +9 -61* -79* +0.3 -7
^Denotes significant difference (p=0.05) between treatment and control means, 
i Forage yield X percentage of alfalfa at each harvest and summed over harvests (similar for 
grass yield).
*[81] = treated in 1981 only; [81-82] = treated in 1981 and 1982; control = untreated.

Single applications of metribuzin and terbacil [81] reduced percentage of grass by 

43% and 61%, respectively in 1982, but only terbacil applications resulted in increased 

alfalfa yield. Grass yield was higher in [81] pronamide treated plots as compared to the 

control, indicating that alfalfa competitiveness was reduced by spring application of 

pronamide in 1981.

The [81-82] herbicide treatments reduced grass yields by 83%, 85%, and 79% for 

pronamide, metribuzin, and terbacil, respectively. Pronamide was the only [81-82] chemi­

cal treatment that increased alfalfa yield. These results differ from results of herbicide 

treatments in 1981. Pronamide controlled grass in 1982 and did not adversely affect the 

alfalfa. The difference between spring and fall application of herbicides may account for 

the contrasting results. Grass growth was too advanced for effective control from the 

spring pronamide application in 1981. It is not clear why significant reductions in grass 

competition from the [81-82] metribuzin and terbacil treatments did not result in.increased 

alfalfa yields. Chemical residuals could be a factor, as well as the. fall application of these

herbicides.
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Stand density. Alfalfa stand densities (number of plants m-2) in plots receiving [81 ] 

deep or shallow tillage treatments were similar to those in control plots (Table 5). In con­

trast, [81] disk tillage and all [81-82] tillage treatments significantly reduced alfalfa stand 

densities in comparison to their respective controls. Herbicide treatments did not signifi­

cantly affect alfalfa stand density.

Table 5. Treatment Effects on Alfalfa Stand Density, and Crown and Root Score at 
Kalispell, Mt., 1982 (Exp. I).

Mean Crown &
Alfalfa Stand Density Root Scoref

Treatments
[81]

means
[81-82]t
means

control
means

[81]
means

[81-82]
means

control
means

Deep till 28.7
-Plants m"2- 

20.0* 32.0 1.97* 2.16* 1.70
Shallow till 28.0 16.0* 27.7 1.74 2.13* 1.76
Disk till 23.0* 22.0* 35.7 2.07* . 1.89 1.67
Pronamide 28.3 21.3 26.7 2.23* 1.82 1.69
Metribuzin 38.0 28.7 35.3 1.78 1.92 1.73
Terbacil 29.9 23.3 31.7 ' 1.96 1.95 1.72
Mean 29.9 23.3 31.7 1.96 1.95 1.72
C.V.= 27.6% 22.1%
*Denotes significant difference from the control at the 5% level.
' Based on a 1-4 scale for increasing size and vigor; I = poor size and vigor, 4 = large and 
vigorous.
$[81] = treated in 1981 only; [81-82] = treated in 1981 and 1982; control = untreated.

A single tillage operation with a shank implement did not reduce alfalfa stand density 

the following year; whereas tillage for two consecutive years did decrease plant density. 

Numerous alfalfa plants were severed from their roots in all plots receiving tillage treat­

ments. Most of the alfalfa plants dislodged by tillage were small and severely infected with 

crown and root rot, whereas larger, healthier plants usually survived the tillage treatments. 

Control plots presumably contained similar numbers of unhealthy plants as treated plots, 

and many of these plants may not have survived until August of 1982 (16 months) when 

stand density measurements were obtained. Thus, alfalfa stand densities determined
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in 1982 may not reflect initial stand reductions from shank tillage treatments in 1981. 

Disk tillage destroyed more healthy plants than the shank tillage treatments.

Although alfalfa crown and root scores were significantly higher for some treatments 

than their respective controls (indicating increased size and vigor), a consistent pattern 

among treatments was not evident (Table 5).

A significant relationship existed between alfalfa stand density and alfalfa yield (r =

0.53*). However, the effects of stand density accounted for little of the variability in 

alfalfa yield among treated and untreated plots. Stand densities from 20 to 35 alfalfa 

plants/m-2 produced similar yields. These data show the importance of component com­

pensation and variability in size and vigor among alfalfa plants in the stand.

Soil temperature. Soil temperatures, measured throughout the spring growing period 

in 1981 and 1982, were increased by tillage treatments compared to controls (Fig. 5). Sig­

nificant differences in soil temperature among the tillage treatments were not observed, so 

data are expressed as an average of the three tillage treatments.

Soil temperature differences between tilled and control plots increased as soil temper­

ature increased to a maximum of 3C (5 cm soil depth) on May I, 1981, and 6C (2.5 cm 

soil depth) on May 20, 1982. Soil temperatures in control plots lagged about one week be­

hind temperatures in tilled plots during much of the spring growing period.

Higher soil temperature early in the growing season could have preferentially bene­

fited  alfalfa over perennial grasses. Since alfalfa begins new spring growth at higher soil 

temperatures than most cool season grasses (8,31,47), the competitiveness of alfalfa may 

be improved by rapid increases in spring soil temperature. However, deep tillage was the 

only tillage treatment that increased alfalfa yield, while all three tillage treatments increased 

soil temperatures equally.
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Figure 5. Effect of tillage on soil temperature in established alfalfa at Kalispell, Montana, 
1981 (5 cm soil depth) and 1982 (2.5 cm soil depth), Experiment I. Vertical 
bars denote least significant differences (p=0.05).
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Deep tillage caused less damage to alfalfa than shallow or disk tillage. With shallow 

and disk tillage, the implements often went directly over alfalfa crowns, thereby damaging 

crown tissue. During deep tillage the shank points were well below alfalfa crowns, resulting 

in less crown damage.

Kalispell (Experiment II)

1981 harvest year. Deep tillage increased forage yields at both harvests compared to 

controls (Fig. 6). Shallow and disk tillage treatments did not affect total forage yields 

although shallow tillage decreased second harvest yield.

Pronamide reduced forage yield at first harvest and total seasonal yield. Metribuzin 

and terbacil applications also decreased first harvest forage yields, compared to no treat­

ment. However, second harvest yields were improved by these treatments, and total for­

age yields were similar to their respective controls.

First and second harvest %A was increased by deep tillage (Fig. 7). Neither shallow 

nor disk tillage affected %A at first harvest, although disk tillage increased %A at second 

harvest. All herbicide treatments increased %A at first harvest, and pronamide and metri- 

buzin treatments increased %A at second harvest. Pronamide and metribuzin resulted in 

significantly higher %A than other treatments at first harvest (Table 6). Pronamide was the 

most effective treatment in controlling grass, which resulted in decreased forage yield. 

Terbacil was less effective than the other herbicides in controlling bluegrass, which was the 

dominant grass in the experimental area.

Only terbacil significantly reduced broadleaved weeds (Table 6), although broadleaf 

reductions by deep tillage approached significance at p=0.05. Broadleaved weed (dande­

lion) invasions were observed in pronamide treated plots. Dandelions benefited from 

reduced grass competition; however, a reduction in alfalfa competitiveness caused by 

spring application of pronamide may also have contributed to dandelion infestation.
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Figure 6. Effect of tillage and herbicide treatments on forage yield at each harvest at Kali-
spell, Montana, 1981 (Experiment II). Different letters within a treatment denote
significantly different means (p=0.05).
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at Kalispell, Montana, 1981 (Experiment II). Different letters within a treatment
denote significantly different means (p=0.05).



Table 6. Effect of Tillage and Herbicide Treatments on First Harvest Forage Composition at Kalispell, Mt., 1981 (Exp. II).

Alfalfa Grass BroadleafWeeds
Actual Adjusted1 Actual Adjusted Actual Adjusted

Treatments means means Control means means Control means means Control

Deep till 46.0 (49.7b)* 35.32 50.4
------ % ..........

(47.3a) 57.6 3.50 (2.74bc) 6.65
Shallow till 46.4 . (45.8b) 42.9 51.1 (52.1a) 52.0 2.43 (2.38bc) 5.13
Disk till 45.4 (45.6b) 41.1 48.7 (49.0a) 53.5 5.93 (5.74ab) 5.44
Pronamide 86.9 (86.3a) 42.8 5.4 ( 5.1c) 54.8 . 7.71 (8.94a) 2.36
Metribuzin ' 76.6 (76.2a) 42.5 20.9 (20.1b) 55.8 2.47 (3.95bc) 1.83
Terbacil ' 63.2 (57.0b) 43.1 36.1 (39.1a) 48.0 0.74 (0.11c) 8.72
Mean 60.7 41.3 35.4 54.1 3.79 5.02
C.V. = 12.2% . 16.0% 56.2%
1 Means adjusted by analysis of covariance and covariant fit significant at the 5% level.
2 LSD’s (0.05) for comparisons between the actual trt. mean and the control mean of each treatment = 9.2 for alfalfa, 10.7 for grass, 
and 3.68 for broadleaf weeds.
* Means within a column followed by a common letter are not significantly different at the 5% level by Student Newman Keul test.
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Deep tillage increased total alfalfa yield by 58%, but did not affect grass yield (Table 

I). Shallow and disk tillage treatments did not alter alfalfa or grass component yields. 

Metribuzin and terbacil treatments decreased total grass yields by 58% and. 41%, respec­

tively, and increased alfalfa yields by 44% and 28%, respectively. Despite a highly signifi­

cant grass reduction (80%) from pronamide application, total alfalfa yield was not 

increased.

Table 7. Treatment Effects on Total Seasonal Dry Matter Yields of Alfalfa, Grass, and 
Total Forage Expressed as a Percentage of Control Yield for Each Component at 
Kalispell, Mt., 1981 (Exp. II).

Treatments Alfalfa Yield^ GrassYield^ Forage Yield
•Percentage of Control

Deep till +58* -3 +25*
Shallow till -4 -14 -8
Disk till +9 -20 -4
Pronamide +3 -80* -33*
Metribuzin +44* -58* -4
Terbacil +28* -41* -3
* Denotes significant difference (P=O-OS) between treatment and control means.
' Forage yield X percentage of alfalfa at each harvest and summed over harvests (similar for 
grass yield).

These data generally corroborate results in Experiment I, although, some differences 

between the two experiments were observed. Pronamide was more effective in controlling 

bluegrass, the dominant grass in Experiment II, than terbacil (Table I). However, terbacil 

was more effective in controlling quackgrass than pronamide in Experiment I (Table 2). 

Failure of pronamide to increase alfalfa yield indicated that this herbicide reduced .alfalfa 

growth when applied in the spring. Grass yields were not reduced by shallow or disk til­

lage in Experiment II, whereas significant reductions were obtained in Experiment I.

As in Experiment I, deep tillage stimulated both alfalfa and grass. Although grass was 

severely thinned by deep tillage, the remaining grass produced vigorous growth. The
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response of alfalfa to deep tillage was more obvious in this experiment due to the poor 

vigor of alfalfa in untreated plots.

1982 harvest year. Forage yields were lower in 1982 (Fig. 8) than in 1981 (Fig. 6), 

due primarily to drought stress in late May and early June of 1982. Random variability 

among plots was high, resulting in relatively high CV’s for the analysis of forage yield 

(Table 23 in Appendix).

The [81| treatments did not significantly affect forage yields in 1982 (Fig. 8), in 

comparison to their respective controls; however, deep tillage and terbacil treatment results 

approached significant yield increases. The [81-82] shallow tillage treatment decreased 

first harvest and total forage yields. All other [81-82] treatments did not affect first har­

vest or total forage yields. These data differ with Fxperiment I results in which all [81-82] 

treatments decreased first harvest yields. Differences in forage vigor between the two 

experiments may account for these contrasting results.

Among [81] treatments, only pronamide increased first harvest %A in 1982 (Fig. 9). 

Metribuzin and terbacil [81] treatments increased %A at second harvest, but did not 

increase total seasonal yields.

All [81-82] treatments increased first harvest %A. The [81-82] deep tillage and 

herbicide treatments increased second harvest %A. Pronamide [81-82] applications 

reduced grass more than other treatments (Table 8), and produced the highest %A among 

treatments. Deep tillage [81-82] treatment increased %A as effectively as metribuzin, and 

increased %A more than terbacil, shallow tillage or disk tillage at first harvest.

Alfalfa yield was not significantly increased in 1982 by [81] deep tillage (Tabic 9), 

although grass yield was increased by 40%. In contrast, [81-82] deep tillage treatment 

increased alfalfa yield by 58% and decreased grass yield by 40%.
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Figure 8. Effect of tillage and herbicide treatments on forage yield at each harvest at Kali-
spell, Montana, 1982 (Experiment II). Different letters within a treatment denote
significantly different means (p=0.05).
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Table 8. Effect of Tillage and Herbicide Treatments on First Harvest Forage Composition at Kalispell, Mt., 1982 (Exp. II).

Years Treated1
Broadleaf

Alfalfa Grass Weeds
81 81 81-82 81-82 81 81 81-82 81-82

Actual Adjusted2 Actual Adjusted Actual Adjusted Actual Adjusted 81 81-82
Treatments means means means means Control means means means means Control means means Control

___ % ___

Deep till 43.3 (46.5b) * 67.5 (6 9 .9 b ) 41.83 54.5 (53.9ab) 29.4 (2 8 .9 b ) 52.7 2.14a 3.09b 5.57
Shallow till 41.8 (39.9b) 60.0 (5 8 .6 c ) 47.7 55.4 (56.6a) 39.1 (3 9 .8 a ) 50.8 2.81a 0.91b 1.48
Disk till 39.8 (39.9b) 54.7 (54.8c) 45.4 57.9 (57.8a) 44.3 (44.2a) 52.1 2.37a 0.94b 2.53
Pronamide 69.1 (66.2a) 87.5 (85.3a) 49.0 25.4 (27.2c) 1.5 (  2 .6 c ) 50.0 5.51a 1.10a 0.94
Metribuzin 50.3 (51.8b) 67.0 (68.ib) 43.8 49.0 (46.4b) 32.6 (31.0ab) 54.9 0.76a 0.55b 1.34
Terbacil 44.3 (44.3b) 57.9 (57.9c) 45.6 54.8 (55.lab) 41.3 (41.5a) 51.7 0.91a 2.32b •3.71
Mean 48,1 6 5 ^ 45.5 49.5 31.4 52.0 2.42 3.13 2.60
C.V. = 11.2% 14.3% 90.1%
1 Treated in 1981 only, in 1981 and 1982, and not treated respectively.
2 Means adjusted by analysis of covariance and covariant fit significant at the 5% level.
3 LSD’s (0.05) for comparisons between, the 81 actual mean, 81-82 actual mean and the control mean of each treatment = 8.5 for 
alfalfa, 9.1 for grass, and 3.5 for broadleaf weeds.
* Means within a column followed by a common letter are not significantly different at the 5% level by Student Newman Keul test.
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Table 9. Treatment Effects on Total Seasonal Dry Matter Yields of Alfalfa, Grass, and 
Total Forage Expressed as a Percentage of Control Yield for Each Component at 
Kalispell, Mt., 1982 (Exp. II).

Alfalfa Yield GrassYield^ Forage Yield .
Treatments [81] [81-82]* [81] [81-82] [81] [81-82]

■Percentage of Control
Deep till +16 +58* +40* . -40* +29 +5
Shallow till -29 -15 -10 -48* . -20 -32*
Disk till -3 +2 +27 -26 +12 -13
Pronamide +20 +26 -45* -81* — I I -25
Metribuzin +22 +81* -23 -40* -2 +15
Terbacil +35* +39* +12 -20 +23 +10
^Denotes significant difference (p=0.05) between treatment and control means.
* Forage yield X percentage of alfalfa at each harvest and summed over harvests (similar for
grass yield).
* [81] = treated in 1981 only; [81-82] = treated in 1981 and 1982; control = untreated.

These data are consistent with results in Experiment I, in that residual effects of deep 

tillage were most evident in increased grass growth and vigor. However, deep tillage for two 

consecutive years decreased grass yield. Improved vigor of both alfalfa and grass was ob­

served in the [81-82] deep tillage plots. However, the data indicate that increased grass 

vigor did not fully compensate for plant loss due to deep tillage.

Shallow and disk [81] and [81-82] tillage treatments did not affect alfalfa yields, and 

only [81-82] shallow tillage decreased grass yield (Table 9). These data are consistent with 

results reported by Weihing et al. (69) and Garver (18), which showed that similar tillage 

treatments had negligible effects on forage yield and botanical composition.

Terbacil was the only [81] herbicide treatment with significant residual influence on 

alfalfa yield (35% increase), but grass yield was not reduced. Residual control of broad­

leaved weeds (primarily dandelion) from terbacil application in 1981 benefited alfalfa in 

1982. A reduction in grass was still evident in [81] pronamide treated plots, but not in 

[81 ] metribuzin treated plots.

These data indicate that effects of metribuzin and terbacil on perennial grasses (pri­

marily bluegrass) were shortlived. However, due to the reduction in weed competition in
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1981, alfalfa yields were improved in 1982. In contrast, the residual effects of reduced 

grass. competition from pronamide treatment did not greatly benefit alfalfa. The alfalfa 

injury from 1981 spring pronamide application may have prevented the expected increase 

in alfalfa yield.

Metribuzin and terbacil [81-82] treatments increased alfalfa yield by 81% and 39%, 

respectively (Table 9). Metribuzin reduced grass yield by 40%, but terbacil did not signifi­

cantly reduce grass yield. The fall (dormant) application of terbacil for the 1982. growing 

season did not effectively control perennial grasses. The increase in %A from this applica­

tion may be attributed to residual effect of the 1981 application. Results in 1982 from 

Experiment ! (Table 4) also indicated that terbacil was less effective when fall applied as 

compared to spring applied (Table 2).

Pronamide [81-82] treatment decreased grass by 81%, but did not increase %A. 

Increased competition from dandelions may be a major factor influencing alfalfa response 

in pronamide treated plots.

Bozeman . ,

1981 harvest year. All treatments except deep tillage reduced forage yields (Fig. 10). * •

With the exception of shallow tillage, all treatments increased %A (Fig. 11). The her-
• .

bicide treatments increased %A more than tillage treatments (Table 10). Average %A in the 

herbicide, tillage and control plots were 87%, 38%, and 31%, respectively. Terbacil and 

pronamide reduced grass composition more than metribuzin.

No treatment significantly affected broadleaved weed populations, except pronamide 

where broadleaved weed populations (primarily dandelion) increased (Table 10).

Alfalfa yield was increased 26% (Table 11) by deep tillage, and grass yield was 

decreased by 21%. The response of alfalfa to deep tillage corroborated results from the two 

Kalispell experiments in 1981. However, the significant reduction in grass yield resulting
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Table 10. Effect of Tillage and Herbicide Treatments on Forage Composition at Bozeman, Mt., July Harvest, 1981.

Treatments

Alfalfa Grass
Broadleaf

Weeds
Actual
means

Adjusted1
means Control

Actual
means

Adjusted
means Control

. .T r t
means Control

Deep till 37.7 (39.7c)* 21.6* 60.1 (59.0c) 70.9 2.09a 1.84
Shallow till 40.2 (37.9c) 36.1 57.0 (58.8c) 61.2 2.80a 2.68
Disk till ■ 37.2 (38.1c) 29.4 61.5 . (60.8c) 69.3 1.33a 1.35
Pronamide 94.1 (95.0a) 29,4 0.1 ( 0.1a) 70.1 5.84a 1.54
Metribuzin 74.3 (74.2b) 31.4 22.4 (22.8b) 66.0 3.29a 2.62
Terbacil 93.8 (92.4a) 34.2 4.5 ( 5.4a) 64.3 1.67a . 1.55
Mean 62.9 31.2 34.2 66.9 2.84 1.93
C.V. = 10.8% 9.6% 112.3%
1 Means adjusted by analysis of covariance and covariant fit significant at the 5% level.
2 LSD’s (0.05) for comparisons between the actual mean and the control mean of each treatment = 7.6 for alfalfa, 7.2 for grass, and 
3.8 for broadleaf weeds.
*Means within a column followed by a common letter are not significantly different at the 5% level by Student Newman Keul test.



from deep tillage at Bozeman differs with results at Kalispcll where grass yield was not 

affected by a single deep tillage. These differences were probably due to sward compo­

sition, and differences in grass species between the studies. * '
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Table 11. Treatment Effects on Dry Matter Yields of Alfalfa, Grass, and Total . Forage 
Expressed as a Percentage of Control Yield for Each Component at Bozeman, 
Mt., 1981.

Treatments Alfalfa Yield "I" Grass Yield^ Forage Yield

Deep till + 26*  .

-----Percentage of Control-----
-21* -8

Shallow till -10 • . -7 - 2 0 *  ,
Disk till - +5 -24* -14*
Pronamide ■ +152* -94* • -2 1 *  ■
Metribuzin + 86* '' -71*. - 2 2 *
Terbacil +116* ■ - 9 2 * -21 *
* Denotes significant difference (p=0.05) between treatment and control means.
'Forage yield X percentage of alfalfa at each harvest and summed over harvests (similar for 
grass yield). -

Grasses dominated the sward at Bozeman, comprising 67% of forage in untreated 

plots (Table 10). Vigorous growth of grasses resulted in higher single harvest yields at 

Bozeman. Heavy fertilization with hog manure each year contributed to vigorous grass 

growth. The reduction in grass yield from deep tillage at Bozeman suggests that grass grow­

ing vigorously before tillage is not stimulated to grow more vigorously after tillage. A 

reduction in number of grass plants in tilled plots resulted, in a corresponding decrease in 

grass yield.

Grass yield was decreased by disk tillage, but due to injury, the alfalfa did not. 

respond. Shallow tillage did not significantly decrease component yields, although a reduc­

tion in total forage yield was significant. .

Pronamide, metfibuzin, and terbacil applications reduced grass yields by 94%, 71%,

and 92%, respectively, and respited in highly significant increases in alfalfa yield (Table 11 ).

Pronamide and terbacil treatments more than doubled alfalfa yields compared to their
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respective controls. Total forage yields were decreased by herbicide treatments because of 

the large contribution of grass to total dry matter yield.

Alfalfa response to grass reductions demonstrates the ability of alfalfa to quickly com­

pensate when competition is reduced.

1982 harvest year. All [81] treatments produced similar first harvest forage yields 

compared to their respective controls (Fig. 12), except pronamide which reduced first 

harvest yield. Metribuzin and terbacil [81] treatments.increased second harvest yields 

(Fig. 12) due to reduced grass competition (Table 12). The [81] pronamide treatment also 

significantly reduced grass at second harvest, but failed to improve forage yield. The com­

petitiveness of alfalfa in the [81] pronamide treated plots was notably reduced by severe 

dandelion infestation. Total forage yield was increased by [81] metribuzin treatment and 

decreased by [81] pronamide treatment. Other [81] treatments did not significantly 

affect total forage yield.

All [81-82] treatments reduced first harvest forage yields compared to their respec­

tive controls (Fig. 12). Second harvest yields were improved by [81-82]-shallow tillage, 

and all three [81-82] herbicide treatments, due to increased alfalfa production. The [81- 

82] deep tillage treatment decreased total forage yield, and the yield reduction from disk 

tillage approached significance.

' An error in handling botanical separation samples resulted in the loss of data for first 

harvest composition. However, botanical composition was obtained at second harvest 

(Fig. 13). Shallow tillage, pronamide and terbacil [81] treatments continued to influence 

forage composition by increasing %A 9%, 20% and 25%, respectively. All [81-82] treat­

ments (except disk tillage) increased %A, although the greatest increases resulted from 

pronamide and terbacil applications (Table 12).



FO
R

A
G

E 
Y

IE
LD

C
kg

ha
"1

)

48

FIRST HARVEST

=  = Treated 1981
Treated 1981 & 1982 
Control

6500

5500 -

4000 -

SECOND HARVEST

TOTAL HARVEST

8500*- 

8000 -  

7500 -  A

7000 -

6500

£
■I III

ab
=:

b I
Deep
till

Shallow
till

Disk
till

Pron-
amide

Metri-
buzin

Terb-
acil

Figure 12. Effect of tillage and herbicide treatments on forage yield at each harvest at
Bozeman, Montana, 1982. Different letters within a treatment denote signifi­
cantly different means (p=0.05).



Table 12. Effect of Tillage and Herbicide Treatments on Forage Composition at Bozeman, Mt., October Harvest, 1982.

Treatments

Years Treated1
Alfalfa Grass Broadleaf Weeds

81
means

81-82
means Control

81
means

81-82
means Control

81
means

81-82
means Control

____ % ____

Deep till 66.7b* 72.3b 64.2 2 32.6b 27.4b 35.3 . 0.76a 0.30a 0.49
Shallow till 68.7b 74.7b 60.0 30.8b 25.2b 39.6 0.58a 0.20a 0.44
Disk till 62.0b 60.9c 60.4 . 37.3b 38.5c . 39.0 0.76a 0.64ab 0.59
Pronamide 83.0a 88.6a 63.5. 11.7a 9.1a 35.9 5.33b 2.26b 0.58
Metribuzin 71.8b 79.1b 67.0 • 27.9b 20.8b 32.1 0.34a 0.21a 0.91
Terbacil 86.7a 91.9a 61.2 13.4a 8.1a 38.2 0.00a 0.00a 0.67
Mean • 73.1 77.9 62.7 25.6 . 21.5 36.7 1.29 0.60 0.61
C.V. = 8.1% 20.0% 86.2%
1 Treated in 1981 only, 1981 and 1982, and not treated respectively.
2 LSD’s (0.05) for comparisons between the 81 mean, 81-82 mean, and the control of each treatment = 8.2 for alfalfa, 7.9 for grass, 
and 1.03 for broadleaf weeds.
*Means within a column followed by a common letter are not significantly different at the 5% level by Student Newman Keul test.
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Figure 13. Effect of tillage and herbicide treatments on forage composition of October 
harvest at Bozeman, Montana, 1982. Different letters within a treatment denote 
significantly different means (p=0.05).

Component yields were calculated for second harvest data (second harvest forage 

yield X second harvest %A). Tlie [81 ] tillage treatments did not affect component yields 

of alfalfa and grass (Table 13). Thus [81] deep tillage, which increased alfalfa yield in 

1981, failed to produce residual effects at second harvest in 1982.

Pronamide and terbacil [81] treatments increased alfalfa yields by 45% and 101%, 

respectively, due to significant reductions in grass yield (Table 13). The [81] metribuzin 

treatment also increased alfalfa yield without the corresponding decrease in grass yield. 

Thus, total forage yield in the 1982 season was increased by the [81] metribuzin appli­

cation (Fig. 12).

All [81-82] treatments (except disk tillage) increased alfalfa yield (Table 13). Pron- 

amide and terbacil treatments significantly reduced grass yield. Other [81-82] treatments 

did not reduce grass yield at second harvest.
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Table 13. Treatment Effects on Dry Matter Yields of Alfalfa and Grass Components of 
Forage Expressed as a Percentage of Control Yield for Each Component at 
Bozeman, Mt., 1982'.

Alfalfa Yield^ Grass Yield
Treatments [81] [81-82] * [81] [81-82]

■Percentage of Control
Deep till +3 +22* -8 -16
Shallow till +19 +55* -13 ‘ -16
Disk till +12 +2 +5 - I
Pronamide +45* +102* -49* -55*
Metribuzin +29* +40* +3 -25
Terbacil +101* +145* -51* -66*
* Denotes significant difference (p=0.05) between treatment and control means.
' Forage yield X percentage of alfalfa at each harvest and summed over harvests (similar for 
grass yield).
■£[81] = treated in 1981 only; [81-82] = treated in. 1981 and 1982; control = untreated.

Terbacil was the most effective herbicide at Bozeman in controlling weeds and 

improving alfalfa yield. The residual effects of terbacil were significant, and indicate that 

application for two consecutive years is not necessary.

Stand density. Alfalfa stand densities (number of plants m"2) were, reduced by [81] 

treatments of deep tillage, disk tillage, and pronamide (Table 14), and reductions ap­

proached significance for [81] shallow tillage. Trends indicated additional plant losses 

from tillage in the second year ([81-82]), although fewer plants were lost.

Treatments were similar to controls in disease severity scores (Table 14). In general, 

crown and root rot was not severe in most alfalfa plants, although plants showing severe 

necrosis (3 and 4 scores) were present in nearly all plots (treated and control). Alfalfa 

plants at Bozeman were much healthier than those sampled at Kalispell. Differences ob­

served between [81] tilled and control plots may have been due to low winter losses of 

alfalfa in control plots.

Alfalfa stand density reductions caused by the tillage treatments resulted from 

mechanical removal (severed crowns) of alfalfa plants. Winter kill of stressed plants also
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Table 14. Treatment Effects on Alfalfa Stand Density, and Mean Crown and Root Disease 
Score at Bozeman, Mt., 1982.

Alfalfa Stand Density Disease Severity Score $

Treatments
[81]

means
[81-82]
means

control t  
means

[81]
means

[81-82]
means

control
means

----- -Plants m '2 -
Deep till 29.2* 25.0* 36.4 1.56 1,71 1.66
Shallow till 36 :0 • 32.7* 41.3 1.67 1.62 1.53
Disk till 29.4* 2 5 .6 * 37.7 1.54 1.48 1.59
Pronamide 29.0* 27.2* . 38.3 1.78 1.62 1.71
Metribuzin 35.5 33.4 36.0 1.66 1.70 1.61
Terbacil
Mean

33.6 36.7 35.0 1.59 1.53 1.45

C.V. = 16.4% 27.3%
f  Based on a 1-4 scale for increasing severity of root and crown rot.
*Denotes significant difference from the control at the 5% level.
$[81] = treated in 1981 only; [81-82] = treated in 1981 and 1982; control = untreated.

could have contributed to stand loss. Crown and root rot did not appear to spread from 

wounded plant tissue in healthy plants. Root and crown injury from natural causes (frost 

heaving, nematode, feeding), or from harvesting are common (19,39,55,57). These injuries 

normally allow sufficient access for pathogens to colonize tissues (57). Lesions resulting 

from tillage would probably not materially increase infections unless they severely stressed 

.the plant (39).

Alfalfa stand density or vigor reductions observed in pronamide plots may have 

resulted from increased competition from dandelions. At Kalispell, spring pronamide appli­

cation harmed alfalfa, whereas at Bozeman direct detrimental effects were not observed.

Soil temperature. Soil temperature response (Fig. 14) to tillage was similar to that

observed at Kalispell (Experiment I). Maximum soil temperature differences between tilled 

and control plots developed sooner at Bozeman than at Kalispell. Bozeman soil tempera­

ture differences were greater at relatively lower temperatures, due to heavier soils which 

were slow to warm when undisturbed.
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Figure 14. Effect of tillage on soil temperature in established alfalfa at Bozeman, Montana, 
1981 (5 cm soil depth) and 1982 (2.5 cm soil depth). Vertical bars denote least 
significant differences (p=0.05).
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CHAPTER IV

RESPONSE OF A TWO YEAR OLD ALFALFA STAND 
TO THREE LEVELS OF SPRING TILLAGE

In the previous studies (Chapter III), alfalfa stands at all locations were infested with 

grassy and broadleaved weeds. Yield and alfalfa stand density were significantly affected 

by weed competition, making it difficult to separate the specific effects of tillage on alfalfa 

plants from the general effects associated with weed competition.

This study was conducted in a young, highly productive, weed free alfalfa stand to 

ascertain direct tillage effects on alfalfa. Objectives of this study were to: I) determine the 

effects of three tillage levels on alfalfa yield and stand density, 2) examine the relationship 

between yield and stand density in a young alfalfa stand, 3) determine the amount of plant 

injury caused by tillage, and 4) determine tillage influences on nitrogen and phosphorus 

uptake by alfalfa.

Materials and Methods

This study was initiated at the Northwestern Agricultural Research Center at Kalispell, 

Montana, in spring of 1982 on a Creston silt loam (Udic Haploboroll) soil. The Thor alfalfa 

stand was established in May, 1981, at a seeding rate of 13.5 kg ha-1. Prior to seeding, P 

(190.8 kg ha-1 P2 O5) was disked into the soil.

The experiment was conducted as a randomized complete block design with six blocks 

and four tillage treatments. The four levels of Vibra-Shank tillage were: I) no tillage (con­

trol); 2) tilled once; 3) tilled twice (opposite directions); and 4) tilled three times (at right 

angles). The Vibra-Shank was set to a depth of 8 cm for all tillage operations.
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Treatments were applied on March 25, 1982, when the alfalfa had approximately 

4 cm of new growth. Soil and air temperatures were 9.4C and 8.6C, respectively.

Plots were harvested (4.46 m2) July 9 and August 13, 1982, with a Rem forage har­

vester. A 500 gram moisture sample was obtained from each plot and oven dried. Dry mat­

ter yields were calculated and expressed as kg ha"1. The study was sprinkler irrigated on 

July 27 with 4.6 cm of water.

Soil temperatures (2.5 cm) were recorded weekly from the time of treatment until 

early June. Tissue samples were collected biweekly until late July. Dried tissue samples 

(100C, 48 hours) were analyzed for total N by micro-Kjeldahl process, and for P on a 

plasma spectrophotometer (Perkin-Elmer Model 5500 ICP).

In September, plots were sampled to determine stand densities in the same manner 

as described in Chapter III. Alfalfa plants in each sample were counted and scored for 

crown and root size. Plants were assigned a value from I to 3 ( 1 =  smallest and 3 = largest 

size class). A relative stand density value was calculated for each plot by multiplying the 

number of plants in each size class by the integer value of the class, and summing over the 

three classes. The number of plants showing scar tissue or injury in the upper 10 cm of 

root area were tabulated for each sample.

■ Analyses of variance were computed for all parameters and mean squares were tested ' 

at the p=0.05 level of significance. Treatment means were compared using a Student New­

man Keul procedure (p=0.05).

Results and Discussion

First harvest forage yields were not significantly different among treatments and con­

trol (Table 15). However, total seasonal yields were reduced approximately IOOOkgha"1 

by one-way tillage (least severe) and three-way tillage (most severe). Two-way tillage did 

not affect forage yield.
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Tabic I 5. Effect of Four Levels of Tillage on Mean Forage Yield (dry wt) at Kalispell, Mt., 
1982.

Tillage Levels^ First Harvest Yield Second Harvest Yield Total Yield
-  r ----------- K g  I l d  -------- ------------ 7 ; -------------

0 (control) 5991a* ' 2477a . 8468a
I (one-way) 5208a 2253ab 7461b
2 (two-way) ' 5520a . 2388ab 7908ab
3 (three-way) 5358a 2185b 7443b

Mean

C.V. = 10.6% 8.6% 10.1%
to  = no tillage, I = tilled once, 2 = tilled twice, and 3 = tilled three times.
* Means within a column followed by a common letter are not significantly different at the 
5% level by Student Newman Keul test.

Alfalfa stand densities (plants m2"1) were reduced by all tillage treatments (Table 16). 

As tillage intensity increased, stand density decreased. However, the most extensively 

tilled plots (two-way and three-way tillage) contained a higher percentage of large alfalfa 

plants (2’s and 3’s) than the control or one-way tillage plots. These, data indicate that alfalfa 

crown and root size increase rapidly as space becomes available. Plant spacing strongly 

•influences both alfalfa tap root size (29,36) and lateral root expansion (18,53,68).

Relative stand density scores (Table 16), which account for alfalfa plant size differ­

ences, were similar for the control and two-way tillage. Thus, alfalfa component compen­

sation in the two-way tilled plots resulted in yield similar to untreated plots. Although 

plant size was increased by three-way tillage, this did not fully, compensate for plant losses, 

and yield was reduced, A single tillage pass (one-way) did not remove enough plants to 

allow increased growth of remaining alfalfa.

Lesions were observed on alfalfa roots (top 10 cm) from all plots,(including control), 

indicating that tillage was not the only cause of root injury (Table 16). However, lesions 

were more numerous on plants from two-way and three-way tillage plots, showing that 

tillage does cause root injury.



Table 16. Effect of Four Levels of Tillage on Alfalfa Stand Density, Crown and Root Size, and Root Injuries of Alfalfa at Kalispell, 
Mt., 1982.

Crown and Root Size Scores *
Tillage Levels! Stand Density I ’s 2’s 3’s Relative Density Score * Root Injury

0 (control)
Plants m'2 

210a* 61.3a
-------%...........

33.5b 5 .2c 300a
Plants m '2 

18c

I (one-way) 173b 61.6a 32 .6 b 5 .8 c 249b 2 5 c  3

2 (two-way) 165bc 41.6b 46.9a 11.5b 275ab ■ 46b

3 (three-way) 136c , 34 .1 b 49.4a 16.5a 240b 59a

C.V. = 15.2% 12.6% I 1.1% 16.2% 12.9% 16.8%
t O = no tillage, I = tilled once, 2 = tilled twice, 3 = tilled three times.
* Scored on a 1-3 scale for increasing size of crown and root.
*  Number of alfalfa plants in each size class X integer value of class and summed.
*Means within a column followed by a common letter are not significantly different at the 5% level by Student Newman Keul test.



Plants were not scored for disease severity because necrosis of roots and crowns was 

not evident in most alfalfa plants. Tillage did not appear to increase the incidence of crown 

and root rot. Root lesions were surrounded by scar tissue. Lateral or vertical spread of 

necrosis from the injured tissue was not observed.

Tillage increased the percentage of N and P in alfalfa plant tissue, particularly early in 

the season (Fig. 15). Increased nutrient uptake was probably due to higher soil tempera­

ture (21,49), and expansion of the lateral root system (23,40,47,60). Mineralization of 

organic forms of N and P from tillage may also influence plant uptake (5).

Two-way and three-way tillage raised N and P percentages in alfalfa tissue longer than 

one-way tillage, probably due to increased root growth which facilitated nutrient uptake.

Garver (18) found that thinning alfalfa stands in. the seeding year or soon after was 

more efficient in promoting good root development and plant vigor than later thinnings. 

Although tillage did not improve yield in the year of treatment, continued effects on 

alfalfa productivity and stand longevity need to be assessed.
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Figure 15. Effect of three tillage levels on P and N percentage in alfalfa at Kalispell, Mon­
tana, 1982. Vertical bars denote least significant differences (p=0.05).



60

CHAPTER V

SUMMARY AND CONCLUSIONS

Early spring tillage of established alfalfa stands is a common, practice among many 

growers. The effects of this practice are uncertain. This research was conducted to deter­

mine short and long term effects of tillage.

Deep tillage with a shank implement stimulated alfalfa growth and vigor in swards suf­

fering from weed competition. Although some alfalfa plants were destroyed by tillage, 

remaining plants responded with increased growth, resulting in higher alfalfa yields. Peren­

nial rhizomatous grasses were also stimulated by deep tillage, probably due to decreased 

auto-competition. However, total grass yield was usually not increased by deep tillage 

because of substantial reductions in plant numbers. Themagnitude of plant growth response 

to deep tillage was highly dependent on initial plant vigor in the sward.

Deep tillage for two consecutive years significantly reduced grass yield in the second 

year, thus increasing the percentage of alfalfa in forage. However, reductions in alfalfa, 

stand density may offset the beneficial effects of deep tillage as an annual practice.

Shallow tillage (with a shank implement) and disk tillage did not greatly affect forage 

yield or botanical composition of the sward, although some reductions in grass competi­

tion resulted from these treatments. Composition changes were shortlived and alfalfa yield 

was not increased. Alfalfa crowns were damaged by these treatments, and stand densities 

were reduced.

Since weeds are harvested with alfalfa, and contribute to total dry matter production, 

use of herbicides seldom increases total forage yields. However, the percentage of alfalfa in 

forage and total alfalfa yield can be increased by effective weed control. At Bozeman,
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increased alfalfa yields, due to herbicide treatment, were much greater than increases 

resulting from deep tillage. Effects of herbicide treatments were less consistent at Kalispell. 

Deep tillage at Kalispell was usually as effective as herbicides in increasing alfalfa yield.

Pronamide reduced grass/allowing increased dandelion competition. If grass herbicides 

are used, alfalfa stand density should be great enough to compete with dandelions. Prona- 

mide caused alfalfa injury from spring application, and should be fall applied to dormant 

alfalfa. Terbacil and metribuzin produced best results when applied early in the spring. 

Terbacil was the only herbicide with sufficient residual effects that annual application may 

not be necessary. Pronamide and metribuzin would need to be used each year for effective 

weed control^ which may not be economically feasible.

Management decisions regarding the use of tillage or herbicides in older alfalfa stands 

will depend on the objectives of the grower. If the objective is weed removal (including 

perennial grasses) from forage in order to improve forage quality, the use of herbicides is 

recommended. However, if the primary concern is to improve plant vigor in the stand, 

and thus improve forage yield, deep tillage may prove beneficial.

Deep tillage will probably result in higher forage yields only when both alfalfa and 

< grass are lacking vigorous growth, which is common in many older swards. Deep tillage 

may prove beneficial in extending the economic life of an alfalfa stand by one or two years.

Deep tillage with a shank implement did not increase alfalfa yield in young, dense, 

vigorous stands. However, due to significant alfalfa component compensation intensive 

tillage (two-way) did not reduce alfalfa yield even though stand density was decreased. 

Tillage increased spring soil temperatures and the percentage of N and P in alfalfa, tissue.

Although root injury occurred as a result of tillage, surviving plants did not appear to 

be adversely affected. The incidence of crown and foot rot disease was not increased by 

tillage, indicating that this is not an important short term factor. However, the relationship 

between tillage and disease needs further study to assess long term effects.



62

LITERATURE CITED

I



63

LITERATURE CITED

1. Anonymous. 1970. Managing dryland alfalfa in eastern Washington, Cooperative Ex­
tension Service Pamphlet EM 3351.

2. Benedict, H. M. 1941. The inhibitory effect of dead roots on the growth of brome- 
grass. J. Amer. Soc. of Agron. 33:1108-1109.

3. Brown, B. A. 1961. Fertilizer experiments with alfalfa 1915-1960. Connecticut Agr. 
Exp. Sta. Bull. No. 363.

4. Bruns, V. F., W. W. Heinemann, and D. L. Oldemeyer. 1959. Downy brome in alfalfa 
and related studies. U.S. Dept, of Agr. Tech. Bull. No. 1197.

5. Bula, R. J., and M. A. Massengale. 1972. Environmental physiology, pp. 167-184. In 
C. H. Hanson (ed.), Alfalfa science and technology. Agronomy Series No. 15, Ameri­
can Society of Agronomy, Madison, Wis. .

6. Burcalow, F. V., D. W. Smith, and L. F. Graber. 1939. The duration of the effects of 
renovation in the control of weeds and white grubs (Phyllophaga sp.) in permanent 
bluegrass pastures. I. Amer. Soc. of Agron. 31:15-22.

7. Carlson, J. R., and R. L. Ditterline. 1981. Screening techniques for drought resistance 
in alfalfa. Mont. Agr. Exp. Sta. Bull. No. 738.

8. Chamblee, D. S. 1972. Relationship with other species in a mixture, pp. 211-228. In 
' C. H. Hanson (ed.), Alfalfa science and technology. Agronomy Series No. 15, Ameri­

can Society of Agronomy, Madison, Wis.

9. Chi, C. C., W. R. Childers, and E. W. Hanson. 1964. Penetration and subsequent devel­
opment of three Fusarium species in alfalfa and red clover. Phytopathology 54:434- 
437.

10. Cohen, O. P., and E. Strickling. 1968. Moisture use by selected forage crops. Agron. J. 
60:587-591.

11. Cowett, E. R., and M. A. Sprague. 1962. Factors affecting tillering in alfalfa. Agron.
J. 54:294-297.

& 12. Daigger, L. A., L. S. Axthelm, and C. L. Ashburn. 1970. Consumptive use of water by 
alfalfa in western Nebraska. Agron. J. 62:507-508.

13. Dawson, I. H., W. O..Lee, and F. L. Timmons. 1969. Controlling dodder in alfalfa. 
U.S. Dept, of Agr. Farmer’s Bull. No. 2211.



64

14. Dotzenko, A. D., C. S. Cooper, A. K. Dobrenz, H. M. Laude, M. A. Massengale, and
K. C. Feltner. 1967. Temperature stress on growth and seed characteristics of grasses 
and legumes. Colorado Agr. Exp. Sta. Tech. Bull. No. 97.

15. Evans, P. S. 1978. Plant root distribution and water use patterns of some pasture and 
crop species. N. Z. J. of Agr. Res. 21:261-265.

16. Fuelleman, R. F., and L. F. Graber. 1937. Pasture renovation in relation to popula­
tions of white grubs. J. Amer. Soc. of Agron. 29:186-196.

17. Fuelleman, R. F., and L. F. Graber. 1938. Renovation and its effect on the popula­
tions of weeds in pastures. J. Amer. Soc. of Agron. 30:616-623.

18. Carver, S. 1946. Alfalfa in South Dakota; twenty-one years research at the Red field. 
Station. South Dakota Agr. Exp. Sta. Bull: No. 383.

19. Graham, J. H., K. W. Kreitlow, and L. R. Faulkner. 1972. Diseases, pp. 497-526. In 
C. H. Hanson (ed.), Alfalfa science and technology. Agronomy Series No. 15, Agron­
omy Society of America, Madison, Wis.

20. Hanson, C. H., and J. L. Allison. 1951. Studies on the nature and occurrence of stand 
depletion in alfalfa strains in North Carolina. Agron. J. 43:374-378.

21. Heinrichs, D. H., and K. F. Nielsen. 1966. Growth response of alfalfa varieties of di­
verse genetic origin to different root zone temperatures. Can. J. Sci. 46:291-298.

22. Hildreth, A. C., J. R. Magness, and J. W. Mitchell. 1941. Effects of climatic factors on 
growing plants. In Climate and man. U.S. Dept, of Agr., Yearbook of Agriculture 
1941, pp. 292-307.

■ 23. Hodgkinson, K. C. 1968. Studies on the physiology of regeneration of lucerne (Medi-, 
cago sativa L.). J. Aust. Inst. Agr. Sci. 34:221.

24. Jung, G. A., and D. Smith. 1961. Trends of cold resistance and chemical changes over 
winter in the roots and crowns of alfalfa and medium red clover. I. Changes in certain 
nitrogen and carbohydrate fractions. Agron. J. 53:359-363.

25. Jensen, E. H., B. J. Hartman, F. Lundin, S. Knapp, and B. Brookerd. 1981. Auto­
toxicity of alfalfa; Nevada Agr. Exp. Sta. Bull. No. R 144. ,

SrL 26. Jensen, E. H., M. A. Massengale, and D. O. Chilcote. 1967. Environmental effects on 
growth and quality of alfalfa. Nevada Agr. Exp. Sta. Bull. No. T9.

27. Keger, A. 1933. Growing alfalfa in Colorado. Colorado Agr. Exp. Sta. Bull. No. 329A.

28. Kehr, W. R., E. C. Conrad, M. A. Alexander, and F. G. Owen. 1963. Performance of 
alfalfas under five management systems. Nebraska Agr. Exp. Sta, Bull. No. 211.

29. Kehr, W. R., F. I. Frosheiser, R. D. Wilcoxspn, and D. K. Barnes. 1972. Breeding for 
disease resistance, pp. 335-354. In C. H. Hanson (ed.), Alfalfa science and technology. 
Agronomy Series No. 15, Agronomy Society of America, Madison, Wis.



65

30. Kilcher, M. R., and D. H. Heinrichs. 1958. The performance of three grasses when 
grown alone, in mixture with alfalfa, and in alternate rows with alfalfa. Can. J. Plant 
Sci. 38:252-259.

31. Kilcher, M. R., and D. H. Heinrichs. 1966. Performance of alfalfas in mixture with 
grasses in a semiarid region. Can. J. Plant Sci. 46:163-167.

'i?  32. Kilcher, M. R., and D. H. Heinrichs. 1966. Performance of some grass-alfalfa mixtures 
in southwestern Saskatchewan during drought years. Can. J. Plant Sci. 46:177-184.

33. Kinbacher, E. J., and N. F. Jensen. 1959. Weather records and winter hardiness. 
Agron. J. 51:185-186.

34. Kohl, R. A., and J. J. Kolar. 1976. Soil water uptake by alfalfa. Agron. J. 68:536-538..

35. Kommedahl, T., J. B. Kotheimer, and J. V. Bernardini. 1959. The effects of quack- 
grass on germination, and seedling development of certain crop plants. J. Weed Soc. 
of Amer. 7:1-12.

36. Kramer, H. H., and R. L. Davis. 1949. The effect of stand and moisture content on 
computed yields of alfalfa. Agron. J. 41:470-473.

37. Lamba, P. S., H. L. Ahlgren, and R. J. Muckenhirn. 1949. Root growth of alfalfa, 
medium red clover, bromegrass and timothy under various soil conditions. Agron. 
J. 41:451-454.

38. Lawton, K., M. B. Tesar, and B. Kawin. 1954. Effect of rate and placement of super­
phosphate on the yield and phosphorus absorption of legume hay, Soil Sci. of Amer. 
Proc. 18:428-432.

39. Leath, K. T., F. L. Lukenzie, H. W. Crittendon, E. S. Elliot, P. M. Halisky, F. L. 
Howard, and S. A. Ostezeski. 1971. The Fusarium root-rot complex of selected for­
age legumes in the northeast. Pennsylvania Agr. Exp. Sta. Bull. No. I l l .

40. Levesque, M., and J. W. Ketcheson. 1963. The influence of variety, soil, temperature, 
and phosphorus fertilizer on yield and phosphorus uptake by alfalfa. Can. J. Plant 
Sci. 43:355-360.

41. Leyshon, A. J. 1982. Deleterious effects on yield of drilling fertilizer into established 
alfalfa stands. Agron. J. 74:741-743.

42. Little, T. Mlj and F. J. Hills. 1978. Agricultural experimentation, design, and analysis! 
John Wiley and Sons, Inc., New York.

43. Lorenz, R. J., R. E. Ries, C. S. Cooper, C  E. Townsend, and M. D. Rumbaugh. 1982, 
Alfalfa for dryland grazing. U.S. Dept, of Agr., Agr. Info. Bull, Np. 444.

44. Melton, B., and M. D. Pinker. 1967. Relative efficiency of experimental designs with 
systematic control plots for alfalfa yield tests. Crop Sci. 7:305-307.



66

45. Murphy, J., and J. P. Riley. 1962. A modified single solution method for the determi­
nation of phosphate in natural waters. Anal. Chem. Acta 27:31-36.

46. Neller, J. R., and C. E. Hutton. 1957. Comparison of surface and subsurface place­
ment of superphosphate on growth and uptake of phosphate by sodded grasses.. 
Agron. 1.49:347-351.

47. Nielson, K. F. 1974. Roots and root temperatures, pp. 293-333. In E. W. Carson (ed.), 
The plant root and its environment. Univ. Press of Virginia, Charlottesville,. VA.

48. Nielsen, K. F., T. F. Cuddy, and W. B. Woods. 1960. The influence of the extract of 
some crops and soil residues on germination and growth. Can. J. Plant Sci. 4:188- 
197.

49. Nielsen, K. F., R. L. Halsread, A. J. Maclean, R. M. Holmes, and S. J. Bourget. 1960. 
Effects of soil temperature on the growth and chemical composition of .lucerne. Proc. 
8th Intern. Grassland Cong., pp. 287-292.

50. Nittler, I .  W., T. J. Kenny, and E. Osborne. 1963. Response of seedlings of varieties 
of orchardgrass (Dactylis glomerata I .)  to photoperiod, light intensity, and tempera­
ture. Crop Sci. 3:125-128.

51. O’Rourke, C. J., and R. I .  Millar. 1966. Root rot and root microflora of alfalfa as 
affected by potassium nutrition, frequency of cutting, and leaf infection. Phytopath­
ology 56:1040-1046.

52. Parks, W. I ., and W. B. Fisher, Jr. 1958. Influence of soil temperature and nitrogen 
on ryegrass growth and chemical composition. Soil Sci. Soc. Am. Proc. 22:257-259.

53. Pearson, R. W. 1974. Significance of rooting pattern to crop production and some 
problems of root research, pp. 247-270. In E. W. Carson (ed.), The plant root and its 
environment. Univ. Press of Virginia, Charlottesville, VA.

54. Pesak, J. 1.955. The absorption of phosphorus from phosphate fertilizers applied to 
established meadows. III. Effect of phosphorus source and placement and of meadow 
composition. Soil Sci. Am. Proc. 19:63-64.

55. Peters, E. J., and R. A. Peters.. 1972. Weeds and weed control, pp. 555-573. In C. H- 
Hanson (ed.), Alfalfa science and technology. Agronomy Series No. 15, Agron. Soci­
ety of America, Madison, Wis.

56. Richard, C., R. Michaud, A. Freve, and C. Gagnon. 1980. Selection for root and 
crown rot resistance in alfalfa. Crop Sci. 20:691-695.

57. Robert!, C., Jr. 1963. The etiology of alfalfa root rot in Rhode Island. M.S. Thesis. 
Univ. R.I.

58. Ronningen, T. S., and A. G. Hess. 1955. Relationship between stand and yield in 
alfalfa variety comparisons. Agron. J. 47:92-93.



67

59. Rumbaugh, M. D. 1978. N. E. Hansen’s contributions to alfalfa breeding in North 
America. South Dakota Exp. Sta. Bull. No. 665.

60. Schnappinger, M. G., Jr., V. A. Bandel, and C. B. Kresge. 1969. Effect of phosphorus 
and potassium.on alfalfa root anatomy. Agron. J. 61:805-808.

61. Simpson, J. R. 1965. The transference of nitrogen from pasture legumes to an associ­
ated grass under several systems of management in pot culture. Aust. J. Agr. Res. 16: 
915-926.

62. Singleton, H. P., and C. E. Nelson. 1940. Alfalfa cultivation experiment. Wash. Irrig. 
Expt. Sta. Rpt. (Agron), 294 pp. (Unpublished copy on file at the Irrigation Experi­
ment Station, Prosser, WA.)

63 : Smith, D. 1950. The occurrence of adventitious shoots on severed alfalfa roots. Agron. 
1.42:398-401.

64.. Smith, D. 1951. Root branching of alfalfa varieties and strains. Agron. J. 43:573-575.

65. Smith, D. 1955. Underground development of alfalfa crowns. Agron. J. 47:588-589.

66. Taylor, H. M. 1971. Root behavior as affected by soil structure and strength, pp. 271- 
291. In E. W. Carson (ed.), The plant root and its environment. Univ. Press of Virginia, 
Charlottesville, VA.

67. Toai, T. V., and D. L. Linscott. 1979. Phytotoxic effect of decaying quackgrass 
(Agropyron repens) residues. Weed Sci. 27:595-598.

68. Upchurch, R. R., and R. L. Loworn. 1951. Gross morphological root habits of 
alfalfa in North Carolina. Agron. J. 43:493-498.

69. Weihing,'R. M., D. W. Robertson, O. H. Coleman, and R. Gardner. 1943. Growing 
alfalfa in Colorado. Colorado Agr. Exp. Sta. Bull. No. 480.

70. Wilcoxson, R. D., D. K. Barnes, F. I. Frosheiser, and D. M. Smith. 1977. Evaluating 
and selecting alfalfa for reaction to crown rot. Crop Sci. 17:93-96.

71. Willard, C. J. 1931. The correlation between stand and yield of alfalfa and sweet- 
clover. J. Agr. Res. 43:461-464.



APPENDIX



Table 17. Effect of Tillage and Herbicide Treatments on Forage Yield (dry wt) at Kalispell, Mt., 1981 (Exp. I).

Treatments

First Harvest Yield Second Harvest Yield Total Yield
Actual
means

Adjusted1
means Control

Actual . 
means

Adjusted
means' Control

Actual
means

Adjusted
means Control

Deep till 2915 (3004a)* 22872 2959 (2937b) 2847 5918 (5941a) 5134
Shallow till 2264 (2309b) 2376 2668 (2489c) 3116 4932 (4798b) 5515
Disk till 2399 (2152b) 3116 2556 (2511c) 2870 4955 (4663b) 5986
Pronamide 1547 (1726b) 2063 2690 (2847b) 2489 ‘ 4237 (4574b) 4551
Metribuzin 2287 (2242b) 2556 3206 (3116b) 2982 5493 (5448ab). 5560
Terbacil 1816 (1794b) 2489' 3206 (3340a) 2533 5022 (5134b) 5134
Mean 2204 2466 2880 2802 5093.. 5291
C.V. = 16.2% 5.8% 8.896
1 Means adjusted by analysis of covariance and covariant fit significant at the 5% level.
2 LSD’s (0.05) for comparisons between the actual mean and the control mean of each treatment = 560 for first cut, 247 for second 
cut, and 673 for total yield.
*Means within a column followed by a common letter are not significantly different at the 5% level by Student Newman Keul test.



Table 18. Effect of Tillage and Herbicide Treatments on Second Harvest Forage Composition at Kalispell, Mt., 1981 (Exp. I).

Alfalfa Grass BroadleafWeeds
Trt. Trt. Trt.

Treatments means Control means • Control means Control

Deep till 8 7 .2 c 91.5' 11.2b 6.7 1.70a 1.79
Shallow till 95.5ab •97.5 3.8ab 1.6 0.68a 0.90
Disk t i l l . 89.2bc 3 8 .9 9-8ab 9.1 0.93a 1.97
Pronamide 89.2bc 94.6 7.6ab 4.2 3.18a 1.80
Metribuzin 99.1a 9 8 .2 0.9a 1.8 . 0.00a 0.60
Terbacil 99.3a 93.5 0.7a 4.8 0.00a 1.64
Mean 93 .3 94.0 5.7 • 4.7 1.08 1.45
C.V. = . 3.8% 69.8% 104.4%
1 LSD’s (CbOS) for comparisons between the trt. means and the control mean of each treatment r 5.3 for alfalfa, 5.5 for grass, and was 
not significant for broadleaf weeds.
*Means within a column followed by a common letter are not significantly different at the 5% level by Student Newman Keul test.



Table 19. Effect of Tillage and Herbicide Treatments on Forage Yield (dry wt) at Kalispell, Mt., 1982 (Exp. I)..

Years Treated1
First Harvest Yield . Second Harvest Yield Total Yield

Treatments
81

means
81-82
means Control

81
. means

81-82
means Control

81
means

81-82
means Control

. . . . . . .  — - JS.5 iia

Deep till 4506a* 3116a 38342 2758a 2287a 2040 7264a 5403a 5874
Shallow till 3923a . .3206a 4260 2399abc 2130a 2421 6322a 5336a 6681
Disk till 3766a 3071a 3879 2107c 2264c ■ 2421 5784a 5336a 6300
Pronamide 4215a 3565a • 3811 2107 c 2489a 2063 6322a 6053a ■ 5874
Metribuzin 4058a , 3520a 4282 2758a 2489a 2668 6816a 6008a 6950
Terbacil 3946a 3564a 4260 2646ab 2533a 2309 6591a . 6098a , 6570
Mean 4054 3340 4058 2463 2365 2320 6516 . 5706 6367

C.V. = 8.9% 108% 8.796
1 Treated in 1981 only, in 1981 and 1982, and not treated respectively.
2 LSD’s (0.05) for comparisons between the 81 mean, 81-82 mean, and the control mean of each treatment - 493 for first cut, 359 
for second cut, and.762 for total yield.
*Means within a column followed by a common letter are not significantly different at the 5% level by Student Newman Keul test.



Table 20. Effect of Tillage and Herbicide Treatments on Second Harvest Forage Composition at Kalispell, Mt., 1982 (Exp. I).

Treatments

Years Treated1
Alfalfa -Grass

81
means

81-82
means Control

81
means

81-82
means Control

......... - - - - -
Deep till 86.2b* 96.4a 96.02 12.8b 2.lab 4.0
Shallow till 94.0a 97.1a 96.1 5.6a . 2.5b 3.4 ,
Disk till 92.6a 95.4a 94.1 ■ 7.3a 4.6c ■5.5
Pronamide 92.8a 97.7a . 94.2 4.8a 0.6a 5.8
Metribuzin 97.4a 97.8a 96.0 .2.6a 1.8a 4.0
Terbacil 97.7a 98.7a 90.1 2.3a 1.3a 9.6.
Mean 93.5 97.1 94.4 5.9 2.2 5.4
C.V. = 2.1% 39.6%
1 Treated in 1981 only, in 1981 and 1982, and not treated respectively. •
2 LSD’s (0.05) for comparisons between the 81 mean, .81-82 mean, and the control mean of each treatment = 2.8 for alfalfa and 2.5 
for grass.
*Means within a column followed by a common letter are not significantly different at the 5% level by Student Newman Keul test.



Table 21. Effect of Tillage and Herbicide Treatments on Forage Yield (dry wt) at Kalispell, Mt., 1981 (Exp. II).

Treatments

First Harvest Yield Second Harvest Yield Total Yield
Actual
means

Adjusted1 
means Control

Actual 
means .

Adjusted. 
means Control

Actual
means

• Adjusted 
means Control

Deep till 3767 (3925a)* 30712 2332 . (2713ab) 1771 6076 (6 1 4 3 a ) 4843
Shallow till 3 2 0 6 (3296ab) 3184 2242 (1 8 8 3 c ) 2735 5426 (5224b) 5919
Disk till 3161 (3206ab) . 3273 2242 (2175bc) 2377 5403 (5336b) 5650
Pronamide 1861 (1 7 7 1 c ) 3497 2354 -. (1973c). 2758 4215 (3 6 9 9 c ) 6255.
Metribuzin 2601 (2623b) 3318 2309 (2690ab) 1794 4910 . (5246b) 5089
Terbacil 2959 (2713b) 3767 2915 . (2915a) 22 8 7 5 8 7 4  . (5493b) ' 6031
Mean 2 9 2 6 3341 2399 • 2 2 8 7  . 5317 5627

C.V. = 11.6% ' 12.2% 10.3% ■
1 Means adjusted by analysis of covariance and covariant fit significant at the 5% level.
2 LSD’s (0.05) for comparisons between the actual mean and the control mean of each treatment = 538 for first cut, :4.26 for second 
cut, and 830 for total yield.
* Means within a column followed by a common letter are not significantly different at the 5% level by Student. Newman Keul test.



Table 22. Effect of Tillage and Herbicide Treatments on Second Harvest Forage Composition at Kalispell, Mt., 1981 (Exp. II).

Treatments

Alfalfa Grass ■ Broadleaf Weeds
Actual
means

. Adjusted1 
means Control

Actual
means

.' Adjusted 
. means Control

Actual
means

Adjusted 
means • Control

____ % ______

Deep till 77.7 (80.4a)* 65.42 19.2 (16.7a) 2 9 .2 2.71 (2.91b) 5.42
Shallow till 82.0 (80.8a) 76.8 14.8 (16.9a) 14.0 3.13 (2.02b) 9 .23
Disk till 83 .7 (84.3a) 71 .3 11.4 (11.9ab) 19.1 4.87 (3.63b) 9.63
Prbnamide 87.5 (8 6 .7 a ) 75.7 ' 4.7 ( 4.3b) 21.8 7.85 (9.06a) 2.49 .
Metribuzin 83 .5 (83.7a) 72.8 10.6 (10.lab) 22.0 5.96 (6.23ab) 5.21
Terbacil 83.9 (82.3a) 77.9 . 12.8 (13.6a) . 18.1 3.47 • (4.15b) 4.03
Mean 83.0 73.3 12.3 20.7 4.66 ■ 6.00
C.V. = . 6.2% 28.2% 50.4%
1 Means adjusted by analysis of covariance and covariant fit significant at the 5% level.
2 LSD’s (0.05) for comparisons between the actual trt. mean and the control mean of each treatment = 7.3 for alfalfa, 6.9 for.grass.
and 3.99 for broadleaf weeds.
* Means within a column followed by a common letter are not significantly different at the 5% level by Student Newman Keul test.



Table 23. Effect of Tillage"and Herbicide Treatments on Forage Yield (dry wt) at Kalispell, Mt., 1982 (Exp. II).

. Years Treated1

First Harvest Yield .________ Second Harvest Yield______________________ ~ Total Yield

81 81 
Actual Adjusted2 

Treatments means means

81-82 81-82 
Actual Adjusted 
means means Control

81 ' 
Actual 
means

81
Adjusted

means

81-82 81-82 
, Actual Adjusted 

means means Control

81
Actual
means

81 ' 81-8.2 81-82 
Adjusted Actual. Adjusted 

means means means Control

Deep till 1561 (1951a)* 1412 (1480a) 13903 516 (605a) 516 (583b) 448 2376 (2578a) 1928 (2063a) 1838
Shallow till 1726. (1256a) 1368 (1009a) 2152 538 (448a) 560 (516b) 673 2264 (1681a) 1928 (1525a) 2825
DisktiU 1547 (1547a) 1300 (1323a) . 1525 852 . (807a) 560 (516b) 628 2399 (2354a) 1861 (1838a) 2130
Pronamide 1435 (1300a) 1211 (1121a) 1681 583 (583a) 493 (516b) 560 2018 (1883a) 1704 (1637a) 2263
Metribuzin .1211 (1549a) . 1143 (1349a) 1285 538 (673a) 852 (902a) 504 1749 (2251a) 2063 (2289a) 1788
Terbacil 1883 (1816a) ■ 1951 (1883a) 1637 1076 (897a) . 673 (560b) . 762 . 2959 (2713a) 2623 (2421a) 2399

Mean 1603 1395 - 1525 679 605 583 ■2287 2002 2107

C.V. =. 23.0% 393% 23.9%
1Treated in 1981 only, in 1981.and 1982, and not treated respectively.
2Means adjusted by analysis of covariance and covariant fit significant at the 5% level.
3 LSD’s (0.05) for comparisons between the 81 actual mean, 81-82 actual mean, and the control mean of each treatment = 498 for first cut, 336 for second 
cut, and 717 for the total yield. .
*Means within a column followed by a common letter are not significantly different at the 5% level by Student Newman Keul test.



Table 24. Effect of Tillage and Herbicide Treatments on Second Harvest Forage Composition at Kalispell, Mt., 1982 (Exp. II).

Years Treated1

Alfalfa Grass
Broadleaf

Weeds
81 81 81-82 81-82 ■ 81 81 81-82 81-82

Actual Adjusted2 Actual Adjusted Actual Adjusted Actual Adjusted 81 81-82
Treatments means means means means Control means means means means Control means means Control

___ % ___

Deep till 58.5 (58.4ab)* 73.0 (72.9ab) 58.03 38.3 (39.0ab) 22.1 (22.7ab) 37.8 3.18ab 5.31a 2.96
Shallow till 52.8 (52.5b) 68.4 (68.2ab) 58.5 45.3 (45.6a) 27.2 (27.4ab) 38.8 1.85b 4.39a 2.73
Disk till .. 46.4 (47.7b) 61.8 (62.7b) 54.9 49.9 . (48.4a) 36.1. (34.8a) 43.2 3.76ab 2.1.8a 1.89
Pronamide 75.0 (71.0a) 89.1 (86.3a) 66.2 17;4 (20.2b) 2.4 .( 4.7c) 32.7 7.60a 6.18a . 1.11
Metribuzin 72.7 (71.4a) 83.3 (85.9a) 50.3 25.6 (22.7b) 15.1 (12.7bc) 46.6 1.69b . 1.59a 2.84
Terbacil 71.8 (71.4a) 78.4 (78. lab) 58.7 . 21.2 (21.9b) 22.4 (23.0ab) 37.7 3.47ab 5.10a 1.92
Mean 62.9 .. 75.7 57.8 32.9 20.9 39.5 3.59 4 .n 2:24
C.V. = 13.3% 28.3% 66.5%
1 Treated in 1981 only, in 1981 and 1982, and not treated respectively.
2 Means adjusted by analysis of covariance and covariant fit significant at the 5% level.
3 LSD’s (0.05) for comparisons between the 81 actual mean, 81-82 actual mean and the control mean of each treatment = 12.5 for 
alfalfa, 12.6 for grass, and 3.17 for broadleaf weeds.
* Means within a column followed by a common letter are not significantly different at the 5% level by Student Newman Keul test.



Table 25. Effect of Tillage and Herbicide Treatments on Forage Yield (dry wt) at Bozeman, Mt., July Harvest, 1981.

Treatments
Total Yield

Actual means Adjusted1 means Control
■........................ kg ha- 1 ....................................

Deep till 5269 ' (5650a)* 57172
Shallow till 4708 (5022a) 5852
Disk till 5762 (5538a) 6726
Pronamide 5334 (5089a) 6770
Metribuzin 5470 (5112a) 6973
Terbacil . 4842 (4977a) 6143
Mean •5231 6367
C.V. = 10.5%.
1 Means adjusted by analysis of covariance and covariant, fit significant at the 5%' level.
2 LSD (0.05) for comparisons betweens the actual mean and the control mean of each treatment = 897.

. * Means within a column followed by a common letter are not significantly different at the 5% level by Student Newman Keul test.



Years Treated1

First Harvest Yield Second Harvest Yield Total Yield

Table 26. Effect of Tillage and Herbicide Treatments on Forage Yield (dry wt) at Bozeman, Mt., 1982.

81 81 81-82 81-82 81 81 81 81 . 81-82 81-82
Actual ..Adjusted2 Actual Adjusted Actual . Adjusted 81-82 Actual Adjusted Actual Adjusted

Treatments means means means means Control means means means Control means means means means Control

- - kg ha-1

Deep till 5291 (5269ab)* 4461 (4461a) 5695 3 2130 (2063b) 2332bc 2152 7421 (728ab) 6793 (6704b) 7847
Shallow till 5313 (5269ab) 4596 (4551a) 5740 1951 (2085b) 2332bc 1749 7264 (7533ab) 6928 (7130ab) 7488
Disktill 5762 (5717a) 4977 (4955a) 5717 2085 (2130b) 1928c 1906 ■ 7847 (7892ab) 6905 (6973ab) 7623 :
Prbnamide . 4799 (4394b) 4888 (4461a) 6143 2332. (2287ab) 3049a 2107 7130 (6569b) 7937. (7533ab) 8251
Metribuzin 5605 (5919a) 4596 (4934a) 5336 2780 (2623a) 2735ab 2309 8385 (8497a) 7331 (7421ab) 7645
Terbacil 5022 (5179ab) 4574 (4753a) 5492 2668 (2713a) 3072a■. 1883 7690 (8095a). 7645 (7914a) 7376

Mean 5299 4682 5695 2324 2575 ■ 2017 7623 7257 7690

C.V. = 9.2% 11,0% 6.9%
1 Treated in 1981 only, in 1981 and 1982, and not treated respectively.
2Means adjusted by analysis of covariance and covariant fit significant at the 5% level.
3 LSD’s (6.05) for comparisons between the 81 actual mean, 81-82 actual mean, and the control of each treatment = 695 for first cut, 359 for second cut, 
and 740 for total yield.
*Means within a column followed by a common letter are not significantly different at the 5% level by Student Newman Keul test.
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