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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 practlces 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: (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. 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. :




CHAPTER I

INTRODUCTION

Weeds in'v’gding aging alfalfa (Medicago sativa 1.) stands compéte with alfalfa and -

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

. tillage.

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

Montana). Some alfalfa growérs 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 conce:rning tillage of alfalfa fields. There-
forg, research_'was initiated in 1981 by the Montana Agricultural Experiment Stétioh fo: ‘

* (1) determine short and long term effects of various tillag‘e operations on weed control,

yield, plant density, and longeévity of ’ forage stands, (2) evaluate several labeledﬂ, dormant
applied herbicides for weed control and productivity of alfalfa, (3) compare the effects of
tillage versus herbicid'és, and (4) determine the effects of various levels of tillage on young

vigorously growing alfalfa.




CHAPTER 11
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 expioration
beginning in the late nineteenth century and subsequent cultivar development have in-
creased use and distribution of alfalfa in the US (59). Management practices are continu-.
ally being altered to better suit new germplasms and dif"fering environments of various
regions. .

Tilling established alfglfa 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
iﬁ the mid-1950s, tillage has decreased in popularity, but is stﬂl 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). Anﬁual and pergnnia]
grasses and broadleaved weéds are common \_yeed problems in aging alfalfa fields (4,62).
Since most weeds invading alfalfa .ﬁelds have shallowe_er root systems than alfalfa, tillége
has been used to reduce weed competition.

New alfalfa stands are susceptiblé to weed ,iﬁfestationé. Most weedé, howevér, 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 germmate and grow thle the alfalfa is dormant can mvade even v1gor-
ous stands of alfalfa (6,62). Weeds reduce alfalfa y1e1ds th:ough compet1t1on for water,
nutrrents and hght Weeds also reduce the quahty 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
intérmedium [L.] Beauv.) or crested wheatgrass (AgropJ'iro'n cristatum [L. ] Beauv ) (30)
However alfalfa stand density ratings dechned when alfalfa was planted in mixtures w1th
Russian wild ryegrass (Elymus junceus Fish.) or smooth bromegrass (Bromus inermis
Leyss.) (32). Grass competition is greatest ll'l early spring as growth commences from the
crown buds of alfalfa (8,23). Vigorously g:rowing 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' '

populatlons or alfalfa plants (69).

At Prosser, Washmgton in 1938, a d1sk sprmg-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 ind_icated
a marked reduction in downy brome by lall tillage.treatments Treatments incorporating
both early sprinig and late fall tﬂlage were most effectrve in controllmg downy brome, but

reduced alfalfa yields s11ghtly A smgle sprlng tﬂlage did not affect aifalfa yields.
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Similar 'results v.vere reported by Bruns et al. (4). twent& years later 1n Washington.
They noted that downy br_omg control .was short lived, and ‘concluded' that tillage caused_
considerable damage to alfalfa. crowns. |

Garver (18) .summarized alfalfa cultivation experimen";s conducted in South Dakpta
during 1._:he .19308. Alfalfa culi_:ivateci with a spring-tooth har.ro_v&; each spring for five years
had higp.er stand density ratings (space; occupied by alfalfa plants), and yielcied similar tb
noncultivated alfalfa. Disking ‘improved alfalfa yields for two years ahq then decreaséd
both stand density and yield in ‘t1.1e~re.maini'ng years. All cultivation tr_eatrpenfs redﬁced
weed populations.

Alfalfa growth is initially slowgd by tillage, however, normal growth soon resumes
with no perménent ad%rerse effééts to the alfalfq plant (13). Dela):red gfowfh may résult
from crown bud injufy (55). Implements Wit‘h stra'ight chisel-type teeth normally slide
around well rooted alfalfa plants causing minimum damage to the ;éots (13,55;62). In con-
trast, deep set disks cén cause extensive damage to alfalfa crowns and roots (13).

Dawson angi Timmons (13) advocated.frequent spring tillage 6f alfalfa seed fieldg
“until the field looks as if it had been plowed and harrowed to form a seedbed.” This
created ;1 dust mulch at least 5 cm deep which provided ex'cellent weed control with no
apparent adveréé effects on the -'c.llfalfa. .

Leyshon (41) investigated using a power seeder to Qrill fertilizer (P, Os ) between wide-
spaced (45-90 cm) aifalfa TOWS. Yields were not incregsed by banding fertilizer 2.5 cm deep

and were decreased when"tl.le fertilizer was placed 10 cm deep. He concluded that alfalfa

root damage was respons1ble for the yield reductlon A second study, where soil between .

"alfalfa rows was tﬂled to 10 cm without the add1t1on of fertilizer, supported his earher con-
clusion (41).
Pesak (54) found that drilling P, O; into legume-grass meadows decreased forage yields

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




Stand Density

Although t1llage will probably reduce alfalfa plant den31ty (plants per unit area), its
effects on plant size and tﬂlermg capa01ty are not well known Alfalfa adJusts its growth
habit to the surrounding envnonment. Rapid tﬂlermg commonly occurs in sparse stands
(5,11,50), especially when carb_ohydrate roet reserves are high (11,23). Tiller nlimber-of
healthy alfalfa plants may vary from five to th_irty stems per crown (5,11).

| Soil moisture, light intensity, temperature, mineral nlitrition disease, and cutting fre-
quency affect t111er1ng capa01ty and plant v1gor (11,39). Carbohydrate production . and
accumulation is the major determlnant for crown bud initiation and development (11,23).

Increases 1n crown diameter the,year foll'owing seeding normally increases stand dens-
ity (spaee occupied) even though plant numbers are reduced (18,29,36,68). Competition
for space, niltrients and water -among seedl_ings in dense stands reduces plant vigor. Larger
plants usualls"/ persist and thrive while smaller ones die (3 9) | 7 |

Kehr et al. (29) stated that tap root size is determined more by stand density (plants
per unit area) than by cultivar characterlstlcs Tap roots commonly 1ncrease in d1ameter 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 t“or 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),.' ~

Indirect Effects of 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, sorl temperature, fertillty, plant extract 1nh1b1t1on and dlsease

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-
1ng habit (11, 18 37 47 63, 64 68) D1fferences in number and size of branch roots and
rhizomes occur among 1nd1v1dua1 plants of a cultlvar and among cu1t1vars

Most alfalfa roots are located in the top 20 cm of so1l (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.pr.atense 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. bxygen
deficiencies can redu'ce 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 tll_e top 24 cm, even wllen 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

suppl1es much of the plants’ water requ1rement when moisturs is avarlable near the surface.

Plant spacmg 1nﬂuences rootmg pattern and plant survival of alfalfa Healthy alfalfa
plants are ma1nta1ned in close plantings during years of abundant precipitation. However
during drought conditions, survival in stands tliree 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 srze of alfalfa lateral roots increases as space becomes avalla-
ble (18). Plant spacing influences root size and type more than plant age (18 68)
Thinning alfalfa stands after the seeding year promotes 1ncreased root d_evelopment

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). :

Some strains of alfalfa can develop aerial shoots from severed root segments (18,63).
ln 1946, Garver (18) observed this phenomenon in ‘Ladak’ plants that had been severed
by plowing. Vigorous plants developed from both tap and branch roots of severed plants.
Experiments by. Smith (63) m 1950 supported Garver’s observations. He found bud and
shoot formatron on 8 cm root segments of Ladak alfalfa and on some Medzcago falcata 1.
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 “@mn. '

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 11tt1e 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 mcreaSes to 28C (21). However, maximum root growth occurs
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' at root ‘zone temperatures of 12C to 18C (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 encourag‘e branched root development in the surface horizon @7.

Cool season grasses begm rapld growth at a lower soﬂ temperature than does alfalfa
(8,31 47) Opt1mum soil temperatures reported for top and root growth of most temper-
ate grasses are about 20C and 10C, respectlvely (5 0,52). In dry cond1t1_ons, 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. | | |

Nutrlent conversion rate in the soil and subsequent plant uptake is affected by soil
temperature. Low temperatures retard uptake of potassium (K), magnesium (M_g), phos-
phorus (P), and nitrogen (I\l) (23'24 52). Root zone ternperature inﬂuences availability of

P more than N (21). Reduced soﬂ temperature usually requires increased P requ1rement to

produce a g1ven response in many species (40) Increased P fert111zer rates can partlally com-

pensate for adverse growing conditions created by low soil temperatures in alfalfa fields
(40,47 ,49). |

Nielsen et al. (49) demonstrated an increase m 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 perlods 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). ;l"illage normally .in_creases soil temperature and facilitates the breakdown
of organic compounds. This may make Nand 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

v

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

K (8) Inabllrty to compete for K may account for much of the repressive effect of grasses
upon legumes (8) Alfaifa roots have a catlon -exchange capa01ty nearly double that of
roots of common perennial grasses (8). Relatfvely large amounts of available K and P are
required for new crown_ hucl formation in alfalfa (3). Few crown buds and stems are pro-

" duced when these elements are~deficient (ll) and root growth is severely reduced (60')‘

Alfalfa absorbs P most eff1c1ently from the so1l surface toan 8 cm depth In an alfalfa-

smooth bromegrass field, where fertrlrzer was surface broadcast the smooth bromegrass.

obta1ned a greater percentage of its P from the fertilizer than d1d alfalfa. However, when P
was placed 8 to 16 cm deep, alfalfa absorbed two to three times more P than smooth
bromegrass t38). 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 alfaifa 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 rmxture (8, 28 30 ,32). Brown 3) reported that N fertilizer mcreased both alfalfa y1eld
and stand density ratings (space occup1ed by alfalfa plants) when added to f1elds 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 eind plant 'residues, and by direct excfetion of .N from the
intact root‘ system; mainly m the forin 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 Qio—
vides much of the N for the grass (61). Organic iesidues mineraliie slowly providing long-
term transference. Tiliage can increase the rate of organic mineralization under favorable

environments (5).

Plant Extract Inhibition

Numerous scientists have investigated the influ'ence of plant extracts and soil residues
on germination and growth of crops (2 25, 35 ,48,67). Direct excretion of growth 1nh1b1tors
and toxic compounds produced by plant decomposmon can affect alfalfa growth (48)
Both factors could be 1nﬂuenced by tﬂlage

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

m1nat10n and seedling growth of alfalfa (35,67). Smooth bromegrass produces a substance

inhibitory to its own growth (auto-toxic) which contrlbutes to the sod-binding copd1tioi1
observed in aging.smooth bromegress fields (2)..

Alfalfa extracts inhibit germination and establishment of many grasses and legumes
and are least inliibitory to alfaifa (48). However, Jensen et al. (25) reported that seeding
alfalfa into a field recently plowed out of alfalfa res1ilted in poor vigor of new eilfalfa seed-

lings as compared to\seeding alfali’a on fallow soil, even though both soils were steriliied.

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 'insidiosuni (McCull) H. L. Jens.); Anthracnose

.
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(Colletotrichum trifolii Bain.); Phytophth_ora'root rot (Phytopherora megasperma Drechs.);
Verticillium wilt (Vertz‘cz‘llium' albo-atrum Reink§ and Berth); and Fusarium rot')t rot
(P’usaridm spp.). | |

Crown and root damage caused by fros1_: heaving, nematode feeding, and/or harvesting
can increase the incideh_ce of these diseases (:19,:39,55,57). Intentional wo.undi'ng of the
ro;)t and/or crown has been successfully used ;ls a screening technique in fhe dev‘elopment
of resistant varieties (29,56,70).

Certain species of Fusarium (F. solani [Mart.] appel and Wr., F. roseum Lk. emend
Snyd. a;l'd Hans, and F oxysporum Schlecht) have:been copsistently associated with most
types of root and crown deterioration.jn alfalfa (33). Roberti' (57) found that necrotic
areas were frequeﬁtly associated with wounds in the crown or root surface, and Fusar;'um
spp. were nearly always isolated from these areas. However, the same fungi. are commonly
isolated from roots showing r_io iesi_ons (51). Chi et al. (9) demonstrated that Fusari_um spp.
are. capable of invading non-injufeci root tissﬁe.

Although the presence of root wounds increases root invasion by soil fungi, disease
symptoms are not consistently associated with wounded t.issue (39). Leath et al. (39)
showed that callus formations often seal off decay sites iﬂ wounded tissue. High K plant

levels are necessary for adequate wound healing.

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

soon after germinatipn, and developed a parasitic relationship with vigorously growing
plants. The potential of these fungi as pathogens depends upon environmental factors

which weaken or stress the pianﬁ (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
locafced on the Northwestern Agricultural Rasearch Cénter at‘ Kalispell, Mon'.caina, and the
thira study was loaated an the Montana State ﬁniversity Animal Science Earm at Boze-
man, Montana.

Treatraents were arranged in split plot, randomized complete block designs with four
replications. Tillage and herbicide treatmenfs were randomly assigned as main plots (18.4 X
9.2 m). Eacﬁ main plat contaihed fou; sub-plots (4.6- X 9.2 m) consisting of: _1) plots
t;eatad 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) plo;cs left
untreated in all years (control).

Tlae' experiment was designed to continue for fchree years in order to determine long
term treafment effects. However, only 1981 and 1982 'data are included herein.

Tillage treatmen;cs consisted of: 1) deep.one-way tillage (10 cm) withra field cultiva-
tor coataining multigle spriné loaded shanks .(points); 2) shallow one-way tillage (5 cm)
with a field. cultivator; aﬁd 35 one-way ﬁllage with a.tandem diskn set 8 cm deep. At Kali-

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

! Mention of a trademark; proprietary product, or vendof is include'd' 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) épaced every 15 cm along the tool bars. A light harrow is

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

for deep and shallow tillage. The TripleK is simﬂar to the Vibra-shank, but the shanks are

2.5 cm wide and spdced every 10 cm along the tool bars.
The three herbicides were 1) pronamide (3.,5-dlic_,:hloro (N-l",l-d_imethyl-z-propynyl)-

benzamide), at 2.24 kg Al ha™ , 2) metribuzin (4-am'ino-6-'(tert-bﬁtyl—3-(méthyl’chio)-as—

triazin-5 (4 H)-one), at 1.12 kg Al ha™* ; and 3) terbacil (3-tert-butyl-5-chloro-6-methylura- _

cil), at 1.12 kg AI ha™ . 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 46 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™ 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.

P.erennia.l. grasées invading the alfalfa stand were Kentucky bluegrass (Poa pratensis L.),
quackgrass, orchardgrass (Ddctyiz’s glomerata L.), smooth brofnegrass, and redtop (Agrostis
alla L.). Annual grasses presept 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 (Lithbspermum 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 t_reatment.
' Perennial grasses had about 6 cm ot’ new growth. |

Forage was harvested with a sickle bar mower on J uly 2 and August 11, 198'1 , from a

4.46 m? area in each plot, and weighed immediately. A random 500 g sample was obtained

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

content Dry matter y1e1d was calculated for each plot and reported as kg ha™
Crop year prec1p1tat10n (September 1980-August, 1981) was 59 4 cm. The exper1—
ment was sprinkler irrigated on J ul_y 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™ N 75.7 kg ha™! P205 and 31 kg ha‘1 S.

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

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

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 m? of forage per'plet.
Other procedures were the sarne asin 1981.
Crop year precipitation vras 46 cm in 1982. The experimental area was sprinkler irri-

gated once with 4.6 cm of water on July 26.

Kalispell (Experiment IT)

This study was conducted on an erght-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 (4lopecurus praten-
sis L.), qnd. smooth bromegrass. Although quackgrass and annual grasses (cheatgrass and
bulbous bluegrass) were preséﬁt, they were not a significant problem. Grass .comp"osi.tion in
the stand ranged ffom 20-70%. | |

i_)andelion was the most serious broadleaved weed probilem, although mbst of the
species listed for Expeﬁxhent I were also present. -

Dates and methods of treatment applicatidn for this study are identica1 to those
described for Kalispell Experiment I, in both 1981 and 1982. The soil temperature was
6.1C when both herbicidel and tillage treatments weré applied in 1981. In 1982, the soil
terﬂperature was 8.2C when the tillage treatments were applied. l

| Forage was harvested July 9 and Auguét_ 25, 1981. In 1982, harvests were takep 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 af each irrigation.

Bozemgn

This study was conducted on a six-year-qld forage stand initially seeded to alfalfa
(cultivar unknown) a1'1d intermediate wheatgrass. Stand ;:omposition was approximately
equal po:tidns_ of grass and alfalfa. The experimental area was located on a Boze_nian silt
loam (Agfic Pachic Cryoboral) soil. |

Although intermediate wheatgrass was the dominant grass species, smooth bromegrass,
orchardgrass, and quackg_rass had also invaded the stand. Cheatgrass was present, but was
not a significant problem.

Broadlpaved weeds included dandelion, chickweed, ,shephe;ds purse (Capsella bursa-
pastorz‘s. [L.] Medic.), field pennycress (Thlaspi arvense 1.), 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 §.4C
and 11.2C, respectiveiy, on April 16. '

In 1981, a 3.72 m? area was harvested on July 8 with a small plof ﬂaﬂ harvester
(Rem). A moisture sample was taken for each plot and dry matter yield calculated as pre-
viously described.

. Crop year preciﬁitation was 57.4 cm in 1981. The field was flood irfigated in early
August. Because of the .Va;.iability caused by uneven irrigatibn, a second harvest was not
taken in 1981.

‘ Alfalfa weevil (Hypera postica Gyllenhal) damage occurred in 1981. All .;creatrhents
were affected similarly. i |

In .1982, herbicide tréatments were app!ied on Aprii 24. Tillage treatments were
applied on April 2'7 when a]fal_fa had about 4 cm of new growth. Soil and air tempera-

tures were 8.1C and 17.4C, respectively, on April 24, and 8.3C and 1'6.3C, respectively,

on April 27. Forage was harvested on July 12 ahd 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 treatmén’_c :

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 insighificant 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-

minatioﬁ. A hand sickle was used.at Bozeman and a sickle-bar mov;/er and hand sickle were
. empldyed at Kalispell. The sam_ples were frozen, and later separated iﬁto categories of él—
falfa, grass, and broadleaved weeds. Annua} grasses were also separated from first cuttings
in the Kalispell Experiment I study. Samplés were forc§d~air dried (38C)' and weighed. Cal-
culgtions 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 m? section was then dﬁg from each plot._

Alfalfa plants in each plét were counted and scored for size and vigor. Plants were
assigned a value from 1 to 4 based on the crown size and amount of tap root sﬁpportiﬁg
live plant material. Scores of 2, 3 and 4 reflect approximately two, three and four times
the crown size of plants receiviﬁg a scorezo-f 1. |

At Bozeman, alfalfa plants were ass_igned the followiﬁg disease severity scores: 1) =no
discoloration, 2) = siight 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 tﬁis field, with the majority of plants show-

ing disease symptorﬁs when the experiment began in 1981.

Statistical Methods

’ Analyseé of variance were calculated for all parameters for each harvest and'locgtior';.
Data were analyzed asa split plot design with tillage and herbicide treatments as main plot-s,
and yea;s of treatment (plus control) as sub-plots. Mean'sepgration of, sﬁ_b-plcﬁs within a
main plot was accomplished by LSD (p=0.05) derived from the error mean square b (f01.r
suia-plo'ts) as described by Little and Hills 42). _

In most instances, significant interactions betwéen main plots and sub-plots were ob-
tained. Therefore, analyses of variance among main plots were calculated sep'a'rately. 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 separatéd A

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 ekperﬁnen'tal 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 yéar. Deep tillage increased total forage yield by approximately 800 kg

ha™! over no tillage (contro‘]j, due primarily to first harvest response (Fig. 1). Shallow till-
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Figure 1. 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 feduc,ed both first and second harvest forage yields. |
- Pronamide and metribuzin did not affect forage yields for either harvest compared tov
their respective contro.ls (Fig. 1). 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 aifalfa 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 1). Pronamide appli.cation.
resulted in increases in %A similar to those of tillage t.reatments.

Coefficients of variation [CV’s] (Table 1) were very high for énnuaI grass and broad-
leaved weed components of the total forage yield, indicatipg considerable fandom variation
of these components t}uoughout the experimeh’_fal area. All herbiéide treatments reduced
the annual grass compbnent of the forage (Table 1). Tillage tréatments did nbt significantly
reduce .th‘e annual grass componerit of the forage although deep tillage approached a signifi-
cant (p=0.05) annual grass reduction. .

Terbacil and metriﬁuzin reduced the broadleaved wéed component of forage és com-
pared to the non-treated controls (Table 1), however some dandelions were still preéent.
Broadleaved weeds, particularly dandelions, iﬁvaded proﬁaﬁide treated plots dﬁe to réduc-
tions in grasses. Tillage treatments did not significantly reduce broadleaved w'eeds_.' ‘

Total seasonal alfalfa yield (%A X fofage yield at each ﬁéfvest and summed over har-
vesfs) 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 ;esﬁltea 1n
a 17% increase in alfalfa yield without significantly affec_:ting grass yieid. Grass reduction
was apparent early in the_season, but the remammg grass gfew 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 1. Effect of Tillage and Herbicide Treatments on First Harvest Forage Composition at Kalispell, Mt., 1981 (Exp. I).

Perennial Broadleaf
" Alfalfa Grass Annual Grass Weeds’
Actual Adjusted® Trt. Actual  Adjusted g Trt.
Treatments means means Control - means Control - means means Control means  Control
---‘- ------------- ‘-----------"------; --------- % ------------------ Ll R R A R S
Deep till 54.8 (56.5b) 4242  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) 442 °~ 253b = 449 0.11 (0.59a) 5.77 7.17b 5.16
‘Metribuzin 90.4 (85.8a) 58.5 9.4a 23.9 - 0.00 - (0.00a) 12.2 0.15a 5.37
Terbacil 95.9 (95.2a) 48.3 3.3a 378" 0.00 " (0.00a) 5.28 0.86a 8.58
- Mean 720 - - 46.8 23.5 423 - 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.

21.8D’ (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.

(44
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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 Yicld for Each Component at
Kalispell, Mt., 1981 (Exp. ).

Treatments Alfalfa Yield® © Grass Yield" Forage Yield
----------------- Percentage of Control----=-~=-c-ccouuon-

Deep till +17% o +12 . +15%*
Shallow till -3 -37* ) ~-11

Disk till -4 -39% -17%
Pronamide ) +5 -38% -7
Metribuzin +]19% -78% ' -1
Terbacil : +38% -94% -2

*Denotes significant difference (p=0.05) between treatment and control means.
fForage 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 i:reatments either damaged the alfalfa, -

or the reductibn in weed corr;petition was not enough to elicit a positive response from
alfalfa.

Pronamide redﬁced grass competition early in the season (April) more effectively than
metribuzin or terbacil. However, reduced alfalfa vigor was a]so'observed in éronamide
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 ;ecommended for application to dormant aifalfa. In
1981, all herbicides werc 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% respectjvely (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 contrél.
However, the positive response of alfalfa to déep' tillage was not completely dependeﬁt

. 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. plét contained (1) 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 designéted; [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

corhpared to the confrol (Fig. 3). In contrasf, [81-82] deep tillage reduced foragq yield at
first harvest, énd 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 décreased_ %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. ’A'll
of tﬁe [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 terbacﬂ
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 pércentage of annual grass in forage.

Total alfalfa and grass yiélds in 1982 were increased by 16% and 59%, respectively,
from [81] deep tillage (Table 4), ihdicating significant residual effects on both coﬁponents
from treatment the previous year.
| In contrast, [81-82] deep tillage treatment did not increase alfalfahyield,’and decreased
grass yield by 56%. This indicates that deép tillage in the second year probably injured the

~alfalfa, thus eliminating any potential advantage from réducecl ‘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 yieids 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 Tﬂlage and Herbicide Treatments on First Harvest Forage Composition at Kalispell, Mt., 1982 (Exp. I).

Years Treated?

Alfalfa Perennial Grass Annual Grass
81 81-82 81 81-82 81 81-82
Treatments means means Control means means Control means means Control
L L T LR '-------_----— -------- T wmmmmmmmmm e L TR
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 O.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 93.5ab 76.3 8.1a 6.3a 21.0 2.17a 0.08a 2.36
" Mean 80.6 91.0 - 713 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 respectlvely

21.SD’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 w1thm a column followed by a common letter are not s1gmﬁcant1y different at the 5% level by Student Newman Keul test

8¢
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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. D).

Alfalfa Yield® Grass YieldT Forage Yield '
Treatments [81] [81-82]% [81] [81-82] [81]1 - [81-82]
Sy Percentage of Control-------------------
Deep till +16%  +2 +59% -56%* +24* -8
Shallow till -7 -14% +5  -53% . -5 -20%
Disk till -9 -2k -3 -32% , -8 - -15%
Pronamide +4  +17* +28% -83% T +8 +3
Metribuzin +5 -1 -43% -85%* =2 -13*
Terbacil +15% 49 -61% -79% +0.3 -7

*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). . ' T
$[81] = treated in 1981 only; [81-82] = treated in 1981 and 1982; control = untreated.

Single applications of metribuzin and terbacil [81] reduced percéntage 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 -
prona.m‘ide.in 1981. ‘

The [81-82] herbicide treatments reduced grass yields by 83%, 85%, and 79% fpr
pronamide, metribuzin, and terbacil, respectively. Pronamide was the only [81-82] chemi-

" cal treatment thét increased aifalfg yield. Thése 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 ap'plicatioAn of herbicides may account for
the contrasting results. Grass growth was t06 advanced for effective control from the
spring 1.)r-onamide application in 1981. It is-not clear why significént reductions in gra'ss
competition from the [81-82] metribuzin and terbacil treatments did not result in.increased |
alfalfa yields. Chemical residuals could be a faptor, as well as the fall application of these

herbicides.
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Stand dénsity. 'Alfalfa stand densities (number of plants m™) in plots.receiving [81]
deep or shallow tillage treatmehts were similar fo those_ in control plots (Table 5). In con-
trast, [81] disk tillage and all [81-82'] tillage treatn;ents. signifiéantly reduced alfalfa stand
densities in comparison to their respective controls.‘Hérli)icide- treatments did'not signifi-
cantly affect alfalfa staﬁd density. | | | |

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

Mean Crown &

Alfalfa Stand Density ' : Root Scoret
[81] ~ [81-82]1% comtrol =~ [81]1 [81-82] control
Treatments means means means - means - means means
: --‘-'---Plantsmfz’w-.---- o )
Deep till . 28.7 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 283 . 21.3 26.7 ©2.23% 1.82 1.69
Metribuzin 38.0 28.7 35.3 o 1.78 '1.92 1.73
Terbacil . 299 23.3 31.7 . 1.96 195 1.72
Mean : 29.9 23.3 “31.7 . .. 1.96 1.95 1.72
CV.= '27.6% 22.1%

*Denotes significant difference from the control at the 5% level. ‘
TBased on a 1-4 scale for increasing size and vigor; 1 = poor size and vigor, 4 = large and
vigorous. ' .

¢[81] = treated in 198.1 only; [81-82] = treated in 1981 and 1982; control = untreated.

A single tﬂlagé operation with a shank implerﬁent did not reduce alfalfa stand density
the following year; whereas tillage for two consecuti}ie years did decrease plant densits};
Numeroﬁs alfalfa plants were sev'ered from their. roots in all plots receiving tillage.tre;at-
ments. Most of the alfal.fa plants dislodged by tillage were small and severely infec%ed with
crown and root rot, whereas larger, healthier plants usually survived the tillage treatmer-lts.'
Control plots presumably contgined similgr nurﬁbers of ﬁnhgélthy plants as treated piots, )
and many of fhése plants masl not have survived until August of 1982 (16 months) wheﬁ

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 werve significantly higher for s&ne treatments
than their respective controls (iﬁdicating increased size and vigor), a consi;tent pattern
among treatments was not evident (Table 5). | '

A significant relationship existed between alfalfa stand dengity and alfalfa yield (r =
0.'53*). Howe{rer, the effects of stand density accounted for little 6f the va;riabiiity in
alfalfa 'yiel& among treated and untreated plots. Stand densities from 20 to 35 alfalfa
plants/m~2 produced similar yields. These data show the importance of cofnponent corﬁ-

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

Soil temperature. Soil temperafures, 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 ﬁot 6bserved, s0
data are expressed as an average of the three tillage treatments. |

Soil temperature differences between tilled and control plo’gs increaseﬁd as soil temper-
ature increased to a maximym of 3C (5 cm soil depth) on May 1, 1981, and 6C (2.5 cm
soil depth) on May 20, 1982. Soil temperatﬁres in control plots lagged about_ one week be-
hind temperatl.lres in tilled plots during much of the spring growing period.

Higher soil temperature early in the growing season could have preferentially bene-
fitted alfalfa over perenni;xl grésses. Since alfalfa begins‘n'ew spring growth at higher soil
- temperatures than most cool season grasse§ (8,31,47), the dompetitiveness of alfalfa may
~ be improved by rapid increases in spring soil temperature. However, cieep 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 alfalfé than shallow or disk tillage. With shallow
and disk tillage, the implements often went directly over alfalfa crowns, thereby damaging
crown tissue. During deep fﬂlage the shank points were well.bélow alfalfa crowns, resulting

in less crown damage.

Kalispell (Experiment 1)

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 vield at first haﬁest and total seasonal yield. Metribuzin
and terbacil applications also decreésed 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 thah other treatments at first harvest (Table 6). Pronamide was the
most effective treatment ir'x controlling grass, which resulted in decreased forage yield.'
Terbacil was less effective than the other herbicides in controlling biuegrass, which was thé

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. Broadléaved weed (dande-
lion) invasions were observed in pronamide treated plots. Dandelions benefited from
reduced grass cbmpqtition; 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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Figure 7. Effect of tillage and herbicide treatments on forage composition at each harvest
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 F1rst Harvest Forage Composition at Kalispell, Mt., 1981 (Exp. II).

Alfalfa Grass Broadleaf Weeds

. . Actual Adjusted’ Actual Adjusted Actual Adjusted
Treatments means means Control means means Control . means means Control

............................................. G wm e m e e e e e e e
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 454 (45.6b) 41.1 48.7 (49.0a) 53.5 5.93 (5.74ab) " 5.44
Pronamide 86.9 (86.3a) . 428 5.4 ( 5.1¢0) 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 (57.0v) 43.1 36.1 (39.1a) 48.0 - 0.74 (0.11¢) 8.72
Mean 60.7 © 4137 354 ' 54.1 3.79 5.02
C.V. - 12.2% . 16.0% - - 56.2%

t Means adjusted by analysis of covariance and covar1ant fit significant at the 5% level.
21.8D’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 51gnlflcantly d1fferent 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

7). Shallow and disk tillage treatments did not alter alfalfa or grass component yields.
Metribuzin and terbacil treatments decreased total grass yields by 58% and_4l'%, res_pec—'

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

cant grass reduction (80%) from pronamide dpp]ication, total aIfalfa 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. 1I). ) ‘ ‘

Treatments Alfalfa YieldT © Grass YieldT " Forage Yield
e R Percentage of Control-------vuvevceen-nn-
Deep till +58% -3 +25%
Shallow till -4 . . -14 ) -8
Disk till +9 =20 : ' -4
Pronamide +3 -80% R ~-33%
Metribuzin +44 % -58% . -4
Terbacil +28%* —41* -3

*Denotes significant difference (p=0.05) between treatment and control means.

Forage yield X percentage of-alfalfa at cach harvest and summed over harvests (similar for | .'

grass yield).

These data gencrally corroborate results in Experiment [, although. some differences -

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

bluegrass, the dominant grass in Experiment 1I, than terbacil (Table 7). However, terbacil

was more effective in controlling quackgrass than pronamide in Experiment 1 (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 Exper_iment [I, whereas significant reductions were obtained in Experiment I
As in Experiment 1, deep tillage stimulated both alfalfa and grass. Although grass was

severely thinned by deep tillage, the remaiﬁing 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 ecarly June of 1982. Random variability
among plots was high, resulting in relatively high CV’s fo¥~ the analysis of férage yield
(Table 23 in Appendix).

The [81] treatments did not significantly affect forage yields in 1.982 (Fig. 8), in
comparison to their respective controls; however, deep tillage and terbacil treatment r’eéults
approached significant yield increases. The [81-82] shallow tillagé treatr:neﬁ't decreased
.first harvest and total \;'oruge yields. All other [81-82] treatments did not affect first har-
vest or total forage yiclds. These data differ with Expériment I results in which all [81-82}
‘treatments decreased first harvest yields. Differences in for_age vigor between the two
experiments may account for these contrasting results.

Among [81] treatments, only p'ronamide increésed first harvest %A in 1982 (Fig. 9).
Metribuzin and terbacil [81] treatments increased %A at sécond harvest, but .did not
increase total seasonal yields.

CAll [81-82] treatments i_hcreased first harvest %A. The [81-82] deep tillage and

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

reduced grass mérc than other treatments (Table 8), and prodﬁced the highest %A among
treatments. Deep tillage [81-82] treatment iﬁcreased %A as effectively as metribuzin, and
increased %A more than terbacil, shallow tillage or disk tillagé at first harvest. |
Alfalfa yield was not significantly increased in_1982 by [811 deep tillage (Table 9),
although grass yield was increased by 40%. In contrast, [81-82} deep tillage treatrﬁent

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-
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Table 8. Effect of Tillage and Herbicide Treatments on First Harvest Forage Composition at Kalispell, Mt., 1982 (Exp. II).

Years Treated!?

) Broadleaf
Alfalfa Grass . Weeds
81 81 81-82 81-82 81 81 81-82 81-82 _
Actual Adjusted®> Actual Adjusted Actual Adjusted Actual Adjusted 81 81-82
Treatments means means means means Control means means means means Control means means Control
e e e eam—naaa .
Deep till 43.3 (46.5b)+ 67.5 (69.9b) 41.83 54.5 (539ab) 294 (28.9p) 52.7 2.14a 3.09b 5.57
Shallow till 41.8 (39.9b) 60.0 (58.6c) 47.7 554 (56.6a) 39.1 (39.8a) 50.8 2.81a 091b 1.48
-, Disk till 39.8 (39.9v) 54.7 (54.8c) 454 57.9 (57.8a) 443 (44.2a) 52.1 2.37a 0.94b 2.53
‘Pronamide 69.1 (66.2a) 87.5 (85.3a) 49.0 254 (27.2¢) 1.5 (26¢c) 500 5.51a 1.10a 0.94
Metribuzin 50.3 (51.8b) 67.0 (68.1b) 43.8 49.0 (46.4b) 32.6 (31.0ab) 54.9 0.76a 0.55b 1.34
Terbacil 44.3 (44.3b) 579 (579c) 45.6 548 (55.1ab) 413 (41.52) 517 0.91a 2.32b °3.71
Mean 481 65.8 455 495 . 31.4 520 242 313 260 °

C.V. 11.2% 14.3% 90.1%
1Treated in 1981 only, in 1981 and 1982, and not treated respectively. : x

' 2 Means adjusted by analysis of covariance and covariant fit significant at the 5% level.

31.8D’s (0.05) for comparisons between. the 81 actual mean, 81-82 actual mean and the control mean of each treatment = 8.5 for

- alfalfd, 9.1 for grass, and 3.5 for broadleaf weeds.

* Means within a column followed by a common letter are not s1gn1ﬁcantly 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. ).

. Alfalfa Yield T Grass Yield]  Forage Yield

Treatments (811 [81-821% [81]  [81-82] 1811 [81-82]
| mmmmmesssomeeseee- Percentage of Control-=---=~-==z=unnu-n- -

Deep till 416 +58% +40*% | -40% +29 45
Shallow till -29  -15 -10 -48% . =20 -32%
Disk till 30 42 +27 - =26 +12  -13
Pronamide +20 +26 . -45% -81% =11 -25
Metribuzin +22  +81% -23 -40* -2, +15
Terbacil +35%  +39% S H12 =20 +3  +10

*PDenotes significant difference (p=0.05) between treatment and control means.
Forage yield X percentage of alfalfa at each harvest and summed over harvests (s1m11ar for
grass yield).

811 = treated in 1981 only; [81-82] = treated in 1981 and 1982 control = untreated.

These data are consistent with results in Experiment I, in that reaidual effects o‘f de.ep
tillage were most evident in increased grass growth and vigor. However,_deep til_lage 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 indieate that increased grass
vigor did not fully compensate for plant loss due to deep tillage.

Shallow and disk [81] and [81-82] tillagé treatments did not affect alfalfa yieldsr, 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 sirnilar tillage
treatments h.ad negtigible effects on forage yield and ‘botanical'contposition. - |

Terbacil was the.only [81] herbicide trea'tm:ent vr/ith significant resrdual 'influence-on
alfalfa yield (35% increase), but grass yield ”was not reduced. Residual’.control ef broad-
leaved weeds (primarily dandeliorl) 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 perenrrial grasses “(pr'i-

marily bluegrass) were shortlived. However, due to the reductio_n in weed cofnpetition in
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1981, alfalfa yields were improved in 1982. In contrasf, .the residual'effe_cts .of reduced .
grass. competition ffofn pronamide treatment did not greétly benefit alfalfa. The alfallfa
injury from 1981 sp.ring pronamide apélication may have prevented the exbec’ted 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 46%, but terbacil did not signifi-
cantly reduce grass :y,ie]d' . The fall (dormant) application of terbacil for the 1982 growing
season did not effectively contrc;l perennial grasses. The increase. in %A from this applicé-
tion may be attributed to Ares.idual e'ft;ect of the 1981 application.‘ResuI'tS in 1982 from
Expgrimen’c I'(Table 4) also indicated that terbac_:il wasl less effective wﬁen fall applied as
compared to spring épplied (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 exceptibn of sﬁallow tillage, all treatments increased %A (Fig. 11). The her-
bicide treatments increased %A more than tillage treatments (Table 16). Avérége %;A in the
herbicide,' tillage and control plots were 87%, 38%, and 31%, fespectively. Terbacil and
pronamide reduced grasé composition more than metribuzjn. . '

No treatment significantly affected broad'lelaved weed populations, except pronamidé
where broadleaved weed populations (primarily dandelion) increased (Table‘ 10). '

Alfalfa yield was increased 26% (Table 11) By deep tillage, gnd gréss yield was,
decreased by 21%. 'fhe response of alfalfa to deep tillage cor_roborated 'results‘ from the two

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

St

: Broadleaf
Alfalfa C ~ Grass - Weeds
Actual  Adjusted! . Actual Adjusted . Trt.
Treatments means means Control means means Control means Control
e A eme e e e ieimedceemmam—ean O = e m e e e e e me e
Deep till 37.7 : (39.7¢)* 27.62 60.1 (59.0¢) 70.9 2.09a 1.84
Shallow till 40.2 ) (37.9¢) 36.1 57.0 (58.8¢) 61.2 2.80a 2.68
Disk till - 372 (38.1¢) 294 61.5 . (60.8¢) 69.3 1.33a 1.35
Pronamide 94.1 (95.0a) 29.4 - 0.1 ( 0.12) 70.1 5.84a - 1.54
Metribuzin 74.3 (74.2b) 31.4 22.4 (22.8b) . 66.0 3.29a 2.62
Terbacil © 938 (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
‘CV. = 10.8% o © 9.6% ' 112.3%

- 1 Means adjusted by analysis of covariance and covariant fit significant at the 5% level.
2 1L.SD’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 dlfferent at the 5% level by Student Newman Keul test
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from decp tillage at Bozeman differs with.-results at Kalispell whefe grass y.ie]d was not
affected .by a single deep tillage. These differ'ences. werce probably due to sward compo-
sition, and differences in grass species between Ithe studies. I |

Table 11. Treatment Effects on Dry Matter Yields of Alfa]fa,- Grass, and Total Forage
: Expressed as d Percentage of Control Yield for Each Component at Bozeman,

Mt., 1981. _
Treatments A Alfalfa Yield]L " Grass Yie]dT ‘ ' Forage Yield
LR R Percentage of Control- - - -<==-~-- SR
Deep till +26* ) E -8
Shallow till g -10 -7 o ~-20% .
Disk till ' R S =24* : -14% -
Pronamide CF152% , -94% . : ~21%
Metribuzin : +86* ~71* S =20
“Terbacil .- +H116* - =92k -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 yicld). - : . :
Grasses dominated the sward at Bozeman, comprising 67% of forage in untreated
plots (Table 10). Vigoroué growth of grasses resulted in higher single harvest yieldé at

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

growth. The reduction in grass yield from deep tillage at Bozeman sﬁggests 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 decreasc in

grass yield.

" Grass yield was decreased by disk. tillage, but due to 'injlkry,‘ the alfalfa did not.

reépond. Shallow tillage did not significantly dccre_ése component yields, although-a reduc-
tion in total forage yield was significant.

Pronamide, met'ri,bﬁzin, and terbacil applications re'duced grass yields by- 94%:, 71%,
and 92%, respectively, and resulted in highly sigfu’ficarit increases in alfa].fa.yicl_d (Table 11).

Pronamide and terbacil treatments more than doubled alfalfa yields compared to their




47
respective controls. Total forage yields were decreased by herbicide treatments because ot-‘
the large contribution of grass té 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 y‘ields

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

harvest yield. Metribuzin and terbacil [81] treatments_increa,seq second. harvest yields

(Fig. 12) due to ;educed grass competition (Table 12). The [81] pronamide treatment also
signifi‘cantly reduced grass at secbnd harvest, but faile‘d to improve forage yield. The; com-
petitiveﬁess of alfalfa in the [81] pronamide treated plot; was notably reduced by severe
dandelion infestation. Total forage yield was inc‘reased‘ by [81] metribuzin treatment and
decreased by .[81] pronamide treatment. Other [81] treatments did not significéntly
affect total forage yield.

All '[81-82] treatments reduced first harvest forage yields compared to their respec-
.tive controls (Fig. 12). Second harvest yields \;yere irﬁproved .by [81-82]. shallow tﬂlage,
and all three [81-82] herbicide treatments, due to inpreased alfalfa productién. The [81-
82] deep tillage treat'ment decreased total forage yiéld, 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] treatménts cdntinued to influence
forage composition by increasing %A 9%, 20% and 25%, respectively. All [81-82] treat-
ments (except disk tillagé) increased %A, although the greatest increases resulted from

pronamide and terbacil applications (Table 12).
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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 Compositioh at Bozeman, Mt., October Harvest, 1982.

Years Treated!

1 Treated in 1981 only, 1981 and 1982, and not treated respectlvely

Alfalfa Grass Broadleaf Weeds
81 81-82 81 81-82 8l 81-82

Treatments means means Control means means Control means means Control

..................................... .
Deep till 66.7b* 72.3b 64.22 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 60.9¢ 60.4 37.3b 38.5¢ 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 13.42 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%

21LSD’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). The [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 T - Grass YieldT
Treatments - - [81] [81-821% [81] . [81-82]

' R L LT T Percentage of Control--------=-------
Deep till o ' +3 +22% ' - -8 -16
Shallow till o +19 +55% -13 ~ -16
Disk till +12 +2 45 =1
Pronamide +45% +102% ' -49% -55%
Metribuzin +29% +40% 43 -25
Terbacil +101* +145* -51%. -66*

*Denotes significant difference (p=0.05) between treatment and control means,

Forage yield X percentage of alfaifa at each harvest and summed over harvests (similar for

grass yield). . ' r _ : ) .
1[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~?) were reduced by [81.]

treatments of deep tillage, disk‘tillage, and "‘pronamide (Table. 14), and reduc_:tions ap-

proached significance for [81] shallow tillage...Trends indicated additionail plgnt losses
from tillage in the second year ([81-82]), although fewe;,r plants Qere lost.

Treatments were similar to controls in diseﬁse séverity scores (Table 14). In general,
crown and root rot was not severe in most alfalfa plants, although plants shéwing 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 dens@ty reductions caused by the tillagé treatments resulted from

mechanical removal (severéd 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-ScoreT
[81] [81-82] controlf [81] [81-82] control
Treatments means means means means means means
-~---Plantsm™2--------
Deep till 29.2%  25.0* 364 - 156 171 1.66
Shallow till 36.0 - 32.7* 41.3 _ 1.67 1.62 ~ 1.53
Disk till . 29.4*  25.6% 37.7 1.54 1.48 1.59
Pronamide 29.0% 27.2% 383 : 1.78 1.62° 1.71
Metribuzin : 35.5 334 36.0 . 1.66 1.70 1.61
Terbacil 33.6 36.7 35.0 1.59 1.53 1.45
- Mean
CV.= 16.4% : 27.3%

TBased on a 1-4 scale for increasing severity of root and crown rot.

*Denotes significant difference from thé control at the 5% level.

11811 = 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 piant tissue in healthy -plants. Root and crown injury from natural causes(frost
heaving, nematode. feeding), or from harvesting are cprrimon (19,39,55,57). These injuries

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

from tillége 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 (Expefiment I). Maximum soil temperature differences between tilled

.and control plots developed sooner at Bozeman than ‘at Kalispell. Bozeman soil temperé-

ture differences were greater at relatively lower temp‘erafures,'due to heavier soils which

were slow to warm when undisturbed.
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CHAPTER IV

"RESPONSE OF A TWO YEAR OLD ALFALFA STAND
TO THREE LEVELS OF SPRING TILLAGE
fn 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 qompetition, making it difficult to separate the specific effects of tillage on alfalfa
plants from-the general effects associated with weed competition. N
This study was conducted in a young, highly productive, weéd‘ free alfalfa stand to

ascertain direct tillage effects on alfalfa. Objectives of this study were to: 1) 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 Agricu}tufal Research Center at Kalispell,
M‘ontana, in spring of 1982 on a Creston silt loarﬂ ('Udic ‘Haploboroll) soi_LThé Thor alfalfa
stand was established in May, 1981, at a seedin_g rate of 13.5 kg ha™'. Prior to seeding, P
(190.8 kg ha™ P, 0, ) was disked into the soil. |

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

and four tillage treatments. Th(_a' four levels of Vibra-Shank tillage were: 1) 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.




55
Treatments were applied on March 25, 1982, when the alfalfa had approxil;nately
4 cm of new growth. Soil and air temperatures were 9.4C and 8.6C, respectively.
' Plots were harvested (4.46 m?) July 9 and August 13, 1982, with a Rem forage har-

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

ter yields were calculated and expressed as kg ha™ . 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, plotsA were sampled to determine stand densities in the s;me 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 1 to 3 (1 = émallest 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 cofnpared 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 seasondl yields were reduced approximately 1000 kg ha™!
by one-way tillage (least severe) and three-way tillage (most severe). Two-way tillage did

not affect forage yield.
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Table 15. Effect of Four Levels of Tillage on Mean Forage Yield (dry wt) at Kalispell, Mt.,

1982.
. Tillage Levc]sT . First Harvest Yield Second Harvest Yield . Total Yield

T kgha - e e e e e

0 (control) 5991a* - 2477a . 8468a

1 (one-way) 5208a - 2253ab ~ 7461b

2 (two-way) 5520a ) . 2388ab . 7908ab

3 (three-way) 5358a 2185b 7443b
Mean , K . _ .

CV.= 10.6% 8.6% : ’ 10.1%

T0 = no tillage, 1 = 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 densitics (plants m?™! ) were reduced by all tillage treatments (Table 16).
As tillage intensity increased, stand density decreasecd. However, the most extenslive]y
tilled plots (.two—way and three-i;vay tilla‘ge) contained a higher percentage of large alfalfa
" plants (2’s and 3’s) thén the control or one-way tillage plots. These data inqiicat.e 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 expan'sion (18,53,68).

Relative stan-d density scores (Table '16), which _abcc)unt for al_falfé plgnt size differ;.
ences, were similar for the control and two-way tillage. Thus, élfaI.fa component cor_nlpen;

sation in the two-way tilled plots resulted in yicld similar to untreated plots. Afthough

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

.and yield was reduced, A single tillage pass (one-\.;vay) did not remove enough plaﬁts to‘
allow increased growth of reméining alfalfa. | |

Lesions werc observed on alfalfa roots (top 10 cm) from all plots,(including ccl)nlt.rol),
indicating that tillage was not the only cause of':root injury (Table 16). However, lesions
were more num,erou-s on plants from two-way Aand' thrce-way tillage -plots, showing tf\at

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 l’s . 2’s 3’s Relative Density Score # Root Injury

Plantsm2 = ------o--.--d Cfmmmmmm e Plants m'-2

0 (control) 210a* 61.3a 33.5b 5.2¢ 300a [8¢

1 (one-way) 173b 61.6a 32.6b 5.8¢ 249b 25¢

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

" 3 (three-way) 136c - 34.1b 49 4a 16.5a 2400 o 592
CcV.= S 15.2% 12.6% 11.1% 16.2% 12.9% o 16.8%

70 = no tillage, 1 = tilled once, 2 = tilled twice, 3 = tilled three times.
LScored 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 w1th1n a column followed by a -common letter are not significantly different at the 5% level by Student Newman Keul test.
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Plants were not scored for diseasc severity because necrosis of roots and cronns was
not evident .in most alfalfa pla_rﬁs. Tillage did not appear to increase 'the incidence of crown
and root rot. Root lesions were surrounded by scér tissue. Lateral or vertical spread of
necrosis from the injured fissue was not observed.
Tillage increased the percentage of N and P in alfalfa plant tissue, particularl'y early m

the season (Fig. 15). Increased nutrient uptake was proba'bly' due to ihigher 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 inﬂueﬁce plant uptake (5).
Two-Way and -three-way tillage raised N and P percentages in alfalfa tissue longer than
one-way '.[illa'ge,'probably..due to increased root growth which facilitated nutrient uptake.
| Garver (18) found that thinning altalfa stands in the seeding year or éoo'n after was
more cfficient in promoting good root development and plént vigor than lalter thinnings.
Although tillage did not improve vield in the yegr. of treatment‘,'coﬁtinuéd 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).
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CHAPTER V

SUMMARY AND CONCLUSIONS

Early spring tillage of established alfalfa staﬁds is a common. practicé among many
growers. The effects of this practice are uncqrtéin.-This research was conducted to deter-
mine short and loﬁg term effects of tillage.

Deep tillage with a shaﬁk implement stimulafed 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. The magnitude 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 bractice.

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

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

tion resﬁlted from these treatments. Composition changes were shortlived and alfalfa yield
was not increased. Alfalfa crowns were damaged by these treatments, and _stanq densities
were reduced.

Since weeds are harvested with alfalfa, and contribute to total dr§ matter production,
use of herbicides seldom increases total forage yields. However, fhe 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 gréater than increases
resulting from deep tillage. Effects of herbicide treatments were;' less consistent at Kalispell.
Deep tillage at Kaliépell was usually as effective as herbicides in i_ncreasing a.lf:;ﬂfa yield.
Pronamide reduced grass; 'a}l‘owing increased dandelion competition. If grass herbicides '
are used, alfalfa stand density should b_e 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 eaﬂy 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 aifa‘lfa stands
will depend on the objectives of the grower. If thé objective is weed removal (including
perennial grasses) from forage in order to improve forage quality, the use of herbicides is
recommended. However, if the pﬁmary concern is to improve plant vigor in the stand,
and thus improve forage yield, deep tillage may ﬁrove beneficial. _
Deep tillage will probably result m higher forage yiglds orﬂy when both alfalfa.and '
grass are lacking vigorous growth, which is common in many oldef swards. Deep ti]lége
may prove beneficial in extending‘the economiclife of an alfalfa stand by one or two years.
Deep tillage with a shank implement.did not increase alfaifa yield in young, dense,
vigorous stands.’ However,. due to‘significant alfalfa component compensatioﬁ intensive
tillage (two-way) did not‘ reduce alfalfa yield even-though stand dehsity was decreased.
Tillage inéreased spring soil temperatures and the percentage of N and P in alfalfa. tissue.
Althbugh root injury occurred as a result of tillage, surviving pla;.nts did not appear to
be adversely affected. Thé incidence of crowﬁ and r‘o.c;t rot disease was not increased by
tillage, indicating that‘ this is not an important short term factor. Howe\iér, the relationship

between tillage and disease needs further study to assess long term effects.
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Table 17. Effect of Tillage and Herbicide Treeitments on Forage Yield (dry wt) at Kalispell, Mt., 1981 (Exp. I).

First Harvest Yield Second Harvest Yield Total Yield
_ Actual Adjusted? Actual Adjusted .Actual Adjusted

Treatments means means  Control means means’ Control means’ means Control

------------------------------------- kgha ™t ---ccemmm il
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 (2511¢) 2870 4955 (4663b) 5986
Pronamide 1547 (1726b) - 2063 - 2690 (2847b) 2489 4237 (4574b) 4551
Metribuzin 2287 - (2242b) 2556 3206 (3116Db) 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% 8.8%

! Means adJusted by analysis of covariance and covariant fit significant at the 5% level.

21.SD’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.
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Table 18. Effect of Tillage and Herbicide Treatments on Second Harvest Forage Composition at Kalispell, Mt., 1981 (Exp. D).

0L

Alfalfa Grass Broadleaf Weeds
. - _ Trt ‘ o - Trt. ‘ Trt. _
~ Treatments means : Control means . Control means Control -
R L LT TP G === mm e m e e e e iieaaa-
Deep till . 87.2¢ 91.51 11.2b 6.7 1.70a 1.79
- Shallow till 95.5ab - -97.5 : 3.8ab 1.6 0.68a 0.90
Disk till . , 89.2bc 88.9 _ 9.8ab 9.1 0.93a 1.97
_Pronamide . 89.2bc . : 94.6 7.6ab’ 4.2 3.18a 1.80
Metribuzin " 99.1a 98.2 ' 0.9a 1.8 0.00a 0.60
Ierbacil ‘ 99.3a _ _ 93.5 0.7a 4.8 0.00a 1.64
" Mean 1933 940 5.7 - 4.7 1.08 1.45
CV.= . 3.8% 69.8% 104.4%

tLSD’s (0 .05) for comparisons between the trt. means and the control mean of each treatment - 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. dlfferent at' the 5% level by Student Newman Keul test.




“Table 19 Effect of Tﬂlage and Herbicide Treatments on Forage Yield (dry wt) at Kalispell, Mt., 1982 (Exp. I)

Years Treated?

First Harvest Yield

Total Yield -

1 Treated in 1981 only, in 1981 and 1982, and not treated respectively.

. Second Harvest Yield
81 81-82 81 81-82 81 81-82 - A
Treatments means means .  Control . .means ~ means Control means means Control
--------------------------------------- Kgha m - o e el
Deep till 4506a* 3116a 38342 -2758a 2287a 2040 7264a 5403a 5874
Shallow till 3923a 3206a 4260 2399abce 2130a 2421 6322a 5336a 6681
~ Disk till - 3766a 3071a 3879 2107¢c 2264c 2421 5784a 5336a 6300
Pronamide - 4215a. 3565a 3811 2107¢ 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% 8.7%

2LSD’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 w1th1n a column followed by a common letter are not s1gn1f1cantly d1fferent 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. D).

Years Treated!

. ) Alfalfa - . : R : -+ Grass’
81 - '81-82 : ' 81 81-82
Treatments means means . Control means means Control
[ R E TR PP To-nmmmmmem- e e
Deep till 86.2b* 96.4a 96.0% 12.8b 2.1ab . 4.0
Shallow till 94.0a . 97.1a _ 96.1 . o 5.6a . 2.5b ' ~ 34
" Disk till . 92.6a 9542 . " 94.1 : - 7.3a 4.6¢ 5.5
Pronamide : . 92,82 . 97.7a - %42 0 7 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 N " 9.6
Mean - 935 197.1 94.4 59 22 5.4
C.V. ' 2.1% 39.6%

! Treated in 1981 only, in 1981 and 1982, and not treated respectively. :
218D’ 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 w1th1n a column followed by a common letter are not S1gn1flcantly 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).

First Harvest Yield i Second Harvest Yield Total Yield
. Actual’  Adjusted! Actual Adjusted. . Actual - Adjusted

~ Treatments means - means Control means . means - _Control means means . Control
e ememmeeman R LR kgha™ --fecccmmciee e aem eRRREEETEEE REEEEET TR .-

Deep till 3767 . (3925a)* 30717 2332 . (2713ab) 1771 6076 (6143a) 4843
Shallow till 3206 (3296ab) 3184 2242 (1883¢) - 2735 5426 (5224b) 5919

- Disk till - 3161 (3206ab) . 3273 2242 (2175bc) - 2377 5403 - (5336b) 5650
- Pronamide 1861 (1771¢) 3497 2354 - (1973c¢). 2758 4215 . (3699¢) 6255

- Metribuzin - 2601 ° (2623b) 3318 . 2309 "~ (2690ab) 1794 - 4910 (5246b) "~ 5089

" Terbacil 2959 -(2713b) 3767 2915 (2915a) - - 2287 - 5874 . (5493b) - - 6031

 Mean 2926 73341 2399 . 2287 5317 7 5627

C.V. 11.6% - - 122% 10.3%

t Means adjusted by analysis of covariance and covariant fit significant at the 5% level.

_"21SD’s (0.05) for comparisons between the actual mean and the control mean of each treatment = 538 for first cut, 426 for second

cut, and 830 for total yield. .
* Means within a column followed by a common letter are not s1gn1f1cant1y different at the 5% level by Student Newman Keul test.
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-Table 22. Effect of Tillage and Herbicide Treatments on Second Harvest Forage' Composition at Kalispell, Mt.,

Alfalfa Grass - Broadleaf Weeds
} Actual Adjusted! Actual - Adjusted Actual Adjusted

Treatments means ‘means Control means .means Control - means means -  Control

............................................. e
Deep till 77.7 (80.4a)* 65.4% 19.2 (16.7a) 29.2 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
Pronamide 87.5 (86.7a) 75.7 4.7 ( 4.3b) 21.8 7.85 (9.06a) 2.49
Metribuzin 83.5 (83.7a) 72.8 10.6 (10.1ab) 22.0 5.96 (6.23ab) 5.21
Terbacil - 83.9 (82.3a) 77.9 12.8 (13.63) _ 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 analys1s of covariance and covariant fit significant at-the 5% level.
2L.SD’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.

1981 (Exp. II).
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Tabie 23. Effect of Tillage and Herbicide Treatments on Forage'Yield-(dry‘wt) at Kalispell; Mt., 1982 (Exp. ID.

. Years Treated?!

First Harvest Yield " Second Harvest Yield Total Yield
.81 81 81-82 81-82 81" - 81 81-82 81-82 81 81 - 8182 8182
"Actual Adjustec_l2 Actual Adjusted Actual AdJusted ‘Actual Adjusted Actual ~ Adjusted Actual Adjusted’
Treatments means means means means Control means means means means Control means means means means Control
------------------------------------------------ ¢ 1T
Deep till 1561 (1951a)* 1412 (1480a) 1390° 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
-Disk till 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 (1 637a) 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% 39.3% ' 23.9%

1Treated in 1981 only, in 1981.and 1982, and not tréated respectwely
2Means adjusted by analysis of covariance and covariant fit significant at the 5% level.

- 3LSD’s (0.05) for comparisons between the 81 actual mean, 81-82 actudl 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 cominon letter are not sxgmﬁcantly different at the 5% level’ by Student Newman Keul test.
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Table 24. Effect of Tillage and Herbicide Treatments on Second Harvest Forage Composition at Kalispell, Mt., 1982 (Exp. II).

Years Treated?

_ o _ : ' . Broadleaf
o Alfalfa . ' Grass , Weeds
81 81 - 81-82 ~ 81-82 - 81 81 81-82 81-82 .
Actual Adjusted® Actual Adjusted ~Actual Adjusted "‘Actual Adjusted 81  81-82
Treatments means means means means Contr01 means  means’ means means Control means means Control
_ LT L Do wmnmmmmmmn R r L L LT T T
Deep till ~ 58.5 (58.4ab)* 73.0 (72.9ab) 58.0° 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) 549 49.9 . (48.4a) 36.1. (34.8a) 432 ' 3.76ab 2.18a 1.89
Pronamide 75.0 (71.0a) " 89.1 (86.3a) 66.2 17.4 (20.2b) 24 (4.7c) 327 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 (78.1ab) 58.7 . 21.2  (21.9v) 224 (23.0ab) 37.7 3.47ab 5.10a  1.92
‘Mean ' 62.9 757 . . 578 329 209 - 395 359 412 224
C.V. 13.3% o  28.3% S 66.5%

r Treated in 1981 only; in 1981.and 1982, and not treated respectively.

% Means adjusted by analysis of covariance and -covariant- fit significant at the 5% level.

31.8D’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 s1gn1flcant1y different at the 5% level by Student Newman Keul test.
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Table 25. Effect of Tillage and Herbicide Treatments on Forage Yield (er wt) at Bozeman, Mt., July Harvest, 1981.

_ . Total Yield _
Treatments Actual means ' Adjusted! means : . Control
e s kg ha™ - T ——
Deep till ) 5269 ‘ " (5650a)* 57172
Shallow till = 4708 (5022a) : 5852
Disk till ' © 5762 : : (5538a) 6726
_ Pronamide - 5334 B _ (5089a) . . 6770
Metribuzin - - 5470 o : - (5112a) - : 6973 -
Terbacil . . 4842 . - (4977a) - 6143

Mean ' . 5231 _ ' : . 6367
CV. = 10.5%. c ' :
! Means adjusted by analysis of covariance and covariant fit significant at the 5% level.

2 1.SD (0.05) for comparisons betweens the actual mean and the control mean of each treatment = 897
. *Means w1th1n a column followed by a common letter are not significantly d1fferent at the 5% level by Student Newman Keul test.




Table 26. Effect of Tillage and Herbicide Treatments on Forage Yield (dry wt) at Bozeman, Mt., 1982.

Years Treated !

First Harvest Yield

8L

'Sécond Harvest Yield Total Yield
81 81 81-82 81-82 81 81 81 81 . 8182 81-82
- Actual . Adjusted? -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

-------------------------------------------------- €0 17
Deep till 5291 (5269ab)* 4461 (4461a) 56953 2130 -(2063b) 2332bc 2152 7421 (728ab) 6793  (6704b) 7847
Shaliow till 5313 (5269ab) 4596  (4551a) 5740 1951  (2085b) 2332bc 1749 7264 (7533ab) 6928  (7130ab) 7488
Disk till 5762 (5717a) 4977  (4955a) 5717 2085 (2130b) 1928¢ 1906 7847 (7892ab) 6905  (6973ab) 7623
Pronamide 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
CV. = 9.2% ' 11.0% 6.9%

! Treated in 1981 only, in 1981 and 1982, and not treated respecti;rely.
2Means adjusted by analysis of covariance and covariant fit significant at the 5% level.

31.SD’s (0.05_) for comparisons between the 81 actual m
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.

ean, 81-82 actual mean, and the control of each treatment = 695 for first cut, 359 for second cut,
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