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Abstract:

Livestock grazing alfalfa (Medicago sativa L.) usually have higher average daily gains and higher total
gains per hectare than livestock grazing pure grass pastures. Problems of stand maintenance and weed
encroachment occur if grazing management is not adequate. A grazing method that maintains alfalfa
stands and prevents weed encroachment is needed.

This study was conducted to determine the effect of ten Short Duration Grazing (SDG) treatments by
comparison of these treatments with traditional grazing and haying treatments. Field studies were
conducted at two locations, and greenhouse studies were performed with two alfalfa cultivars in 1987.
Information on forage production, plant morphology and accumulation of root reserves was obtained.
The best forage production was obtained under hay and traditional grazing treatments. Forage
production decreased with increased clipping stress. Leaf area decreased in all the SDG treatments with
successive harvests. Leaf area variability increased with high clipping stressed. The ratio of axial
bud:crown bud did not produce a defined response. Root reserve accumulation was similar at
greenhouse and field studies. Total nonstructural carbohydrates were lower with the high stress
treatments and higher with the traditional grazing and hay treatments. Forage quality increased with
clipping stress but was high under all treatments.

Forage quality and distribution throughout the season were also considered in the evaluation of the
grazing systems.
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ABSTRACT

Livestock grazing alfalfa (Medicago sativa L.) usually have
higher average daily gains and higher total gains per hectare than
livestock grazing pure grass pastures. Problems of stand maintenance
and weed encroachment occur if grazing management is not adequate. A
grazing method that maintains alfalfa stands and prevents weed -
encroachment is needed.

This study was conducted to determine the effect of ten Short
Duration Grazing (SDG) treatments by comparison of these treatments
with traditional grazing and haying treatments. .Field studies were
conducted at two locations, and greenhouse studies were performed
with two alfalfa cultivars in 1987. Information on forage
production, plant morphology and accumulation of root reserves was

obtained. The best forage production was. obtained under hay and
traditional grazing treatments. Forage production decreased with
increased clipping stress. Leaf area decreased in all the SDG
treatments with successive harvests. Leaf area variability increased
with high clipping stressed. The ratio of axial bud:crown bud did
not produce a defined response. Root reserve accumulation was
similar at greenhouse and field studies. Total nonstructural
carbohydrates were lower with the high stress treatments and higher
with the traditional grazing and hay treatments. Forage quality
increased with clipping stress but was high under all treatments.
Forage quallty and distribution throughout the season were also .
considered in the evaluation of the gra21ng systems.




CHAPTER 1
INTRODUCTION

Alfalfa (Medlcago sativa L.) is the most important forage crop

in the world. It is very high yielding, has excellent nutr1t10nal
quality and is very widely adapted.

Most fesearch has been conducted on how to improve alfalfa’s hay
production, and only limited researchfhes been conducted oe'how to
best manage alfalfa as a pasture crop.A Grazing decteases aifalfa
stand life and allows for rapid weed encroachment. A better grazing
management system for alfalfa is needed. |

Short Duration Grazing‘(SDG)'has been used effectively on other
forage spec1es but has not been evaluated for use on alfalfa Tﬁe
objective of this study was to evaluate the effect of various SDG
treatments on alfalfa’s yield, morphological characteristics, root

reserves, and nutritional value.




CHAPTER 2

LITERATURE REVIEW

History

Alfalfa is ﬁhe host important forage crop in the world and is
grown on more than 33 ﬁillion hectareg'(ha) worldwide (5). Aifgifa
has a léng history as a forage crop. Anéient civilizations |
(Persians, Medes, Romans) utilized alfélfa to feed domestiﬁ animals.
Alfalfa was used in Turkey more than 3000 years ago. Tﬁis |
geographic area appears to be the main distribution point of alfalfa
during its early diésemination (5).

Alfalfa was introduced to the new world by Spanish conquerors
shortly after the discévér§ of America. 'Inipial use was only_iﬁ '
South America (81). |

In 1851 seed from Chile was planted in'CaliforniaL From this
time, an impressive invasion occurred in two periods. Forhthe first
50 years, alfalfa spread priﬁarily throughout Eﬁé western States.
Since the turn of the century, expansion has been primarily in the
central and the eastern United States (31). Curfently, more théh 50%
of the alfalfa hectareage is in thé midweétern and eastern'Uniééa

~States (36,44). . |

Severe drougﬁts occurred between 1934 and 1936, and alfalfa

during this time yielded much better than the common forage crops
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(Timothy—Phleum pratense L. and clovers——Trifolium spp.). This

greatiy improved alfalfa’s popularity and resulted in an explosive
expansion of the crop in the eastern States (8?). .
Other factors important to this'expaneion include: genetic
improvement (decreased winter kill and imoroved pest resisiance);
adjusting the soil environment (liming and fertilization); improved
seed bed preparation and seeding techniques; discovering the -
physiological principles for crop management (hay and pasture);
improved nitrogen fixation (better rniéobia); and new knowledge

about pesticides (19).

Cutting Frequency

Many agronomic studies have been conducted on alfalfa. They
can generally be divided into hay production and grazing'utilization.

Most research has been done on hay production and has generally
concentrated on maximizing yield and stand iiﬁe (especially as
affected by winterkill). Research conducted early in this century is
considered to include some classic studies.

In 1916, McKee (52) stated tnat very little work had been done
to determine the effect of clioping on subeequent yields_of'alfalfa.
Some state Agricultural Experiment Stations were advising against
clipping, while others claimed better weed control, invigorated
growth, and greafer root development from clipping.

In 1924, Graber (29) stated that'alfelfa's responsé to various

cutting treatments was pronounced. Forage yield, stand longevity,
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piant vigor, and winter hardiness were greatly affected ﬂy cutting
frequency at various growth periods. Plants were cut three, four,
~five, and six times per year. He concluded that

...the lessened vigor, diminution of stands, and
consequent lower yields from early and frequent cutting of
alfalfa was in part due to: 1) lack of sufficient root
reserves for normal growth or an exhaustion of the reserves
sufficient to cause actual death; 2) lessened absorptive
capacity of plant roots for nutrients; 3) competition from
encroaching weeds and grass due to less vigorous plants and
thinning stands; and 4) greater suscepti?ility to winter—-
killing of plants with low food storage. ' - ‘

Graber (29) stated

A better understanding of the chemical and biological

nature of root reserves, their utilization and disposition

may well prove significant in the improvement of some of

our field practices, such as the proper maintenance of our

hay crops, pastures and lawns, the eradication of certain

weeds, and ths solution of many of our winter-killing

difficulties. ' SN

This basic knbwledge persisted for several years and was used as
a basis for many studies by other researchers (1,30,32,39,56,90,95)
who generally confirmed his findingé about alfalfa growth behavior.

In 1930, Willard (95) found that extensive reductions of -
alfalfa root reserves, as measured by total root weight per-heétare,
consistently resulted in reduced yield and vigor. He did not mention'

the kind of root reserves.

Cooper and Watson (16) reported on the Total Available

Carbohydrates '(TAC) in roots of sainfoin (Onobrychis viciifolia

1Graber, L. F. 1924. Hay crops: the growth of alfalfa with various
Sutting treatments. J. Am. Soc. Agron. 16. - Page 172.
Ibid. " _ ' ' .
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Scop.) and alfalfa under several management regimes. They cencluded '
that cutting treatments had little effect.on the final TAC level in
roots of either species at the end of fhe growing season.

Reynolds (65) compared nonstructural carbohydrates trends in
alfalfa roots with six harvest frequencies (eight, six, five, feur,'
three, and‘two cuts per year). He obtained the lowest forage yield
and the ‘lowest cerbohydrate levels with tﬂe eight-cut treatment. |
Many other researchers k4,21,22,23,25,27{55,62,66,72) obtaiqed.

similar results.

Fall Management

In 1937, Silkett, Megee and Rather (73) analyzed the effect of
late summer and early fall cutting on alfalfa winter hardiness in
. Michigan. They found that total 'season hay yield from alfalfa cut on
critical_September dates was significantly less than that of‘planfs
which were not cut on these dates. Alfalfa plants cut in Septemﬁer
were more susceptible to winter injury. |

Rather and Dorrance (64) used sheep to graze the plots during
the fall ahd arrived at similar results. Many researchefs
(22,33,39,45,51,71,75) have corroborated their findings.

A recent study by Tesar and Yager in 1985 (89) contradlcts
previous ideas concerning fall management. They state that the third
cutting may be made in September or early October in southern-
Michigan without decreasingusubsequent‘yield or stand persistence.

Perhaps the cultivars they were testing had better winterhardiness
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than cultivars previously studied. Their findings are not in
agreement wifh a recent Montana study:(Welty and Ditterline,
unpublished data) who found that‘cutting alfalfa 15-30 day; prior to
a killing frost severely reduced stand iife and yield.

Many researchers attempted to obtain higher production through
an increased number of cuttings per year (1,9,20,21,39,41,42,43,46,
47,54,58,59,65,77,78,85,86,88,92,96,97). All studies analyzed '
alfalfa production under hay management and found decreased yield

with increased cutting frequency:

Grazing Alfalfa

There are a limited number of studies related to alfalfa under
grazing, and most studies,wére conducted with alfélfa in_mixtureg
with grasses (1,7,11,12,13,15,23,24,82,85,92,94,97).

In 1924, Cox (19) stated that the alfalfa’'s value as a pasture
crop was becoming better understood but tﬁaf little research'has begn
done to compare alfalfa with other legumes and with pasture grasseé.

Some of the research that followed'was done under range
conditions (7,11,12,15), aﬁd most studies were conducted using
simulated grazing. Simulated grazing studies havé received
criticism, and there is still ﬁo agréément on the reliability of
these studies (2,7,13,18,49,50,63,91). The main objéction is that
different results in forage prodﬁctioﬁ are obfained under simulated

grazing than with gfazing‘animais.
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In 1984, Counce, Bouton, and Brown (17) studied alfalfa :
persistence under mowing and continuous grazing. Thef reported that
the prospects for selecting alfalfa for persistence under grézing was
promising, but that such selection could leadAto less prbductive
‘alfalfa cultivars unless care is taken to insure productivity aé well
as persistence. »

In 1939, Hildebraﬁd and Harrison (39) analyzed alfalfa
production under a wide combination of frequencies and clipping
intensities. 'They cut alfalfa gvefy 7, 14, and 30 days to héights of
2.5, 7.5, 15, 22.5, and 30 cm. They concluded that: 1) cutting
alfalfa frequently and close to the crown resﬁlted in depletéd food
reserves in the roots and markedly decreased hay yield and plant .
vigor; 2) alfalfa cut frequently at 30 cm resulted in deéreased
‘yield due to leaf loss from mature stems and a‘léck of vegetafiye
growth; 3) alfalfa remained vigorous whén éut back toal5 cm height
either biweekly or monthly. One-week intervals‘between cuttings
failed to allow sufficient stored food to maintain the plant pnder
unfavorable periods of growth; 4) cutting back to the 22.5 cm level
resulted in good yields of top growth and roots when. cut at weekly or
biweekly intervals, whereas the monthly interval of cutting allowed-
the plants to mature and retarded yégefative growth; ana 5) although
cutting at 30 cm resulted iﬁ an abundance.of food storage, the top

érowth yield above the cutting level was relatively -low due to the

maturing of the tops below the cutting level.
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In 1958, Gross et al. (34) conducted a simulated grézing

experiment. .They harvested several alfalfa eﬁltivars wheeever plant
height reached 20‘cm;*-They obtained five and six harveets per yeae,
but dry matter productieeAwas lower compared with traditional hey
management. They'concluded that frequent cetting dep;essed the‘h
yields of all cultivars, | - | o |

. Dennis 22_2111(21) conducted a three—year study with different
clipping frequencies; They began harvesting each season when the>
' alfalfa was 20 cm tall and harvested every ene,'fwo, three, four, and
six weeks. Alfalfa yield was associated wifh cutting interval. The
more often alfalfa was cut, the less productive it became. Weed
invasion increased, and root production and winter survi&al of
alfalfa decreased in all plots cut frequently. Regrowth was
stimulated by frequent cutting for a short period; after whieh new
erowth was curtailed. ' | |

Most recently, Veronesi et al. (93) conducted a study looking

for tolerance. to frequent cutting regimes. They eerformed twe cycles
of phenotybic recurrent’selection-on‘alfalfa for its ability‘to' |
withstana frequent harvestihg and evaluated the selected material by
harvesting when the plants’ height reached 0.30 m, 0.45 m, and 1/10
bloom. The selected alfalfa yielded.more than the control for ali
treatments. The highest yield was obtained with the 0.30 m eutting
level. They concluded that fhe selected alfelfa'had increased B
persistence, dry matter, and crgde erotein yield withie each harvest

treatment, but the selection did not eliminate the differences among
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harvest treatments. They felt the common farming technique of
cutting alfalfa at 1/10‘bloom'was best for expioiting alfalfé's
pétential, even with materials.selected for toieranée té-frequent
cutting regimes.

A relatively new grazing system called Short Duration Grazing
(SDG) has been successfully used oh range and pasturelands fgrassés)
in southern Africa and the United States (28,38,40,61,87). This
system involves subdividiﬁg existing range or pasture units into
several paddocks (37,67) and grazing each paddock at é high‘étoéking
densities for a short time period so that all plants are uniforﬁly
grazed (69). All SDG studies have been conducted in areas with
different climatic conditions than Montana’s and with<different_
types of vegetation (mainly grasses). |

In-1980, Savory and Parson (68) described some of the main
points of the grazing system. They state that it is not possible to
work under rigid precénceptions. The stock (cattle, sheep'or goats)
are concentrated into-substantial herds wﬁereye; possible for the |
desired herd effect of trampling, dunging, and urinating as they move
around the paddock. The concentrated stock are held in each paddock
for a very short time through the vegetation’s growing montﬁs. These
short periods are ideally anything from éne day to about five dayé.
The short grazing perioas are interspersed wiﬁh short rest‘periods
ranging from 30 to 60 days. On planted pastures énd with rhizomatéus
grasses, thése rests are further:redgced but not, as a general ruie,

on native range. Stocking rates are generally increased as soon as
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it is considered safe. The method is,generaily, but not always,
applied through the use of a grazing cell layout of fencing. 'Thegé
areas, or cells, are'devgloped.with very simple, inexpensibe feﬁcing
from a central point called a cell center. The cell center generally
contains water and whatever handling;facilities are desired; There
are several variatiqns of this theme depeqding upon topography, herd
structures, and fixed features of the rapch. | n

Alfalfa has not been evaluated using this grazing management

system.
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CHAPTER 3
MATERTALS AND METHODS

Yield studies were established in the spring of 1986 at the
Arthur H. Post Field Research Laboratory near Bozeman, Montana, and
at the Northwestern Agricultural Research Center near Kaliépell}
Montana, to evaluate the effect of different harvest‘regimes on
alfalfa. Two cultivars (Sprédor IT and Maxim). were seeded in a
randomized complete block design with 13 harvest treatments per
cultivar, and four replications (Tables 1, .2, and 3).A Treatments one
to nine were a 3 x 3 factorial of cutting frequency and cutting
inteﬁsit&. Cutting frequencies were 8, 16 and 32 days and cutting
intensities were 67, 50 and 33 percen£ topgrowth removal (Table 1).
Treatment 10 was a graduated Short.Duration Grazing (SDG) treatmént
with variable harvesting frequéncieé and iﬁtensities.‘ Plots were cut
frequently, but at low intensities early in the grazing éeason énd‘

"were cut less frequently but with greater intensity later in the
season (Table 2). Treatments 11-13 were controls in which the

alfalfa was harvested uéing traditional grazing and hay (Table 3).
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Table 1. Factorial arrangement of clipping frequencies and
intensities used to evaluate alfalfa’s response to
simulated Short Duration Grazing at Bozeman and Kalispell,

MT, 1987.

TREATMENT DAYS BETWEEN 'I‘OPGROWTﬁ TOTAL HARVESTS '
IDENTIFICATION HARVEST REMOVED PER TREA'IMENT
(#) (ident.) (days) (%) (%)

I 8,67 8 ' 67 14

II 8,50 8 50 14
III 8,33 8 33 14
IV 16,67 16 67 7
v 16/50 ' 16 50 7
VI 16,33 16 | .33 7
VII 32/67 32 67 4
VIII 32/50 32 50 4
IX 32/33 32 33 4

Table 2. Clipping frequencies and intensities of Graduated Short
Duration Grazing (SDG) (Treatment 10) applied on alfalfa at
‘Bozeman and'Kalispell, MT, and in the greenhouse, '1987.

HARVEST TOPGROWTH : HARVEST -

"‘REMOVED FREQUENCY
(#) (%) (days)
1 33
2 33
3 33 16
4 50 | 16
5 50 32
6 67 Fall Management
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Table 3. Traditional grazing and hay treatments (controls) applied
on alfalfa at Bozeman and Kalispell, MT, and- the
greenhouse, 1987.

'];'REA'I'IVIENT IDENTI FICATION TREATMENT DESCRIPTION
(#) (ident,)
11 Prebud After initial harvest (same date as

the other treatments), it was cut at

- prebud stage to a height of 10 cm - -
until August 14 (three cuts), then
deferred until October 16 (Fall
Management harvest)

12 Prebloom Same as prebud, except at prebloom
: stage (two seasonal and fall -harvest)

13 Hay Harvested twice at ten percent. bloom
to a height of 10 cm and Fall
Management harvest

Bozeman

1986

The experiment was seeded on May 16, 1986, in a Bozeman silt
loam’(Argic, Udic, Cryoboroil) soil tbat had previously been
fertilized with 100 Rg/Ha of phosphorus. The fertilizer wes
incorporated and the seed bed firmly packed. Seeding rate was
11.2 Kg/Ha pure live seed (PLS) and the inoculated seed was planted
appreximately one em deep. Plots were 1.5 m wide (five rows 30 cm
apart) and 6 m long. A single row of orchardgrass (Dectilis
glomerata L.) was established between each plot; The experiment was

irrigated as needed to avoid moisture stress.
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Management treatments were not imposed the establishment year.
Only two hay harvests were made (August 4 and November 21)...Thé
plants were cut to a 10 cm height at each harvest. Total Dry Matter
production was 3,704 and 3,396 Kg/Ha dry forage at each harvest,
respectively. |

Weeds were controlled by hand weeding in the establishment and
1.12 Kg/Ha AI Metribuzin [4-amino-6-(1,l-dimethoethil)-3- |

(methylthio)-—l,z,4—triazin—5(4§)—one]3 was applied in November 1986.

1987

Replication one was severely infested with Canada thistle

(Cirsium arvense (L.) Scop.) and was eliminated f;om the étudy. The
other three replications were relatively weed free. - |
All plots (except the £raditional hay treatment) were harvested

-to the appropriate height when the alfalfa was'49 cm tall (May 23),
and the harvest management treatments (Tables 1, 2, aﬁd 3) were then
imposed (Table 4). Only one cultivar (Maxim) was used because
weather precluded starting the management treatments on Spredor II at
the correct time. The first harvest on the graduated shbft dﬁration
grazing treatment (SDG) was harvested éne week earlier (May 15) fhan
- the other treatments because it rainéd immediately aftef these plots

were harvested (Appendix'A);

3Mention of a trademark, proprietary, product, or vendor is included
for the benefit of the reader and does not imply endorsement by
Montana State University to the exclusion of other suitable products.
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Table 4. Harvest dates at Bozeman and Kalispell, MT, and the
greenhouse in 1987.

HARVEST BOZEMAN . KALISPELL " GREENHOUSE
(#) '(aate) (date) (date)
1 15/15 ' 5/4 ‘ 4,27
2 5/23 5/12 5,/5-7
3 5/31 5,20 5/13
4 6/8 5/29 5/21
5 6/16 6/5 5,29
6 6,/24 6/12 6,/6-10
7 1/5 6,22 6,14
8 7/13-14 6,29 6,22
9 7/21 ' /7 6,30
10 /29 7/15 7/8-11
11 8/6 /23 7/16-19
12 8/14 7/31 . 1/24
13 10/16 (a) 8/1 8/1
14 — 8,/14-18 8,9
15 - 9/25 (a) 8/17
16 — - 8/25 (b)

(a) Fall Management Harvest‘
(b) Harvest at ground level

Immediately before harvest, plant height (cm) was determined
(average of five measurements per plot) in ofder to calculate the
appropriate cutting height for each treatment.

The plots were trimmed to a length of approximately five meters
before each harvest. Forage yield was determined by cutting the

center two rows of each plot to the appropriate height with a flail
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harvester (Rem Manufacturing Inc., Swift Current, Saskatchewan,
Canada) that had been modified to allow cutting at any height to
60 cm. Wet forage weight from each plot was recorded and a small
sample (500 grams) was saved for moisture determinations. These
samples (one for each plot/harvest) were weighed, dried at
approximately 60°C for four days and reweighed. Moisture percentages
were used to calculate dry matter yield (Kg/Ha). The dried samples
were saved for nutritional analyses.

Seven stems from the border rows of each plot were hand
harvested at the same height as the harvested rows, carefully placed
in paper bags and maintained in a chest filled with ice until they |
could be processed for further analysis.  The border rows were then
cut at the same height as the harvested rows. |

The stems were placed in the cool room (2-3°C) of the
greenhouse immediately after leaving the field. Average time elapsed
from cutting stems in the field to ﬁeginning leaf and stem
measurements was 24 hours. Wet weight of stems with leaves-was
obtained. Leaflets from each stem were cut at the base of each
pedicel and the total number of leaflets per plant and per stem were
recorded. Leaflets from each plant were laid flat between two
transparent sheets (10 x 28 cm) and piaced én the belt of the leaf
area meter (Hayashi Denko Co., AAM-5/7 modél). . Three measurements
per sample were averaged to determine leaf area. A simiiar technique

was used to measure stem area.
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The materials were then dried fq; four days in a draft oven at
26°C and dry matter weights obtained. Leaflet area, stem area, stem
area:leaflet area ratio, and dry matté; were calculated. |

On July 13, it was noted that the leéf area below the harvested
cutting height was smaller than above the cutting height.' Seven
samples were then removed at each harvest, from the crown to the
cutting height. They were handled as previously described.

Seven days after each harvest, a ranaom 30 cm of row was
measured to determine the number of axial and crown buds. Every
visible crown 5ud was counted. Axial buds were céunted when its
regrowth level was higher than the previous harvest level. The
axial bud:crown bud ratio was calculated for each plot after each
harvest. A cumulative ratio was obtained for all buds through&ut the
growing season and was analyzed with MSUSTAT Program (Newman-Keuls
test)(48).

The last forage harvest during the growing season was on August
14 to keep from confounding harvest regimes with fall management.
The plots were harvested again on Octoﬁer 16, following a kiiling
frost, at 10 cm height.

Five roots (approximately 30 cm long) per plant were obtained
on August 14 and October 16 from thé border LOWS. Thé roots-were
immediately hand cleaned, carefully stored in_plastic bags and
maintained in a chest filled with ice for approximately one hour,
then stored in a freezer at -18°C. When the roots were completely

frozen, they were cleaned with cold water. Roots were cut at the
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crown, 5 cm, and 20 cm below the crown, and root diameter (mm) Qas
measured at each location. Roots (crown lévéi to 20 ém below the
crown) from each plot were weighed, placed into a sandwich bag and
then into a temperature resistant (autoclave) bag and boiled for 30
minutes to stop the enzymatic activity (53) related with the stored
root carbohydrates. The roots were then transferred to a ﬁerforatéd
paper envelopes and heat dried on forced draft oven for oné hour.at
100°C and 24 hours at 70°C (until constant weight). Root weigﬁt was
obtained. The roots were ground with.a Cyclone Sample Mill (UD. '
Corporation, Boulder, CO) and the ground material was stored in
carefully sealed glass bottles to avoid moisture absorptibn (80).
Ground root matérial was analyzed with the procedure described by
Smith (83). The material was carefully handled in accordance.with
suggestions of various researchers (drying methods—60; extrqction
and analysis methods—-33,35,70,76,84).

Forage samples used to determine moisture percentage at each
harvest were finely ground with a Laboratory Mill Mpdel 4 (Arthur
Thomas Company, Philadelphia, PA), reground with a Cyclone Sample
Mill (uD Corporatibn, Boulder, CO) and sent to Dr. Nick Hill,
University of Georgia, Athens, Georgia, for nutritiongl quality
analysis. The analysis wés conducted'on a Near infréred:
Spectrophotometry previously calibrated over the range of each
analysis. Analyses included: crude protein,iin vitro digestibility
(IVDMD), neutral detergent fiber (NDF), and acid detergent fiber'

(ADF) .
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Kalispell
1986 .

The experiment was seeded in May 1986 in a Creston silt loam,
coarse-silty, mixed family classified as Udic Hapioootoll soil with
a pH of 7.8, with Spredor II alfalfa at 11.2 kiiograms PLS per7.
hectare. Plots were 2.4 m wide (eight rows, 30 cm apart) and 6 m
long. Two hay harVosts were madé‘on July 28 and Octooer 6. Tho-
plots were cut to 10 cm height. Total dry matter production was
5,425 and 2,959 Kg/Ha of forage at each hafvest; All othet B

procedures were the same as Bozeman.

1987
Forage yield, axial and crown bud, plant height, and forage
quality measurements were obtained the same as Bozeman. The harvest

management tréatments (Tables 1, 2, and 3) were initiated on May 5.
Greenhouse

Three hundred and ninety—sin éonetainérs (Ray Leach Inc.,
Canby, OR) with 300 cubic centimeters capa01ty were f111ed with
commercially avallable Sunshine Mix # 1 (Flsons Wéstern Co.,
Canada). Spredor II (two seeds/conetalner) was planted on January
29, 1987, in the Plant Growth Center at Bozeman, Montana ' The plants
were grown with 16 hours day and 8 hours nlght photoperlod
Temperature was 26.4°9C during the. day and 18°C at nlght Plants

were 1rrlgated da11y throughout the trial.
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After emergence, seedlings were thinned to one plant per .
container. The previously describe harvest treatménts (Tables 1, 2,
and 3) were arranged’'in a randomized comple£e block design with four
replicatiéns. ‘Each plot consisted‘of.seven plants. o

Granular fertilizer (100 Kg/Ha N,P,K) was applied on April 15.
The plants were then allowed to grow until flowering (March 125 when -
they were cut back to 10 cm. Harvest management treétments (Tables
1, 2, and 3) were started on April 27, 1987, when fhe alfalfa was cut
to the appropriéte height Qith scissors. The procedures used wére
the same as for the Bozeman Field study with the'exqeption of leaf
area déterminations. The forage qﬁtained at each harvest waé
separated in two éroupsé the main stem and the remaiﬁing material.
After weighing the two groups (and calculating the total forage per
plot), the main stem was utilized té obtain information on leaf area
as described in the Bozeman study. |

One week after the iast'cutting date, all plants were harvested
at soil level and total forage was dgtérmined. | | .

A record was kept on the number of liQe plants/plot, live
shoot:dead shoot ratio of each plant, énd visﬁal obsérvatiops on
morphological changes during the trigl. |

Roots of each plant were frozen immediately after the last cut

and processed in the same manner described for the Bozeman study.
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~ CHAPTER 4
RESULTS AND DISCUSSION

Forage Production

Forage Quantity

Bozeman——Total Annual Forage Yields (May-October). Significant

differenées‘were obtained amiong the 13 treatments for total forégg
production of Maxim alfalfa (Table 5). |

Hay, Prebud and Prebloom treatments produced the highest yields.
Although there were no significant differences among thése |
treatments (p = 0.09), there was a tendency fér increasing yield
with fewer harvests. | |

The eight-day clipping frequency treatments produced the least
amount of forage, particularly at the high intensities (50 and 67%).
The graduated SDG, 32,50, 16/33, 32/33 and 16)50 treatments had |
similar yields. | | |

Total forage yields increased almost linearly when the rest
period was increased for treatments where 50 and 67% of the |
topgrowth was removed (Figure 1). Tétal forage yields for the less
stressful treatments (33% topgrowth removal) increased as Fhe
rest period was increased from 8 to 16 days‘but decreased asAphe rest

period was increased from:16 to 32 days.
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Table 5. Dry matter forage production of Maxim alfalfa at Bozeman in
1987 as affected by hay and simulated grazing treatments.

YIELD
TREATMENT SEASONAL FALL : " TOTAL
(May-Aug. ) (10/16) '

—————————-kilograms hectare™l

8/67 6,352 497 6,849

8,50 5,834 ' 847 6,631

8,33 6,934 1,314 8,248
16,67 7,871 ' 723 8,594
16,50 8,550 1,643 16,193
16,33 7,032 3,671 10,703
32/67 7,989 2,728 10,717
32/50 7,775 4,032 11,807
32/33 5,154 5,051 10,205
Graduated SDG 88,272 3,019 11,291
Prebud 11,260 1,656 12,916
Prebloom 9,905 3,513 13,418

Hay 11,520 2,509 14,029

LSD (0.05) 1,136 4 361.7 1,402
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; 18 32
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— Intensity 33% ~—+Intensity 60% % Intenalty 87%

Kilograms

Figure 1. Total Dry Matter forage production of Maxim alfalfa as
affected by clipping frequency and clipping intensity at
Bozeman in 1987 (LSD at 0.05 = 791.9).

Bozeman-Seasonal Forage Yields (May-August). Hay and

traditional grazing treatments (Prebud and Prebloom) produced more
forage from May through August than the other grazing treatments
(Table 5). Treatments Graduated SDG and 16/50 produced the most
forage of the SDG treatments during the grazing season. Treatment
32/33 produced almost 50% of the total annual yield in October.
Treatments that have a high percentage of the total forage produced
in October would not be desirable because less forage would be
available for grazing.

Seasonal yield of the 33% intensity remained relatively

constant as clipping frequency decreased from 8 to 16 days and
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decreased when clipping frequency was decreased to 32 days (Figure

2).

Hectare -1

(thousands)

8 18 32
FREQUENCY (days)

—— Intensity 33% —+H Intensity 50% % Intenslty 67%

Kilograms

Figure 2. Seasonal Dry Matter forage production of Maxim alfalfa as
affected by clipping frequency and clipping intensity at
Bozeman in 1987 (LSD at 0.05 = 772.6).

Seasonal yield of the 67% intensity increased as clipping
frequency decreased. Seasonal yield of the 50% intensity increased
dramatically as clipping frequency decreased from 8 to 16 days, then
decreased when clipping frequency was further decreased to 32 days.
It appears that not enough topgrowth was removed on treatment 32/33
to allow adequate forage production from May through August. The

lower yields of the 32/33 treatment may have been due to excessive

leaf loss from shading.
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Kalispell-—Total Annual Forage Yields (May-October). Total

annual forage production trends at Kalispell (Table 6) were.similar
to these at Bozeman (Table 5). Traditional treatments (Hay and
Prebloom) produced the highest yields (Table 6). Hay produced 12 and
50% more forage than Prebloom and Prebud treatments, respectiveiy.
Four SDG grazing treatments (16/33, 32/67, 32/33 and Graduated)-
produced similar forage as the Prebud treatment. The interaction
between frequency and intensity was non significant at Kaiispell.
Total forage yields increased almost -linearly as days among harvests
increased (Table 7). The shorter rest périods increased sfrgss<and
reduced yields as compared to the longer rest periods. No
differences were obtained between the 67 and 50% intensify treatment.
Yields were significantly higher for the 33% treatment as coﬁpared to

the 67 and 50% treatments (Table 8).

Kalispell--Seasonal Forage.Yields (May—-August). Low clippiﬁg

intensity treatments (33 and 50%) had the lowest yields, fegardless
of clipping frequency (Table 6). Hay, Prebud and Prebloom
treatments produced twice as much seasonal forage as most of the SDG
treatments. The 32/67 treatmept, which is similar to the Prebud
treatment, produce more forage than any SDG treatment. |

Seasonal production of the 67% intensity treatments was not

affected by harvest interval (Figure 3). Forage yields for 50%
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Table 6. Dry Matter Forage production of Spredor II alfalfa at
Kallspell in 1987 as affected by haying and simulated

grazing treatments.

YIELD -
TREATMENT SEASONAL FALL TOTAL
(May-Aug. ) (9/25) '
—————————— kilograms hectare™l
8/67 6,662 1,408 8,070
8,50 5,750 2,477 8,227
8/33 6,377 3,374 9,751
16,/67 6,815 1,412 8,227
16,50 6,041 2,881 8,922
16,33 5,066 5,313 10,379
32/67 7,247 3,042 10,289
32,/50 5,357 4,036 9,393
32/33 5,050 6,350 11,400
Graduated SDG 10,244 1,099 11,343
Prebud 10,278 594 10,872
Prebloom 9,668 4,8i2 14,480
Hay 11,029 5,245 16,274.
492.7 897.9

LSD (0.05) 603.9
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Table 7. Total forage production of 8, 16 and 32 day clipping
frequency treatments at Kalispell in 1987 (averaged across
intensity treatments). :

REST PERIOD - TOTAL DRY MATTER FORAGE
(days) (kilograms hectare™!)
8 ' 8,683
16 9,170
32 10,360
LSD (0.05) 550.6

Table 8. Total forage production of 33, 50 and 67% intensity
treatments at Kalispell in 1987 (averaged across clipping
frequency treatments).

INTENSITY ) TOTAL DRY MATTER FORAGE

(% topgrowth removed) (kilograms hectare“l)
67 8,860
50 8,845
33 10,510
LSD (0.05) 550.6

treatments were reduced when the cutting interval was increased from
16 to 32 days and yields.for the 33% treatments were reduced as the

interval was increased from 8 \to 16 days.
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Figure 3. Seasonal Dry Matter production of Spredor II alfalfa as
affected by clipping frequency and clipping intensity at
Kalispell in 1987 (LSD at 0.05 = 374.6).

Greenhouse—Total Annual Forage Yields (May-August). As in the

field studies, traditional management treatments (Hay, Prebud and
Prebloom) produced the highest forage yields, and the treatments with
higher stress (8/67 and 8/50) produced the lowest yields (Table 9).
The pattern for the significant frequency x intensity
interaction, when total forage production was considered (Figure 4)
was similar to Bozeman (Figure 1). Total forage yield responses for
the 50 and 67% frequency intervals were almost linear, whereas a rest
increase from 16 to 32 days decreased the yield of the 8-day

treatment.
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Table 9. Dry Matter Forage production of Spredor II alfalfa at the

greenhouse in 1987 as affected by hay and simulated grazing
treatments. - :
YIELD
TREATMENT SEASONAL LAST CUT IOTAL
(May-Aug. ) (8/25)
grams plant‘1
8,67 1.803 0.422 2.225
8/50 1.890 0.510 2.400
8/33 -1.830 0.948 2.778
16,67 2.205 0.660 2.865
16/50 1.963 1.134 3.097
16/33 1.680 1.475 3.155
32/67 2.102 1.243 - 3.345
32,/50 1.670 1.615 3.285
32/33 1.030 1.843 2.873
Graduated SDG 2.223 0.957 3.180
Prebud 2.392 1.593 3.985
Prebloom 2.110 1.583 3.693
Hay 2,440 1.450 3.890
LSD(0.05) 0.336 0.181 0.399
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Figure 4. Total Dry Matter forage production of Spredor II alfalfa
as affected by clipping frequency and clipping intensity
at the greenhouse in 1987 (LSD at 0.05 = 0.226).

Greenhouse Seasonal Forage Yields (May-August). It is not

possible to compare last harvest yields from the greenhouse study
with the field studies, because different methodologies were used.
Alfalfa at Bozeman and Kalispell were allowed a regrowth period after
the last seasonal harvest of at least 45 days (until the first
killing frost) and then were cut at 10 cm height. Alfalfa in the
greenhouse study regrew only one week after the last seasonal harvest
and were cut at ground level so that total dry matter production for
the experiment could be determined.

Traditional management treatments produced the highest seasonal
yields (Table 9). Graduated SDG, 32/67 and 16/67 had forage yields

similar to the traditional treatments (Appendix B).
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There was an interaction between frequency and intensity of
clipping for seasonal forage production (Figure 5). It was similar
to the interactions at at Bozeman and Kalispell, with only minor
differences in the slope of the curves. As the number of days
between harvest increased from 16 to 32 days, yields were decreased

for all clipping intensities.

plant -1
n

Grams

e L 1
# 8 18 32

FREQUENCY(days)

—— Intensity 33% — Intensity 50%  —* Intensity 67%

Figure 5. Seasonal Dry Matter forage production of Spredor II
alfalfa as affected by clipping frequency and clipping
intensity at the greenhouse in 1987 (LSD at 0.05 = 0.168).
Forage Quality

Crude Protein—Bozeman. Total crude protein production followed

the same pattern as dry matter production at Bozeman (Figure 6).
Prebud, Prebloom and Hay treatments produced more crude protein than

many of the SDG treatments (8,67, 8/50, 8/33, 16/67, and 32/33).
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treatments at Bozeman and Kalispell, MT, in 1987 (LSD at
0,05},
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Eight-day tfeatments were low in total crude protein because of their
low dry métter production. Total crﬁde protein of treatment 32/33'
was low because half of the forage was harvested in October (after
killing frost) whep protein percentages were low (10-14%). |

Protein at the different harvests varied from 10 to 34%. Most
of the protein values for the 8- and l1l6-day clipping frequencies were
approximately 30% (Appendix C).

Crude protein levels of'30% are not necessary for adequate
animal performance. Large frame bull calves and 300 pound yearling
steers with expected average daily gains of 4 pounds require 24.7%
crude protein in their diet (57). Crude protgin requirements of most
animals are below 20%. |

Using forage with high crude protein can result in a waste of
nutritional quality that will be used by the animal for less
efficient processes (i.e., energy production). An excess of natural
cfude protein concentration in the forage will not have negétive
effects on animal production and will increase efficiency of feed use

slightly (57).

Crude Protein——Kalispell. Total crude protein at Kalispell

followed the same pattern as Bozeman (Figure 6). The traditional
treatments (Hay, Prebud and Prebloom) and graduated SDG produced the
most protein per hectare. The remaining nine treatments (factorial)
did not have large variations in total protein prodﬁction.

Total protein in the fall harvest at Kalispell comprised a.

large percentage of the total protein produced per hectare. Fall
{ 2,
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protein per hectare decreased as clipping intensity increésed‘for
each clipping frequency (8, 16, and 32 days). This is a direct
reflection of dry matter production (Table 6). Actual protein
percentage was higher for the more intensively clipped treatmentsf
but protein per hectare was determined more from dry matter
production (Appendix D).

At fall harvest, the crude protein concentrations in the forage
were the lowest of any time in the year. Crude protein of the
seasonal harvested forage were 20 to 30% with some harvests above
' 30%. Most of the protéin determinations in the fall were below or

around 20% (14).

In Vitro Dry Matter Digestibility (IVDMD)--Bozeman. The IVDMD

values for the initial harvest of the 8-day treatments were
approximately 70% and then decreased for the next two harvests,
because each consecutive harvest collected forage from lower in the
canopy (older and less digestible material) (Figure 7). By the
fourth harvest, IVDMD values for all the S—day clipping treatments
had recovered. This pattern was repeated during the season. The
fall harvest (after killing frost) produced IVDMD equal to the first
harvest.

The 16-day clipping treatments had an IVDMD paﬁtern similar to
the 8-day treatments, but with smaller variations among harvests
(Figure 7). Treatments 16/67 and 16/50 had a mgrked drop in IVDMD in

the second harvest, but by the third harvest IVDMD increased and
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remained high thereafter. Treatments 16,50 and 16,/33 nevef.dropped
below 60% IVDMD throughout the season. Only tfeatment 16,33 o
had a low IVDMD value in the fall, due to the accumulation of
deferred forage. Graduated SDG treatment followed the same pattern
as treatment 16/50. |

The 32-day clipping treatments had a declining IVDMD pattern
throughout the season (Figure 8). The decline was greater for 33%
than for the 50 and 67% intensity treatments for fall harvest; |

The IVDMD was significantly reduced from first to second
ﬁarvest for the Prebloom treatment (Figﬁre 8). The most stablé'
treatment (fewer fluctuations for IVDMD) occurred for Prebud.

Generally, all treatments produced IVDMD levels above 60%. Somé
harvests for the 8-day clipping treatments had values of 70% which
can be detrimental for animal production. IVDMD values above 68%

can reduce animal intake (3).

Neutral Detergent Fiber (NDF) and Acid Detergent Fiber (ADF)—

Bozeman. Neutral Detergent Fiber measures Eell wall constituents
including cellulose, hemicellulose, lignin, nitrogen and minerals,
and is an indicator of animal intake while ADF is a measurement of
cellulose, lignin and mineral residues (indigestible fraction) (26)
and is related to digestibility. The lower the ADF valﬁe,-the.
greater the digestibility.

Generally, NDF and ADF had similar respoﬁse patterns for each

treatment (Figures 9-12). Many treatments had increased NDF aﬁd ADF
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for the fall harvest. This was expected because much of the
material contained old stems that had not been harvested before (33%
treatments). Also, both stems and leaves w%re affected by frosts
that occurred before the last harvest..

There was a negative relationship between IVDMD and NDF-ADF for
each treatment. Every IVDMD Figure had its mirror image in a |
corresponding NDF-ADF Figure (Figures 7-12).

No treatment produced NDF values above 60%. Values of NDF
above this level limits forage intake by the animal (14).

Forage must have: 1) a crude.protein gréater than 19%, 2) an
ADF less than 31%, and 3) an NDF less than 40%, in order to grade # 1
under the proposed guidelines for evalgating forége qﬁality (26).

Most of the treatments met these three requirements.

Seasonal Forage Distribution

A successful grazing system on alfalfa must meet the following
objectives: 1) maintain high forage yields during the grazing
season (May l5-August 15), 2) maintain‘even distribution of forage
throughout the grazing season, 3) have good utilization of available
forage, and 4) allow fbf adequate regfowth,befo;e the first killing
frost. This experiment addresses objectives one, two and four, but
not objective three. For example, grazing alfalfa.in the Prebloom
or Prebud s£ages will result in trampling and poor utiliéation.

A successful grazing system on alfalfa must first address
objective four. If proper fall managemenf is th followed, stands

will be lost in two years (94). Deferring grazing between August 15
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and October 1 will increase root carbohydrates and winter survival
(16,22,23,24,30,45,51,64;71,72;73,74,75).'

It is difficult to draw conclusions on stand life aftef one
year of a multi-year experiment. However, I think that any graéing
treatment resulting in minimal fall.gfowth (low October yields) will
decrease alfalfa stands in short time period. Removing‘50 qf 67% of
the top growth every 8 days (8/50 and 8/67) or removing 67% of thg
top growth every 16 days (16/67) resulted in low fall yields (Figure
13). These treatmgnts had less vigor and more weed encroachment than
the other treatments. 1In the field studies, harvesting at prebud
produced low fall yields (Tables 5 and 6).

~ Treatments that provided adequate fall growth in at least
two locations included 8/33, 16/33, 1§/50, 32/33, '32/50, 32/67 and
Graduated SDG (Figure 13).' Treatments 32/33, 32/50 and 16/33
produced an over abundance of forage for the fail harQest. The fall
harvest of these treatments compriséd from 34% (32/50—Bozeman) to
56% (32/33-—Kalispell) of the to£al annual harvesﬁ. While this may
result in exdellent.root reserve accumulation, it doe§ not pfovide
much forage during tﬁe grazing season.

Treatment 8/33 had good forége distribution throughout the
grazing- season except for several low harvests at Kalispell (Figures
14, 16, and 18). Treatments 16/50 and 32/67 had the most even fofaée
distribution of all the treatments (Figures 14-19). Treatment 32/67
is similar to a prebud grazing énd would probably result in'trampling

and poor utilization.
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At Kalispell, Graduated SDG had reasonable forage distribution
except for harvest 7 (Figure 17). The,fall harvest for Graduated SDG
at Kalispell was low; wh1ch could result in w1nter klll At Bozeman,
this treatment had a high f1rst—harvest y1eld and then decllned
(related to the weather condltlons) untll harvest 7 (Flgure 15) when
yields started to increase because more top growth was be1ng
removed. " At the greenhouse, the general pattern of the’ dlfferent
treatments was’similar'to'the field studies (Fignres 14—195.

The amount of forage harvested in fall represented a bigger
proportion of the total for treatment 32/33 (Figures 15, 17, ond 19).
The traditional grazing systems, with'longer periods between
harvests, produced the highest yields in all cases but had forage

distributions that limited grazing management possibilities.

Morphological Studies

Leaflet Area

Leaflet area determinations (Table 10) were made at harvest
number 12 on August 14 for all 13 treatments. - dnly treatments 8,67,
8,50, 8/33, 16,67, 16,/50, 16,/33, and Prebud were harvested on this
date (Table 4). Leaflet area measurements for Graduated SDG, 32-day .
interval, Prebloom, and Hay treatments are not in accordance with the
harvest schedule. This could affect the leaflet area values and,
consequently, the relationship among the treatments. |

Leaflet areas above harvest‘height_ranged from 0.17 cm?.

(Greenhouse, 8/33,'harvest # 16) to 1.55 cm? (Bozeman, Hay, harvest




52

Table 10. Leaflet area above and below harvest height on August 14
at Bozeman in 1987. .

TREATMENT ABOVE 2 BELOW
8,/67* 0.52 | ©0.24
8,/50% 0.44 0.20
8,/33%* 0.56 , 0.31

16,/67% 0.68 . 0.24

16,/50% | 0.78 | 0.33

16/33% 0.53 o 0.45
32/67 1.01 0.49
32/50 0.42 0.38
32/33 0.46 0.36
Graduated SDG Q.26 0.20
Prebud 1.23 0.33
Prebloom 1.20 0.28
Hay 0.44 | 0.20
LSD (0.05) 0.32 0.14

*Harvested on 8/14/87

# 11, Appendices E and F). This is in accordance with work of Brown
et al. (6). They found leaf area values ranging from less than Ene
cm? to 20 cm?.

High and medlum stress treatments (8/33, 8/50, 8/67, 16/33,
16/50, 16/67, 32/33, 32/50 and Graduated SDG) tended to have less

leaflet area above the harvest level as compared to low stress
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treatments (32/67, Prebud, Prgbloom) at Bozeman (Table 10). Leafle£
aréas below the harvest level were not inflﬁenced as much by harvest
treatments, and a discernible patte;n was not apparent.

Leaflet areaé (ébove and below cut) Qere smaller in thé
greenhouse study (Table ;1) than they were in the field study at
Bozeman (Table 10). Generally, greenhouse results (Table 11)
corroborated the field study. Leaflet areas were smaller for high
stress treatments.

N Although statistical comparisons were not made, leaflet area
was smaller below the harvest level than ébove the harvest level for
every treatment throughout the grazing season at Bozeman (Figures 20

and 21). |

Leaflet area above the harvest level was high for early
harvests and then declined rapidly for high stress treagmenﬁs (8- and
16-day treatments) at Bozeman (Figure 20). Intermediate and low
streés treatments (32-day, Graduated SDG, Prebud, and Prebloom
(Figure 21) showed a certain recovery in leaflet area durihg the
second half of thé trial as températures cooléd (é).

Leaflet areas aone harvest height in the greenhouse for 8-,
16-and 32-day treatments (excepf 32/67) (Figures 22 and 23) were
reduced from first to second harvests and then stabilized or .
increased for harvests three and'four.. Leaflet aréa for treatment

32/67 was similar to that of Prebud and Prebloom.
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Table 11. Leaflet area above and below harvest height for the last
seasonal harvest in the greenhouse in 1987.

TREATMENT | . ABOVE 2 - BELOW
8,67 . 0.23 0.12
8,50 0.20 0.16
8,33 0.17 0.13

16,67 0.21 0.17
16,50 | 0.21 0.19
16,33 0.26 ' 0 0.20
32/67 0.30 0.18
32/50 0.28 0.21
32/33 0.26 0.24
Graduated SDG 0.19 0720
Prebud | 0.43 o 0.17
Prebloom 0.34 0.16
Hay 0.44 | 0.17

LSD (0.05) 0.08 .0.05
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Figure 20. Individual leaflet area throughout the grazing season

(treatments 8/33, 8/50, 8,67, 16,33, 16/50, and 16/67) at
Bozeman, MT, in 1987 (LSD at 0.05).
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Figure 21. Individual leaflet areas throughout the grazing season

(treatments 32/33, 32,50, 32,67, Graduated SDG, Prebud
and Prebloom) at Bozeman, MT, in 1987 (LSD at 0.05).
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Figure 22. Individual leaflet area throughout the grazing season
(treatments 8,33, 8,50, 8,67, 16/33, 16/50, and 16,/67) at
the greenhouse in 1987 (LSD at 0.05).




58

1
32/33 LSD = .095 i SDG LSD =.078
08 084
08 0e 4
04 04
021 029
o v r v T r - + — v [+] v P ————— r ™ v
0 VY8 94 8 @ 7.0 €C WV NN B IY WE O 0 172 9 48 @ 7T 88 DN WM W T”
g Harvest # Harvest #
-
©
- , ;
i 32/60 LSD = .107 Prebud LSD - 133
Yed o~ 08 089
o N
2 E‘ =L ik \—/\
Q
s 04 04
©
_g 021 02 1
]
> 0  Srien R M aw somEe SRS mmch gedn e o 3" O P ——— y—
o G 172954680 T 8 GUI0 W 2 W NG O 1"2 8 % 8 8.7 5 -6V RBWWNYD VP
o Harvest # Harvast #
&
-
1 1
32/87 LSD = .128 Prebloom LSD = .14
08 Glﬂ
06 4 \/’———\ a6
c ] \\\\ i ‘“‘“‘—~—-..//”’\\\\\\\\\
021 02 9
o] P ——————— T O P T PP e ———
0" 32 9. 4B AreN 1 R 0 W NI 0O ' 2 9 4 8 067 8 0 W N 2219 4 8 W 1?7
Harvest # Harvast #
Figure 23. Individual leaflet area throughout the grazing season

(treatments 32,33, 32/50, 32/67, Graduated SDG, Prebud
and Prebloom) at the greenhouse in 1987 (LSD at 0.05).
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Axial Buds versus Crown Buds

Axial bud:crown bud ratio represent the total number of buds
counted per plant (greenhouse studies) and per 0.3 meter (Bozeman
and Kalispell) during the season. |

Axial versus crown growth changed with environment (Table 12).
Kalispell and greenhouse ratios varied from 0.5 to 6.5, while
Bozeman ratios varied from 0.07 to 0.86. These differences can be
partly explained by differences in cultivar resPOﬁse; Evidently
Spredor II (Kalispell and Greenhouse) has the ability to p;oduce
axial buds better than Maxim (Bozeman) (79).

Bozeman and Kalispell produced a similar ratio pattern
regardless of the magnitude of differences betweén the two lécations
(Table 12). Generally, the ratio increased as the percentage 6f
topgrowth removed was reduced. There aléo was a trend for higher
ratios when the clipping interval was increased. .

In the greenhouse, ratio patterns affected by clipping interval
and intensity were opposite those of the field studies. The
axial:crown bud ratio increased as more toﬁgrowth was removed and as
the clipping interval was decreased.

Traditional grazing and haying treatments produced the lowest
ratios in all environments. Changing harvest patterns (interval or
intensity) definitely altered the normal physiqlogical plant response
by stimulating the alfalfa plant to produce axial growth rather than
crown growth. Whether this is good or bad for the plant will have to

be determined over a period of years.
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Table 12. Axial bud:Crown bud ratios for the 13 treatments at three
locations in 1987.

TREATMENTS BOZEMAN KALISPELL GREENHOUSE
8/67 0.56 1.75 6.4
8,/50 0.45 2.12  4.68
8,33 0.72 2.86 . 3.69

16,/67 0.24 | 2.09 4.70
16,50 0.55 2.86 312
16,33 0.80 3.43 2.06
32/67 0.65 2.44 : 2.59
32/50 0.71 3.14 1.29
32/33 0.86 3.00 - 0.76
Graduated SDG 0.44 3.29 ' - 1.99
Prebud 0.13 1.7 1.89
Prebloom 0.08 1.39 1.41
Hay 0.07 0.45 . 1.66
LSD (0.05) 0.18 1.28 1.14

There was no interaction frequency times intensity at any of the

three locations.
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Root Reserves

Bozeman

| Reot'reéervés are crucial for winter survival of alfalfa
(23,39,64,65,66,72,74), but there is disegreement on. how to measure
the reserves needed by alfalfa plants to overwinter and produce
vigorous spring growth. Total Nonstructural Carbohydrates percentage
(TNC percent) addresses only carbohydrate eoncentration in the_roots.
Caldwell (10) calculated a carbohydrate pool tnat expresses TNC on a
grams/plant basis. It is the product of root dry weight m@ltiplred
by TNC percent.

Under field conditions, at the last seasonal harvest, TNC
increased when treatment stress decreased (Table 13). Treatment
32/33 had high TNC values, probably due to the large amount of aerial
biomass present throughout the grow1ng season. .

The high stress treatments (8,67, 8/50) had slgnlflcantly lower
TNC values for the last seasonal harvest than most treatments. The
TNC increased for all treatments at fall harvest (Table 14), but the
increase was larger for treatments with high stress. The TINC value
of treatment 8/67 increased from 0.06 (Table 13) to 0.94 grams per
plant (Table 14), treatment 8/50 from 0.14 to 1.06 and treatment
16,67 from 0.3 to 0.6. All treatments had significant increases in
TNC compared to the the last seasonal harvest (Tables 13-14). |

Most of the treatments variation at hlgh stress levels resulted

from the change in percentage TNC. After the last seasonal‘harvest
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“Table 13. Dry Matter Weight, percentage TNC and pool TNC of
Maxim alfalfa roots at the last seasonal harvest at

Bozeman in 1987.

TREATMENT D. M. WEIGHT - . INC . INC
(grams/plant) C % (érams/plant)
8,67 : : 0.60 10.4 ,0;66
8,50 0.96 14.5 10.14
8/33 ©1.49 124.0 0.36
16/67 1.52 15.5 0.30
16,50 2.21 28.8 L 0.61
16,33 1.71 30.3 1 0.53.
3267 - . 1;23 S 220 {0527.'
/5 L 1.8 268 043
3233 0L 2.42 . ’33}7’5; ,:bfsi?;'
Graduated SDG = | '1;66‘ -:f23150f ' l.ogsi
prebud S 2.3 25;2,“' ﬁbﬁ$§ '
pPrébloom : 1.41 '19.3 0.28
'Hay 356 25.9 .91
LSD (0.05) 1.00 5.34 0

.287
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Table 14. Dry Matter Weight, percentage TNC and pool TNC of Maxim
alfalfa roots at fall harvest at Bozeman in 1987.

TREATMENT D. M. WEIGHT TNC TNC
(grams/plant) % (graﬁs/plant)

8,67 2.28 " 40.6 0.94
8,50 3.03 35.0 1.06
8,33 2.10 32.9 0.70
16,67 1.89 31.8 0.60
16,50 1.72 36.7 0.63
16,33 3.22 35.2 1.15
32/67 2.44 38.3 0.95
32/50 3.96 37.5 1.48
32/33 3.67 32.9 1.22
Graduated SDG 2.46 37.1 0.91
Prebud 2.44 32.8 0.80
Prebloom 3.21 39.7 1.30
Hay 3.36 39.4 1.32
LSD (0.10) 1.30 4.3 0.51




64

on August 14, there was a prolonged period of high temperatures, and
the first killing frost (0°C) did not occur until the first week of
October. Generally the first killing frost occurs on September 15,
so the plants had a long time to accumulate root reserves. Iﬁ a
normal year, TNC recovery could not be expected to be as larger és it
was in 1987. |

Plant loss was evident in high stress treatments.-The remaiﬁing
plants suffered less‘competifion and consequently had the

opportunity to accumulate more reserves.

Greenhouse

Dry matter root weight in the greenhouse had a perfect response
to treatment stress except hay, which had a lower root weight than
expected (Table 15). This uniform response may be due to the
controlled conditions in the greénhoﬁse experiment, the lack of
competition between plants (one plant per coﬁtainer), and/or the
inclusion of lateral roo;s in the analysis. |

Percentage TNC was as variable as in the field. Treatments with
8-day clipping frequency and 16/67 had significantly lower TNC than
any other treatment. Possibly in a controlled environment, a very
high stress level is necessary to affect TNC pgrcent level.

With young, non-inoculated plants (7 months of age) energy was
not used in the nitrogen fixation process and could have been stored
in the roots. Plants can manifest their genetic‘pbtential ﬁnder a
controlled environment, and fhéy did not havé to combeté fdr sqil and

water at the greenhouse study.
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Table 15. Dry Matter Weight, percentage TNC and pool TNC of
Spredor II alfalfa roots at simulated Fall Harvest at the
greenhouse in 1987, :

TREATMENT D. M. WEIGHT Come 0 me

(grams/plant) (%) (grams/plant)
8/67 0.43 5.4 012
8,50 0.65  38.1 .0.25
8/33 1.13 - 38.9 0.4
16,/67 0.77 39.3- 0 0.31
16,/50 1.30 4.1 - . 0.54
16,33 1.65 413 0.68
32/67 i.33 45.8 0.62
32/50 1.83 44.3 0.82
32,33 2.39 42.9 . 1.05
Graduated SDG 1.49 45.4 0.68
Prebud : 3.43 46.3 0.70
Prebloom 3.82 43.5 . 0.69
Hay 1.43 45.0 '0.65
LSD (0.10) 0.35 5.6 . 0.21

The TNC pool values in the greenhouse were similar to those

in the field study (Tables 13—15). There was a clear relatioﬁshipr

between clipping stress and TNC pool The hlgher the stress, the

smaller the TNC pool. This is in agreement with prev1ous works

(16,21,23,

24,27,39,56,64,65, 66 72,73,74, 95)
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CHAPTER 5
SUMMARY AND CONCLUSIONS

Alfalfd’s importance a§ a fotage.crdp;is wéll.fecogniéeéz;'with_
a broad world distributibﬁ, it p;odﬁces‘high quality:fo:agelunderf'.
varied environmental conditions. o |

There is limited information on how to graze alfalfaIWith
rotational grazing systems. The Short Duration Grézing (SﬁG) method
appears promising for grasses, but it has never been tried with
alfalfa under Montana’s conditions.

The primary objective of this sFudy‘was to determine the effect
of simulated SDG treatments on yield, nutritive quality, root
reserves, and morphologiéal characteristics of alfalfa.

Hay and traditional grazing systems had the highest forage
yields in greenhouse and field studies. Treatmenfs with the highest
clipping stress (8/67, 8/50, and 16/67) had the lowest yields. D).

All treatments had high forage quality (crude protein,
digestibility, NDF, and ADF) at all harvests. High stress treatments
had the best quality. In some cases'the forage quaiity was éo high
that it would not have been fully utilized by the grazing animals.

Low clipping intensity treatments (33%) had a dispropoftionate

amount of fall forage. Treatments with high combined stress
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(intensity and frequency) had declining yields with successive
harvests and low total forage production.

All the SDG treatments had declining patterns of leaflet size
throughout the season. This was mpreAmarked'with the high éIipping
stress treatments. Leaflet size bglow the harvest level was always
smaller than that above the ha;vest level. | |

Axial bud to crown bud ratio varied considerably at the three
different locations.. The field studies produced similar trends
(increased ratio when the clipping stress decreased), but the
relative magnitude varied with location. Greenhouse axial bud to
crown bud ratio was inverse to that found in the field.

During the grazing season, the higher'the clipping stress, the
lower the TNC. The root reserves recﬁperated rapidly betweeﬁ the
last season harvest and October 15 in the field study. High stress
treatments had the highest TNC percent after October 15. This was
totally unexpected. In the greenhouse study, the clipping stress
produced only minor TNC percent differences. TNC expressed as grams
per plant was similar to the field results. |

The study should be continued for several years to determine' the

long term effect of these treatments.
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APPENDIX A

Table 16. Precipitation (mm) by day from May 1 through August 31.’
1987, at Bozeman (B) and Kallspell (K), Montana. - :

DATE MAY JUNE 7 JULY | AUGUST .

B K B K B K B K
1 7.6 1.0 2.0 . 1.3 KRS
2 6.1 0.5 © 7.9, U
3 0.3 3.1 S
4 2.8 o
5 1.0 3.6 9.4 T

6 0.3. 1.3 2.8. 1.8 - L

7 1.8 2.3 7.9 o
8 2.8 0.8 1.0 3.3 .
9 0.3 2.0 0.5 13.2 7.4 S :
10 2.3 0.5 18.5 0.3 -
11 0.3 21.3 A
12 0.3 0.5 7
13 2.5 o - 0.3 2.3°
14 1.3 16.0.
15 1.0 0.3 0.3 14.7 - 478 |
16 15.5 8.9 , 10.9 T
17 15.0 0.3 2.5 10.4 3.0 0.3
18 6.9 0.8 0.5 12.2 - 1.0 :
19 0.5 1.5 10.7 0.3, 25:2
20 9.1 . 2.6
21 0.3 3.8 2.0 0.3 .
22 0.8 18.8 5.6 39.4 2.5 y
23 0.5 2.0 35.1 .
24 " " 15.0
25 "12.4° 1.3
26 5.3 1.3
27  16.0 4.3
28 8.4 11.9 o
29 1.0 2.8 0.3
30 : 2.0
31 10.9 12.5 - 10.2 .

TOTAL 96.0 ° 4:8.0-"3_1'.2 49.5 1'0'7'.,9 123 2 66 8 T
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APPENDIX B

Table 17. Dry Matter Forage Production of Spredor 11 alfalfa as

affected by hay and simulated gra21ng treatments at the
greenhouse in 1987.

TREATMENT HARVEST REPLICATION FORAGE
‘ ’ DRY MATTER
(#) (#) (grams plant -1)

~70.07

F OO~
o
[=)
~3

0.06

0.13°
0.06
0.05
0.05

;W N

0.12
0.11
0.11
0.09 "

R S

0.19
0.19 -
0.14
0.18

LW N -
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Table 17—Continued

TREATMENT . '"HARVEST REPLICATION ' FORAGE
: - _ ' DRY MATTER
(#) (#) (grams plant -1)

8/33 , 11

e N oReNe]
o
Y

£ W
OO -
~
[o2]

FoN VI S

[=NoRolol
w ,
(8]

S W
(e NeNaNo]
w
S

£ W N
. OO0 0
w
-
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Table 17--Continued

TREATMENT . HARVEST REPLICATION FORAGE
- ' . i . DRY MATTER
(#) C () © «  (grams plant --1)

£ W
OO0
—

[ 8]

LN -
cooo

LN
OO 0o
-

P

10

£ WN

[eNoNoNo)
-
w

W
OO OO0
o
w

LN
[=NeNeNe)
[oNa]
w W

13

£ L0
OO OO
o
w
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Table 177—Cont'inued

TREATMENT HARVEST - REPLICATION . FORAGE
. DRY VATTER
(#) C(#Y (grams plant -1)

ESRUCIN S
(>N eloNo]
o
[}

|
{
1

£ W
[oNeNeNe)
(=)

(%

£ LUN -
OO OO
—
o

£ W~
OO OO0
—
p—
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Table 17--Continued

FORAGE
DRY MATTER
(grams plant -1)

0.04
0.01
.0.04
0.04 .

770,37
L 0.42
0.52
0.38




'TREATMENT

T 633 T
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Table 17-—-Continued

T T TTFORAGET T
DRY MATTER
(grams plant -1)

'HARVEST ~~ REPLICATION

(#) (#)

ES O S
[eNoNe N
(W)

3

£ WON -
[=Ne e Nl
N
+

!
|
|
|

£ LN

LN

F S Sy
[eNeNoNe]
o
w

15

E O O
[eReoNole)
w
w

16

LN -
— =
o
o
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Table 17--Continued

'TREATMENT =~ | HARVEST REPLICATION FORAGE
- ‘ " DRY 'MATTER .
(#) (#) (grams plant -1)

13

S LN~

15

S~

16

S LN
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Table 17—Continued

S

FORAGE

DRY MATTER

(gr"ams plant .-1)

LN -

£ WN |

13

S ON

O OO0
—
8

15

SN -

cococo
[
Fod

16

£ WN -

[oNeoNoNe]
[}
)]

4
¥
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Table 17-—Continued

TREATMENT HARVEST REPLICATION ’ FORAGE
o H : ‘ ‘ DRY ‘MATTER
(#) (#) (grams plant -1) °

W -
-0 N
-

[ 8]

W
[« NeoNeNol i
()
w

NN S
cocoo
>
&

S L0
[eN=NoRo)
o
o

13

S W
[=NeNoNal
w
[=-]

16

EN IR S
- -
[+ 3
-
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Table 17—

Continued

DR
-(grams p

FORAGE
Y MATTER
lant -1)

Graduated

[eNoNoNal
-
O

[eNoNoNo)
[ ]
~3

[N ool

cooco
W
-~
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Table 17--Continued

TREATMENT HARVEST REPLICATION - . FORAGE
: ' o " DRY MATTER
(#) . C(a)” (grams plant -1)

oI Sy o
o
O
-~

0.86

0.64
0.59
0.63
0.54

S LN

1.21
1.23
0.79
1.13

E TN Sy

0:.72.
0.73
0.70
0.66

10

BNV S

1.43
1.55
1.82
1.57

16

FoN N S

Prebloom I 0.34

0.70
0.43

S LW

1.18
1.28
1.07
0.87 .

WM -
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Table 17-—Continued

TREATMENT HARVEST REPLICATION FORAGE
: DRY MATTER
(#) (#) (grams plant -1)

FR N S
O QO =
O
@

E O S
OO r= =
O
[« )

F N S
‘cooco
(%)
®

LN

[l el
u
o]
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' APPENDIX C

Dry Matter Forage Production, Crude Protein Production, in
vitro Dry Matter Digestibility (IVDMD), ‘Neutral Detergent

Fiber (NDF), and Acid Detergent Fiber (ADF) of Maxim
‘alfalfa at Bozeman, MT, in 1987 as affected by hay ‘and
simulated grazing treatments.

TREATMENT

HARVEST REPLICATION  FORAGE CRUDE 'IVDMD ‘NDF = ADF
DRY MATTER PRQTEIN
(#) (#) (Kg.Ha.-1) (%) (%) (%) (%)
""""""""""" 22 T TT12s4.6 777 0.32° 0.70 0.36 0.13
3 874.6 0.30 0.71 -0.34 0.i2
4 1345.8 0.28 0.67 0.37° 0.17
‘‘‘‘ 5""“’“_'“5‘_‘"‘""“55575""'_‘”"6TEE"”"67627"6755"76756'
3 740.0 0.24 0.64 0.41 0.24
4 773.7 -0.24 0.64 0.40 0.25
"""" P R | S 0.20  0.63 0.43 0.27
3 740.0 0.18 0.62 0.44 0.27
4 1042.7 0.17 0.60 0.47 0.3l
s T 27T 302.7 - 0.19 0.62 0.46 0.32
3 370.0 0.23 0.66 0.45 0.27
4 437.3 0.23 0.65 0.44 0.29
R 773.7 0.29 0.69 0.41 0.21
3 605.5 0.30 0.70 0.41 0.18
4 706.4 0.28 0.66 0.41 0.20
B 2T 437.3 0.30 0.55 0.44 0.23
3 370.0 0.30 0.55 0.45 0.23
4 470.9 0.29 0.56 0.44 0.22
TTTTst T 2T 975.5 0.26 0.62 0.43 0.24
3 639.1 0.27 0.62 0.44 0.23
4 1042.7 0.27 0.60 0.44 0.21
____ 9 T T2 T7250.3 0.27 0.58 0.45 0.27
' 3 281.6 0.26 0.58 0.45 0.23
4 184.6 0.26 0.54 0.48 0.30
10 T2 742.3 0.29 0.62 0.43 0.24
3 598.0 0.29 0.60 0.44 0.24
4 581.0 ©0.28  0.60 0.45 0.24
T T2 3442 0.27 0.57 0.43 0.27
3 314.7 0.26 0.57 0.44 0.27
4 31i.1 0.27 0.58 0.45 0.26
12 2 284.9 0.25 0.57 0.43 0.27
3 350.3 0.26 0.55 0.46 ' 0.29
4 402.1 0.25 0.53 0.45 0.30
T13 2 1346.7 0.22° 0.64 0.37 0.24
3 1321.1 0.24 0.64° 0.40 0.24
4 1274.9 0.26 0.71 0.32 0.23
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Table 18--Continued

| "TREATMENT AARVEST REPLICATION ~ -FORAGE _ .CRUDE  IVDMD NDF  ADF
o DRY MATTER PROTEIN R
| (#) (#) (Kkg.Ha.-1) (%) (%) (%) (%)
778750 T 2Ty 2119.1 0.28  0.70 ©0.39 - 0.18
3 1446.4 0.30 0.69 0.36 0.14
4 2220.0 0.30  0.69 0.38 0.15
I A R T - I 0.18 0.63 0.47 0.32
3 740.0 0.19 0.61 0.43 0.28
4 807.3 0.20 .0.60 0.45 0.28
TTTTETTTTTTT T TyTTTTTTTTINI 3T T T T 0.17 77061 "0 a8 0. 34
3 504.6 0.16 0.60 0:50 0.36
4 437 .4 0.16 0.56 0.51 0.36
D 2T 2357577 0.32 0.72 0.39 0.22
3 571.8 0.30 0.65 0.43 .0.25
4 571.8 0.31 '0.68 0.40 0,22
TTTTe T T TR T 773.7 0.23 0.58 0.48 0.32
3 437.3 0.21 0.56 0.48 0.33
4 403.6 0.20 0.51 0.47 0.33
TTTrTyTTTTTTTTTT 2T 269.1 0.32 0.60 0.42 0:20
3 269.1 0.33 0.61 0.42 0.19
4 370.0 0.29 0.54 0.45 0.25
T T 2 71010 T70.31 T 0.65 0.39 0.17
3 336.4 0.29 0.65 0.39 0.17
4 134.5 0.31 0.64 0.39 0.16
""" R A L 0.31  0.58 0.39 0.23
3 286.6 0.29 0.55 0.42 0.25
4 184.5 0.27 0.53 0.43 0.28
TTTTIoT T T T T2 T T T 2vels T 0.317 0.61 -0.42 0.20
3 250.3 0.31 0.58 0.42 0.20
4 281.6 0.31 0.60 0.40 0.20
w2 191.1 0.30  0.56 0.41 0.22
3 191.1 0.29 0.56 0.41 0.22
4 126.6 0.29 0.56 0.41 ~0.23
12 2 T222.9 0.28 0.59 0.39 0.21
3 32.0 0.29 0.64 0.37 -0.21
4 188.8 0.29 0.60 0.39 0.20
e "2 4914 70.27 0.70_ 0.30 o0.18
3 1022.2 0.25 0.66 0.34 0.22
4

1027.6 0.24 0.66 0.33 0.22
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Table 18--Continued

TREATMENT

.64 0

HARVEST REPLICATION _ FORAGE CRUDE IVDMD NDF _ ADF
DRY MATTER PROTEIN .
(#) (#) (Kg.Ha.-1) (%) (%) (%) (%)
T T T T T T T TTTTRE31.9 T T 77825 7706765 0.43  0.23°
3 2825.5 0.26 0.63 0.42 0.21
4 3733.7 0.24 0.66 0.44 0.23
T T T S TTTTT T 1062.7 T T T0.18 0.58 0.50 0.35
3 740.0 0.16 0.58 .0.54 0.38
4 706.4 0.16 0.55 0.56 0.38
R 706.4 0.15 0.52 0.56 0.42
3 336.4 0.16 0.53 0.55 0.4l
4 235.5 0.16 0:53 0.54 0.42
5 2 336. 4 0.19 0.63 0.44. 0.31
3 470.9 0.33 0.70 0.38 0.20
4 370.0 6.30 0.66 0.40 0.25
e T T T "168.2 0.24 0.57 0.46 0.29
3 134.5 0.24 0.56 0.47 0.30
4 67.3 0.24 ° 0.57 0.48 0.29
TTTTRTTTTTTTTTTTT 538. 2 0.31 0.64 0.41- 0.18
3 403.6 0.32 0.64 0.43 0.18
4 302.7 0.31 0.63 0.41 0.18
J R H {00.9 0.30 0.63 0.41 0.18
3 168.2 0.30 0.64 0.42 '0.19
’ 4 134.5 0.31 0.62 0:43 0.19
TTTToT T 344 .2 0.26 0.53 0.43 0.29
3 156.5 0.28° 0.56 0.42 0.25
4 123.0 0.30 0.58 0.40 0.23
Y 2 247.4 0.30 0.61 0.38 0.20
3 253.3 0.32 -0.63 0.38. 0.19
4 188.8 .0:29 0.59 0.39 0.21
11 2 1574 0.28° 0.56 0.41 0.24"
3 125.2 0.30- 0.58  0.39 0.20
4 95.0. 0.31 0.56 0.41 0.21
12~ 27 T62.9 T0.29  0.58 0.41% 0.23
3 123.0 '0.28 .0.57 "0.40 0.22
4 125.9 0.27° 0.59 0.42 0.24
13” T3 TTTTTTTEGs.3 0.24 0.67 0.3V 0:22
' 3 527.4 0:24 - 0.63 0.36° 0.2%
4 560.0 0. - 0v21
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Table 18--Continued

TREATMENT HARVEST REPLICATION  FORAGE CRUDE  IVDMD NDF  ADF
i DRY MATTER PROTEIN _ o
(#) (#) - (Kg.Ha.-1) . (%)’ (%) (%) (%)
TTTle733 T T T T T T T T T T T T T 12087 T 0030 0.68 0.36 -0.15
3 1513.7 0.31 0.69 0.37 0.15
4 1614.6 0.29 0.65 0.37 0.15
Ty 2 T TTTTTT2085.5  0.24 . 0.64 0.40 0.21
3 2287.3 0.24 0.63 0.41 0.22
4 1244 .6 0.25 °0.63 0.37 0.19
T T T TR T TR T T T T T 033 T 0,62, 6,40 025
3 470.9 0.23 0.65 0.38 0.24
4 1177.3 0.23 0.59 0.41 0.2%4
R B B 27t D 0.30  0.70 0.37 -0.13
3 1110.0 0.30  0.67 0.37 0.15
4 538.2 0.29 0.70 0.38 0.16
10 T2 T T Te89.8 T T0.33 "0.69 0.38 0.16
. 3 918.1 0.33 0.67 0.40 0.18
4 1088.8 0.31 0.64 0.40 0.20
I T s T - S 0.27  0.65 0.36 0.19°
3 1361.3 0.26 0.65 0.38 0.20
4 854.8 0.27 0.66 0.35 0.19
B S R T T - R 0.17 0.59 0.2 0.3%4
3 3706.5 0.18 0.59 0.41 0.32
: 4 3655.6 0.16 0.53 0.44 0.36
16/50 2 TR 1547.3 0.29 0.71 0.41 0.17
3 1917.3 0.31 0.73 0.38 0.15
4 2152.8 0.28 0.67 0.37 0.16
4 2 1715.5 ~0.20. 0.62- 0.45 0.25
3 27246 0.21 0.62 0.42 0.25
4 1984.6 0.19 0.62 0.43 0.28
e T T2 1345.5 0.24 0.65 0.41 0.26
3 1412.8 0.25 0.64 0.41 0.26
4 1311.8 0.23 0.59 0.45 0.29
8 2 807.3 0.30 0.68 0.39 0.15
3 975.5 0:29 0.68 0.38 0.16
4 874.6 0.29 0.68 0.38 0.16
10 2 1282.9 0.26 0.61 0.49 0.27
3 1282.9 0.27 0.62 0.46 °0.25
4 1421.1 0.29 0.61 0.43 '0.22
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Table 18—7Continued

TREATMENT HARVEST REPLICATION  FORAGE . CRUDE IVDMD NDE. ADF
DRY MATTER PROTEIN
() (#) (Kg.Ha.~1) (%) - (%) (%) (%)
TTTTe750 T T N2 T T T T T T T Ty 2T T T T T T TT0.28 7 T0.62 T0.41 0.22
3 1109.0 0.27 . 0.60 0.42 0.25
4 839.9 0.28 0.60 0.42 0.22
R T 2 T TT1617-8 7 T0.21 "T0.61 0.36 0.28
3 1788 .2 0.22 0.63 0.35 0.26
4 1524.5 0.22 0.61 0.41 0.27
TTTle/67 2 T T T T 34es.7 T0.25 0.59 0.41 0.22
3 3296.4 0.25 0.67 0.45 0.23
4 2960.1 0.25 0.65 0.44 0.23
R Y 0.15 0.56 0.59- 0.42
3 1950.9 0.16 -0.56 0.54 0.38
4 1076.4 0.14 0.53 0,58 0.44
- A T 0.29  0.65 0.40 0.20
3 1143.6 0.29 0.65 0.40 0.18
4 874.6 0.30 0.67 0.46 0.18
Ty T 2 7778746 T0.30  0.62 0.41 0,16
3 706.6 0.30 0.61 0:42 0.17
4 908.2 0.30° 0.64 0.39 0.16
YT T T TR TTTTTTTRTe. T 0.28 0.60 -0.42 0.23°
: 3 1007.1 0.28 0.58 0.43 0.22
4 835.1 0.28 0.56 0.43 0.22
T R Y, Y- 0.29 -0.61 0.42 0.21
3 531.9 0.28 0.58 0.40 0.22
4 445.8 0.27 0.55 0.42 0.24
T N T 755:6 0.26 0.69 0.33 0.21
3 761.1 0.25 0.68 0.30 0.21°
4 653.0 0.26 0.68 0.32 0.21
32/33 2 2T T T T 1749.01 0.32 0.72 0.36 0.14
3 1614.6 0.31 0.70 0.35 0.l4
4 1614.6 0.30 0.68 0:38 0.16
6 2 1345.5 0.24 0.66 0.40 . 0.21 '
3 2522.8 0.23 0.64 0.40 0.22
4 2220.0 0.2 0.59 0.41 0.25
10 2 1306.6 0.31 0.66 0.40 0.20
3 1493.2 0.31 0.69 0.38 0.19
4 1593.6 0.30 0.63 0.39 0.18
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Table 18-—Continued

"FORAGE

"TREATMENT HARVEST REPLICATION "CRUDE  IVDMD NDF SBE
: - DRY MATTER PROTEIN - g
(#) (#) (Kg.Ha.~-1) (%) (%) (%) (%)
BT 2 R I N M 4686.3-  0.14 0.55 0.49 0.39
3 5342.3 0.10 0.51 0.57 0.45
4 5125.7 0.13 0.55 0.52 0.41
7732750 T 2 Tttt 2186, 0.29  0.69 0.36 0.17
3 1782.8 0.30 0.69 0.36° 0.13
4 1883.7 0.28 °0.63 0.40 0.19
e T2 TTTTTT3599.2 0.20 0.64 0.43 ,0.29
3 4238.3 0.21 0.64 '0.40 0.2
4 2724.6 0.20 0.63 0.42 0.28
T 27T T TTT2w29 e 0.28 0.64 0.43 0.21
3 2271.0 0.30 0.66 0.41 0.19
4 2208.8 0.30 0.63 0.41 0.20
Iy T 5071.4 0.15 0.55 '0.45 0.36
3 4081.0 0.17 0.58 '0.44 0,33
4 3944 .4 0.16 0.56 0.43 0.35
TTT32767 T T T 20T T 2T 3666. 4 0.27 "0.68 0.39 0.19
3 3464.6 0.25 0.66 0.42 0.22
4 3195.5 0.25 0.66 0.41 0.22
e T T 2 T T2253.7 0.24 0.63 0.44 0.27
3 1850.0 0.23- 0.63 0.44 0.28
4 1580.9 0.21 0.62 0.46 0.31
T 2 2315.5 0.28 0.62 0.44 0.23
3 3212.4 0.25 0.64 0.45 0.24
4 2426.5 0.27 0.63 0.44 0.22
) 2 2913.7 0.21 0.63 '0.41 0.26
3 2342.3 0.19 0.61 0.43 0.30
4 2927.6 0.20 0.58 0.44 0.29
Graduated 1 2T 2051.9 0.30  0.68 0.37 0.16°
3 2724.6 0.32 0.68 0.37 0.16
4 2859.1 0.32 0.70 0.33 0.15
T2 2 7 571.8 0.22° 0.65 0.39 .0.22
3 773.6 0.22 0.62 '0.42 0.23
4 773.6 0.21 0.65 0.44 0.25
3 2 403.6 0.19 0.62.0.48 0.32
3 672.7 0.17 0.60 0.53 0.35
4 672.7 0.18 0.49 0.35

0.60
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Table 18--Continued

TREATMENT HARVEST REPLICATION  FORAGE CRUD IVDMD NDF  ADF
oy DRY MATTER PROTEIN Co
(#) (#) (Kg.Ha.=-1) (%) (%) (%) (%)
“Graduated 5 7 2 20108 T 0.33  0.69 0.39 0.19
3 269.0 0.34 0.72 0.40 0.20
4 168.2 0.34 0.71 0.39 0.21
Ty T T T T T T T T T 1e3T6T T T 0.28 0.64 0.41  0.22
3 605.5 0.29 0.66 0.40 0.19
4 874.6 0.27 0.65 '0.41 0.21
Ty T T 2690.6 - 0.25 0.59 0.43 0.26
3 3789.7 0.25 0.64 0.41 0.25
4 3566.7 0.25 0.62 0.41 0.23
R T A Y- L T ) 0.19  "0.60 0.42 -0.29
3 3000.0 0.19 0.58 0.44 0.32
4 3219.0 -0.17 0.55 0.49 0.35
Prebud T T2 "5180.1  0.24 0.66 0.44 0,23
3 5785.6 0.25 0.64 0.41 0.21
4 4742.8 0.25 0.65 0.42 0.21
TR T T T TTTT2TTTTTTTT3700.1 0 T0.23 0.62 0.42 0.26
3 3868.3 0.22 0.60 0,44 0.27
4 2892.8 0.24 0.63 0.42 0.26
Ty T T T T T TTTT 262777 T 0.24 0.57 0.43 0.25
3 2517.9 0.24 0.63 0.40 0.24
4 2452.1 0.25 0.63 0.40 0.22
B e S W Y7 S 0.23 0.66 0.33 0.22
3 1676.5 0.22 0.61 0.43 0.27
4 1454.0 0.23 0.61 0.42 0.26
Prebloom 2 T 5247.4 TTT0724 70,67 0.41 0.21
3 5045.6 0.25 0.67 0.46 0.23
4 5112.8 0.24 0.68 0.40 0.20
9 T2 4500.7 0.22 0.58 0.44 0.29
3 5224.5 0.19 0.55 0.48 0.34
4 4582.3 0.22 0.56 0.46 0.30
TR T T 3095.9 0.16 0.57 0.44 .0.31
3 3538.0 0.15 0.57 0.49 0.36
4 3907.0 0.16 0.60 0.41 0.29
Hay 5 2 6290.1 70.33 0.70 0.43 0.22
3 6862.0 0.15 0.59 0.50 :0.39
4 0.18 0.62 0.47 0.32
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Table 18--Continued

REPLICATION = FORAGE CRUDE _ IVDMD ..}
DRY ‘MATTER PROTEIN

(#) (Kg.Ha.-1) (%) (%)

3 5748.8 0717 059
3 4780.4 0.2 0.59
4 4808.7 0.2 '0.59

N N VN 0.18  0.59 0.44 0.31

3 2467.9 0.2 0.59
4 2452.9 0.2 0.62
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APPENDIX D

Table 19. Dry Matter Forage Production and Crude Protein Production
of Spredor II alfalfa at Kalispell, MT, in 1987 as
affected by hay and simulated grazing treatments.

TREATMENT  HARVEST REPLICATION FORAGE . . CRUDE

: ' DRY MATTER PROTEIN .
(#) () (Kg.Ha.~1) (%) (Kg.Ha.-1) .

8/33 1 - 1 650.06 0.28 182.02

2 672.48 0.29 195.02

3 896.64 0.29 260.03

4 896.64 0.28 251.06

2 1 560.40 0.29 162.52

2 650.06 0.28 182.02

3 694.90 0.28 194.57

4 650.06 0.29 188.52

3 1 896 64 0.26 233,13

2 784.56 0.28 219.68

3 762.14 0.27 205.78

4 739,73 0.27 199.73

4 1 560.40 0.25 140.10

2 650.06 0.27 175.52

3 694.90 0.26 180.67

4 650.06 0.25 162.52

75 1 470.74 0.24 112.98

2 717.31 0.24 172.15

3 672.48 0.24 161.40

4 560.40 0.23 128.89

e 1 134.50 0.28 37.66

2 89.66 0.27 24,21

3 89.66 0.28 25.11

4 89.66 0.27 24.21

7 1 179.33 0.29 52.01

2 246.58 0.29 71.51

3 134.50 0.29 39.00

4 179.33 0.29 52.01

Tt T Ty T 694.90 0.28 194.57

2 650.06 0.29 188.52

3 605.23 0.28 169.46

4 650.06 0.29 188.52

B T 784.56 0.26 203.99

2 672.48 0.27 181.57

3 537.98 0.27 145.26

4 694.90 0.27 187.62

10 1T 448,32 0.27 121.05

' 2 470.74 0.24 112.98

3 403.49 0.24 96.84

4 425.90 0:26 110.74
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Table 19--Continued

TREATMENT  HARVEST REPLICATION FORAGE CRUDE
DRY MATTER PROTEIN
(=) (#) (Kg.Ha.-1) (%) (Kg.Ha.-1)
""" 8733 711 Ty T TTTTTTTTI120 08" T T T 0.29 T T TTTIRs0”
2 44 .83 0.30 13.45
3 44 .83 0.29 13.00
4 67.25 0.27 18.16
12 1 515.57 0.32 “164.98
2 515.57 0.31 159.83
3 537.98 0.31 166.78
-4 493.15 0.32 157.81
N 1 425.90 0.25 106.48
2 246.58 .0.25 61l.64
3 156.91 0.26 40.'80
4 336.24 0.26 87.42
IS 1 3384.82 0.20 676.96
2 3227.90 0.19 613.30
3 3160.66 0.19 600.52
4 3698. 64 0.20 739.73
778750 T 1 1 1546.70 0.27 417.61
2 1031.14 0.28 288.72
3 1457.04 0.28 407.97
4 1255.30 0.27 338.93
) 1 448,32 0.26 116.56
2 627.65 0.28 175.74
3 537.98 0.26 139.88
4 605.23 0.29 175:52
T3 1 717.31 0.25 179.33
2 717.31 ©0.24 "172.15
3 694.90 0.26 180.67
4 694.90 0.24 166.78
4 1 448,32 0.25 112.08
2 627.65 0.24 150.64
3 537.98 0.25 134.50
4 605.23 0.24 145,26
s 1 560.40 0.21 117.68
2 874.22 0.23 201.07
3 1098. 38 0.19 208.69
4 650.06 0.21 136.51
e T 1 112,08 0.29 32.50
2 112.08 . 0.29 32.50
3 89.66 0.28 25.11
4 89.66 0.24

21.52
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Table 19—Continued .

TREATMENT  HARVEST REPLICATION FORAGE - CRUDE
i : DRY MATTER PROTEIN
(#) () (Kg.Ha.~1) (%) (Kg.Ha.-1)
8/50 7 1 T134.50 0.30 40.35
2 156.91 0.30 47.07
3 112.08 0.30 33.62
4 112.08 0.30 33.62
8 1 224.16 0.28 62.76
2 268.99 0.28 75.32
3 246,58 0.29 71.51
4 268.99 0.28 75.32
9 1 336.24 0.30 100.87
2 336,24 0.30 100.87
3 291.41 0.30 87.42
4 358.66 0.30 107.60
10 1 291.41 0.30 87.42
2 313.82 0.30 94.15
3 268.99 0.30 80.70
4 336.24 0.30 100.87
11 1 268.99 0.29 78.01
2 246.58 0.30 73.97
3 224.16 0.30 67.25
4 224.16 0.30 67.25
12 1 448,32 0.31 138.98
2 470:74 0.31 145.93
3 425.90 0.31 132.03
4 493,15 0.31 152.88
15 1 2914.08 0.22 641.10
2 2734.175 0.23 628.99
3 2129.52 0.22 468.49
4 2107.10 0.23 484,63
8/67 1 1 2174.35 0.26 565.33
2 2264.02 0.27 611.28
3 1995.02 0.27 538.66
4 2017.44 0.27 544,71
2 1 1210.46 0.24 290.51
2 1098.38 0.24 263.61
3 1120.80 0.24 268.99
4 1053.55 0.25 263.39
3 1 851.81 0.27 229.99
2 784.56 0.28 219.68
3 874.22 0.26 227.30
4 0.27 205.78

762.14
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Table 19--Continued

TREATMENT  HARVEST REPLICATION FORAGE CRUDE
. _ DRY MATTER PROTEIN .

(#) (#) (Kg.Ha.-1) (%) (Kg.Ha.-1)
8/67 4 1 "1210.46 | 0.25 302.62 -
2 1098.38 0.25 274.60

3 1120.80 0.25 280,20

4 1053.55 0.25 263.39
5 1 134.50 0.18 24.21 -
2 44,83 0.24 © 10,76

3 156.91 0.20 31.38

4 44,83 . 0.23 10.31

6 1 201.74 0.28 56.49
2 201.74 0.25 50.44

3 201.74 0.29 . 58.51

4 268.99 0.29 - 78.01

7 1 67.25 . 0.28- 18.83 .
2 22.42 - 0.27 6.05

3 44,83 0.29 . T 13.00

4 22.42 0.27 6.05

8 1 179.33 0.28 50. 21
2 179.33 0.28 " 50.21

3 224.16 0.28 62.76

4 224,16 0.28 62.76

9 1 201.74 0.30 60.52-
2 201.74 0.30 60.52

3 224.16 0.25 56.04

4 201.74 0.30 60.52

10 1 246.58 0.29 71.51
2 246.58 0.30 73.97

3 - 291.41 0.30 87.42

4 246.58 0.29 71.51

11 1 156.91 0.29 45,50
- 2 “134.50 0.30 40.35
3 201.74 0.29 58.51

4 156.91 0.29  45.50

12 1 291.41 0.30 87.42
2 268.99. 0.29 78.01

3 336.24 0.30 100.87

4 336.24 0.30 100.87

15 1 537.98 0.24 . - 129.12
2 1613.95 0.23 371.21

3 1748.45 0.24 419.63

4 1770.86 0.21 371.88
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Table 19—Continued

TREATMENT {ARVEST REPLICATION FORAGE TTCRUDE. 7T
. DRY MATTER PROTEIN .

(#) (=) (Kg.Ha.-1) (%) (Kg.Ha.-1)
16/33 1 1 "T784.56 0.28 7 219.68°
2 829.39 0.28 232.23

3 851.81 0.29 247.02

4 874 .22 0.28 264 .7

3’ 1 - 1031.14 0.26 . 268.10°

2 963.89 0.26 250.61

3 874,22 0.25 218.56

4 1008.72 0.27 272.35

5 1 100872 0.25 252.18

2 941 .47 0.25 235,37

3 1479.46 0.24 355.07

4 1098.38 0.25 274,60

7 1 470.74 0.28 131.81

2 358.66 0.28 100.42

3 403.49 0.28 112.98

4 425,90 0.28 119.25

97 1 829.39 0.28 232.23

2 874.22 0.28 244,78

3 650.06 0.27 175.52

4 829.39 0.28 232.23

"""" T T T T T 448,32 0.27 121.05

2 403.49 0.28 112.98

3 425.90 0.28 119.25

4 313.82 0.28 87.87

Tt T 336.24 0.26 B7.42

2 358.66 0.27 96.84

3 358.66 0.25 89.66

4 1031.14 0.23 237.16
TTTTisT T TTTTTTyYT T TTTTTTTTT 5200.51 0.19 988.10
2 5155.68 0.19 979.58

3 5178.10 0.19 983.84

4 5716.08 0.19 1086.06

18750 1 T 1344.96 0.28 376.59
2 © 1344.96 0.28 376.59

3, 1457..04- 0.28 407:97

4 0.28 351.48

1255.30
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Table 19-—Continued

TREATMENT  HARVEST REPLICATION FORAGE CRUDE -
o _ DRY "MATTER PROTEIN

(#) (#) 7 (Kg.Ha.-1) (%) (Kg.Ha.-1)
16750 3 1 1569.12 0.25 392.28
2 1457.04 0.25 364.26

3 1434 .62 0.25 158,66

4 1457, 04 0.25 364.26

5 1 694.90 0.25 173.72

2 381.07 ‘0. 24 91.46

3 739.73 0.25 184..93

4 874.22. 0.24 209.81
7 ' 1 358.66 0.30 107.60

2 425.90 0.28 119.25

3 403.49 0.28 112.98

4 425,90 0.29 123.51

g 1 1031.14 0.27 278.41

2 963.89 0.26 250.61

3 986. 30 0.26 256. 44

4 © 896.64 0.27 242.09

11 1 403.49 0.28 112.98

2 515.57 0.29 149,51

3 560. 40 0.29 162.52

4 -582.82 0.30 174.84

13 1 694.90 0.28 194.57

2 672.48 0.28 188.29

3 627.65 0.28 175.74

4 605.23 0.27 163.%41

15 1 2891.66 0.20 576.33

2 2689.92 0.20 537.98

3 3295.15 0.21 691.98

4 2622.67 0.20 524.53

716767 1 1 1815.70 0.27 490.24
2 . 2241.60 0.28 627.65

.3 1815.70 0.27 490,24

4 1927.78 0.27 520.50

T3 1 1770.86 0.25 442,72
2 1389.79 0.25 347.45

3 1569.12 0.25 392.28

4 1389.79 0.26 361.35

s 1 291.41 0.26 75,77
2 1300.13 0.23 299.03

3 1232.88 0.23 283.56

4 1143.22 0.22 251.51
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Table 19—Continued

TREATMENT -HARVEST REPLICATION = FORAGE . " CRUDE-
s ' T T DRY MATTER .. PROTEIN o
(#) (#) ' " (Kg.Ha.-l) (%) .- (Kg.Ha.-1)- -
16767 7 1L 179.33 0.30.. .7 - 53.80 .
2 ©224.16 '0.28 62,76,
3 291.41 "0.29 84.51
4 336.24 "0.29- 97.'5.1
9 1 560- 40 0.30 168.12
2 5832.82 .0.29 169.02
© 3 627,65 0.29 182.02
4 627.65 0.30 188.29
11 1 -'537.98 0.29 156.02 -
2 627.65 0.29 182,02
3 582.82 "0.30 174,84
4 650.06 0.30° 195.02 .
13 . 1 829.39 . 0.29 - 240.52
2 851.81 0.29 247.02
3 874.22 0.29. 253,52
4 98630 0.29" 286503,
15 1 1344.96 0.23 309,34
2 1053.55 0.24 252.85
3 1703:62 0:24 408.87
A 11501.:87 0.23 345.43
TTT32733 [T 672748, 0.28°  188.29
: : 2 - 919.06 0.26 238:95
3 806.98 0.28 225.95
4 717.31 0.27 193.67.
5" 1 1658.78 0.26. 431.28 -
2, 1770.86 0.26 '460.42
3 1815.70 0.26 472.08,
4 2039.86 0.27 550.76 - -
9 1 1165.63 . 0.24 279.75..
2 650.06 0.22 143.01 .
3 1098.38 0.24 263.61 .
4 1815.70 0.22 399.45 .
R 1. 986.30 . 0,22 .216.99
2 1031.14 0.29 - 299.03
3 1277.71 0.23 293.87
4 1770.86 " 0.22 389.59
. 15 1 .6388.56 0.16 1022..17.
2 5671.25 0.15 " 850.69
3 . 6276.48 0.17 . 1067.00
4, 0.

1065.88
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Table 19--Continued

TREATMENT  HARVEST REPLICATION FORAGE CRUDE .
. DRY MATTER PROTEIN
(#) (#) -~ (Kg.Ha,-1) (%) (Kg.Ha.-1)
32/50 1 1 1457.04 0.28 T407.97
2 1546.70 0.27 417.61
3 1098.38 0.28 307.55
4 1232.88 0.29 357.54
5 - 1 1591.54. 0.26 413.80
2 © 1569.12 0.26 407.97
3 . 1524.29 0.26 396.31
4 1457.04 0.26 378.83
9 1 1165.63 0.24 279.75
2 1143.22 0.26 297.24
3 1389.79 0.24 333.55
4 1434.62 0.24 344.31
13 i 1636.37 0.24 392.73
2 874.22 0.27 236.04
3 1232.88 0.25 308.22
4 1075.97 0.26 279.75
15 1 3676.22 0.18, 661.72
2 4169.38 0.19 792.18
3 4438.37 0.12 532.60
4 3877.97 0.18 698.03
T 32/67 1 1 1524.29 0.27 411.56
2 1860.53 0.26 483.74
3 2196.77 0.27 593.13
4 1793.28 0.27 484,19
5 1 1613.95 0.27 435.77
2 1681.20 0.26 437.11
3 1726.03 0.27 466.03
4 2174.35 0.26 565.33
9 1 2039.86 0.25 509.96
2 1703.62 0.24 408.87
3 1569.12 0.25 392.28
4 1860.53 0.24 446.53
13 1 1501.87 0.24 360.45
2 1927.78 . 0.26 501.22
3 1681.20 0.26 437,11
4 2129.52 - 0.24 511.08
15 1 2958.91 0.20 591.78
2 3295.15 0.18 593,13
3 2891.66 0.22 636.17
4 3003.74 0.20
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Table 19—Continued

TREATMENT  HARVEST REPLICATION FORAGE i CRUDE
: DRY MATTER PROTEIN -
(#) - (#) (Kg.Ha.-1) " . (%) (Kg.Ha.-1)
Graduated 1 1 829.39 0.27 223.94
2 . 941.47 0.28 263.61
3 784.56 0.28 219.68
4 919.06 0.28 257.34
2 1 1300.13 0.28 . 364.04
2 1748.45 0.28 489.57
3 1726.03 0.28 483,29
4 1389.79 0.28 389.14
3 1 806.98 ~70.27 °  217.88
2 829.39 0.27 223.94
3 " 784.56 0.26 203.99
4 739.73 0.27 . 199.73
5 1 1300.13 0.24 312.03
2 1748.45 0.24 419,63
3 1726.03 0.23 396.99
4 1389.79 1 0.25 347.45
7 1 "7358.66  0.27 96.84
2 . 358.66 ©0.27 © 96.84
3 470.74  0.28 -131.81
4 : 448.32 0.28 125.53
11 1 2779.58 0.22 611.51
2 2510.59 0.25 627.65
3 2151.94 0.25 537.98
4 2689.92 0.24 645.58
14 1 2622.67 0.23 603.21
2 2264.02 0.25 566.00
3 2600.26 0.24 624.06
4 . 2757.17 0.24 . 661.72
15 1 1188.05 0.22 261.37
2 896.64 0.21 188.29°
3 1098.38 0.24 263.61
4 1210.46 0.23 278.41
Prebud 1 1 2600.26 0.26 676.07
2 .242.09 0.25 . 60.5%2
3 2219.18 0.26 576.99 .
4

2533.01 0.26 658.58




108

Table 19--Continued

TREATMENT ~ HARVEST REPLICATION = FORAGE CRUDE
: DRY MATTER - PROTEIN -
(#) (#) (Kg-Ha.-1). (%) (Kg.Ha.-1) -
Prebud 6 1 3115.82" 0.24  747.80
2 .3295.15 0.24 790.84
3 3676.22 0.24 882.29 -
4 3227.90 0.24 774.70
10 1 2757.17 0.24 661.72
2 2555.42 0.24 613.30
3 2869.25 0.25 717.31
4 2824.42 0.24 677.86
14 1 1770.86 0.27 478.13
2 1636.37 10.27 441.82
3 i681.20 0.28 470.74
4 1927.78 0.27 520.50
15, 1 650.06 ‘0.26 169.02
2 582.82 0.24 139.88
"3 560.40 0.26 145.70
4 560.40 0.26 145.70
Prebloom 1 1 2376.10 0.26 617.78
2 2465.76 0:26 641.10
3 2151.94 0.26 559,50
4 2264.02 0.26 588.64
6 1 4707.36 0.23 1082.69
2 4393.54 0.22 966.58
3 3990.05 0.23 917.71
4 4684.94 0.22 1030.69°
11 1 2914.08 0.22 641.10
2 2914,08 0.22 641.10
3 2802.00 0.23 644,46
4 . 304858 0.23 701.17
15 1 5021.18 0.17 853.60
2 4617.70 0.17 785.01
3 4483.20 0.17 762.14
4 5088.43" 0:19 966.80 °
Hay 6 1 7845.60 0.20 1569.12
2 7038.62 0.20 1407.72
3 6904 .13 0.17 -1173.70
4 7576.61 "0.19 1439.56
11 1 3496.90 0.20 699.38
2 3788.30 0.21 795.54
3 3653.81 0.20 730.76
4 3810.72 0.22

838.36
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Table 19--Continued

TREATMENT HARVEST REPLICATION FORAGE CRUDE
_DRY MATTER PROTEIN
(#) (#) . (Kg.Ha.-1) (%) (Kg.Ha.-1)
Hay 15 L 5716.08 0.15 857.41
: 2 5043.60 0.17 857.41
3 4909.10 0.18 883.64
4 18 0.18 952,23

5290.




Table 20.

‘Leaflet area per harvest of Spredor II alfalfa as affected by hay and
simulated grazing treatments at greenhouse in 1987.
. HARVEST NUMBER T
TREATMENT . N et ——— _
1 2 3 4 5 6 7 8 9 10 i1 12 13 14 15 16 LSD
8767  0.59 0.44 0.50 0.57 0.68 0.66 0.48 0.48 0.37 0.44 0.45 0.38 0.51 0.18 0.25 -0.23 0.152
8750 0.61 0.46 0.34 0.58 0.58 0.66 53 0.59 0.38 0.57 0.59 43 0.47 0.32 0.24 0.19 0.126
8733 5757 938 935 0.4l 0,51 0.57 537 0.60 0.36 0.40 0.51 50 0.49 0.30 0.26 0.17 0.153
16767 0.64 0.52 0.62 .75 6.57 0.68 0.69 6737 07315 140
16750 0.64 0.45 0.54 .65 0.45 9767 0.62 0.35 0.20 0.117
16733 0.63 0.36 0.46 .48 0.42 0.50 0.42 0.21 0.25 0.106
32767 0.38 0.55 0.60 .50 0.30 0.128
732750 0.66 0.41 0.48 0.46 9727 87107
32733 0.64 0.37 5737 - 0.42 825 07095
Graduated 0.63 0.43 0.38 0.60 0.58° - 047 0736 0,19 0.078
Prebud 0.62 0.56 0.59 0.43 0.133
P.rebloom 0.53 0.43 0.54, 0.34 0.114
fiay 0747 0758 0765 0743770127

d XIONAddVY

011
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APPENDIX F
Table 21. Leaflet area per harvest above and below the cut level of
©  Maxim alfalfa as affected by hay and smrulated grazmg R
treatments at Bozeman, MT, m 1987 R
T HARVEST WNUMNBER
TREATMENTS _________ - o 2 :
1 2 3 - 4 5 6 7 . 8 .9 10 - 11 12.: 18D
TTTB787 T Tae T TTTT1T337 71016 0,377 0058 70745 0,64, 6,59 0431 0.64 9.66 '0@;2 0,225
“be T 0.27 0.19 oi21v~g:3q 0.24.0.030°
8750 ac 1.53 7173377081 6.59 0.31 0.61 0.67 0.51 0.64 _emsw;,o.AA' 0;347
Y -770.34 0.28 0.27 0.23 5.20° 0.151
T78/33  ac 17397 '1.36 1.05 0.71 0.58 0.42 0.53 0. %4 0.70  0.8% 0.36 07301
Be ' 57357 67356735 635 0.31 0.171 -
16767 ac 1.24 6.537" 0.48 1.00 9780 ';ozee'quqaq
“be” - TR T 0.39 0727 A NTE 0.138
“T1e7507 ac 1.46 T 71.08 7 7T0.537 0.69 6.63 ~"9.78770.394
Tbe T TTTTTTTTTTTTTTTT TtTtoTT 0.34 6.34 0.33" 0:199.
TT18733 Tac 1774 1766777 "T0TE6 0,56 "0.732 875307313
Toe T T TTTrTTTr T 0.41 037 09745 0-135
732767 ac 1.0 . TTTUTTTTTT 0.55 0.83 1:61 0.385
bo T T T T 0738 0.49 btééh
TT327567 Taco.ee T T TTolad 0.69 N ‘d 323
TheT T T T i "o 0743 .0.38 o 339,
732733 ac 1.17 TTTTTTTTTROUs T 0.92 o 46-70. 373 .
e T T 'o 35 ofgspt
Graduated ac 1.25 1.24 1.39 T066 T 0.40 0.84 0.33 -01563
Tbe - ] o.ap;iq.go' 0.126
Prebud ac 1757 : 0.39 ' 1.55} 0,506 -
“be 0.30 ~0.33 o;iqz~
Prebloom  ac 1713 i :,,0,40 1ﬁio,.q.3a9
. The : 900 -oiéa 50;259‘
Hay ac 1.04 17350244 olgaz-
be 754 _o}zb, 0-173.
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