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The in uito digesttbitt* 
"f 

t3t?.Tl3ll, d",".-ioed for 20 srasses, 6
forbs, and 6 miscell-aneous browse soecies of the Festuca scabrella aisociation
of southwestern Alberta. From this was calculared the "Nutritive Value
Index" (N.V.I.) and percentage of digestible protein. The mean N.V.I.
and the mean digestible protEin of the four 'cultivated grasses, Brotmts
in-ermis, Elymus jinceus, Festuca ntbra, and Phleznn pratenie, at each stage
of growth, was higlrer than the respective mean of- the native spccies of
grasses._ However,- Bromus pumpelliamts, a narive species, had 

-a 
higher

mean N.V.I. for all stages of 
-groivth 

than any of the bther.grasses stuilied.
The forbs as a class rvere equJl or superior to the grasses in N.V.I. and per-
centage of digestible protein. It is^sussested thit other factors such as
palatability,,toxicity, and. regional adaptitlon should be considered before a
specres rs adequately evaluated as a range forage.

INTRODUCTION

. It 1 previou-s paper (9) the chemical composition of a number of the
principal range foiage species of the Festuca scdbrelln association, rvhich
were collected at five"sta$es of growth, was reported. It rvas found that the
Protein and phosphorus conreir of all speciis under study declined rvith
advancinq maturiry, l'hile calcium and crude fiber incr6ased. Carorene
content 5f the gtrsres also decreased with maturitv but that of the forbs
and shrubs shoried no regular parrern. Forbs and shrubs were higher in
protein,. phosphorus, and Earotene than the grasses at all stages of frowrh.
Seasonal. de_clines in protein and phosphorri *ere closely iarallelei bv a

decline_ in live weig6t gains of iows'akhough ample f6ed supplier ,".t"
available. It was c6nchided rhat, at least on ftargin'al land, the'd'estruction
of forbs and shrubs was of questionable value a"nd that quality of forage
rather than quantity was the-importanr factor. In view'of this, in vitio
digestibilitier y9I9 ietermined ori the same species at five stages of growrh
to obtain an additional measure of their relative nutritive valuEs.

The usefulness of .n" 
"rri#?"T"r?ot'"" 

as a tool in determining the
digestibility of a. forage has been shown by Brown (2). Hershberger"et ol.
(8), Pigden ( 1l ), and others. Baker and' Harris ( l), Cook and -Stoddart
(3), and Morrison (10) reported that the digestibility of cellulose was
directly propoltional to the over-all nutritive"value of a forage and so
cellulose was the analysis chosen for this studv.JJ

The in vitro technique was that described by Donefer et al. (6). This
technique 

-was. standardi1ed, using two standard forage samples from
N{acdonald College on which in vipo and in aitro disestldilitie. were avail-
able. when in 6itro trials on the "standard Forage "samples" were carried
out at the Research Station, Lethbridge, Alberti, it rvas found that an
lS-hour digestion period produced resu-its most closely resembling the l2-
hour figures reported on rhe ,\lacdonald college data sheers. ri.n.", 

"nlS-hotrr digestion period was used for the in titro trials reported in this
-_l*tbtdon 

from the Animal Science and. Forage Crolx Sectioro.
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papef. Digestible protein was .calculated from the Percentage of 
. 
protein

(l) and thi coefficient of digestibiliry of cellulose, on the assumption that
the lrrrer is indicative of rhE digcstibility of the protcin. The replicates

reporred in 19) for each strge oiglowth of each ipecies were composited
for the in titro deterrninario"ns. D-uncan's mulriplc range test -(7) was used

to determine the significance of dilferences between stages of growth and

between groLlps of forages.

Cellulose w-as determined by the method of Crarnpton and A'{aynat (5)
with modifications suqgested by l)onefer et al. (6). -The "Nutritive Value
Index" (N.V.I.) rl'as"&lculat.i ftottt the in vitro data using the equation:
N.\-.I.: 1.31*r--7.8 as proposed by Donefer,'v'being the 7n r^itro'digesti-
bility coefficicrit of the'celir.rlose. 'Th" N.V.l. as priposed by Cram-pton'
Donefer, and Lloyd (4) is based on a standard forag'e oi early-iut' chopped,
dehvdrarecl legude harl that s'as given the N.\r.I. n? too rx.'hi:n fed to Jtreep.

REST,ILTS AND DISCUSSION

The data on percentage and digestibiiity of cellulose, Nutri:ive Value
Indexes, and percettage <rf"digestible"protein'u'ere divided into three.groups
representing grasscs. iorbs. aid miscellaneous (one sedge, two -shrubs, 

two
tries, and tfie"w-inter seed pocl of Ross u'oodsii) and are flresented in Tables 1

and 2. The slasses have been further divided into cultivated and native
species. It ha-s been well estabiished bv other workers that the nutritive
value of forages decreases as they mature and this same trend was evident
in the mean N.V.t. and digestible prorein of the grasses and forbs (Tables I

and 2).
The mean cellulose content of the grasses increased by 26 per cent flom

the first to the Iast stase of srov'th, 
^ttd 

th" mean digeitibilily coefficient
decreascd by j3 per ceit. r,'hie in the forbs the figures-are only 4.per cent
and 19 per'cend respectirel) (Table 1). In the grass grouP, the tnean
N.\'.1.'stf ,,rg.r't aria z rveie significantlv greatet t? < .dt; than those of
stages 3, 4, an? 5. Of the grtri.s, Bronnr{ putnpellianus had the highest
N.V.I. in the leaf stase of s'roivth u'ith an index of 84.6 and when weathered
had an index of 49.6. Alropyron stnithii was highest during the heading
stage with an N.\r.I. of 05.t, w,hlle Elynnrs junceus exceeded the others
duiing the seed ripe stage v'ith 65.5 and the ,cured stage with 56.3'

DantEonia pttrryi aid F-estitco scdbrella, u'hich made up 35 per cent of the
range forage in the area sampled (9), had a mean N.V.I. fbr all stages of
37.i whic[ r'vas slightll' lo'iver than the over-all mean of 39.5 for all species

of grasses studied. - F;silrcd ruhrn, .rhich maintained a _rel_atively- high pr.o-
tein-content throughout the year (9), had a very lorv N.V.I. of 7'6 at the
$,eathered stage of"gro.r'th, vfiile Siiia spcnte,t var. curtiseta with a relatively
Iou, protein Jonten"t had an 

"bove-av.rtge 
N.V.I' at- all stages of grorvtli'

The mean N.V.L for all stages of the cultivrted species of grasses was 28.7

per cent higher than the cofiparable figulc for the native sp-ecies'

Although rhe mean N.V.L's of the forbs decreased with maturity, tl-ris

reduction was so smail that the differences betrveen stages of gro\vth were
not significant. Aster laeais at the leaf stage of growth had the highest
N.\/.I: (93.5) of all the samples tested, u'hich placed it verv close to the
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Tenr-a 2. - PERcnxrA,cE oF DTcESTTBLE PRoTEIN (celculerlio) or 32 sprcros on
GRASSES, FORBS, AND MISCELLANEOUS FORAGE PLANTS

69t

Digestiblc protein

Stage of growthl

GnassBs
Native species:

A gro p y r on da systa chyum
Agropyron smilhii
A gr o pyr on sub s ecund'utn
Bromus pumpell'ianus

Calarnagrost is inexponsa
C al,ama gr os tis rub e s cen s
D an tho n,ia int er med.'ia
Danthonia parryi

D es champsi.a caespitosa
Elymus cond,ensatus
Elyrnus ,innoaatus
Festuca id.ahoensis

Festuca scabrell,a
Stipo ri.chardsonii,
S/ipa spartea var. curtriseta
Stipa ui.ridula

NIean

Cultivated species:
Bromus inerm'is
Bllmus junceus
Festuca rubra
Phleurn platense

Mean
Mean of all grasses

Fonss
A r temis ia gna p hal, od, e s
Aster l.aezris
H e d.y s arum am e r iconurn
Lathyrus ochraleucus
Lupinus orgenleus
V,icia americana
Mean

Mrscrrr.lNBous
Carex atherod.es
Potentilla fruticosa
Sym p hor icar p os o cci.dentalis
Populus trernuloides
Rosa woodsii
Salir species

rStages of growth: (1) Leaf stagc
(2) Headjns
(3) Seed ripe
(4) Cured
(5) Weathered

/o7 \\ /o)

5.3
10 .9
6.3

12.7

9.9
3.9
A1

5.0
11
5.8

6.6

4.9
6.4
6.6

10 .4
8.9
9.6
6.9
9.0
l.L

7.2
11 .6
3.7
9.7
/.J

13 .0
8.8

2.5
0.1
4.0
6.22

4.O2

(%)

8.1
2.6
3.9

3.5
)6
2.8
?1

2.r
1.0
1.9
4.3

2.3
2.7
4.2
3.4

o.l
2.9
5.9
3.3
4.6
3.6

5.9
5.9
2.7
8.8
/.o
7.2
6.4

2.2
0.8
1.8

(%)

3.6
t -J
1.2
4.0

1.6
?o
2.4
1()

1.6
0.8
l -J
2.1

2.4
1.2
J.l
2.5
2.2

1.8
4.6
4.3
1.9

2.+

4.2
5.2
0.9
.')./
5.2
5.4
+.4

(o/o)

,)?

0.7
0.8
1.5

0.9
0.8
1.8
0.9

U.I
0.2
0.6
0.9

1.5
1.2
1.6
I.+
1.1

2.3
4.5
4.2
0.8
3.0
r.,f

l'-

(%)

1.1
1.3
1.0

0.3
0.2
(,-5
0.6

1.0
0.6
l.l
0.9
0.9

0.7
2.2
1.0
0.5
1.1
1.0

0.6

0.83
t.t'
1 .03

(%)

3.1
4.4
2.3
4.8

,L
J./
2.4
2.2

1.9
2.0
2.0
2.6

3.4
z.l
2.8
.1 .l
2.8

4.J
4-O(n
2.7
4)
3.5

5.8
7.6
2.4
8.1
6.8
8.5
6.5

,Leaves
aBarh and u'inter bucls
aRose hips
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standard forage sample on which the N.V.I. is based. The rnean N.V.I. of
stage 3 in the-forbs lroop was greate-r than that of stages 2,3, +, or 5 of the
grisses. The impor"tancb of th'is rvas indicared in the-first paper (9) when
it *rs stated thai "chronologically, the seed-ripe stage in forbs is roughly
comparable to the cured stafe in'tire grasses, r'"a tntlt a desirable nutrftive
levei is maintained by the f-orbs for i longer period of time than by the
grasses". The mean X.V.t. of the three stiges'of Hedysarutm srmeriianunt
was quite lorv, being 80 per cent lower tharrthe over-all mean of the other
five fbrbs.

The N.V.I.'s of the miscellaneous gloup were quite variable. However,
the N.V.I. of 44.4 for poplar leaves,-25.3-for willow leaves, and 18.9 for
poplar bark and stems aie worthy of note. Potentilla fruticosa, which had
a relatively high protein contenr of 9.5 to I3.0 per cent (9), had a surpris-
ingly low"N.V.I.,'ir being -6.5 to 4.0. In Table^ 2 there were no signifiiant
differences in digestible protein between stages in either the grass or forbs
group. Bronrus puwpellianus, with 12.7 per cent protein, was highest of
ail grasses during the leaf stage of growth, but decreased rapidly as the season
progressed. Elytmrs junceus, although not as high in digestible protein as

Bromus pumpelliunus during the leaf stage, maintained a relatively high
digestible protein content and was highest of all the grasses during stages 3,

4, and 5.

The forbs were high in digestible protein v'hen cornpared to the
grasses, Viciu arnericana and Lathyrus ochroleucus being the top two species,
with 8.5 and 8.1 per cent digestible protein, respectively. The mean
digestible protein content of thJ forbs during the seed-ripe stage (4.4 per
ce*nt), Iike^the mean N.V.I. of the forbs, was "higtr.t than f'hat of"the grrit.t
drlrjng stages 2, 3,4, and 5. Tlle species in the miscellaneous group were
all low in digestible protein and qulte variable. The only sample of any
importance rias the poplar leaves,'which contained 6.2 p6r ceni digestible
Proteln.

These results indicate that the superior grasses were Bronnts ptnnpel-
liwnus, Elyrmts junceus, and Brormts inerncis, fhe first being a native species
while the last two are cultivated ones. Of the forbs, Aster laeais and
Artemisia gntphd"Iodes were outstanding. However, before fully ei.'aluating
any species, other factors must be considered, such as palatability, presence
or absence of toxic factors, yield in competition with other forage plants,
and recuperative ability after grazing.
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