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Abstract

Russian wildrye [Psathyrostachys juncea (Fisch.) Nevski], a
cool- season introduced bunchgrass, offers producers an alterna-
tive to crested wheatgrass [Agropyron desertorum (Fisch. ex Link)
Schultes] for spring and fall grazing in the Northern Great
Plains. Tetraploid Russian wildrye with improved seedling estab-
lishment may offer even greater potential for seasonal grazing.
This study investigates how the concentrations of some nutritive
quality components in leaf, stem, and inflorescence tissue of
diploid and tetraploid Russian wildrye were affected by growing
season water (50 and 150% of average precipitation) and fertiliz-
er (10 and 134 kg N ha-'). Plants were sampled at vegetative,
boot, anthesis, and anthesis plus 10 -day stages of maturity in
1994, 1995, and 1996. Tetraploid plants had slightly (P < 0.05)
less crude protein (CP) in leaf, stem and inflorescence tissue than
diploid plants. Plants grown at the 50% water treatment had
higher CP and in vitro dry matter digestibility (IVDMD), and
lower acid detergent fiber (ADF) and neutral detergent fiber
(NDF) in leaf and inflorescence tissue, while in stem tissue only
CP was affected by the growing season water treatment.
Nitrogen fertilizer resulted in greater CP and IVDMD and lower
ADF and NDF in all 3 plant tissues. Maturity affects were consis-
tent over leaf, stem and inflorescence tissue, with CP and
IVDMD declining and ADF and NDF increasing as plants
matured. There were some differences in nutritive quality com-
ponents between diploid and tetraploid plants, but overall their
qualities were comparable and quite good. Crude protein at all
stages of maturity in leaf and inflorescence tissue would have
been adequate for most classes of beef cattle, while stem tissue
CP would have only been adequate for lower producing animals.
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Resumen

El "Russian wildrye" [Psathyrostachys juncea (Fisch.) Nevski],
es una especie introducida, amacollada y de estación fría que
ofrece a los productores una alternativa del "Crested wheat-
grass" [Agropyron desertorum (Fisch. ex Link) Schultes] para el
apacentamiento en primavera y otoño en las Grandes Planicies
del Norte. El "Russian wildrye" tetraploide, con capacidad mejo-
rada de establecimiento, puede ofrecer aun un mayor potencial
para el apacentamiento estacional. Este estudio investigó como la
concentración de algunos componentes de la calidad nutritiva de
los tejidos de hoja, tallo e inflorescencia del "Russian wildrye"
diploide y tetraploide son afectados por la cantidad de agua (50 y
150% de la precipitación promedio) y de fertilizante (10 y 134
kg N ha') recibidos en la estación de crecimiento. Durante 1994,
1995 y 1996 las plantas se muestrearon en las etapas de crec-
imiento vegetativo, embuche, antesis y antesis más 10 días. Las
plantas tetraploides tuvieron ligeramente menos (P < 0.05) pro-
teína cruda (CP) en hoja, tallo e inflorescencia que las plantas
diploides. Las plantas que crecieron al nivel de 50% de la precip-
itación promedio tuvieron mas alto contenido de CP y digestibili-
dad in vitro de la materia seca (IVDMD) y contenidos más bajos
de fibra ácido detergente (ADF) y fibra neutro detergente (NDF)
en la hoja e inflorescencia, mientras que en los tallos solo la CP
fue afectada por el tratamiento de agua. La fertilización nitroge-
nada produjo mayores contenidos de CP y IVDMD y menores
niveles de ADF y NDF, esto fue similar para los tres tejidos anal-
izados. Los efectos de la madurez fueron consistentes en los teji-
dos de hoja, tallo e inflorescencia y a medida que la planta
maduró y el contenido de CP y IVDMD disminuyeron y la ADF
y NDF aumentaron. Hubo algunas diferencias en los compo-
nentes de la calidad nutritiva entre las plantas diploides y
tetraploides, pero en general sus calidades fueron comparables y
muy buenas. La CP de la hoja e inflorescencia en todas las eta-
pas de madurez hubieran sido adecuados para la mayoría de las
clases de ganado mientras que el CP de los tallos hubiera sido
solo adecuado para animales de baja productividad.

In the Northern Great Plains there are few alternatives to crest-
ed wheatgrass [Agropyron desertorum (Fisch. ex Link) Schultes]
for early season grazing. Russian wildrye [Psathyrostachys
juncea (Fisch.) Nevski] is a potentially valuable, but currently
under utilized cool- season bunchgrass introduced to the United
States from the former U.S.S.R. in 1927 (Johnson and Nichols
1970). Its use has been limited by poor seedling vigor and related
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establishment problems (Lawrence 1963).
Tetraploid Russian wildrye germplasm has
improved seedling emergence, larger plant
cells, and longer and wider leaves corn
pared to diploid cultivars (Berdahl and
Barker 1991, Berdahl and Ries 1997).
Changes in leaf morphology may affect
plant nutritive value. Tetraploid perennial
ryegrass (Lolium perenne L.) cultivars
were more digestible and had higher con-
centrations of crude protein (CP) and
lower concentrations of neutral detergent
fiber (NDF) than diploid cultivars (Jensen
et al. 2003).

The effects of drought on forage quality
have been inconsistent. Water stress in
crested wheatgrass [Agropyron cristatum
(L.) Beauv.], smooth bromegrass (Bromus
inermis Leyss.), and Altai wildrye
[Leymus angustus (Trin.) Pilger],
increased the rate of seasonal decline in
nitrogen (N) and phosphorus, but
decreased the seasonal decline in
digestibility, by reducing the rate of
increase in acid detergent fiber (ADF) and
lignin (Bittman et al. 1988). In kleingrass
(Panicum coloratum L.), a warm - season
perennial, both stem and leaf IVDOM
decreased as water stress increased, even
though leaf percentage increased (Pitman
et al. 1981). Water stressed kleingrass had
an increased proportion of cell wall com-
ponents and increased lignification
(Pitman et al. 1983). Water stress had a
positive effect on orchardgrass (Dactylis
glomerata L.) and perennial ryegrass qual-
ity by increasing CP and digestible neutral
detergent fiber (Jensen et al. 2003).

Nitrogen fertilizer can also affect plant
nutritive value. In vitro organic matter
digestibility (IVOMD) of Russian wildrye
was increased by fertilizing with 200 kg N
ha', and the effect was evident season -
long except at mid -May and early
September sampling dates (Lawrence and
Knipfel 1981). Adding N fertilizer
increased Russian wildrye whole plant N
at all dates except mid -May (Lawrence et
al. 1982).

Plant parts may differ in nutritive quali-
ty and be differentially affected by plant
maturity. A decline in timothy (Phleum
pretense L.), orchardgrass, and smooth
bromegrass IVDMD as maturity advanced
was observed in all plant portions
(Pritchard et al. 1963), but the rate of
decline was greater in stems than leaves
(Pritchard et al. 1963, Mowat et al. 1965).
Immature timothy, orchardgrass, and
smooth bromegrass stems were higher in
IVDMD than leaves, and these 3 grasses
showed little species difference in leaf and

stem CP ( Mowat et al. 1965). From the
boot stage on, CP was higher in smooth
bromegrass leaves than stems (Kilcher and
Troelsen 1973). At maturity smooth
bromegrass (Kilcher and Troelsen 1973)
and Russian and Altai wildrye (Kilcher
1975) stem digestibility had declined to a
much lower level than leaf tissue. Kilcher
and Troelsen (1973) also reported that cell
wall lignin increased more in stems than
leaves with advance in maturity.

Stem IVDMD differences (24 %)
between orchardgrass cultivars were
greater than leaf (7 %) tissue differences
(Buxton and Marten 1989). In smooth
bromegrass, `Rebound' stems were 12%
more digestible than `Barton', but Barton
leaf tissue was 6% more digestible than
Rebound (Buxton and Marten 1989).
Among 5 cool- season grass species, dif-
ferences appeared to be related more to
herbage yield and morphology than to leaf
and stem quality (Baron et al. 2000).
Relative differences in leaf blade NDF,
ADF and CP of meadow brome (Bromus
riparius Rehm.), smooth bromegrass and a
meadow brome x smooth bromegrass
hybrid were related more to species than
to stage of maturity, while stern quality
differed among species and stage of matu-
rity (Ferdinandez and Coulman 2001).

The lack of nutritive quality data for the
relatively new tetraploid Russian wildrye,
as well as the need to better understand the
effect of N fertilizer and drought stress on
the quality of this species precipitated the
research. Drought is a common problem in
the Great Plains and fertilizing with N is a
common management practice. Thus,
objectives of the research were to deter-
mine the effect of ploidy, water, and fertil-
izer N on the nutritive quality of Russian
wildrye leaf, stem, and inflorescence tis-
sue harvested at 4 stages of maturity.

Materials and Methods

In 1993, diploid and tetraploid entries of
Russian wildrye were seeded under a
movable rain shelter located near Mandan,
N.D. (46° 48' N, 100° 55' W). During pre-
cipitation events a 12.1 -m x 30.3 -m shelter
automatically covered the plot area (Ries
and Zachmeier 1985). Plots were irrigated
during the growing season with an over-
head sprinkler system attached inside the
shelter. Entries were grown in 8 -row plots
(3.6 -m length, 0.33 -m between rows) on
Parshall fine sandy loam soils (coarse
loamy, mixed superactive, frigid, pachic
Haplustrolls). Entries were the diploid cul-
tivar Vinall, which has been used as a

standard in many Russian wildrye studies,
and a tetraploid entry which was a bal-
anced composite of 6 populations repre-
sentative of tetraploid germplasm in the
Mandan breeding program (Frank and
Berdahl 2001).

There were 4 replicates of each entry
arranged in a split -split plot design. Water
treatments were main plots, with N levels
as subplots and entries as sub subplots.
Water treatments provided 50 and 150%
of the long -term average monthly precipi-
tation for April through October, at
Mandan. Long -term averages (30 yr) were
based on precipitation levels, in mm, of 38
(April), 55 (May), 85 (June), 61 (July), 4
(August), 38 (September), and 24
(October) (Frank and Berdahl 1999).
Treatment levels were achieved by weekly
watering. Each year plots were exposed tr
natural precipitation from November
through March. Nitrogen treatments
applied in April of each year consisted of
10 and 134 kg N ha -' from ammonium
nitrate. Water and N treatments were initi
ated in 1993, to ensure that plants were
acclimated to their respective treatme
before data collection was initiated
1994. The study contained a total of
plots from 4 replications of 2 ploidy le
els, 2 water levels, and 2 N levels. S
water potential measurements taken on
weekly basis from these plots have
published previously (Frank and Ber
2001).

Forage samples were hand - clipped
approximately 5 -cm stubble height fr
plots for nutritive quality analysis at
vegetative, boot, anthesis, and anthe
plus 10 -day stages of maturity, in 1994.
1995, and 1996. Forages developed at dif-
ferent rates each year due to variation in

accumulated growing degree days; thus,
sampling dates were not consistent among
years. In 1994, samples were clipped on 4,
16, and 31 May, and 14 June; in 1995.
samples were clipped on 10 and 22 May
and 6 and 21 June; and in 1996, samples
were clipped on 17 and 28 May and 14
and 26 June. Within years, forage samples
were clipped from a different portion of
the plot at each sampling date. In
September, all plots were clipped to a sim-
ilar height to minimize any possible plot
effects the following year.

After clipping, samples were rinsed in
distilled water to remove any contaminat-
ing soil, and dried at 55° C in a forced -air
oven. All samples were ground through a
1 -mm screen before analysis. Samples col-
lected at anthesis and anthesis plus 10 -day
stages of maturity were separated into leaf,

stem and inflorescence tissue before being
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ground. Forage samples obtained at vege-
tative and boot stages of maturity consist-
ed mainly of leaf tissue and were not sepa-
rated. Samples were analyzed for nitrogen
using a Carlo Erba Model NA 1500 series
2 nitrogen /carbon /sulphur analyzer (CE
Elantech, Inc., Lakewood, N.J. 08701).
Crude protein was calculated by multiply-
ing nitrogen by 6.25. Acid detergent fiber,
neutral detergent fiber (NDF), and in vitro
true digestibility were determined accord-
ing to Goering and Van Soest (1970). An
ANKOM fiber analyzer (ANKOM
Technology Corporation, Fairport, N.Y.)
was used to facilitate measuring ADF, and
NDF in forage samples and forage residue
following a 48 -hr in vitro fermentation, for
IVDMD (Vogel et al. 1999).
Data were analyzed using the SAS

MIXED procedure (SAS Inst., Inc. 1996)
with ploidy, water, N level and harvest
date, fixed and replication, replication x
water level, and replication x water x
ploidy x N level considered random. Years
were treated as repeated measures. Least
squares means for ploidy, water, and N
levels were separated by an F -test and
means for harvest date were separated by
the SAS PDIFF option. Data comparisons
were considered significant at P < 0.05.

Results

The F- values and statistical probabilities
for main effects and interactions are sum-
marized for leaf, stem, and inflorescence
tissue in Table 1. The F- values tended to
be of much greater magnitude for main
effects than interaction effects.

Ploidy Level
Crude protein and NDF were slightly

higher in leaf tissue from diploid com-
pared to tetraploid plants, while ADF and

Table 2. The effect of ploidy level on crude protein (CP), neutral detergent fiber (NDF), acid deter-
gent fiber (ADF), and in vitro digestible dry matter (IVDMD) in leaf, stem, and inflorescence tis-
sues averaged over water level, nitrogen level, and harvest date.'

Ploidy level CP NDF ADF IVDMD

Leaf
Diploid
Tetraploid

SE

Stem
Diploid
Tetraploid

SE

Inflorescence
Diploid
Tetraploid

SE

223a
210"

5.7

102a
94"
4.5

184a
167"

2.6

548a
537b

2.6

724
723

5.0

612"
63la

2.8

(g kg' DM)

288
289

1.2

438
444

4.6

320"
351a

3.8

859
860

1.5

600
588

6.9

660a
633"

4.2
1Means within a tissue type and chemical component with different superscripts differat P < 0.05.

IVDMD were not affected by ploidy level
(Table 2). There was a significant (P <
0.01) interaction for leaf CP between
ploidy and N fertilizer levels (Table 1).
Although diploid leaf tissue was higher in
CP at both N fertilizer levels, there was
much less difference between diploid and
tetraploid CP levels at the high N (134 kg
N há') treatment (Fig. 1A). A significant
(P < 0.01) interaction between ploidy level
and harvest date occurred for NDF in leaf
tissue (Table 1). Tetraploid leaf tissue was
clearly lower in NDF at the first 2 harvest
dates (vegetative and boot stages) while at
the last 2 harvest dates there was little dif-
ference in NDF between diploid and
tetraploid plants (Fig. 2C). Stem tissue
from diploid plants was also higher in CP
than tetraploid plants while IVDMD,
NDF, and ADF concentrations in stern tis-
sue were not affected by ploidy level
(Table 2).

Crude protein in diploid inflorescence
tissue was higher than in tetraploid, which
is consistent with leaf and stem tissue, but
NDF in diploid inflorescence was some-

what lower than tetraploid, the reverse of
leaf tissue NDF (Table 2). Significant (P <
0.01) interactions occurred between ploidy
level and harvest date for CP and NDF in
inflorescence tissue (Table 1). Crude pro-
tein was higher at both harvest dates
(anthesis and anthesis plus 10 -day) for
diploid inflorescence tissue, but the differ-
ence between ploidy levels was much
greater at the later harvest date (Fig. 2D).
Neutral detergent fiber in diploid inflores-
cence tissue was only slightly lower than
tetraploid at anthesis (earliest harvest date
for inflorescence), but at the later harvest
date diploid NDF was about 30 g kg' less
than tetraploid inflorescence tissue (Fig.
2E). Diploid Russian wildrye inflores-
cence tissue had lower ADF and higher
IVDMD than tetraploid inflorescence
(Table 2).

Water Treatment
Plants from the 50% water treatment

had higher leaf tissue CP, and IVDMD
and lower ADF and NDF than plants
grown at the 150% water treatment (Table

Table 1. Russian wildrye leaf, stem and inflorescence F- values and probabilities for main effects and interactions.

Leaf
CP IVDMD ADF

Stem
NDF CP IVDMD ADF

Inflorescence
NDF CP IVDMD ADF NDF

Ploidy (P)

Nitrogen (N)

Water (W)

PxW
PxN
WxN
PxWxN
Harvest date (HD)

P x HD

W x HD

N x HD

PxNxHD

24.4 ** 0.6 0.1
487.6 ** 41.2 ** 115.6
41.7 ** 55.1 ** 95.2

4.0 0.0 0.0
7.8 ** 3.4 3.5

23.7 ** 0.6 2.6
2.5 2.0 1.8

503.6 ** 802.4 ** 806.2
1.2 1.4 1.2
0.2 8.6 ** 3.8
6.0 ** 5.9 ** 5.7
1.5 0.3 0.2

23.9 ** 7.2* 3.0 1.8 0.0 26.9 ** 38.3** 32.3** 23.4**
** 149.1 ** 196.4 ** 9.4** 9.7 ** 23.9** 51.2 ** 31.6** 17.2** 42.3**
** 65.0 ** 67.2 ** 0.2 4.4 4.8 24.8* 47.0** 46.0** 72.8**

1.6 0.2 0.1 4.3* 0.0 0.6 0.0 2.0 0.2
5.9* 1.3 0.3 0.2 0.3 0.1 0.4 5.3* 1.3
4.5* 0.8 0.2 1.0 0.4 3.3 0.4 0.3 0.1
1.5 10.6 ** 0.2 4.6* 0.1 4.1 1.4 1.5 0.0

** 648.4 ** 87.6 ** 240.2 ** 40.5 ** 120.8 ** 173.8 ** 638.5** 76.9** 251.8**
3.9 ** 0.1 0.1 2.8 3.9* 10.0 ** 5.1* 0.3 22.7**

** 2.9* 3.4 0.4 0.1 0.0 1.5 2.8 1.6 1.2
** 6.7 ** 5.1* 4.3* 0.4 0.1 0.1 0.2 4.0* 1.1

0.4 1.5 0.0 0.1 0.7 0.0 0.9 0.8 3.3

*, ** Indicate significance at the 0.05 and 0.01 levels of probability, respectively.
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Fig. 1. Leaf tissue interaction effects of (A) nitrogen fertilizer and ploidy on crude protein,
(B) nitrogen fertilizer and water on crude protein, (C) nitrogen fertilizer and harvest date
on crude protein, (D) nitrogen fertilizer and harvest date on IVDMD (E) nitrogen fertilizer
and harvest date on ADF, and (F) nitrogen fertilizer and harvest date on NDF.

3). There was a significant (P < 0.01)
interaction for leaf CP between water and
N fertilizer levels (Table 1). Leaf tissue
CP was higher in plants grown under the
50% water treatment at both N fertilizer
treatments, but the difference was much
greater at the 10 kg N ha' level than at the
134 kg N há' level (Fig. 1B). There were
also interactions between water level and
harvest date for leaf IVDMD and ADF
(Table 1). At the earliest harvest dates
IVDMD differed little between 50 and
150% water treatments, but at the last 2
harvest dates IVDMD was clearly higher
for plants grown at the 50% water treat-
ment (Fig. 2A). Leaf ADF from plants
grown at the 150% water treatment was
slightly higher than 50% water treatment
plants at the first 2 harvest dates while
levels were more than 20 g kg-1 higher at
the last harvest date (Fig. 2B).

Stem tissue quality was less affected by
growing season water levels than leaf tis-
sue; however, stem tissue CP was higher
in plants grown at the 50% water treat-
ment (Table 3). All 4 nutritive quality
components in inflorescence tissue were
affected by growing season water, with the
50% water treatment having the highest
CP, and IVDMD, and the lowest ADF and
NDF. Although leaf, stem and inflores-
cence quality components were not statis-
tically compared, leaf tissue appears to
have about twice the CP, 30% more.
IVDMD, 50% less ADF and 35% less.
NDF, than stem tissue. Inflorescence tis-
sue was closest to leaf tissue in CP and
ADF, intermediate between leaf and stem.
in NDF and closer to stem tissue in
IVDMD.

Nitrogen Fertilizer
Fertilizing Russian wildrye with 134 kg

N ha 1 substantially increased leaf CP and
slightly increased IVDMD, while moder-
ately reducing leaf ADF and NDF, corn-
pared to plants fertilized with 10 kg N ha'
(Table 4). However, there were significant
(P < 0.01) interactions between N fertiliz-
er level and harvest date for CP, IVDMD,.
ADF, and NDF in leaf tissue (Table 1).
The rates of decline in leaf tissue CP were
much steeper between the first and second
harvest dates than between the other har-
vest dates and the rates of decline were
slightly different for the 134 kg N ha' and
the 10 kg N ha' treatments (Fig. 1C).
Differences between N levels for IVDMD
(Fig. 1D), ADF (Fig. 1E), and NDF (Fig.
1F) were less pronounced at the earlier 2
harvest dates than at the last 2 harvests,
with IVDMD being consistently higher
and ADF and NDF consistently lower for
the 134 kg N ha' treatment. Nitrogen fer-

Table 3. The effect of water level on crude protein (CP), neutral detergent fiber (NDF), acid deter
gent fiber (ADF), and in vitro digestible dry matter (IVDMD) in leaf, stem, and inflorescence tia
sues averaged over ploidy level, nitrogen level, and harvest date.'

Water level CP NDF ADF IVDMD

(g kg' DM)
Leaf
50% of average 226a 533b 280" 867a
150% of average 208" 552a 297a 852"

SE 5.7 2.6 1.2 1.5

Stem
50% of average 110a 717 434 592
150% of average 86" 729 448 595

SE 4.5 5.0 4.9 6.9

Inflorescence
50% of average 186a 604" 317b 662a
150% of average 166" 638a 354a 631"

SE 2.8 2.8 3.8 4.2

'Means within a tissue type and chemical component with different superscripts differ at P < 0.05.

1
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Fig. 2. Interaction effects of (A) water and harvest date on leaf IVDMD, (B) water and har-
vest date on leaf ADF, (C) ploidy and harvest date on leaf NDF, (D) ploidy and harvest
date on inflorescence tissue crude protein, and (E) ploidy and harvest date on inflorescence
tissue NDF.

tilizer treatments had similar affects on
quality components in stem and inflores-
cence tissue, and there were few signifi-
cant interactions involving N fertilizer
levels. Crude protein values in stem and
inflorescence tissue from plants fertilized
with 134 kg N ha' were 119 and 188 g
kg' compared to 78 and 163 g kg-',
respectively, in plants fertilized with 10
kg N ha'.

Harvest Date
Leaf tissue CP declined among the 4

harvest dates, from 300 g kg' at the vege-
tative stage (first harvest date) to 161 g kg'
at the anthesis plus 10 -day stage (last har-
vest date; Table 5). Results were also con-
sistent among the 4 harvest dates for leaf

IVDMD, ADF and NDF with declines in
IVDMD from 932 g kg' at the vegetative
stage to 791 g kgf at the anthesis plus 10-
day stage, while ADF and NDF consistent-
ly increased as maturity advanced. Stem
and inflorescence tissue samples were only
obtained at anthesis and anthesis plus 10-
day stages of maturity, but CP and
IVDMD decreased in stem and inflores-
cence tissue between the last 2 harvests,
while ADF and NDF increased. At anthe-
sis IVDMD of leaf tissue was 839 g kg',
stem tissue was 646 g kg', and inflores-
cence tissue was 701 g kgf.

Discussion

Ploidy Level
Crude protein levels in leaf and inflores-

cence tissue were adequate to meet the CP
requirements of most classes of beef cattle
(NRC 1996), but stem tissue was marginal
to deficient in CP for young rapidly grow-
ing cattle. Diploid Russian wildrye plants
had slightly higher CP in leaf, stem and
inflorescence tissue than tetraploid plants,
but other quality components in leaf and
stem tissue were minimally affected by
ploidy level. Steers grazing diploid and
tetraploid Russian wildrye strains in a
cafeteria -style test showed little preference
between ploidy levels, with the exception
of 1 season out of 3 when steers did eat
immature tetraploid heads more readily
than diploids (Lawrence et al. 1990),
which would seem to differ with our quali-
ty data. Since improvement in seedling
vigor was the primary selection criteria for
the tetraploid germplasm (Berdahl and
Ries 1997), it is fortunate that nutritive
quality was not adversely affected in the
breeding and selection process.

Table 4. The effect of nitrogen level on crude protein (CP), neutral detergent fiber (NDF), acid
detergent fiber (ADF), and in vitro digestible dry matter (IVDMD) in leaf, stem, and inflores-
cence tissues averaged over ploidy level, water level, and harvest date.'

Nitrogen level CP NDF ADF IVDMD

(g kg' DM)
Leaf
10kghá' 187b 557a 298a 853b

134 kg há' 246a 528b 279b 866a

SE 5.7 2.6 1.2 1.5

Stem
10 kg ha-1 78b 737a 449a 584b

134 kg há' 119a 709b 433b 604a

SE 4.5 5.0 4.5 6.9

Inflorescence
10kghá' 163" 634a 347a 634b

134 kg há' 188a 608" 324b 659a

SE 2.6 2.8 3.9 4.2

'Means within a tissue type and chemical component with different superscripts differat P < 0.05.
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Table 5. The effect of maturity on crude protein (CP), neutral detergent fiber (NDF), acid deter-
gent fiber (ADF), and in vitro digestible dry matter (IVDMD) in leaf, stem, and inflorescence tis-
sues averaged over ploidy, water, and nitrogen levels.'

Maturity stage CP NDF ADF IVDMD

(g kg' DM)
Leaf
Vegetative 300a 476" 230" 932a
Boot 217" 516` 269` 876"
Anthesis 188c 567" 310b 839`
Anthesis + 10 day 161" 612a 345a 791d

SE 6.0 3.0 1.8 2.1

Stem
Anthesis 108a 700b 427" 646a
Anthesis + 10 day 88" 746a 455a 542b

SE 4.4 4.5 4.4 7.0

Inflorescence
Anthesis 194a 599b 322" 701a
Anthesis + 10 day 157" 644a 348a 592"

SE 2.4 2.4 3.1 4.1

'Means within a tissue type and chemical component with different superscripts differ at P < 0.05.

Diploid and tetraploid annual ryegrass
(Lolium multiflorum Lam.) did not differ
in CP content, but tetraploids had lower
NDF concentrations, probably because
they matured later than diploid plants
(Nelson and Rouquette, Jr. 1983). In
perennial ryegrass (perenne L.), relative
feed value of tetraploids ranked higher
than diploids in first -cut material, while
ploidy levels did not differ in second cut
material (Casler 1990). In other perennial
ryegrass research, tetraploid cultivars were
more digestible with higher concentrations
of CP, and digestible NDF and lower NDF
values than diploid cultivars (Jensen et al.
2003). Results from studies on annual and
perennial ryegrass indicate rather small
and inconsistent forage quality affects due
to ploidy level, which generally support
our results with Russian wildrye. In gener-
al, there are more forage quality differ-
ences between than within species.

Water Treatment
Russian wildrye leaf and stem tissue

from plants grown at the 50% water treat-
ment had higher CP and IVDMD, and
lower ADF and NDF, than plants grown at
the 150% treatment. Soil water potential
measurements taken during this study and
previously published (Frank and Berdahl
2001), confirm that plants grown at 50%
of average precipitation were under
greater water stress at both 10 and 134 kg
N ha', than plants grown at 150 %. Water
stressed crested wheatgrass, smooth
bromegrass and Altai wildrye plants
demonstrated an increased rate in the sea-
sonal decline of N and phosphorus, proba-
bly due to increased leaf senescence, but
drought reduced the seasonal decline in
digestibility (Bittman et al. 1988). In con-

trast to these results, Jensen et al. (2003)
found that water stress uniformly
increased CP in orchardgrass and perenni-
al ryegrass, and the authors concluded that
as water stress increased forage nutritional
value increased. The affect of water stress
on orchardgrass and perennial ryegrass
support our results with Russian wildrye.
However, water stress produced just the
opposite effect on kleingrass, a warm -sea-
son specie, as water stress increased, leaf
and stem IVDOM decreased (Pittman et
al. 1981). Water stress affects on klein-
grass were apparently due to an increased
proportion of cell wall components and
increased lignification (Pitman et al.
1983). With green panic (Panicum maxi-
mum var. trichoglume), also a warm -sea-
son grass, water stress had no .affect on
cell wall content or N in specific leaves,
but decreased IVDMD when comparisons
were made at a common physiological age
(Wilson and Ng 1975). Green panic stems
at a common physiological age were simi-
lar in cell wall content and IVDMD
between water - stressed and non - stressed
plants. The IVDMD of water - stressed
green panic, buffel (Cenchrus ciliaris L. ),
and spear grass (Heteropogon contortus
L.) was generally similar or higher than
normally watered plants (Wilson 1983).
When leaf IVDMD was higher in water
stressed plants, it was usually because
IVDMD declined more slowly as the
water - stressed plants matured. Stem devel-
opment was slowed in water - stressed
grasses, which likely resulted in higher
IVDMD compared to normally watered
plants (Wilson 1983). Forage maize (Zea
mays L.), a warm- season grass, had lower
NDF and higher IVDMD when grown in a
dry compared to a wet season (Crasta and

Cox 1996). The inconclusive nature o
water stress effects on both cool an
warm- season grass nutritive quality sug-
gest that numerous changes may occur in
plant morphology and physiology, some
having positive and some negative effects
on forage quality.

Water stress effects on alfalfa have been
inconsistent. Halim et al. (1989) reported
that water stress in alfalfa at the bud or
flower stage reduced the leaf -to -stem ratio
(LSR) and IVDMD, but water stress at the
vegetative stage did not affect the LSR or
IVDMD. Crude protein was increased in
water stressed alfalfa stems, but decreased
in leaves. The decline in alfalfa forage
quality due to water stress at the bud or
flower stages was caused by a reduction in
LSR and deterioration in leaf quality
(Halim et al. 1989). Water - stressed birds -
foot trefoil (Lotus corniculatus L.), cicer
milkvetch (Astragalus cicer L.), red clover
(Trifolium pratense L.), and alfalfa pro-
duced forage with lower ADF, NDF, and
ADL (Peterson et al. 1992). Improved
quality in water - stressed legumes was
related to greater LSR, delayed maturity,
and higher quality in both leaf and stem
fractions. The nutritive quality response of
these legumes to water stress was similar
to our results with Russian wildrye.

Nitrogen Fertilizer
In our research, N fertilizer had a posi-

tive effect on Russian wildrye leaf, stem,
and inflorescence forage quality. Similar
positive effects of N fertilizer on CP and
IVDMD have been reported in warm -sea-
son grasses (Perry and Baltensperger
1979). It has also been reported that
organic matter digestibility (OMD) and N
concentration in crested wheatgrass, Altai
wildrye (Leymus angustus (Trin.) and
Russian wildrye forage were increased by
N fertilizer (Lawrence and Knipfel 1981,
Lawrence et al. 1982). In other research
Holt et al. (1991) indicated that N fertiliz-
er only marginally increased Russian
wildrye N and OMD in the early season.
Forage maize quality was improved with
each additional increment of N fertilizer
(Cox et al. 1993).

Although leaf, stem, and inflorescence
tissue quality components were not statis-
tically compared, it is apparent that leaf
tissue had the highest quality followed by
inflorescence and stem tissue. In vivo dry
matter digestibility of leaf tissue of five
tropical grasses by sheep was slightly
lower than stem tissue (Laredo and
Minson 1973). Annual rye (Secale cereale
L.), soft red winter wheat (Triticum aes-
tivum L.), oat (Avena sativa L.), and triti-
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cale (X Triticosecale Wittm.) differed in
leaf and stem IVDMD, with oat having the
lowest stem IVDMD, but the highest leaf
IVDMD (Bruckner and Hanna 1990).

Harvest Date
Russian wildrye leaf, stem, and inflores-

cence tissue quality were all negatively
affected by maturity in our research, indicat-
ing that maturity affects were not just due to
a decline in the LSR or to the presence of
reproductive tillers, but to an actual decline
in tissue quality. Warm- season grass leaf
IVDMD was also reported to decline
throughout the season. The primary cause
for declining warm season grass quality was
tissue aging rather than advancing morpho-
logical stage (Perry and Baltensperger 1979,
Hendrickson et al. 1997).

Conclusion

Ploidy level differences in Russian
wildrye forage quality were rather small
and inconsistent, indicating that in the
breeding and selection process for
improved seedling emergence, forage
quality in the new tetraploid germplasm
was not adversely affected. Water stress
resulted in significant improvements in
leaf and inflorescence tissue quality, but
only CP was affected in stem tissue.
Although yield would likely be negatively
affected by water stress, improvements in
leaf and inflorescence quality should par-
tially compensate for the adverse affects
of drought. High levels of N fertilizer pos-
itively affected leaf, stem, and inflores-
cence tissue quality which would be a
bonus to anticipated improvements in dry
matter yield. As plants increased in matu-
rity forage quality declined, but the
decline occurred in all 3 tissues, indicating
that the adverse effects of maturity were
not simply due to a decrease in the LSR.
This research verifies that Russian

wildrye is a high quality forage for spring
grazing with CP in leaf and inflorescence
tissue being adequate for most classes of
beef cattle even at the anthesis plus 10 -day
stage of maturity. The development of
tetraploid germplasm with improved
seedling emergence, and forage quality
comparable to diploid Russian wildrye,
provides Northern Great Plains producers
with another cool- season grass for reseed-
ing deteriorated grasslands.
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