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Highlight 

Single clipping treatments of basin wildrye during the period of growth initia- 
tion to full bloom followed by removal of all growth to a 5 cm stubble at the end 
of the growing season reduced yields in the year of clipping and the year fol- 
lowing. Growth reduction was greatest when plants were clipped at the boot 
stage. Removal of l/4, lh, 3/4 or all of the herbage at any one of three dates in the 
spring of one year reduced yield the following year. Growth decreased as the 
level of herbage removal increased and with years of treatment or delay in 
harvest time when % or all of the herbage was cut. Growth reduction was great- 
est when herbage was cut at the boot stage which coincided with the period 
of rapid elevation of growing points above the soil surface and with a decrease 
in total available carbohydrates @AC). Grazing of basin wildrye in early 
spring, based on data presented, would probably be quite detrimental just as 
cutting was. 

Basin wildrye (Elymus cinerus 
Scribn. and Merr.) has often at- 
tracted the range manager because 
of its early growth and good pro- 
duction. The species is often con- 
fused with giant wildrye (Elymus 
condensatus Presl.). The two spe- 

l Joint contribution from the Montana 
Agricultural Experiment Station, 
Bozeman, Montana, the Crops Re- 
search Division, Agricultural Research 
Service, U. S. Department of Argicul- 
ture and the Plant Materials Center, 
Soil Conservation Service, Bridger, 
Montana. Published with the ap- 
proval of the Director of the Molntana 
Agricultural Experiment Station as 
Journal Series No. 2 18. Received 
October 28, 1970; accepted for publi- 
cation February 24, 1971. 

ties differ mainly in pubescence of 
lemmas, compoundness of spike, 
width of leaf blades and area of 
adaptation (Hitchcock, 1950). Giant 
wildrye is found on sandy areas 
mostly near the coast from Alameda 
county to San Diego county Cali- 
fornia; whereas basin wildrye is 
found on river banks, in ravines, 
on moist or dry slopes and on the 
plains from Minnesota to British 
Columbia, and south to Colorado 
and California. 

Most descriptiolns of basin wild- 
rye have been given under the 
heading of giant rather than basin. 
In all future reference in this paper 
basin wildrye will be used whether 

the literature cited refers to giant or 
basin. 

Perhaps the best description of 
basin wildrye is given in the Range 
Plant Handbook (Anonymous, 
1937). Excerpts from this descrip- 
tion are as follows: “It is a coarse, 
robust plant with stems up to 12 
feet high and growing in large 
bunches, often several feet in diam- 
eter, from short, thick, knotted, pe- 
rennial rootstocks. This bunchgrass 
usually grows in moist or wet saline 
situations in bottomlands, along 
stream and ditch banks, and in 
gullies and canyons. It is also found 
in moderately dry, rich soils, not 
uncommonly associated with wheat- 
,grass and sagebrush. Basin wildrye 
is grazed to some extent while 
young, but soon becomes coarse and 
tough and is not utilized as summer 
forage if more palatable feed is 
available. However, the plants pro- 
duce an enormous amount of forage 
and, where allowed to stand, pro- 
vide a considerable amount of 
winter feed for cattle and horses. 
Formerly this species was very im- 
portant as a winter forage plant in 
parts of Nevada, but overgrazing, 
especially during the spring months 
when growth was starting, has 
greatly reduced or eliminated it.” 

“In Oregon and Washington, 
where basin wildrye occurs in con- 
siderable abundance, this species is 
extensively cut for hay and, if 
mowed early, provides fair rough- 
age. It is moderately palatable to 
cattle and horses in California and 
the Northwest, except during the 
fall when it becomes very hard and 
dry. After winter rains begin it 
softens and is again grazed. Basin 
wildrye rates as an inferior forage 
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species, insofar as palatibility and 
nutritive quality. The following 
chemical analysis compares the 
composition of basin wildrye with 
the average of 67 common western 
range grasses (Knight et al., 1911):” 

n 

Basin Average com- 
wildrye position, 67 

(%‘o) grasses (%) 

Ash 9.81 7.48 
Ether extract 1.13 2.051 
Crude fiber 40.82 35.92 
Crude protein 9.01 8.02 
Nitrogen-free 
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The seasonal growth pattern of 

FIG. 1. Yield at time of clipping (hatched bars), regrowth yield (plain bars) and 
crude protein content of basin wildrye in 1966 at Bridger, Montana. 

basin wildrye differs from those of 
other dryland cool-season grasses. 
The phenological events of this spe- 
cies occur over an extended period 
of time. Winter dormancy is bro- 
ken in early March at Bridger, 
Montana, with the first leaves 
emerging between March 10 and 
hIarch 20. Growth is retarded at 
this time by continued cool tempera- 
tures. Basin wildrye starts spring 
growth five days earlier than blue- 
bunch wheatgrass (Agropyron spi- 
catum (Pursh.) Scribn. and Smith) 
but reaches the heading stage 13 
days later. It blooms 13 days later 
and matures seed 16 days later.2 
The very long vegetative stage de- 
lays other phenological stages and 
causes this early spring growing spe- 
cies to be classed as a late maturing 
plant. The extended vegetative 
stage and prolific vegetative pro- 
duction would seem to make basin 
wildrye an ideal spring grazing 
plant. 

Seasonal Growth Patterns, 
Regrowth and Protein Content 

Procedure 

All plants were again clipped to a 
5-cm stubble height to measure re- 
growth on November 2, 1966. 

Basin wildrye was planted in 150 
hills spaced on S-foot centers at 
Bridger, Montana, in April, 1965. 
Ten seeds were planted in each 
hill. In 1966 one hundred vigorous 
hills were selected for study and di- 
vided into four replications of 25 
hills each. Each hill within a repli- 
cation was assigned one of 25 
clipping dates at which time it was 
clipped to a 5-cm stubble height. 
The data from these treatments 
provided a seasonal growth curve 
over a 25-week period. The herb- 
age harvested on these dates was 
analyzed for crude protein content. 

On June 19, 1967, plants were 
harvested at the boot stage. Yields 
obtained were used to evaluate the 
effect of clipping treatments in the 
previous year. During the study 
the experimental area was not fertil- 
ized, but was adequately supplied 
with water and was kept weed free. 

Results and Discussion 

The growth curve of basin wild- 
rye, as shown by weekly interval 
harvests, was typical of that ex- 
pected for a grass (Fig. 1). Cutting 
prior to bloom reduced the total 
seasonal yield (first cutting plus re- 
growth). Yield reduction was most 

600 

The major problem in maintain- 
ing basin wildrye as pasture seems to 
be its lack of resistance to spring 
grazing. Because of the paucity of 
information concerning this species 
we studied: (1) the effect of clipping 
once during the growing season 
upon total season yield (first cut plus 
regrowth) and upon subsequent 
yield; (2) the effect of time and 
amount of herbage removal on 
growth; and (3) the pattern of grow- 
ing point elongation and seasonal 
carbohydrate trends. 
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2 Unpublished data, Bridger Plant Ma- FIG. 2. The effect of a single clipping at different dates in 1966 (weekly intervals) on 
terials Center, Bridger, Montana. the yield of basin wildrye in 1967 at Bridger, Montana. 
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Table 1. Yields1 (kg/hill) of basin wildrye in 1970 as influenced by years of 
herbage removal treatments in previous years at Hnntley, Montana. 

Amount of herbage previously removed2 
Years of 

treatment none % l/2 3/4 all 

One (1969) 1.263 1.14 .98 1.08 .72 
Two (1968 and 1969) 1.26 .93 .94 .75 54 
Three (1967, 1968 1.26 1.02 .81 .69 .47 

and 1969) 

1 LSD (.05) for comparing herbage removal treatments within a treatment duration 
period equal .13 kg; for comparing treatment duration periods within a level of herbage 
removal equal 25 kg. 

2 Values presented represent averages of 3 stages of harvests which were 18, 38 and 76 
cm of height. 

3 Year block effects were accounted for by adjusting all yield data to a common check. 

severe when the first cutting oc- 
curred a week prior to the boot 
stage or at boot stage. Crude pro- 
tein content declined from 3 1% in 
late April to near 10% when seed 
was in the milk stage and to near 
8% at the end of the season. The 
latter value is higher than normally 
found for range grasses at this time. 

In general, cutting anytime from 
the second week in May through 
seed maturation reduced the yield 
the following year (Fig. 2). Reduc- 
tion in yield was greatest from 
cutting at the boot or late boot 
stage. These data agree with those 
for tall wheatgrass where yields 
were lower the following year after 
cutting at the boot stage than after 
cutting at flowering (Stroh and 
Law, 1967). 

Effect of Time and Amout of 
Herbage Removal on Growth 

Procedure 

Basin wildrye was cut at three 
different dates in the spring, with 
five levels of defoliation within each 
date for a period of either 1, 2, or 3 
years. The experiment was con- 
ducted as a split-split plot random- 
ized block design with three repli- 
cations. The basic experimental 
unit consisted of one hill seeded 
with approximately 10 seeds of the 
strain Wy 107. One hundred and 
thirty-five hills spaced on S-foot 
centers were seeded at Huntley, 
Montana, in 1966 and allowed to 
establish one year. These were sub- 
divided into three replications of 45 
hills each. Each replicatioln was then 

divided into three groups of 15 
hills each. Durations of cuttings (1, 
2, or 3 years) were then randomly 
assigned to each group. The one- 
year duration cutting treatment was 
cut only in 1969, the two-year in 
1968 and 1969, and the three-year in 
1967, 1968 and 1969. Each group of 
15 was then further subdivided into 
three groups of five hills each. 
Three harvest dates, coinciding with 
plant heights of approximately 18, 
38, and 76 cm were randomly as- 
signed to each group of five hills. 
Each of the five hills was then as- 
signed a degree of herbage removal 
of (1) no herbage removed, (2) one- 
fourth of herbage removed, (3) one- 
half of herbage removed, (4) three- 
fourths of herbage removed and (5) 
all herbage removed. For treat- 
ments 2, 3, and 4 above, the crown 
was visually divided into four parts 
and the appropriate amount of 
herbage clipped to 5 cm. 

At the end of each growing sea- 

son all plants were cut back to a 
5-cm stubble height. In June, 1970, 
one year after the completion of the 
above harvest treatments, all plants 
were harvested at early bloom to 
measure the effect of the previous 
treatment. 

Results and Discussion 
In general, yields in 1970 de- 

creased as a result of increased 
amounts of herbage removal in 
previous years (Table 1). Yields 
decreased most with increased dura- 
tion of treatment when % or all of 
the herbage was removed. With % 
or % of the herbage removed yields 
were decreased, but the duration of 
treatment at these herbage removal 
levels had little effect on yield. 

When only % or % of the herbage 
was harvested, time of harvest (as 
determined by plant height) had 
little effect on subsequent yield 
(Table 2). However, removal of 
% or all of the herbage was most 
detrimental when plants were 76 
cm high and least detrimental when 
cut early, at an 18 cm height. The 
76 cm height corresponds to the 
boot stage of development shown 
to be critical in Figures 1 and 2 and 
to the period of rapid growing 
point elongation (Fig. 3). 

Seasonal Height of Growing Point 
and Total Available Carbohydrate 

Procedure 

In 1969, position of growing 
point and total available carbohy- 
drate (TAC) were measured at 
Bozeman, Montana, at weekly in- 
tervals on individual spaced plants 

Table 2. Yields1 (kg/hill) of basin wildrye in 1970 as influenced by degree of 
herbage removal at different heights in the three preceding years at Huntley, 
Montana. 

Amount of herbage previously removed2 
Height when3 

cut (cm) none l/3 %! 3h all 

18 1.264 1.04 .95 1.00 .78 
38 1.26 1.10 .88 .86 .62 
76 1.26 .97 .90 .66 .33 

1 LSD (.05) for comparing differences among herbage removal treatments within a 
cutting height equal .I3 kg; for comparing differences due to previous cutting height 
within a herbage removal treament equal .41 kg. 

2 Values presented are averages of treatments for one, two and three years duration. 
s Approximate values estimated to be within + 7 cm. 
4 Year block effects were accounted for by adjusting all yield data to a common check. 
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FIG. 3. Tiller length, height of growing point and total available carbohydrates (TAC) 
in crowns of basin wildrye during the 
Montana. 

early spring growing season at Bozeman, 

of the strain Wy 107 from the onset 
of growth until heading. Four or 
more plants were sampled weekly 
from April 23 to June 5. Five ran- 
dom tillers were selected from each 
plant for measurements at each 
sampling date. The height of the 
growing point and length of the 
tiller were measured from the point 
of tiller attachment to the root. At 
each sampling date basal stem tis- 
sue was separated from each plant 
for analysis of TAC by the enzyme 
hydrolysis technique (Smith, 1969). 

Results and Discussion 

Tillers increased in length in the 
manner expected in a normal 
growth pattern (Fig. 3). Growing 
points did not protrude above the 
soil surface until early boot stage on 
May 23. From this date until June 
5 heads in the boot elongated from 
1.2 to 13.2 cm. TAC was less than 
8% at growth initiation. It declined 
to less than 5% with the initiation 
of new growth, rose to nearly 8% 
at early boot and declined again 
during head development. The sea- 
sonal pattern of TAC was similar 
to that observed for bromegrass 
during similar stages of develop- 
ment (Okajima and Smith, 1964). 
The values reported are slightly 
lower than those reported for 
bromegrass (Okajima and Smith, 
1964), and are much lower than 
those reported for crested wheat- 

grass (Hyder and Sneva, 1959) 
during similar stages of develop- 
ment. Baker and Garwood (1961), 
however, report levels of 4 to 6% 
TAC in orchardgrass throughout 
April and May. The level of TAC 
in one species as compared to that 
of another may have little signifi- 
cance in determining susceptibilty 
to grazing intensity. Species seem 
to vary a great deal in levels of TAC 
stored and the seasonal pattern 
within a particular species may be 
markedly affected by climatic con- 
ditions and thus vary from loca- 
tion to location (Blaser et al., 1966). 

Our data (Fig. 3) may explain det- 
rimental effects of cutting basin 
wildrye at the early boot stage (Figs. 
1 and 2). At the time of head elon- 
gation, carbohydrates decreased, 
and the growing point was elevated 
to where it could be removed by 
grazing. Branson (1953) reported 
that the height to which growing 
points are elevated, and the ratio 
of fertile to vegetative stems are 
factors critical to the persistence of 
a species under grazing pressure. 
We estimated that 90% or more of 
the stems of these basin wildrye 
plants were fertile, which is a high 
proportion. Thus, if we utilize basin 
wildrye at the boot stage, we are not 
only grazing at a time of low TAC 
but are also removing the growing 
point which interferes with regen- 
eration of photosynthetic tissue. 

One harvest of all of the herbage 
of basin wildrye during the period 
from the onset of spring growth 
through full bloom will decrease 
total season yields. Furthermore, 
harvest during this period results 
in yield reduction the following 
year. The most critical period of 
harvest was during the boot stage. 
At this time, growing points are 
elongating rapidly above the soil 
surface. This period of growing 
point elongation is associated with 
head formation and appears to be 
accompanied by a drop in total 
available carbohydrate in crowns. 

From our time of clipping and 
herbage removal studies it appears 
that management to permit grazing 
this species in early spring is pos- 
sible on a limited basis. Such man- 
agement, however, would require 
that no more than 50% of the herb- 
age be utilized and that it be grazed 
prior to the boot stage. It is diffi- 
cult, however, to control grazing 
to remove only % of the herbage. 
Grazing systems which permit peri- 
odic rest from grazing during early 
growth and booting stages might be 
effective in maintaining the spe- 
cies and should be evaluated. Be- 
cause of its earliness and yield po- 
tential, effective spring utilization 
of basin wildrye could lengthen the 
(grazing season by several weeks. 
The difficulty of managing this 
sensitive species, however, might 
outweigh the advantages which 
could accrue. 
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Highlight 

Representative plants of eight des- 
ert species were defoliated at four 
phenological stages. These species 
used varying amounts of carbohydrate 
for regrowth; however, carbohydrate 
use and storage varied widely among 
phenological stages within species. 
There was a direct relationship be- 
tween average total carbohydrate levels 
in the autumn and the amount of re- 
growth after defoliation. The carbo- 
hydrate reserve level in the autumn ap- 
pears to be a good indicator of defolia- 
tion effects during the preceding 
growing season. 

Efectos de Defoliation (Pastoreo) 
sobre las Reservas de Carbohidratos 

en Algunas Especies Deserticas. 

Resumen3 

El manejo de pastizales requiere mas 
conocimientos sobre las respuestas fisio- 
16gicas de las plantas despues de1 
pastoreo. El estudio se llev6 a cabo 
para determinar la influencia de la de- 
foliacii>n sobre las reservas de carbohi- 
dratos en las yemas basales y las raices. 

l This was a cooperative project be- 
tween Utah State University and the 
Bureau of Land Management. Utah 
Agriculture Experiment Station jour- 
nal paper 1116. Received October 
30, 1970. 

2 Now Assistant Professor and Head of 
the Department of Range Science at 
Colorado State University, respec- 
tively. 

3 Por Donald L. Huss y Benjemin L6- 
pez, Dep. de Zootecnia, I.T.E.S.M., 
Monterrey, Mdxico. 

Se incluyeron cinco plantas arbustivas y 
dos gramineas defoliadas durante las 
dpocas de primavera temprana, prima- 
vera tarde, floraci6n y antes de1 letargo. 
Habia diferentes respuestas entre es- 
pecies y gpocas de defoNliaci6n. Sin 
embargo, habia una relaci6n directa 
entre la cantidad de carbohidratos al- 
macenados en otoiio y la cantidad de 
recrecimiento despuds de la defolia- 
ci6n. Plantas defoliadas durante las 
kpocas de primavera temprana y flora- 
ci6n tuvieron menos carbohidratos de- 
bido al menor tiempo para recrecer 
entre la defoliacibn y letargo. La canti- 
dad de carbohidratos en reserva influye 
en la producci6n de forraje en el 
Segundo afio. 

Future rangeland management 
will require more basic knowledge 
about the physiological responses 
of plants to foliage removal. A 
thorough knowledge of carbohy- 
drate synthesis, translocation, utili- 
zation, and storage as influenced 
by various ecological parameters is 
valuable in determining when and 
to what extent plants may be uti- 
lized for optimum productivity with 
minimum damage to the plant re- 
source. The depletion of carbohy- 
drate reserves is believed to be a 
primary factor for loss in plant 
vigor and subsequent range deteri- 
oration. 

Since plant vigor may be closely 
associated with carbohydrate re- 
serves, it is worthwhile to determine 
the phenological growth stage in 
which forage species can withstand 

SMITH, DALE. 1969. Removing and 
analyzing total nonstructural carbo- 
hydrates from plant tissue. Research 
Report 41. College of Agr. and Life 
Sci. Univ. of Wisconsin. 

STROH, JAMES R., AND ALVIN G. LAW. 
1967. Effects of defoliation on the 
longevity of stand, dry matter yields 
and forage quality of Tall Wheat- 
grass (Agropyron elongatum Host 
Beauv.). Agron. J. 59: 432-435. 

defoliation without severe reserve 
depletion. Therefore, this study 
was conducted on typical salt-desert 
shrub species to determine carbo- 
hydrate reserve depletion and stor- 
age after defoliation at. four pheno- 
logical growth stages. The species 
studied were: big sagebrush (Ar- 
temisia trident&z), black sagebrush 
(Artemisia arbuscula var. nova), 
shadscale (Atriplex confertifolia), 
Nuttall saltbush (Atriplex fukata), 
winterfat (Eurotia lanata), Indian 
ricegrass (Oryxopsis hymenoides), 
needle-and-thread (St@ comata), 
and squirreltail (Sitanion hystrix). 

Experimental Area and Procedure 

Plant samples were collected 
from three locations in north- 
western Utah from 1967 to 1969. 
The climate in the study areas is 
semi-arid with warm, dry summers 
and cold winters. Average yearly 
precipitation at the study areas 
was slightly greater during 1967 and 
1968 and slightly less than the lo- 
year average of 2 1 cm in 1969. Site 
descriptions were given by Coyne 
and Cook (1970). Defoliated and 
control plants were located within 
the same exclosures as those utilized 
by Coyne (1969), except that a 
third replication in Rush Valley, 
Utah was added. 

Defoliations were made by 
clipping 90% of the plant’s current 
photosynthetic tissue. The first 
clipping was done during early 
spring, about April 1. Most desert 
species had produced only about 10 
percent of their anticipated annual 
growth based on weight. Squirreltail 
was somewhat more advanced and 
was in the second or third leaf stage. 


