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Highlight

Carbohydrate reserves of crested wheatgrass (Agropyron cristatum) and Rus-
sian wildrye (Elymus junceus) were lowest after initial spring growth, but maxi-
mum levels were rapidly attained as plants approached maturity. Fall regrowth
caused reductions in total available carbohydrate (TAC) stores. More TAC
reserves were used to produce new growth if plants were defoliated during
spring growth than if defoliated at maturity or quiescence. Autumn TAC stor-
age levels in both crested wheatgrass and Russian wildrye were reduced by all
previous defoliations. Autumn reserve storage was directly related to the
amount of new growth produced after defoliation. Results indicate that both
crested wheatgrass and Russian wildrye are adapted for either fall or early
spring grazing and under some circumstances for spring-fall use. Defoliation
when plants are rapidly replenishing reserves or before maturity reduces sub-
sequent new growth and carbohydrate reserve stores in the autumn.

Two introduced grasses, crested
wheatgrass (Agropyron cristatum)
and Russian wildrye (Elymus
junceus) are important seeded
rangeland species of the western
United States and Canada. These
two species are presently being
utilized for grazing, erosion con-
trol and roadside revegetation.
Information about (1) seeding
methods (Cook, 1958; Cook, 1966;
Cook et al., 1967; Cook et al.,
1970), (2) growth responses after
grazing or foliage removal (Cook
and Stoddart, 1953; Cook et al,
1958; Frischknecht, 1968; Currie
and Smith, 1970), (3) nutritive
values (Cook and Harris, 1952;
Cook and Harris, 1968), and (4)
competitive relationships with
other species (Cook and Lewis,
1963; Cook, 1965; Drawe, 1971) are
available for these two species.
Little information 1is available,
however, on the physiological ef-
fects of defoliation for crested
wheatgrass and Russian wildrye.
This study was therefore conducted
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from 1967 to 1969 to determine
carbohydrate reserve stores for these
two grasses as influenced by pheno-
logical development and several de-
foliation treatments.

Experimental Area and Procedure

The study areas were located in
central and northwestern Utah.
The climate is semiarid with warm,
dry summers and cold winters.
Average vyearly precipitation was
slightly greater than the 10-year
average of 28 cm during 1967 and
1968, and slightly less than average
in 1969. The spring and early sum-
mer of 1968 were dry, but about
three times the normal amount
of precipitation fell in August.
Precipitation was below average
throughout most of 1969. Site de-
scriptions of these foothill ranges
were given by Frischknecht (1968)
and Drawe et al. (1972).

Both crested wheatgrass and
Russian wildrye were seeded in the
autumn of 1958 and 1960 following
sagebrush (dArtemisia tridentata) re-
moval and summer fallow treat-
ments. Plots containing both spe-
cies were fenced to eliminate live-
stock grazing. Pure stands of each
species on adjacent similar sites
were selected for study.

Defoliation treatments of both
species were made by clipping 90%
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of the plant’s current photosyn-
thetic tissue. Defoliations were
made during early fall (September)
of 1967 and 1968 when plants were
mature. These were single defolia-
tions in both cases. Because of
late summer rains, both grasses had
produced two new leaves per tiller
before defoliation. The second sin-
gle defoliation treatment for plants
of both species was made after
“killing” frosts in November of
1967 and 1968 when the plants
were quiescent. Green leaf and
stem bases were still present, how-
ever. Another single defoliation
treatment was made during early
growth (April) of 1968 and 1969
when both grasses had produced
about 20% of their anticipated
annual growth based on weight.
Both species were in the second or
third leaf stage of growth. A
fourth single defoliation treatment
was applied during early June of
1968 and 1969. Both grasses were
at anthesis and had produced
about 75% of their anticipated
annual growth at this time. In all
cases, different plants were defoli-
ated each year. Data were there-
fore available for 2 years for each
of the 4 single clipping treatments
at 4 phenological stages of develop-
ment.

In addition to the 4 single defoli-
ation treatments, a fifth treatment
was carried out by defoliating
plants during quiescence (Novem-
ber) of one year and subsequently
harvesting the same plants again
in early growth (April) the follow-
ing year in both 1967 and 1968.
A sixth treatment involved de-
foliating plants at anthesis (June)
in 1968 and clipping the same
plants again in September at ma-
turity. Because of dry conditions
in 1969, little regrowth was made
by plants clipped in late spring
during anthesis; therefore, these
plants were not clipped twice as
in 1968.

In all cases, total available car-
bohydrates (TAC) from root and
crown samples of defoliated plants
were determined when plants had
produced new growth equal to ap-



proximately 20% of mature size.
These determinations were com-
pared with TAC concentrations of
unclipped plants to determine the
carbohydrate stores used for respi-
ration and production of new
growth. Root and crown samples
from all defoliation treatments and
control plants of crested wheat-
grass and Russian wildrye also
were collected during the autumn
of each year for TAC analysis.
Plants that had been defoliated
during quiescence in 1967 and
1968 were not sampled until the
following autumn of 1968 and
1969, respectively. Thus, a range
of 2 months to a full year may have
elapsed between various defolia-
tion treatments and autumn sam-
ple collections. Unclipped plants
of both species were sampled peri-
odically throughout the autumn of
1967 and the growing season of
1968 to determine carbohydrate
reserve fluctuations in roots and
crowns throughout the annual
growth cycle.

A separate experiment was con-
ducted in the late summer and fall
of 1967 and 1968 to determine
the influence of additional soil
water on plant regrowth and TAC
storage. Both crested wheatgrass
and Russian wildrye plants were
clipped at maturity in early Sep-
tember and small earthen dikes
were constructed at the base of the
treated plants. Equal numbers of
control plants of both species were
selected in the same proximity and
dikes were constructed around
their bases. These plants were irri-
gated to provide additional soil
water throughout the remainder
of the growing season. Sixteen to
32 liters of water (equal to approxi-
mately 10 cm of precipitation) were
supplied at 1 to 2-week intervals
to each diked plant in an effort
to stimulate fall regrowth. These
plants were excavated in the fall,
along with those plants not re-
ceiving additional water, to deter-
mine if soil water regime had a
significant effect upon herbage re-
growth and carbohydrate reserve
storage.

CARBOHYDRATE RESERVES

Fic. 1. Crested wheatgrass plants in the autumn from control, quiescence (Nov. 11),
early growth (April 1), both quiescence and early growth (November and April) and
anthesis (June 6) defoliation treatments.

Roots were separated from
crowns in the field and washed
with water. Grass root systems
were collected to a 30 cm depth.
The lower 4 to 5 cm of the culms,
rhizomes, and tillers were desig-
nated as crown tissue. No attempt
was made to separate live tissue
from dead unless decay was obvious.
These samples were placed in pint
jars and covered with 95% ethanol
to reduce enzyme activity. Samples
were taken to the laboratory, lids
were removed from the jars, and
the jars placed in a forced-draft
dryer at 70 C. Approximately 1
week was required to evaporate the
ethanol and an additional week to
dry the samples.

After drying, the samples were
ground to pass through a 40-mesh
screen.  Laboratory analyses were
conducted to determine TAC as
milligrams of available carbohy-
drates per gram of dry plant mat-
ter. Weinmann (1947) and Smith
et al. (1964) defined TAC to in-
clude sugars, dextrins, starches,
and fructosans. Structural carbo-
hydrates such as pentosans, hemi-
cellulose, and cellulose were not
included in the TAC fraction. No
allowance was made for water of
hydrolysis from polysaccharides in

the calculations (Grotelueschen and
Smith, 1967).

Extraction of TAC from 0.5 g
samples of plant material was ac-
complished by using 0.2 N sulfuric
acid as described by Smith et al.
(1964). These extracts were ana-
lyzed on a glucose equivalent basis
by using an iodometric titration
developed by Heinze and Murneck
(1940) with modifications of re-
agents as suggested by the Asso-
ciation of Official Agricultural
Chemists (1965). Standard curves
were determined for each stock
solution.

Results and Discussion

Differences in growing condi-
tions during the 3 vears of this
study caused yearly differences in
growth of crested wheatgrass and
Russian wildrye, Precipitation dur-
ing 1968 was above normal and
plant growth was greater. Plants
clipped later in their yearly growth
cycle produced less new growth by
fall (Fig. 1). Both species followed
similar trends in production of
new growth following defoliations,
Plants clipped at quiescence (No-
vember) or during early growth
(April) produced more new growth

by the following autumn than
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Table 1. Average growth measurements and total available carbohydrates (TAC) in the autumn of two years for
crested wheatgrass and Russian wildrye as affected by seven defoliation treatments.

Russian wildrye

Crested wheatgrass

Phenological Current year's Seedstalk % growth attained TACZ/ Current year's SﬁedStiljk % growth attained TAG2/ Average

stage of growth lengthl/ as compared with (mg/g) growth lengths as compared with mg/ TAC2!
defoliation (cm) (cm) control Roots Crowns (cm) {cm) control Roots Crowns (mg/8)
Control 32 50 100 128a 113 30 75 100 137a 84a 116
Quiescence 26 48 73 115ab 96a 28 58 83 112be 75ab 100a
Early growth 26 44 66 108b 89ab 26 55 75 124ab 78ab 100a
Quiescence and

early growth 23 42 54 118ab 97a 23 58 74 115bc  77ab 102a
Anthesis 8 0 20 83 78b 19 0 30 113bc  65b 85b
Maturity 3 0 10 102b 79b 4 0 15 100c 78ab 90ab
Anthesis and

m-lurity}. 3 0 8 59 55 4 0 15 103¢ 66b 71b

1/

='Plants clipped at or after anthesis did not produce seedstalks,

2/

='Treatment means in a column followed by a similar letter are not significantly different from each other at the .05 level of probability.

3/

test all seven treatments.

plants defoliated at anthesis (June)
or at maturity (September). Plants
defoliated at quiescence and again
during early spring growth pro-
duced about as much new growth
as plants clipped only once during
early spring growth. When crested
wheatgrass and Russian wildrye
were clipped at anthesis and again
at maturity, they produced about
as much new growth by late au-
tumn as when defoliated only once
at maturity. Trends in seedstalk
height after defoliation were simi-
lar to that of new growth produc-
tion (Table 1).

Drawe et al. (1972) found Rus-
sian wildrye to be more productive
than crested wheatgrass on similar
sites under any intensity or season
of defoliation. Clipping both spe-
cies at light and moderate inten-
sities during early or mid-spring
growth was less detrimental to
plant vigor than clipping after
anthesis or clipping during early
growth and again after anthesis.
Similar trends in growth and pro-
duction of these two grasses were
found in the present study (Table
I).

Cycling of Carbohydrate Reserves

Seasonal trends in carbohydrate
reserve depletion during initial
growth and the subsequent replen-
ishment of reserves have been well
documented for several range spe-
cies (Sampson and McCarty, 1930;

='Only data for 1968 were available for plants clipped at anthesis and again at maturity.

Troughton, 1957; Weinmann, 1961;
and Coyne and Cook, 1970). Hyder
and Sneva (1959) described the
growing season trends in total
available carbohydrates of roots
and stem bases of crested wheat-
grass. However, the carbohydrate
reserve cycles throughout a year
for both crested wheatgrass and
Russian wildrye growing on simi-
lar sites have not been compared.

Total available carbohydrates
(TAC) in roots and crowns of
crested wheatgrass and Russian
wildrye followed somewhat similar
patterns (Fig. 2 and 3). Carbohy-
drate reserves were high in the fall

Error variance for all treatments for the two year's data were used to
This assumes that one year's data for the anthesis and maturity defoliation did not influence the magnitude of the error mean square term,

and decreased to a low level dur-
ing initial spring growth. The
lowest TAC level was found dur-
ing early growth (April) when ap-
proximately 20% growth had been
produced by both species. Ap-
proximately 50 to 60% of the re-
serves stored the previous summer
and fall were used in respiration
and initial growth the following
spring. Crested wheatgrass and
Russian wildrye were at the sec-
ond to third leaf stage during the
period of low reserve concentra-
tions. Thereafter carbohydrate re-
serves in both roots and crowns
rapidly accumulated until maxi-
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Fic. 2. Total available carbohydrates (TAC) in roots and crowns of crested wheat-
grass (1967-1968) as related to stage of phenological development. Theoretical TAC
cycle is indicated by the line in this graph.
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Fic. 3. Total available carbohydrates (TAC) in roots and crowns of Russian wildrye
(1967-1968) as related to stage of phenological development. Theoretical TAC cycle

is indicated by the line in this graph.

mum levels were attained as plants
neared maturity (Fig. 2 and 3).

The decline of reserve levels in
crowns of crested wheatgrass and
roots of Russian wildrye in the fall
of 1967 may be attributed largely
to fall regrowth (Fig. 2 and 3).
Russian wildrye produced about 5
to 10% more regrowth than crested
wheatgrass, which may account for
greater reductions in autumn TAC
storage levels in Russian wildrye.

The growing season trend in
TAC concentrations for both spe-
cies was similar to that reported
for crested wheatgrass by Hyder
and Sneva (1959). They attributed
the rapid increase of reserve stor-
age levels after initial growth to
abundant leafiness and a delay in
stem elongation. This was prob-
ably true for both crested wheat-
grass and Russian wildrye in the
present study. Since both grasses
had similar phenological develop-
ment, both had similar reserve de-
pletion and restoration patterns.
Reserve replenishment during veg-
etative growth was more rapid
however for crested wheatgrass
than for Russian wildrye (Fig. 2
and 3).

Both root and crown storage con-
centrations of crested wheatgrass
and Russian wildrye followed some-
what similar trends. Root reserves
were, however, greater (p < .01)
than crown reserve concentrations
at fall quiescence (Fig. 2 and 3).
Trlica and Cook (1971) found au-

tumn crown reserve concentrations
to be greater than root reserve
concentrations for Indian ricegrass
(Oryzopsis hymenoides) and needle-
andthread (Stipa comata).

Effects of Additional Water on
Regrowth and Carbohydrate Storage

Additional soil water that was
supplied during the late summer
and fall of 1967 and 1968 to con-
trol plants and plants that had
been defoliated at maturity caused
both crested wheatgrass and Rus-
sian wildrye to resume growth.
Watered plants produced an aver-
age of one more leaf per tiller and
10 to 20% more regrowth than did
unwatered plants. This additional
growth caused a significant reduc-
tion (p<.05) in autumn TAC
storage levels of both species. The
TAC level in roots and crowns
of plants that received additional
water were about 15% lower than
reserve levels in unwatered plants.

A significant interaction (p <
.05) between plant parts and years
was probably caused by greater
increases in root TAC storage than
crown storage in 1968. More favor-
able growing conditions during
1968 may have caused greater root
storage levels at quiescence during
that year.

Carbohydrate Reserve Stores as
Affected by Defoliation Treatments

Both crested wheatgrass and Rus-
sian wildrye used similar amounts
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of TAC to produce 20% new
growth after defoliation. No dif-

ferential utilization of reserves
from roots or crowns was observed.
However, significant differences

(p < .05) were found in the amount
of TAC utilized among plants
from various defoliation treat-
ments to produce 20% new growth.
Both grasses used more reserves to
produce 20% new growth when
clipped during early growth than

when clipped at maturity or qui-

escence. Higher temperatures and
respiration rates during the late
spring and summer regrowth pe-
riod may have -contributed to
greater reductions in TAC reserves
for plants defoliated during early
growth.

The amount of new growth pro-
duced by defoliated plants was di-
rectly related to the time remain-
ing in the growing season (Fig. 1).
As would be expected, plants de-
foliated the previous autumn at
quiescence or during early spring
growth produced more new growth
than plants clipped at anthesis
or maturity. Differences in grow-
ing conditions during the 8 years
caused significant differences
(p <.05) in length of current year’s
growth and seedstalk lengths among
years; however, significant differ-
ences in autumn reserve levels
among years were not present.

Autumn carbohydrate reserves
were similar for crested wheatgrass
and Russian wildrye. Comparable
phenological development and re-
sponses to growing conditions may
account for the similarity in fall
reserve stores of these two grasses.

Clipping significantly reduced
fall reserve levels of both grasses
as compared to unclipped plants
(Table 1). However, only small
reductions in autumn TAC storage
occurred when plants were de-
foliated during quiescence the pre-
vious year or during early growth
the same year. Trlica and Cook
(1971) earlier reported similar re-
sults for desert range species.
Crested wheatgrass and Russian
wildrye plants that were clipped
at either anthesis or maturity, or
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clipped at anthesis and again at
maturity, had substantial reduc-
tions in TAC stores in the autumn
(Table 1). Plants from these 3
treatments had little chance for re-
growth before autumn frosts and
consequently had little photosyn-
thetic tissue for carbon dioxide
assimilation and carbohydrate stor-
age during the normal storage pe-
riod. Thaine (1954) reported that
carbohydrate reserves of Russian
wildrye diminished with increased
clipping frequency during the
growing season. The present study
indicated however, that clipping
crested wheatgrass or Russian wild-
rye at quiescence and again during
early growth was no more detri-
mental to TAC storage than clip-
ping them once at the later stage of
phenological development.

Root TAC reserves were reduced
more by defoliations than were
crown reserves (Table 1). A highly
significant interaction (p < .01) be-
tween root and crown TAC levels
and species was caused by larger
differences between TAC levels of
roots and crowns of Russian wild-
rye as compared with roots and
crowns of crested wheatgrass. The
roots of Russian wildrye from any
defoliation treatment were con-
siderably higher in TAC than the
crowns.

Although autumn carbohydrate
reserves were directly related to the
amount of photosynthetic tissue
present during normal storage pe-
riods, regression analysis indicated
that variability in TAC levels (Y’s)
could not be accounted for by
differences in percentage of new
growth attained compared to con-
trols, length of current year’s
growth, and seedstalk heights (X’s).
Measurements of these indepen-
dent variables could only account
for as much as 34% of the vari-
ability in autumn TAC stores of
crested wheatgrass and Russian
wildrye. If other measures of plant
vigor at quiescence were utilized,
such as leaf area, weight, and
crown cover, then plant carbohy-
drate reserve status might be pre-
dicted with greater accuracy. Mc
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Kendrick and Sharp (1970) found
that herbage production of crested
wheatgrass was highly correlated
with organic reserve index, basal
area per plant, and number of
tillers per unit surface area.
Results from this study suggest
that both crested wheatgrass and
Russian wildrye are physiologically
adapted for fall or early spring
grazing and possibly for spring-fall
grazing as suggested by Hyder and
Sneva (1963). Grazing when plants
are rapidly replenishing reserves
during late spring or before fall
quiescence however, may cause se-
rious reductions in plant TAC
reserves and new growth. Carbo-
hydrate reserve data support the
findings of Drawe et al. (1972)
that clipping during the latter part
of the growing season or combined
early and late spring clipping are
detrimental to vigor of crested
wheatgrass and Russian wildrye.

Summary and Conclusions

A study was conducted from
1967 to 1969 in central and north-
western Utah to determine sea-
sonal carbohydrate reserve cycles
and how various defoliation treat-
ments affected utilization and stor-
age of carbohydrate reserve in
crested wheatgrass and Russian
wildrye. Phenological development
and autumn carbohydrate levels
were similar for both grasses. Root
and crown reserve levels were
lowest after initial spring growth;
however, reserves were rapidly
accumulated and maximum levels
were attained as plants approached
maturity.

Fall regrowth stimulated either
by natural rainfall or irrigation
caused reductions in total available
carbohydrates (TAC) stores during
this period. Irrigated plants pro-
duced 10 to 20% more regrowth
and reserve levels were about 15%
lower than plants which did not
receive additional water. Carbohy-
drate reserves of plants which pro-
duced fall regrowth were not re-
plenished before fall quiescence.

Both crested wheatgrass and
Russian wildrye used similar

amounts of TAC to produce new
growth following defoliation. More
reserves were utilized to produce
20% new growth if plants were
defoliated during early growth
than if defoliated during maturity
or quiescence.

Autumn reserve levels in both
crested wheatgrass and Russian
wildrye were reduced if plants had
been defoliated as compared to un-
clipped plants. Plants defoliated
at either anthesis or maturity had
less autumn TAG stores than
plants defoliated at quiescence the
previous fall or during early spring
growth. Defoliations at quiescence
and again during early growth
were usually no more detrimental
to TAC storage in these grasses
than a single defoliation, when the
single defoliation was carried out
at the later phenological stage
of development. Autumn reserve
stores were directly related to
the amount of new growth pro-
duced after being defoliated. How-
ever, percentage new growth at-
tained compared to controls, length
of current year’s growth, and seed-
stalk heights could only account
for 34% of the variation in autumn
TAC storage levels.

Results from this study indicate
that both crested wheatgrass and
Russian wildrye are physiologically
adapted for fall or early spring
grazing and possibly for spring-fall
range. However, grazing when
plants are rapidly replenishing re-
serves or before fall quiescence may
be detrimental to plant welfare.
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