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ABSTRACT
Carbohydrate reserves, growth, and development of
sideoats grama (Bouteloua curtipendula) as influenced by
seasonal clipping for one annual cycle, August, 1974,
through November, 1975, are reported in this study.
The study area is located on The Research Ranch
near Elgin, about 88 kilometers southeast of Tucson,
Arizona.

The soil on the study area is a Whitehouse Soil

Series and is gravelly.

Elevation at the site is approxi

mately- 1,616 meters, and the area receives an annual pre
cipitation of 40.6 cm.
Approximately 300 individual sideoats grama plants
were located on the study area and each marked with a
survey stake.
treatments:

Plants were randomly assigned to eight

control; clipping in summer? clipping in fall;

clipping in spring; clipping in summer and fall; clipping
in summer and spring; clipping in fall and spring; and
clipping in summer, fall, and spring.

Each clipping was

done at a height representing approximately 70% utilization
of a mature plant, 5 cm stubble height.
Summer clipping was done on August 12, 1974; fall
clipping on September 26, 197 4; and spring clipping on May
4, 1975.

At the time of clipping, crown diameter, height,

and growth stage of the plant were recorded.
xi

Clipped

xii

herbage was weighed to determine seasonal productivity in
response to the clipping treatments.
Growth measurements were made on frozen samples and
total nonstructural carbohydrates were determined in roots
and stem bases on dried samples collected monthly.
The total nonstructural carbohydrates stored in
roots and stem bases of sideoats grama followed similar
patterns during the period of the study.

Low levels of

carbohydrates in roots and stem bases of sideoats grama were
found in May and August and high levels in November to
February.-

The total nonstructural carbohydrate levels in

roots and stem bases of sideoats grama were reduced with
clipping but recovered to levels similar to control plants
and appeared not to be a major factor in influencing vigor
of sideoats grama under treatments imposed.
Most of the new root growth of sideoats grama plants
occurred from July to September when warm temperature and
favorable soil moisture coincided.

Summer and fall

clippings reduced root growth.
Fall and summer clippings, alone or in combination,
reduced spring herbage production of sideoats plants.

Both

summer and fall clippings were detrimental to seed produc
tion because these clippings removed the developing seedstalks.

August and September were critical periods for

clipping sideoats grama as shown in this study.

xiii

A deferred-rotation grazing is recommended to
provide a rest period to sideoats grama to recuperate when
grazed in critical period and also to promote seed produc
tion and seedling establishment.

INTRODUCTION
The behavior of forage range species should be
better understood to plan for practical and economic grazing
operations.

Many technicians and ranchers are faced with

the problem of management of range areas for maximizing
returns.
Vegetation, soil, climate, wildlife, livestock, and
man play separately and together an important role in the
equilibrium of the rangeland community.

The study of these

elements constitutes a complex problem, since the equilib
rium can be broken by any combination of circumstances.
Knowledge of each element and how each one integrates into
the whole system must be studied before the system is under
stood.

A basic element of the rangeland system on which

grazing management systems must be based is an understanding
of how forage species grow and how grazing or herbage re
moval at different times influences this growth.
Sideoats grama (Bouteloua curtipendula) a major
warm-season native perennial grass, is widely distributed
and adapted to a wide range of soil and climatic conditions
(Archer and Bunch, 1953).

It is one of the most important

grasses in Arizona with high productivity and palatibility
(Schmutz, 1971).

Little information is available on the
1
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physiological effects of seasonal herbage removal for
sideoats grama in Arizona,
This study for my dissertation was conducted from
August, 1974, to November, 1975, to determine the influence
of seasonal clipping of sideoats grama on nonstructural
carbohydrate reserves, tiller development, root development,
and herbage production.

The knowledge of effects of herbage

removal on tiller production, carbohydrate reserves, and
forage production and how sideoats grama responds to
clipping in different seasons can be used to develop grazing
systems to benefit the vigor of sideoats grama and to
perpetuate this species in Arizona.

REVIEW OF LITERATURE
Many agronomic and physiological experimants have
been ^conducted to study in detail the behavior of pasture
and range plants in response to seasonal defoliation by
cutting or grazing.

Yet, there are still many unanswered

questions.
Carbohydrate Reserves and Location
of Storage
For many years, attention has been directed toward
the effects of defoliation on stored reserves.

Graber et

al. (1927) defined reserves as those carbohydrate and
nitrogen comppunds elaborated, stored, and utilized by the
plant as food for maintenance and for the development of
future top and root growth.

Weinmann (1947) used the term

total available carbohydrates (TAC) for those reserves
available as energy to the plant.

The term total non

structural carbohydrates (TNC) was suggested by Smith (1969)
instead of total available carbohydrates because it is more
applicable to both animal and plant investigations.
According to Smith (1972), primary sources of
energy for perennial plant growth are nonstructural carbo
hydrates stored in the vegetative organs.

The major carbo

hydrate reserves in grasses include reducing sugars such as
glucose and fructose, nonreducing sugars such as sucrose,
3

and polysaccharides such as fructosans and starch,
Fructosan-containing grasses are considered to be species
developed in cool climates and grasses which store starch
are of tropical origin (Weinmann and Reinhold, 1946).
As early as 1927 Graber et al. said that new top
growth, especially in the early stages, is initiated and
developed largely at the expense of previously accumulated
organic reserves, that rhizomes of grasses are not only
organs of absorption and translocation but are organs of
storage for such reserves, that these organic reserves are
essential to normal top and root growth, and that pro
gressive exhaustion of such reserves by early, frequent,
and complete removal of top growth results in the death of
the plant regardless of favorable climatic and soil en
vironment.
Smith (1968) and White (1973) stated that type,
distribution in the plant, and relative proportions of
individual carbohydrate reserve components vary among and
within grass species and under various climatic conditions
during the growth season.

Nonstructural carbohydrates may

be stored temporarily in all plant parts,

Weinmann (1948)

and many other researchers in the past concluded that under
ground organs were the major storage region for carbohydrat
reserves.

May (1960) stated that accumulation of reserves

is not confined to the underground parts, and Baker and
Garwood (1961) showed that the major storage region of
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Dactylis glome rat a is in the stem bases,

Sule (1974) con'-

eluded that sideoats grama stores carbohydrate reserves at
equal levels in roots and stem bases.
Carbohydrate Reserves and
Plant Phenology
Jameson (1963) concluded that the seasonal variation
of carbohydrate reserves differs among grass species, and
that in many species, the reserve level is lowest when the
second o r third leaf emerges, but in other species, the
reserve level is lowest at seed ripening.

Sule (1974) found

that the highest amount of carbohydrate reserves in sideoats
grama occurred in the beginning of November after seed
maturity.

Blaser, Brown, and Bryant (196 6) reported that

carbohydrate reserves in plants depend upon the balance
between photosynthesis and respiration, decreasing when
growth and respiration demands are greater than photosynthetic rate and increasing when growth and respiration
demands are less than the

photosynthetic rate.

Ogden

(1966) found that total water-soluble carbohydrate content
of herbage of intermediate wheatgrass (Agropyron inter
medium) was correlated with stage of growth, and that
carbohydrate reserves were low in young tissue and in
creased as tissue matured.

Hyder and Sneva (1959), working

with crested wheatgrass (Agropyron cristatum) concluded that
the level of carbohydrate reserves is basically determined
by growth rate, stage of growth of the plant, and
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environmental factors.

Weinmann (1961) concluded in his

review that seasonal TNC changes occur in the storage organs.
In general, a similar pattern of change occurs in most
species of grasses,

A considerable amount of stored TNC

may be lost due to respiration both during the formation of
new tissue and during periods of dormancy.
Carbohydrates Influenced by
Defoliation
Different grass species have been subjected to de
foliation experiments.

Sullivan and Sp^ague (194 3) found

changes in amount of nonstructural carbohydrates following
defoliation.

The TNC content was higher and decreased more

after defoliation in the tops than in the roots.

There is

general agreement that the effects of repeated defoliations
are cumulative, and the more intensive and frequent the
defoliation the lower the levels of carbohydrate reserves.
The role of carbohydrates as functional reserves
which ca n be utilized when photosynthesis is reduced by d e 
foliation was questioned by May and Davidson (1958) and
May (1960), as there was no direct evidence that a plant
with a low le^el of reserves showed less regrowth,

However,

Davies (1965) and Ward and Blaser (1961) showed that the
concentration of soluble carbohydrates in herbage does in
fluence regrowth after cutting.

Sullivan and Sprague (1943)

concluded that carbohydrate reserves stored in leaf bases,
rhizomes, roots, and other organs in the plant are lowered

7

by defoliation.

Youngner (1972) stated that the reduction

of grass root systems after defoliation is usually attrib
uted to a shortage of carbohydrates for root growth.
According to this author, the shoot is thought to have
priority over other plant parts for the utilization of
carbohydrates from both reserves and current photosynthate.
Based on this theory, with frequent defoliation, reserves
are translocated from roots, rhizomes, and leaf bases to
the shoot for the development of new top growth, thus
filling the deficiency of current photosynthate created by
defoliation.
Ward and Blaser (1961); Davies (1965); Auda, Blaser,
and Brown (1966) found that initial regrowth and tillering
rates have been associated with the magnitude of. stubble
carbohydrates in Dactylis glomerata and the carbohydrate
content need not be large to promote tillering and regrowth.
Sullivan and Sprague (1943, 1949), Sprague and Sullivan
(1950), Smith (1962), and Davies (1965) concluded that after
defoliation, the rapid decline in carbohydrates during re
growth indicates that they can be used as energy.

According

to Blaser et al. (1966), the carbohydrate accumulation in
plant tissues involves a dynamic system of energy balance,
and low carbohydrate in plant tissue is often indicative of
functions in regrowth.

Under environments favorable for

growth, the physiological role of carbohydrates in regrowth
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of defoliated forages may depend on the degree of defolia
tion and energy demand by the plant,
Weinmann (1961) found that defoliation may result
in a reduction in the weight of the storage organs or TNC
concentration.

The degree of reduction increases with the

severity of the cutting treatment, but is also dependent on
the species.

He reported that sideoats grama did not suffer

great reduction in its carbohydrate content when compared
to other species as a result of low clipping.

Donart and

Cook (1970), studying the carbohydrate reserves of mountain
range species following defoliation and regrowth, found that
the carbohydrate reserves in roots were significantly
affected by defoliation.

Subsequent regrowth of plants

during early spring caused a marked depletion of root
reserves, and spring clipping was more detrimental than de
foliation late in the season.

Davidson and Milthorpe

(1966), working with Dactylis glomerata, suggested that
carbohydrates in the bases of expanding leaves were impor
tant to the growth of these leaves only during the first
two days following defoliation.

Smith (1975) found that

TNC reserves in the stem bases of switchgrass (Panicum
virqatum) reached their minimum percentage during

spring

growth, and when the young tillers began to initiate their
elongation during regrowth after cutting.

Clipping or

grazing at this stage would weaken the plants as compared
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with cutting at the flowering stage or later, when carbo
hydrate reserves have been restored to a high level.
Several researchers have attempted to explain the
regrowth rate following defoliation based on the amount of
carbohydrate reserves present in the plant tissue.

White

(1973) stated that the importance of carbohydrate reserves
in controlling regrowth after herbage removal is a contro
versial point in grassland management.

According to White

the level of carbohydrate reserves in the lower regions of
the stems apparently affects the regrowth rate for 2 to 7
days following herbage removal.

After the initial period

the rate of regrowth depends on other factors such as leaf
area and nutrient uptake.
Trlica and Cook (1971), studying defoliation effects
on carbohydrate reserves of desert species, found that
carbohydrate use and storage varied widely among phenological stages within species.

Also, there was a direct

relationship between average total carbohydrate levels in
the fall and the amount of regrowth after defoliation.

They

concluded that the carbohydrate reserve level in the fall
appears to be a good indicator of defoliation effects during
the preceding growing season.
Coyne and Cook (1970) found that maximum plant
vigor in relation to carbohydrate reserves depends upon
reserve storage some time at the end of the growth period.
Factors other than carbohydrate levels such as nutrient
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uptake, root area, leaf area, light interception, competi
tion, morphological and physiological aspects can influence
the effects of defoliation.

Proper management does not

necessarily mean that a maximum level of carbohydrate
reserves be maintained according to Cook (1966); however,
management should be to avoid allowing these reserves to
fall below a critical level.
Diurnal and Climatic Effects on
Carbohydrate Reserves
Lechtenberg, Holt, and Youngberg (1972) found a
diurnal variation in nonstructural carbohydrates in leaves
and stem bases of Festuca arundinacea.

Also, Holt and Hilst

(1969) found diurnal fluctuations of carbohydrate concentra
tion in bromegrass (Bromus inermis),

Almost one-third of

the daytime accumulation of nonstructural carbohydrates was
utilized during the night with the lowest concentration
reaching its lowest level in the herbage at 6 am and in
creasing linearly to a high at 6 pm.

Steven and Smith

(1974), studying diurnal variations of TNC in switchgrass,
found that starch increased from 6 am to midnight and they
suggested that grazing in the evening might provide ad
vantages.
Temperature has been found as a major factor on the
seasonal variation of carbohydrate reserves.

Smith and

Jewiss (1966) and Smith (1970) showed that high night and
day temperatures decreased the percentage of soluble
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carbohydrates in the stem bases of timothy (Phleum pratense)
throughout the growing season.

Barnes, cited by May (1960),

found that carbohydrate reserves varied inversely with
temperature,
It is very difficult to separate the influence .of
temperature from that of rainfall or soil moisture in trying
to determine the effect of weather factors on plant growth.
Colby et al. (1966) stated that temperature plays a dominant
role in determining the seasonal pattern of carbohydrate
reserves, and these patterns will vary drastically from
location to location depending on differences in climate,
and to a lesser extent, from season to season at any one
location depending on local weather conditions.
Julander (1945) indicated that plants usually
accumulated carbohydrate reserves during drought periods and
that accumulation of food reserves was essential to heat
resistance.

Sosebee and Wiebe (1971) reported an increase

in carbohydrate storage under water stress.

Other re

searchers have suggested that drought increased the non
structural carbohydrate reserves in many grass species
(Brown and Blaser, 1965, 1970; Blaser et al., 1966); how
ever, the specific relationship of carbohydrate reserves and
drought resistance is not defined.

Possibly, the build up

of nonstructural carbohydrate and inorganic nitrogen in
forage species under water stress results from the changes
of carbon-containing nitrogenous substances (Brown and
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Blaser, 1970).

Murata, Iyama, arid Homma, cited by Colby et

al. (1966), showed that as moisture stress increased both
photosynthesis and respiration rates were reduced, but
photosynthesis rates fell much more rapidly.

These results

may help to explain why carbohydrate reserves sometimes
decline rapidly during periods of weather which are both
hot and dry.

Growth, however, usually stops under such

conditions and this results in less decline of reserves
than when both growth and high respiration rates prevail.
Defoliation and Root Growth
The effects of herbage removal on root growth have
been reported by several papers.

Weinmann (1948), Curtis

and Clark (1950), Troughton (1957), Ellison (1960), and
Jacques and Edmond (1952) showed that defoliation causes
reduction of root growth.

Hase, cited by Weinmann (1948),

found that clipping decreased length and spread of the roots
of Bouteloua curtipendula.

Crider (1955) reported that root

growth stopped within 24 hours after 50% or more of the
foliage volume was removed.

In several species studied,

Crider found that a single clipping that removed 40% or less
of the foliage did not stop root growth.

The percentage of

roots that stopped growth varied in proportion to the per
centage of the foliage removed.

Root growth stopped

completely for 17 days after removal of 90% of the top and
for 12 days after removal of 80% top reduction.

Defoliation
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effects on carbohydrate reserves in underground parts and on
other aspects of root growth, such as root weight, rate of
growth, and root distribution are closely interrelated
(May, 1960).

Langer (1972) stated that decrease in carbo

hydrate supply is the main reason why the rate of root
growth drops sharply when leaves are removed through cutting
or grazing.

Defoliation and Herbage Production
Defoliation effects on tillering appear in the
literature with conflicting results.

Troughton (195 7), in

his review, showed that tillering was reduced by defoliation
and the greater the severity of defoliation, the greater
was the decrease in the number of tillers.

However, if the

apexes of elongating stems are removed by the clipping,
number of tillers per plant are increased according to Cook
and Stoddart (1953).

Maeda and Ehara, cited by Youngner

(1972), removed most of the growing points of Italian rye

grass (Lolium multiflorum) by a severe defoliation at 2
centimeters height.

This treatment caused death of many

tillers and an initial decrease in number of new tillers
followed by a large increase compared to the undipped
control.

Jameson and Huss (1959) found that number of

tillers was stimulated by clipping of elongated culms of
Andropogon scoparius at midsummer and late summer compared
to undipped control plants.
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Mitchell (1953) assumed an interaction between
carbohydrate supply and auxin to explain reduction in number
of tillers following defoliation.

Before leaf removal,

larger amounts of carbohydrate are produced and more auxin
is required to inhibit bud development.

Carbohydrate

reserves are limited and less auxin is needed for inhibi
tion after defoliation.

Jameson and Huss (1959) concluded

that especially productive shoots maintain apical dominance
and suppress tiller formation.

Leopold (1949) reported that

clipping of stem apexes stimulated tillering by removing the
major source of auxin which inhibits lateral bud develop
ment.
Dry matter production of forage species also has
been studied under the effects of clipping treatments.
Clipping has reduced dry matter yield, and the more frequent
and severe the clipping, the more dry matter yield is de
pressed (Jameson, 1963; Hedrick, 1958; Heady, 1961; Madison,
1962).
Height of cutting may be more important for grasses
than frequency of cutting.

Jacques and Edmond (1952) con

cluded that the statement above is true when they worked
with Dactylis glomerata and Lolium perenne.

Caro-Costas and

Vicent-Chandler (1961) reported that cutting height strongly
affected yields of tropical grasses.

They found that dry

matter production of Melinis minutiflora was reduced by
close cutting; however, the yield of Pennisetum purpureum,
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Panicum purpurascens, and Digitaria decumbens were increased
by close cutting.

Sims, Ayuko, and Hyder (1971) found that

mowing at about 3 cm above ground decreased herbage pro
duction of sideoats grama.

Hedrick (1958) concluded that

proper utilization for grasses ranges from 40 to 60%.

May

(1960) suggested that the time of cutting in relation to
climate may be the critical factor rather than the number
of cuts.
Grazing and Clipping Compared
G.razing and clipping effects are similar but not
identical (White, 1973).

Most of the time clipping removes

all plant tissue above a given height and grazing removes
herbage at different heights from plant to plant and also
within the same plant.

Mueggler (1970) found that clipping

of individual Festuca idahoensis plants without clipping
the surrounding vegetation reduced yields of clipped plants
more the following year than when the surrounding vegetation
was also clipped.

White (1973), in his review, stated that

grazing reduces plant vigor more than clipping at the same
degree of defoliation, because grazing often removes herbage
from one plant and not from the surrounding vegetation.
Also, he commented that grazing may be more detrimental than
clipping if grazing removes all herbage from some plants and
not from others, because ungrazed plants take available
nutrients and water away from grazed plants.

Grazing,
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however, may be less detrimental than clipping if grazing
leaves ungrazed tillers on a plant while removing others,
thus allowing for the transfer of carbohydrates from un
grazed to grazed tillers.
Methods for Carbohydrate Analysis
Several methods to determine TNC may overestimate
where little starch is present and may underestimate where
large amounts of starch are present.

Based on these con

siderations, Smith (1972) stated that the most accurate
overall method to remove TNC seems to be one that uses
takadiastase enzyme.

The takadiastase enzyme preparation

hydrolyzes disaccharides and starch to monomers since it
contains invertase, maltase, and amylase enzymes.

Starch

is the predominant nonstructural carbohydrate found in
Bouteloua curtipendula (Smith, 1969).

The takadiastase

method of TNC analysis used in the present study was first
described by Weinmann (1947); slightly changed by Lindahl,
Davis, and Shepherd (1949); and later modified by Smith
(1969).

Bernal (1975) compared six methods of extraction

in the determination of TNC in Brachiaria mutica, and he
found that takadiastase followed by hydrolysis resulted in
the highest values and this method seemed to be the most
efficient.
In a review paper, Smith (1973) made several
comments about the importance of sample preparation.

In

many cases, dry plant tissue is generally used but no one
method of drying can be applied efficiently to all forage
species, plant parts, or form.

Heat-drying has been used

most often because many samples can be worked with less time
and labor.

Raguse and Smith (1965) compared freeze-drying

tissue with heat-drying at different temperatures (100-70,
70, 60, and 27 C).

They found that the freeze-drying

method yielded the most TNC and that heat-drying, 90 minutes
at 100 C followed by drying at 70 C, gave TNC values close
to those from freeze-dried tissue.

Smith (1973) reported

that the freeze-drying process provides TNC results more
similar to fresh tissue than heat-drying.

According to

Smith (1973), respirational losses can be reduced if
respiratory enzymes are heat-denatured quickly and dried
completely in the shortest time.

The time at 100 C should

be reduced or even eliminated with rapid drying of tissue
such as fine leaves and stems.

Critical times after sample

collection to killing have not been established.

Pinkney

(1972) did not find significant differences in TNC in stems
Hilaria kept on ice and killed one hour after collection
compared to samples kept on ice and killed 48 hours later.

METHODS
Study Area
The study was conducted on The Research Ranch near
Elgin, Arizona, about 88 kilometers southeast of Tucson.
The study area is within the Sonoita Desert Grassland
Environmental Zone (Arizona Interagency Range Technical
Sub-Committee/ 1972).

The specific study location is in the

SW 1/4 of the NW 1/4 of Sec 22 T 21 S R 18 E of the Gila and
Salt River Base and Meridian.

The following are the major

plant species of the study area:
Sideoats grama (Bouteloua curtipendula)
Blue grama (Bouteloua gracilis)
Sprucetop grama (Bouteloua chondrosioides)
Black grama (Bouteloua eriopoda)
Plains lovegrass (Eraqrostis intermedia)
Curly mesguite (Hilaria belangeri)
Threeawn (Aristida spp.)
Wait-a-bit (Mimosa biuncifera)
Yerba-de-pasmo (Baccharis pterenoides)
Threadleaf groundsel (Senecio longilobus)
Range ratany (Krameria parvifolia)
The study site is located on a north aspect of a dissected
old alluvial fan (Pig. 1).

The soil is classified as a

Whitehouse Soil Series and is a gravelly loam.
18

Elevation at

Fig. 1.

General view of the study area at The Research
Ranch, Elgin, Arizona, March 27, 1975.
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the site is approximately 1,616 meters.

The area receives

an annual precipitation of 40.6 cm, 62% of which falls in
June through September (Table 1).

Temperatures range from

7.2 C in the coldest month to 24.4 C in the hottest month
(Arizona Interagency Range Technical Sub-Committee, 1972).
Design and Treatments
Approximately 300 individual sideoats grama plants
were located on the study area and each marked with a survey
stake.

Each was numbered and assigned to treatments,

replications, and sampling dates in a completely randomized
fashion.

There were four replications and 13 sample dates.

Eight clipping treatments were involved in the study as
follows:
Control (C)
Clipping in summer, August 12, 1974 (S)
Clipping in fall, September 26, 1974 (F)
Clipping in spring, May 5, 1975 (Sp)
Clipping in summer and fall (S-F)
Clipping in summer and spring (S-Sp)
Clipping in fall and spring (F-Sp)
Clipping in summer, fall, and spring (S-F-Sp)
All clipping treatments were identified in the field by
colored stakes to facilitate clipping and sampling work.
Analysis of variance was conducted by date for all
treatments for which data were available at a sampling date.

Table 1.

Precipitation in centimeters at study area located at The Research
Ranch, Elgin, Arizona, from January 1969 through December 1975.

Year
1970

1971

January
February
March
April
May
June
July
August
September
October
November
December

1 ,r 1 6
2 .. 5 4
1 ., 6 5
,60
1 .. 2 4
0
1 4 ,, 9 8
1 0 ., 2 6
3 ,, 6 3
4. 2 0
2 ,, 3 6
1.. 0 4

0
1. 95
3 .. 8 8
4, 7 3
0
>, 2 2
1 1 ,. 7 0
1 3 ., 5 1
5 .. 0 2
4, 2 5
0
1.

a, 5 0
2 ., 2 0
0
,12
0
0
1 2 ., 5 7
1 3 ,, 2 5
6 .. 7 3
4 ., 0 6
1 .. 2 7
6 ,, 9 8

Total

3 9 ,. 6 6

3 9 ,. 1 1

4 7 .. 6 8

«

00
<_n
t

1969

Month

1972

1973

Monthly
Mean

1974

1975

76
.
1. 93
6 ., 1 4
6 ., 2 2
3 ., 6 5
7 ., 5 1
3 ., 3 0
2 .. 4 3

2. 05
5 .. 5 1
6 ,, 8 5
0
1 ., 0 4
3 .. 0 4
7 ., 4 9
2 .. 1 5
2 ,, 7 9
0
4, 8 8
0

.12
2 . 38
,55
0
i, 2 5
i. 4 0
1 2 .. 9 2
5 ,. 1 3
8 ,. 9 1
5 ,. 1 0
i. 7 6
.43

2 ., 7 4
,05
2 ., 3 8
1 .. 7 0
0
0
1 4 .. 3 0
4 .. 4 1
9 .. 9 0
1, 4 8
2 .. 5 1
1,. 1 9

t, 9 3
2 ., 0 9
2 ., 1 8
,45
.47
.79
ll!. 4 4
7 .. 8 4
5 ,. 8 0
2 .. 5 1
1,. 5 8
• 1.. 9 8

3 1 .. 9 4

3 1 ,. 8 0

3 6 ,. 9 5

3 9 .. 6 6

3 ,. 1 7

0
0
0
0
«

«
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Each clipping was at a height representing approximately 70%
utilization of mature plants, 5 cm stubble height (Schrnutz,
1971).

Clipped herbage was weighed to determine seasonal

productivity of sideoats grama in response to the clipping
treatments.
Sampling and Laboratory Procedures
At each time of sampling, morphological character
istics such as stage of development and average leaf height
were taken.

Also, crown diameter of plants was measured.

Individual plants were dug, most of the soil removed from
the roots, and whole plants (Fig. 2) placed in an ice chest
and immediately brought to the laboratory.

Then, samples

were washed in running water to remove soil, rock, and dead
plant material.

After washing, a portion of each sample was

placed in a plastic bag and frozen for later morphological
studies.

The balance of each sample was clipped to the

point which was at ground level, leaving 2.5 cm of stem, and
the portion above ground was discarded.

Roots and under

ground stem bases were separated and retained.

Roots and

stem base material were killed in a forced-air oven at 100 C
for 2

hours and dried at 70 C for 24 hours (Smith, 1973).

The dried samples were ground in a Wiley mill (40-mesh
screen), redried at 70 C for 2 hours, then were sealed in
glass bottles and stored in the dark until analyzed for
total nonstructural carbohydrates (Smith, 1969).

The
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Fig. 2.

Placement of sideoats grama samples in ice chest
for transport to the laboratory.

24

I
procedure of enzyme digestion followed that outlined by
j

Schickedanz (1974) and the modified anthrone procedure
described by G. L. Jordan, School of Renewable Natural Re
sources of The University of Arizona, as reported by'
Schickedanz (1974).
Approximately 1.0 g of oven-dry sample was placed
in a 125 ml Erlenmeyer flask to which was ;added 15 ml of
distilled water.

The flask contents were boiled on a hot

plate for approximately 90 seconds to gelatinize the
starches.

The flask was allowed to cool to room temperature

and 10 ml of sodium acetate buffer was added.
A for preparation of reagents.

See Appendix

Then, exactly 10 ml of

takadiastase enzyme was added and the Erlenmeyer flask
tightly stoppered and incubated in an oven; at "38 C for 44
hours.

An enzyme in a distilled water blank was included

for each set of unknown samples incubated,!
After incubation, each sample mixture was gravity
filtered through a Whatman No. 50 filter paper into a 400
i

ml beaker.

The Erlenmeyey flask and the residue on the
I

filter paper were washed several times with distilled water,
i
To precipitate proteins in the sample mixture of the
i

filtrated portion, 10 ml of zinc sulphate V/as added and
swirled to ensure adequate mixing.

The solution was allowed
i
!

to set for approximately 15 minutes and 1 to 2% less than an
equivalent amount of saturated barium hydroxide solution was
slowly added and stirred.

Equivalence was determined by
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titrating a 10 ml sample of the zinc sulphate with the
saturated barium hydroxide solution.
2 6 ml were required.

Usually approximately

The resulting precipitate was removed

by vacuum filtration through a Whatman No. 2 filter paper,
washed several times, and the precipitate was then dis
carded.

The filtrate was made to volume with distilled

water in a 250 ml volumetric flask.

Appropriate dilutions

were made to bring the carbohydrate concentration into a
desirable range for determination on the spectrophotometer
(between 30 to 60% transmittance).

The usual dilution re

quired was a 5 ml aliquot added to a 50 ml volumetric flask
and made to volume with distilled water.

A 3 ml portion was

pipetted from this diluted solution and placed in a 25 ml
volumetric flask to which 10 ml of anthrone reagent was
added using an automatic pipette.

The mixture was vigor

ously swirled and immediately boiled in a hot water bath for
exactly 15 minutes and then cooled to room temperature in a
cool water bath.
The absorbance of the anthrone-sample complex was
read on a Bausch and Lomb spectronic 20 spectrophotometer
previously calibrated with an enzyme-distilled water blank
at a wavelength of 620 iujj.

The transmittance reading was

then converted to per cent absorbance.

Transmittance was

read because of the greater accuracy in making the reading.
A standard curve was prepared for each liter of anthrone
reagent used by reacting 10 ml of anthrone reagent with 0,
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10, 20, 40, 60, and 80 yg glucose/jnl standard solutions
(Appendix A) which were boiled, cooled, and read on the
spectrophotometer as previously described.
The milligram glucose equivalents per gram of dry
weight sample were calculated by the formula below:
mg glucose equivalent _
per gram of dry weight
glucose concentration from
original
standard curve (mg/ml)
volume (ml)
original sample weight (gram)

x

dilution
factor

For morphological analysis, the frozen samples were
thawed under running water.

A reproductive culm with its

associated vegetative growth was selected from the frozen
samples for measurements.

The balance of the sample was

used to observe the presence of new roots.

For each

reproductive culm, data collected included new root
development, number of shoots, number of tillers, length of
largest leaf blade, height of growing point, presence of
secondary tillers, number of leaves on dominant tiller or
shoot, and stage of inflorescence development.

Data were

recorded directly on a computer analysis sheet for card
punching and statistical analysis.

After examining each

plant sample, it was refrozen for further examination if
necessary,

A tiller was identified as a developed bud which

showed a green leaf extension longer than 2 mm beyond the
prophyllum and sheath.

New root growth was identified when
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white, soft tissue occurred at the root tip.

Reproductive

culm was a fertile grass shoot which produced an in
florescence,

RESULTS AND DISCUSSION
Annual Growth Cycle of Control Plants
Total nonstructural carbohydrates (TNC) in roots and
stem bases of sideoats grama were similar in concentration
and followed similar patterns from August of 1974 to
November of 1975 (Fig. 3).

These results agree with results

by Sule (1974).
Carbohydrate reserves for control plants increased
rapidly from August to September of 1974, levelled off
during October and again increased rapidly to late November.
A rapid decline occurred from February to May, a slight
increase in June and again a decline that extended through
August.

The lowest levels of total nonstructural carbo

hydrates in the roots of sideoats grama control plants
occurred in August of 1974 and 1975.

The depletion of TNC

found in roots and stem bases in May of 1975 was expected,
since it corresponds to the spring growth season.

Seasonal

trends in TNC depletion during the period of initial growth
and the subsequent accumulation of carbohydrate reserves
have been clearly shown for many range species (Troughton,
1957; Hyder and Sneva, 1959; Weinmann, 1961; Coyne and
Cook, 1970).
The levels of reserves for control plants found in
this study were in general lower than the levels reported
28
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Total nonstructural carbohydrates (TNC) in roots and stem bases, periods
of new root growth, and number of tillers per sample culm for undipped
sideoats grama and monthly precipitation from July, 1974 to November,
1975 at The Research Ranch, Elgin, Arizona.
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by Sule (1974) who conducted his study during less favorable
precipitation years compared to the 1974 and 1975 years in
which this study was conducted (Table 1).

Low soil moisture

has been reported as an important factor influencing
increased storage of carbohydrate reserves in plants
CSosebee and Wiebe, 1971; Julander, 1945).

Some evidence

exists that the drought which occurred in the 1972-73
period favored carbohydrate accumulation associated with
less plant growth compared to growth and reserves during
1974-75,
New tillers developed in the fall, some were lost
during the winter, and new tillers were produced in the
spring.

The highest number of tillers (Fig. 3) occurred in

May of 1975,

Favorable conditions contributed to the

development of tillers and green leaves prior to the May
samples, since good soil moisture resulted from a snow at
the study area on March 27.

A higher number of tillers and

lower carbohydrate reserves accumulation were found in fall
of 1974 compared to fall of 1975 (Fig. 3),

Carbohydrates

were used in tiller production favored by accumulated
moisture from late summer precipitation -and significant
rainfall during the fall period of 1974 compared to a dry
month of August and lesser precipitation in the fall of
1975,
On August 12, 1974, the soil at the time of sampling
was recorded as in a dry condition.

New roots were not
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observed for control plants in August of 1974 (Fig. 3);
i

J

however, new root growth was evident in September of 1974
i

and some growth also in October of 1974 (Fig. 3).

New roots

in September and October of 1974 developed in response to
j

soil moisture available from 1.39 cm of rainfall in late
I
August, 6,8 5 cm during September and 4.95 cm during October,
i

From November of 1974 through June of 1975 no new roots were
found on samples.
Clipping Effects Observed by Sampling Dates
September 1974
The summer clipping occurred in August when TNC in
!

roots and stem bases were at a low level.

New tillers were

developing but no new root growth was observed on samples
(Table 2).
When sampled in September, TNC in stem bases and
j

roots of clipped! sideoats plants were lower than for
control plants (Table 3).
j

statistical analysis showed a

significant difference (P < 0.05) only for the TNC in stem
bases comparison.

Normally, levels of carbohydrate reserves

following defoliation decrease (Donart and Cook, 1970;
Sullivan and Sprague, 1943, 1949; Sprague and Sullivan,
1950; Smith, 1962; Davies, 1965), and the same effect was
found in this stady.
In addition to the effect of clipping in August of
1974 on carbohydrate storage, root growth and number of
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Table 2.

Carbohydrate reserves in roots and stem bases,
percentages of sample plants with new root
growth, number of tillers per sample culm, and
number of green leaves per dominant tiller for
control sideoats grama plants sampled August 12,
1974, The Research Ranch, Elgin, Arizona.

TNC in Roots {mg/g dry wt)

21.45a

TNC in Stem Bases (mg/g dry wt)

21,25

Sample Plants with New Root Growth (%)
Number of Tillers per Sample Culm
Number of Green Leaves per Dominant Tiller
Each value is a mean of four replications,

0
.75
1.00

33

Table 3.

Carbohydrate reserves in roots and stem bases,
percentages of sample plants with new root growth,
number of tillers per sample culm# and number of
green leaves per dominant tiller for sideoats
grama plants sampled September 26, 1974, The
Research Ranch, Elgin, Arizona,

Clipping Treatments
Control

Summer

TNC in Roots (mg/g dry wt)

40.85

38.92 NS

TNC in Stem Bases (mg/g dry wt)

54.95

42.-70*

Sample Plants with New
Root Growth (%)

100

25

Number of-Tillers per
Sample Culm

2. 50

1.50 NS

Number of Green Leaves per
Dominant Tiller

2.50

1,25*

^Significant difference within row at P < 0.05.
Each value is a mean of four replications.
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tillers also showed effects when sampled in September of
1974.

Summer clipping decreased new root growth compared to

the control plants.

Only 25% of the sampled plants clipped

in summer showed new root development compared to 100% of
the control plant samples with new root growth sampled in
September (Table 3).

Influence of clipping on reduction of

root growth was also found by Weinmann (1948), Curtis and
Clark (1950), Crider (1955), Troughton (1957), Ellison
(1960), and Langer (197 2).
Number of tillers and green leaves per dominant
tiller were lower for summer-clipped plants than control
plants in September of 1974 (Table 3).

Clipped plants had

not recovered and increased tillering since they were
clipped.
October 1974
In October of 1974, the levels of TNC in plants
which were clipped on August 12 had recovered and were
higher than control plants (Table 4),
The percentage of samples showing new root growth
was 25% for both summer'-clipped plants and control plants.
Number of tillers observed in October of 1974 after summer
clipping was higher than for control plants,

Clipping of

elongated culms has been reported as favorable to tiller
development (Cook and Stoddart, 1953; Jameson and Huss,
1959).
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Table 4.

Carbohydrate reserves in roots and stem bases,
percentages of sample plants with new root growth,
number of tillers per sample culm, and number of
green leaves per dominant tiller for sideoats
grama plants sampled October 30, 1974, The
Research Ranch, Elgin, Arizona.

Season Clipped
Control

Summer

Fall

Summer-Fall

TNC in Roots
tmg/g dry wt)

40.72

54.32

37.07

39.52 NS

TNC in Stem Bases
(mg/g dry wt)

47.55

50.50

40.17

44.95 NS

Sample Plants with
New Root Growth (%)

25

25

Number, of Tillers
per Sample Culm

2.00

2.50

1.25

1.75 NS

Number of Green Leaves
per Dominant Tiller

2.50

2.00

1.25

1.74 NS

NS = Nonsignificant at P < 0.05,
mean of four replications,

Each value is a
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In October of 1974, plants clipped in the fall
period, September 26, compared to control plants had only
slightly lower total nonstructural carbohydrate levels
stored (Table 4).

No new root growth was observed in

October of 1974 on sampled plants clipped on September 26.
Control plants showed some new root growth at this October
sampling (Table 4) and this root growth could utilize TNC
on control plants and account for the small difference
between TNC of control plants compared to plants which had
been clipped in September but did not show new growth.
Number of tillers and number of green leaves per
dominant tiller also were fewer after fall clipping compared
to control plants (Table 4),
yet occurred.

Recovery from clipping had not

Sideoats plants were clipped in September and

sampled in October, one month later.
Levels of carbohydrate reserves in roots and stem
bases of sideoats grama clipped both in summer (August 12)
and fall (September 26) were not affected significantly
compared to control plants (Table 4).

No new roots were

observed on plants subjected to the summer-fall treatment.
Number of tillers and green leaves per dominant
tiller for summer-fall clippings (Table 4) in October of
1974 was a little lower than for control plants, but higher
than fall clipping alone.

Summer clipping had stimulated

more tillers than observed on control plants and some of
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these tillers remained active even though clipped again in
September.
November 197 4
The TNC in roots and stem bases of sideoats plants
clipped in summer, fall, and summer-fall did not signifi
cantly differ from control sideoats plants, but fall clipping
caused the lowest TNC in roots and stem bases in November of
1974, two months after defoliation (Table 5).

Plants

clipped on September 2 6 did not recover enough photosynthetic tissue to replace reserves comparable to the
control plants.

Particularly in November there was not

sufficient moisture to promote plant growth.

Stem bases

consistently had lower levels of nonstructural carbohydrates
compared to roots for the November sample date.
New root growth was not found in November of 1974
for undipped or clipped sideoats plants.
Tillering and green leaves per dominant tiller were
higher in control sideoats plants compared to summer, fall,
and summer-fall clippings (Table 5).

The high number of

tillers on control plants is either a reflection of sampling
variation or as herbage on the control plants matured, basal
tillers developed and became more abundant than tillers on
plants clipped in summer, fall, or summer-fall.

38

Table 5.

Carbohydrate reserves in roots and stem bases,
percentages of sample plants with new root growth,
number of tillers per sample culm, and number of
green leaves per dominant tiller for sideoats
grama plants sampled November 29, 1974, The
Research Ranch, Elgin, Arizona,

Season Clipped
Control

Summer

Fall

Summer-Fall

TNC in Roots
tmg/g dry wt)

75.95

75.72

49.90

64.40 NS

TNC in Stem Bases
tmg/g dry wt)

65.55

60.42

48,67

52.22 NS

Number, of Tillers
per Sample Culm

2.75

2.00

1.50

1.50 NS

Number of Green Leaves
per Dominant Tiller

3.00

2,25

2.00

2.50 NS

Sample Plants with
New Root Growth (%)

NS = Nonsignificant at P < 0.05.
mean of four replications.

Each value is a
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January 197 5
In January, the level of nonstructural carbohydrates
in roots of control sideoats plants differed significantly
(P < 0,05) from the level found in roots of sideoats clipped
in the fall period (Table 6).

This low level of reserves

from fall clipping is a continuation of low levels observed
since the fall clipping.
Root growth was not found in January of 1975 for all
treatments involved.

Number of tillers was higher for

clipping treatments compared to undipped sideoats plants
(Table 6), and the highest number of tillers was found when
plants' were clipped in fall.

The clipped plants had more

tillers in January than in November (Tables 5 and 6).

This

increase in tiller numbers apparently occurred in response
to January precipitation (Fig. 3).

High tiller numbers and

low TNC are likely to have a cause and effect relationship.
February 1975
In February, differences in TNC among treatments
were not significantly different (Table 7), but the lowest
level of carbohydrates in roots was still found for sideoats
plants clipped in the fall.

For the January and February

samples, in general, clipped plants had a higher number of
tillers and green leaves per dominant tiller compared to
control plants (Tables 6 and 7) and control plants had the
highest TNC levels.

This tiller growth on clipped plants
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Table 6,

Carbohydrate reserves in roots and stem bases,
percentages of sample plants with new root growth,
number of tillers per sample culm, and number of
green leaves per dominant tiller for sideoats
grama plants sampled January 22, 197 5, The
Research Ranch, Elgin, Arizona.

Season Clipped
Control , Summer

Fall

Summer-Fall

TNC in Roots
(mg/g dry wt)

70.25b

66.37b

44.27a

55.15ab*

TNC in Stem Bases
tmg/g dry wt)

56.87

57.72

56.22

69.90 NS

Number of Tillers
per Sample Culm

1.50

2.50

3.00

2.25 NS

Number of Green Leaves
per Dominant Tiller

2.00

2.00

1,50

1.75 NS

Sample Plants with
New Root Growth (%}

*Significant difference at P < 0,05. Values
followed by the same letter are not significantly different
from one another.
NS = Nonsignificant at P < 0,05,
mean of four replications.

Each value is a
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Table 7.

Carbohydrate reserves in roots and stem bases,
percentages of sample plants with new root growth,
number of tillers per sample culm, and number of
green leaves per dominant tiller for sideoats
grama plants sampled February 26, 1975, The
Research Ranch, Elgin, Arizona,

Season Clipped
Control

Summer

Pall

Summer-Fall

TNC in Roots
(mg/g dry wt)

79.27

57.82

47.90

69.82 NS

TNC in Stem Bases
(.mg/g dry wt)

75.82

53,27

56.95

65.05 NS

Number-of Tillers
per Sample Culm

1.75

2.50

2.25

3.00 NS

Number of Green Leaves
per Dominant Tiller

1.25

2.00

1.75

2.50 NS

Sample Plants with
New Root Growth (%)

NS = Nonsignificant at P < 0,05.
mean of four replications.

Each value is a
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apparently was associated with moisture received in January,
Sideoats grama was not dormant even in the winter season at
the study site.
Root growth was not observed in sideoats plants
sampled in February of 1975 (Table 7).
March 1975
A decrease in TNC, especially in stem bases of
sideoats grama was observed for all treatments studied in
March of 1975 compared to Februaryr 1975 (Tables 7 and 8).
Statistical analysis did not show any significant differ
ence among clipped and undipped plants.

The reduction in

TNC storage which occurred for all treatments in March of
1975 was due to an increase in tillers and green leaves
favored by good soil moisture resulting from snow at the
study area in March.

This spring growth is expected if

spring moisture is present.

No new root growth was found

for clipped or undipped sideoats grama in March of 1975.
May 1975
Total nonstructural carbohydrates in roots and stem
bases of sideoats plants also decreased-from March to May
(Tables 8 and 9).
than stem bases.

The decline was more pronounced in roots
There was either a higher translocation of

TNC from roots than stem bases at this spring time in order
to supply energy for the development of new tissues or the
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Table 8.

Carbohydrate reserves in roots and stem bases,
percentages of sample plants with new root growth,
number of tillers per sample culm, and number of
green leaves per dominant tiller for sideoats
grama plants sampled March 27, 1975, The Research
Ranch, Elgin, Arizona.

Season Clipped
Control

Summer

Fall

Summer-Pall

TNC in Roots
(mg/g dry wt)

59.77

54.12

47.12

63.97 NS

TNC in Stem Bases
(mg/g dry wt)

40.67

41,47

39.85

39.35 NS

Sample Plants with
New Root Growth (%)

0

0

0

0

Number, of Tillers
per Sample Culm

1,75a

3.75c

3,25bc

2.50ab*

Number of Green Leaves
per Dominant Tiller
S

2.75

2.50

2.50

2.25 NS

*Significant differences at P < 0,05. Values
followed by the same letter are not significantly different
from one another.
NS - Nonsignificant at P < 0,05,
mean of four replications.

Each value is a
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Table 9.

Carbohydrate reserves in roots and stem bases,
percentages of sample plants with new root growth,
number of tillers per sample culm, and number of
green leaves per dominant tiller for sideoats
grama plants sampled May 4, 1975, The Research
Ranch, Elgin, Arizona.

Season Clipped
Control

Summer

Fall

Summer-Fall

TNC in Roots
(mg/g dry wt}

37.52

49.72

44.75

40.15 NS

TNC in Stem Bases
(mg/g dry wt)

39.95

45.80

36.45

36.40 NS

Number-of Tillers
per Sample Culm

3,25

3.50

2.50

3.25 NS

Number of Green Leaves
per Dominant Tiller

3.25

3.00

3.00

3.00 NS

Sample Plants with
New Root Growth (%)

NS = Nonsignificant at P < 0.05.
mean of four replications.

Each value is a
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abundance of new tissue in stem bases replenished TNC in the
stem bases faster than to roots.
The number of tillers and green leaves per dominant
tiller and TNC levels were almost the same in all clipped
and undipped plants when sampled in May (Table 9).

Many

buds on control plants remained underdeveloped in March
compared to clipped plants, probably the result of cool
temperatures in the crown of control plants which were
shaded by old growth.

As spring temperatures warmed, basal

buds on control plants became tillers and total tillers on
clipped and control plants became similar in number,
Root growth was not observed in sideoats plants
sampled in May of 1975.

May 4 was the date of the spring

clipping treatment.
June 1975
Undipped and clipped sideoats plants showed an
increase in TNC in roots and stem bases in June of 1975 when
compared to May of 1975 (Tables 9 and 10).

The fall-spring

clipping resulted in lowest TNC levels in plants sampled in
June of 1975, although it differed significantly (P < 0.05)
only from fall, summer-fall, and summer-fall-spring
clippings (Table 10).
The storage of reserves in plants clipped in fall
and spring was low compared to other treatments.

Pall

clipping in previous months caused lower TNC in roots and

Table 10.

Carbohydrate reserves in roots and stem bases, percentages of sample
plants with new root growth, number of tillers per sample culm, and
number of green leaves per dominant tiller for sideoats grama plants
sampled June 3, 1975, The Research Ranch, Elgin, Arizona.

Season Clipped

SuiranerFall

SummerFall

Spring

SummerSpring

FallSpring

FallSpring

Control

Summer

TNC in Roots
tmg/g dry wt)

56.07ab

47.47ab

66.17b

69.47b

50.72ab

54.07ab

42.52a

67.15b*

TNC in Stem Bases
(mg/g dry wt)

54.82a

59.22a

67.57a

74.85a

74.82a

76.22a

49.62a

57.70a*

Sample Plants with
New Root Growth(%)0

0

0

0

0

0

0

0

Number of Tillers
per Sample Culm

2.00

2,25

2,75

2,00

3,25

2.50

2.75

3.25 NS

Number of Green Leaves
per Dominant Tiller

3.00

2,50

2.75

2.75

2.75

3,25

2.75

3.75 NS

•Significant differences at P < 0.05. Values followed by the same letters are not
significantly different by Student-Newman-Keuls' procedure.
NS = Nonsignificant at P < 0.05.

Each value is a mean of four replications.
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stem bases compared to other treatments except in May.

This

low TNC level was associated with high tiller numbers prior
to May.

Apparently many tillers on plants subjected to fall

clipping died between March and May.

When clipping was done

again in May the TNC levels in roots and stem bases of
sideoats was reduced as a result of a second clipping
influence and the few tillers per culm for plants clipped
in fall-spring did not have the photosynthetic capacity to
replace reserves as fast as for other treatments.
In June of 1975 no new root growth was found for
clipped or undipped sideoats plants (Table 10).

Soil

moisture was recorded as very dry at the sampling date.
Clipping treatments, excluding summer-fall, affected
the number of tillers and tillering was higher in clipped
compared to undipped plants, but not significantly (P <
0.05) so.

The tiller results in Table 10 suggest thait

carbohydrate reserves levels following defoliation were not
limiting to tiller production.

Number of tillers was in

general increased by spring clipping.

Highest amount of

tillers occurred in June of 1975, one month after defolia
tion in May.

Spring and summer-fall-spring clippings

showed the highest number of tillers and the conclusion
can be made that spring clipping contributed to the increase
when compared with the other treatments studied.
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July 1975
The levels of TNC in stem bases of sideoats plants
for all treatments studied did not differ significantly
(P < 0.05) in July (Table 11).

Total nonstructural carbo

hydrate levels in roots are not reported for July of 1975
because the samples were inadvertently lost.
Root growth was not recorded for sideoats plants
clipped in summer-fall and summer-fall-spring periods.

One

hundred per cent of control sideoats plants and fall-clipped
samples showed root growth and 25% of sideoats plant samples
clipped in summer, spring, summer-spring and fall-spring
showed root growth (Table 11).

The results suggest that

summer-fall clippings were responsible for reducing root
growth early in the summer following clipping.
Competition from surrounding vegetation in this
study seemed to play an important role.

Sule (1974) found

root growth of undipped sideoats grama in the same period
in which it was found in this study.

Also, Sule (1974) and

Schickedanz (.1974) found root growth to be from early
summer through late fall for several grass species studied
in the area where this study was conducted at The
Research Ranch.

Surrounding vegetation competes with

sideoats grama particularly for moisture.

Suppressing

sideoats root growth by clipping reduces its ability to
compete for moisture,

Mueggler (1970) clipped individual

plants and found that detrimental effects of heavy clipping

Table 11.

Carbohydrate reserves in roots and stem bases, percentages of sample
plants with new root growth, number of tillers per sample culm, and
number of green leaves per dominant tiller for sideoats grama plants
sampled July 8, 1975, The Research Ranch, Elgin, Arizona.

Season Clipped

Control

Summer

Fall

46.55

48.20

52.27

SummerFall

44.47

Spring

SummerSpring

FallSpring

SummerFallSpring

49.85

51.77

48.60

27.95 NS

25

25

25

TNC in Roots
(mg/g dry wt)
TNC in Stem Bases
(mg/g dry wt)
Sample Plants with
New Root Growth {%)

100

25

100

0

0

Number of Tillers
per Sample Culm

3.00

3,25

3.00

3.00

2.50

2.00

2.75

1.50 NS

Number of Green Leaves
per Dominant Tiller

2.75

2.75

2.50

2.25

2.25

2.50

2.75

1.75 NS

NS = Nonsignificant at P < 0.05.

Each value is a mean of four replications.
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on herbage production could be decreased by also clipping
adjacent vegetation.
Number of tillers and green leaves per dominant
tiller, although not significantly different (P < 0.05),
were lower for spring clippings (Table 11).

Sideoats plants

clipped on May 4, showed lower tillering as a result of dry
June period and dry early July which can have contributed
for some death of young tillers.
August 1975
The lowest levels of total nonstructural carbo
hydrate reserves found in roots and stem bases of sideoats
grama were observed in August of 1975 for all treatments
studied (Table 12).

Roots consistently maintained lower

levels of reserves compared to stem bases in all treatments.
Root growth was found only for control and fall
clipping (Table 12).

Very low precipitation occurred in

August of 1975 and soil moisture was recorded as very dry
at the sampling date.

Lack of moisture, clipping effects

and competition from surrounding vegetation could be the
factors which influenced root growth.
Amount of tillers and green leaves per dominant
tiller were lower for undipped compared to clipped sideoats
plants (Table 12).

The low number of tillers per reference

culm for this sample date represents a shift to current
reproductive culms as the reference.

Although low

Table 12.

Carbohydrate reserves in roots and stem bases, percentages of sample
plants with new root growth, number of tillers per sample culm, and
number of green leaves per dominant tiller for sideoats grama plants
sampled August 6, 1975, The Research Ranch, Elgin, Arizona.

Season Clipped

SummerFall

Spring

SummerSpring

FallSpring

SummerFallSpring

Control

Summer

Fall

TNC in Roots
(mg/g dry wt)

30.25

33.90

20.30

31.20

23.65

30.70

30.62

28.87*NS

TNC in Stem Bases
(mg/g dry wt)

42,15

55.60

40.15

55.02

47.57

61.27

54.40

66.52 NS

Sample Plants with
New Root Growth (%)

75

0

50

0

0

0

0

0

Number of Tillers
per Sample Culm

1.00

2.50

1.75

2.25

2.00

1.50

1.25

2.25 NS

Number of Green Leaves
per Dominant Tiller

1.50

3.50

1.50

3.00

1.75

1.50

2.25

3.00 NS

*Each value is a mean of four replications.
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carbohydrate levels have been found in roots and stem bases
of sideoats plants in August of 1975 there was not a
correspondence of higher tillering and green leaves per
dominant tiller.

This suggests that the reduction in *

carbohydrate reserves in August of 1975 is due to the high
demand of TNC for seed head formation at this time and also
used as energy by the plant in the process of respiration.
High summer temperature and the dry period in August of
1975 contributed to more carbohydrate use in the respiratory
process than carbohydrate elaborated by the photosynthetic
process.
September 1975
Carbohydrate reserves in roots and stem bases of
clipped and undipped sideoats plants were higher than TNC
found in August of 1975,

A significant difference (P <

0.05) in levels of TNC in stem bases was found only between
fall and'summer-fall-spring clippings (Table 13).

The

lowest level of total nonstructural carbohydrate reserves
was observed when sideoats plants were clipped in fall of
1974.

Also, TNC in roots were lower than TNC in stem

bases.
Root growth was not observed in September, 1975 for
clipped or undipped sideoats grama.

Although at the date

of sampling, early September, soil moisture was good,

Table 13.

Carbohydrate reserves in roots and stem bases,
plants with new root growth, number of tillers
number of green leaves per dominant tiller for
sampled September 4, 1975, The Research Ranch,

percentages of sample
per sample culm, and
sideoats grama plants
Elgin, Arizona.

Season Clipped
Summer-

SummerFall

Spring

SummerSpring

FallSpring

FallSpring

Control

Summer

Fall

TNC in Roots
{mg/g dry wt)

56.62

51,90

31.05

42.27

44.82

52.05

45.27

41.75 NS

TNC in Stem Bases
(mg/g dry wt)

76.37ab

6S,82ab

58.77a

66.07ab

72.42ab

79.97ab

71.40ab

85.75b*

Number of Tillers
per Sample Culm

.50

1.75

1.75

1.75

1.00

2.00

2.00

1.00 NS

Number of Green Leaves
per Dominant Tiller

.50

2.75

2.50

1.75

2.00

2.25

2.75

1.50 NS

Sample Plants with
New Root Growth (%)

*Significant difference at P < 0,05.
significantly different.

Values followed by the same letter are not

NS = Nonsignificant at P < 0.05. . Each value is a mean of four replications.
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August was very dry and stress of water influenced root
growth during this period.
Amount of tillers and green leaves per dominant
tiller decreased in September of 1975 (Table 11}, compared
to August of 1975.

Control plants showed the lowest number

of tillers and green leaves per dominant tiller compared to
clipped plants.

The number of tillers in September of 1975

represents tillers with reference to current reproductive
culms.

Some of the dominant tillers observed in August

became reference culms in September which contributed to a
loss in tiller numbers.
November 1975
Total nonstructural carbohydrate reserves in roots
and stem bases of clipped and undipped sideoats plants
were high in November of 1975 (Table 14).

Control and

clipping treatments did not differ significantly (P < 0.05)
in the levels of TNC,

The accumulation of reserves in this

period corresponds to the early dormancy period.
Root growth was not found for clipped or undipped
sideoats plants in November of 1975 (Table 14).

The soil

moisture at the sampling date was recorded as very dry.
September of 1975 was a month of low precipitation and
November of 1975 was very dry and no stimulus for root
growth could be expected in November,

Also, temperature in

Table 14.

Carbohydrate reserves in roots and stem bases,
plants with new root growth, number of tillers
number of green leaves per dominant tiller for
sampled November 13, 1975, The Research Ranch,

percentages of sample
per sample culm, and
sideoats grama plants
Elgin, Arizona.

Season Clipped

Control

Summer

Fall

SummerFall

Spring

SummerSpring

FallSpring

SummerFallSpring

TNC in Roots
(mg/g dry wt)

77.10

79.33

98.70

80.56

72.23

74.46

75.53

65.00 NS

TNC in Stem Bases
(mg/g dry wt)

80.56

93.10

75.43

66.33

66.43

74.16

58.33

76.20 NS

Number of Tillers
per Sample Culm

1.00

1.00

1.66

1.66

2.66

1.66

2.66

2.66 NS

Number of Green Leaves
per Dominant Tiller

1.33

1.66

2,33

2.00

2.33

2.66

2.00

2.66 NS

Sample Plants with
New Root Growth (%)

NS = Nonsignificant at P < 0.05.

Each value is a mean of four replications.
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November dropped and low temperatures reduce root growth
even when moisture is available.
Number of tillers and green leaves per dominant
tiller varied little among treatments.

Spring clipping

treatments seemed to relate to the highest amount of
tillers.
Dry Matter and Seed Production as Influenced
"by Clipping Treatments
"
Sixteen plant samples subjected to each clipping
treatment and identified for sampling in June, July,
August, and September of 1975 were utilized to determine
means and statistical analysis for total herbage production.
Average dry matter production in grams per plant at
each clipping date and mean comparisons by Student-NewmanKeuls' test among clipping treatments are shown in Table 15.
These data show the relative herbage yield resulting from
the clipping treatments.
The single fall clipping resulted in the highest
dry matter yield compared to the rest of the clippings
treatments excluding the fall-spring clipping (Table 15),
Approximately 1,5 metric tons per hectare, assuming a 25%
basal cover, and average plant diameter of 14.3 cm, was
obtained by the single clipping in early fall.

Most of

the sideoats plants when clipped in fall were at early
head and soft dough stage.

Near maximum dry matter

Table 15.

Average dry matter production in grains per plant for clipping treat
ments on sideoats grama. The Research Ranch, Elgin, Arizona, 1974-1975.

Clipping Treatment
Clipping
Date

Stage
When
Clipped

Summer

Fall

Summer
Fall

Spring

Summer
Spring

Fall
Spring

Summer
Fall
Spring

(grams/plant)
August
12
1974

Pre boot
to
boot

September

Early head
to
Soft Dough

26

1974
May
4
1975
Total

5.47

5.02

7.33

2.00

3 to 4
leaf
5.47b*

7.33bc

4.58

7.02b

4.99

10.32

1.97a

.38d

.37d

36d

1.97a

4.96b

10.69c

7.13b

*Values followed by the same letter are not significantly different
(P < 0.05) by Student-Newman-Keuls' test. Each value in table represents a mean
of 16 plants.
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production is expected from clipping after seedstalk forma
tion (Hereford, cited by Jameson and Huss, 1959).
When sideoats plants were clipped in summer and
again in fall, the production of dry matter for the two
clippings was less than for the single fall clipping
(Table 15).

These results can be expected, since repeated

and severe clipping has been shown to reduce dry matter
yield (Jameson, 1963; Hedrick, 1958; Heady, 1961; Jacques
and Edmond, 1952).

Deferment until plants are mature

favors maximum dry matter production.
The herbage yield from spring clipping of sideoats
grama at the 3-to-4 leaf stage was only 1,97 grams/plant
compared to 7,33 grams/plant from the fall clipping (Table
15), yet this green spring forage can be very important
because it is produced when green forage is limited on
desert grassland ranges.
Fall, summer, and fall-summer clipping when clipped
again on May 4, 1975, reduced herbage production on this
date to less than one-fourth the amount produced by plants
which had not been clipped the previous summer or fall
(Table 15).

This reduced herbage yield is explained, at

least in part, to shorter leaf height for plants which had
been clipped in summer or fall (Table 16) compared to plants
which had not been clipped.
Several factors may have contributed to the reduced
leaf height of sideoats grama plants in May of 1975 as a

Table 16.

Average plant height in centimeters by sampling date for clipping
treatments on sideoats grama, The Research Ranch, Elgin, Arizona,
1974-1975.

Clipping.Treatment
Stage
When
Clipped

Clipping
Date

Summer

Fall

Summer
Fall

Spring

Summer
Spring

Fall
Spring

Summer
Fall
Spring

(cm)
August
12
1974

Pre boot
to
boot

September
26
1974

Early head
to
Soft Dough

May
4
1975

3 to 4
leaf

31,6

30.6

32.4

29.5

16.6

14.9

*Each value represents a mean of 16 plants.

9.05

29.9*

34.2

17.0

9.3

8.7
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result of clipping which had been clipped in the previous
summer or fall period.

Since summer and fall clippings

stopped root growth, the ability of clipped plants to
compete with surrounding vegetation may be a factor.

Also

microclimate effects created within and adjacent to clipped
sideoats plants can modify the photosynthesis and respira
tion rates resulting in differences in leaf height growth
and herbage yield.

Another factor which probably con

tributed to shorter leaf height was the greater number of
tillers per reproductive culm from summer or fall clippings,
compared to check plants.

Tiller competition was detri

mental to height growth.
Low spring herbage yield for plants clipped the
previous summer or fall lends support to development of
management plans for sideoats grama which provide for
summer and fall rest to obtain maximum green forage the
following spring.

Fall and summer rest are also necessary

for seed production, as few seed heads developed after
summer clipping at preboot to boot stage and all seed
heads were reduced in September prior to ^eed dispersal
(Table 17).
Application of Results
Range managers are faced with the problem of devising
grazing systems that permit maximum returns from the forage
species, perpetuate the species potential and remain

Table 17.

Average number of seedheads per plant by sampling date for clipping
treatments on sideoats grama, The Research Ranch, Elgin, Arizona,
1974-1975.

Clipping.Treatment
Stage
When
Clipped

Clipping
Date

Summer

Fall

Summer
Fall

Spring

Summer
Spring

Fall
Spring

Summer
Fall
Spring

(number per plant)
August
12
1974

Pre boot
to
boot

September
26
1974

Early head
to
Soft Dough

May
4
1975

3 to 4
leaf

.70

.77

25.0

1.20

3.67

1.10*

26.3

0

*Each value represents a mean of 16 plants.

0

0

6.47

0
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compatible with other resources as water, wildlife, etc.
This is a perplexing challenge, particularly when we
consider the varied palatability and response of plant
species to grazing, the competition among plants, and the
mosaic of plant composition on most range lands.
Sideoats grama plants clipped in this study were
affected by seasonal clippings, and plant competition from
surrounding vegetation likely influenced the effects of the
clipping treatments, as individual plants were clipped
without clipping adjacent vegetation.
to grazing influences.

This is comparable

When grazing is allowed, ability of

some plants to compete is reduced, since livestock will
graze the palatable forage species leaving the unpalatable
surrounding vegetation competing with the desirable grazed
species.
The clipping effects from this study showed that
root growth was stopped after sideoats grama was clipped in
summer and fall, spring herbage production was reduced
from summer and fall clipping, and seed production was
eliminated by summer and fall clippings,

A grazing manage

ment plan should be oriented to provide.forage for the
livestock without continually damaging the vigor of
sideoats grama.
A deferred-rotation grazing system, such as
designed by Schmutz (1973), would be appropriate to the
sideoats grama plants at the Elgin range areas in Arizona.
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This system begins the grazing year with grazing from July
to October and then provides 16 months of resting for the
first grazed pasture grazed during this critical period.
The other two pastures are grazed later in the current
grazing year and the first part of the following year.
The rest periods would allow the sideoats grama
plants to recuperate from the detrimental effects on the
vigor of the plant from grazing in summer and fall periods.
The fall resting period would allow the sideoats grama to
accumulate total nonstructural carbohydrates and vigor could
be maintained during the winter time.
Summer and fall rest for seed production also would
be an important advantage of the deferred-rotation grazing
system; since summer or fall clipping caused a great reduc
tion on seedstalks of sideoats grama.

CONCLUSIONS
The results of the study lead to the following
conclusions:
1.

Most of the new root growth of sideoats grama
plants occurred from July to September when warm
temperature and favorable soil moisture coincided.
Summer and fall clippings reduced root growth.

2.

Fall and summer clippings, alone or in combination,
reduced spring herbage production of sideoats
plants.

3.

Both summer and fall clippings were detrimental
to seed production because these clippings removed
the developing seedstalks.

4.

Total nonstructural carbohydrates in roots and stem
bases of sideoats grama were reduced after clipping
but were not reduced to critical levels as a result
of the single or combined clipping treatments of
this study.

5.

Summer and fall clipping at 5 cm height reduced
tiller development during the fall and early winter
compared to control plants,

During January and

February, however, clipped plants produced more
tillers than control plants.

By May, the number of

tillers per sample culm was similar for all
64

treatments, because the increase in tillers on
control plants after March.
6.

Fall clipping resulted in higher dry matter pro
duction of sideoats grama than summer clipping or
summer-fall clipping,

7.

August and September were critical periods for
clipping sideoats grama as shown in this study.

8.

Results of this study indicate a need to more
closely study the effects of competing vegetation
and clipping treatments.

APPENDIX A
CHEMICAL REAGENTS USED IN THE CARBOHYDRATE ANALYSES
Reagent

Preparation

Anthrone

Add 1.0 g thiourea to 8 7.5% (W/W)
H2SO^ in 1000 ml volumetric flask.
Shake until completely dissolved.
Add 1,0 g anthrone crystals and
shake again. Bring to volume with
87.5% H2SO4. Refrigerate and keep
out of light.

ZnS04 (10% W/W)

Add 178 g ZnS04*7H20 to distilled
H2O and bring to 1000 ml volume.

Ba(OH). (saturated)

Add 76 g Ba(OH)2»8HoO to 1000 ml
distilled HnO. Shake and let stand
2 4 hours before using.

Buffer solution
^(pH 4.45)

Mix 3 volumes 0.2 N acetic acid with
2 volumes 0.2 N sodium acetate. Add
a small amount of powdered thymol to
prevent microorganism growth.
Refrigerate and keep out of light.

Takadiastase enzyme

Dissolve 5 g of commercial
takadiastase in a convenient volume
of distilled H20 (approximately
240 ml), Transfer to sock made of
dialysis cellulose casing and
immerse sealed sock in running
H20 for ,72 hours. Filter dialyzed
solution with gravity through a
No. 4 Whatman paper into a 1000 ml
volumetric flash and bring to volume.
Add a small amount of powdered
thymol to prevent microorganism
growth. Refrigerate and keep out
of light.
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Preparation

Reagent
Glucose standard solutions
4000 yg/ml

Add 1.000 g of anhydrous glucose
to 250 ml volumetric flask and bring
to volume with distilled H2O.

10 yg/ml

Add 0.625 ml of 4000 yg/ml solution
to 250 ml volumetric flask and bring
to volume with distilled H2O.

20 yg/ml

Add 0.500 ml of 4000 yg/ml solution
to 100 ml volumetric flask and bring
to volume with distilled H2O.

40 yg/ml

Add 1.00 ml of 4000 yg/ml solution
to 100 ml volumetric flask and bring
to volume with distilled H2O.

60 yg/ml

Add 1.500 ml of 4000 yg/ml solution
to 100 ml volumetric flask and bring
to volume with distilled H2O.

80 yg/ml

Add 2.000 ml of 4000 yg/ml solution
to 100 ml volumetric flask and bring
to volume with distilled H20.
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