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Nonstructural Carbohydrates 
in Grazed and Ungrazed 

Cane Bluestem 

PATRICK 0. REARDON AND LEO B. MERRILL 

Highlight: Trend of carbohydrate reserves, major storage carbohydrates, and 
primary storage locations were determined in grazed and ungrazed cane bluestem 
plants. Sucrose was usually the major reserve carbohydrate, and the largest concentra- 
tion of reserve carbohydrates was in the crown portion of the plant. The total non- 
structural carbohydrate (TNC) levels were higher in grazed than in ungrazed plants. 
The ungrazed plants matured earlier, as indicated by an earlier TNC peak and had 
lower winter TNC levels. Results indicate that maximum plant vigor can be maintained 
with a periodic June to November grazing deferment followed by moderate foliage 
removal. 

The study of production and accumu- 
lation of total nonstructural carbohy- 
drates (TNC) in plants is often utilized 
for gaining insights into maintenance of 
plant vigor and forage yields. The sea- 
sonal trends of carbohydrate reserves are 
similar but not always the same for most 
native range plants. Species differences 
and environmental conditions make it 
difficult to draw general conclusions con- 
cerning management of all important 
range plants. Therefore, repetitive re- 
search is necessary to gain information 
pertaining to all important range plants 
under varying environmental influences 
(White, 1973). Merrill and Reardon 
(1966) reported that cane bluestem (Bo- 
thriochloa barbinodis Lag.), among other 
herbaceous plants, remained in a low 
state of vigor in an area deferred from 
livestock and wildlife grazing for over 20 
years. The same plant species in an 
adjacent area managed under a 4-pasture 
deferred rotation system was in a high 
state of vigor and highly productive. 
Plants in the grazed area had a faster 
spring growth rate and produced more 
foliage than plants in the ungrazed area, 
Carbohydrate levels may have played an 
important role in causing these differ- 
ences. Higher carbohydrate reserve levels 
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preceding winter conditions could explain 
the accelerated spring growth rate in 
grazed plants. 

This study was undertaken to gain 
information concerning seasonal reserve 
carbohydrate trends, major nonstructural 
carbohydrate reserves and primary stor- 
age areas in cane bluestem. Results will be 
useful in designing grazing systems to 
maintain plant vigor and production in 
cane bluestem. 

Study Areas and Procedures 

Samples of cane bluestem were taken 
from two experimental pastures within 
the Texas A&M University Agricultural 
Research Station at Sonora. One pasture 
has not been grazed by domestic livestock 
or deer since 1949. The other is one of 
four pastures in a deferred-rotation sys- 
tem. This pasture was grazed at the rate 
of 32 animal units per section with cattle, 

sheep, and goats from 1949 until 1959 
and with 43 animal units per section from 
1960 until 1970. These two pastures 
provided properly utilized plants and 
unutilized plants, so that the difference in 
carbohydrate concentrations based on 
degree of defoliation could be deter- 
mined. 

Cane bluestem plants with similar 
basal diameters and from the same range 
site were selected and staked at the 
beginning of the study. Three replications 
of individual plants were collected 
monthly from each pasture. Samples were 
taken at a set time during the day to 
reduce errors resulting from daily carbo- 
hydrate fluctuations (Waite and Boyd, 
1953). Plants were removed to a depth of 
6 to 8 inches in a manner similar to that 
described by Williams and Baker (1957), 
The collected material was separated in 
the field into two categories: basal crown, 
including the lower 3/4 inch of the culms; 
and roots. After collection, the material 
was frozen immediately in dry ice to 
arrest enzymatic activity and stored in a 
deep freeze until chemical analyses were 
made. 

Prior to chemical analyses, the plant 
material was freeze-dried and ground 
through a Wiley mill to pass a 40-mesh 
screen. Quantitative analyses were made 
for reducing sugars, sucrose, and starch. 

Plant material was extracted with 90% 
ethanol (Waite, 1957). The filtrate was 
cleared with cadmium hydroxide (Laid- 
law and Reid, 1952). Quantity of reduc- 
ing sugars and sucrose in the filtrate was 
determined by a modification of the 
ferricyanide reduction method (Furu- 
holmen et al., 1964). Residue from a 
water extract was utilized for quantitative 
determination of starch by the perchloric 
acid extraction method as described by 
Pucher et al., (1948). All chemical analy- 
ses were expressed as a percentage on a 
dry weight basis. These data were anal- 
yzed by Student’s t-Distribution proce- 
dures, as outlined by Li (1957), using 
monthly observations from the grazed 
and ungrazed plants in a paired analysis. 

Table 1. Individual and TNC concentrations (%) from cane bluestem roots collected from grazed 
and ungrazed areas. 

Grazed Ungrazed 

Reducing 
Month 

Reducing 
sugars Sucrose Starch TNC sugars Sucrose Starch TNC 

Feb. 2.7 2.8 0.8 6.3 2.2 3.4 0.4 6.0 
Apr. 1.4 2.3 0.1 3.8 1.2 1.0 0.1 2.3 
May 1.6 3.4 0.1 5.1 2.0 3.4 0.0 5.4 
June 2.1 0.2 1.6 3.9 1.0 0.4 0.1 1.5 
July 2.3 7.9 0.3 10.5 2.3 6.0 0.2 8.5 
Aug. 1.2 0.6 7.3 2.6 4.4 0.4 7.4 
Sept. 1.6 

::“o 
3.3 8.9 1.2 2.8 1.9 5.9 

Oct. 2.1 ;:; 2.1 9.4 1.4 1.5 1.6 4.5 
Nov. 1.9 0.1 4.8 1.9 3.7 0.1 5.7 
Dec. 4.3 3.9 0.5 8.7 1.4 3.2 0.5 5.1 
Jan. 1.8 4.6 0.1 6.5 1.4 2.3 0.0 3.7 

Average 2.09 3.87 0.88 6.84 1.69 2.92 0.48 5.09 
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All field data were collected that the 
Texas A&M University Agricultural Re- 
search 1 Station at Sonora. Chemical analy- 
ses were done at the Range Science 
Departmental Laboratory at Texas A&M 
University, College Station, 

8 

Results and Discussion 
6 

Levels of TNC in the roots of grazed 
plants were significantly higher (P < .OS) 
than in ungrazed plants. The seasonal 
trend of TNC reserves in the roots (Fig. 
1) follows the general trend as previously 
established by several other workers 
(McCarty, 1938; McCarty and Price, 
1942). In both the grazed and ungrazed 
plants, the seasonal low was in June and 
the peak in July. After July, TNC in the 
ungrazed plants began a gradual decline, 
indicating plant maturity. In grazed 
plants, TNC levels were again high at the 
October and December sampling dates, 
indicating carbohydrate synthesis and 
storage following the July peak. This 
extra synthesis and storage was probably 
due to additional growth following heavy 
fall rains and warm days which occurred 
until December. TNC reserves in the roots 
of the grazed plants at the last sampling 
date were about 76% higher than from 
the ungrazed plants. The ungrazed plants 
must not have been able to utilize the 
warm, moist fall weather conditions for 
synthesis or storage. Higher TNC levels 
could explain why the grazed plants have 
a greater spring growth rate than the 
ungrazed plants. 

v- --- Ungrazed 
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Fig. 1. Total nonstructural carbohydrate (%) reserves in roots of cane bluestem plants from grazed 
and ungrazed areas. 
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The seasonal trend of TNC levels in 
the crown of grazed and ungrazed plants 
followed similar patterns (Fig. 2). Both 
had a low TNC level in April and a high 
TNC level in September or October. 
Ungrazed plants had a TNC peak about a 
month earlier than the grazed plants, 
indicating earlier maturity. After this 
peak, TNC levels declined. However, the 
high December TNC level in grazed plants 
indicates TNC synthesis and more storage 
after the October peak. The TNC level in 
the grazed plant crown was 167% higher 
on the January sampling date than that 
for the ungrazed plant. As with the roots, 
mean TNC levels in crowns of grazed 
plants were significantly (P < .05) higher 
than in the ungrazed plants. 
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Fig. 2. Total nonstructural carbohydrate 1%) reserves in crown of cane bluestem plants from 
grazed and ungrazed areas. 

Table 2. Individual and TNC concentrations (%) from cane bluestem crowns collected in the 
grazed and ungrazed areas. 

Grazed Ungrazed 

Reducing Reducing 
Month suzar s Sucrose Starch TNC sugars Sucrose Starch TNC 

Feb. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 

4.6 2.3 1.8 8.7 

Sucrose was the major reserve carbo- 
hydrate in roots of both the grazed and 
ungrazed plants (Table 1). However, re- 
ducing sugars were the major reserve 
carbohydrates in the crowns of ungrazed 
plants (Table 2). There was no sizable 
difference between sucrose and reducing 
sugar levels in crowns of grazed plants 
(Table 2). This agrees with previous re- 

2.4 1.7 1.1 5.2 
3.1 4.1 0.7 7.9 
2.8 0.0 2.2 5.0 
3.6 5.1 1.9 10.6 
3.2 3.0 4.5 10.7 
2.1 2.2 5.6 9.9 
3.1 4.3 5.9 13.3 
2.0 2.7 1.5 6.2 
2.8 5.3 4.1 12.2 
2.9 3.7 1.4 8.0 

Average 2.98 3.13 2.79 8.88 

3.8 1.6 0.4 5.8 
1.8 0.0 1.4 3.2 
2.8 2.7 0.7 6.2 
2.4 1.3 1.0 4.7 
2.4 2.3 1.4 6.1 
4.5 1.0 3.1 8.6 
2.0 7.4 3.0 13.3 
2.3 9.7 2.9 5.9 
2.1 2.0 2.2 6.3 
3.0 1.0 1.9 5.9 
1.9 0.9 0.2 3.0 

2.64 1.89 1.74 6.21 
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search (Okajima and Smith, 1964; Wein- 
mann, 1952) in that warm season grasses 
such as cane bluestem accumulate pri- 

marily sucrose and starch and cool season 
grasses store sucrose and fructosans. The 
low levels of sucrose in the crowns of 
ungrazed plants can probably be ex- 
plained by the fact that high sucrose 
levels are usually associated with acceler- 
ated growth which was not evident in the 
ungrazed plants (Nowakowshi, 1962). 

Relative concentrations of reducing 
sugars, sucrose, and starch varied during 
the year, (Tables 1 and 2). On some 
sampling dates the reducing sugar concen- 
tration was highest; on other dates, the 
sucrose or starch. The major storage area 
for nonstructural carbohydrates within 
cane bluestem plants is in the crown. The 
difference in the TNC levels between 
roots and crown was small. However, 
during peak periods and winter months, 
TNC levels were higher in the crown. 

Results from this study bring out 
several important points concerning 
growth and management of cane blue- 
stem. Because sucrose was usually the 
major reserve carbohydrate and the 
crown the major storage area, future 
carbohydrate analyses could be simplified 

by analyzing for sucrose found in the 
crown. The low June TNC level and the 
high October TNC level indicate that a 
grazing deferment between June and 
November would be beneficial in main- 
taining plant vigor in cane bluestem 
plants. This deferment would allow the 
plant to synthesize and accumulate plant 
foods and go into dormancy with a 
relatively high reserve TNC level. Moder- 
ate grazing after the October TNC peak 
should not be harmful. 
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Improvement of Panspot (Solonetzic) 
Range Sites by Contour Furrowing 

R. J. SOISETH, J. R. WIGHT, AND J. K. AASE 

Highlight: We studied the effects of 3-, 7-, and lo-year-old contour furrowing on 
Siddoway (1972) found that contour 

some physical and chemical soil properties of panspot range sites in southeastern 
furrowing significantly increased soil 

Montana. Changes in soil bulk density, sodium-adsorption-ratio (SARI, and salinity 
water during some portions of the grow- 

(EC) on the contour-furrowed areas were generally small, but a definite ameliorating ing season. Branson et al. (1966) observed 

trend was established. Contour furrowing increased infiltration rates 0.25 to 3.11 cm/ that average soil water storage was nearly 

hr and increased forage yields 498 to 770 kg/ha. Reduced SAR and EC on contour 8% greater in contour-furrowed soils than 
furrowed areas were attributed to increased infiltration. in unfurrowed soils and reported leaching 

Contour furrowing, a mechanical range 
renovation treatment, has been used suc- 
cessfully to increase range herbage pro- 

duction (Branson et al., 1962; and Wein 
and West, 1971). Branson et al. (1966) 
worked with seven different mechanical 
treatments and found that contour fur- 
rowing and broadbase furrowing in- 
creased herbage production more than 
the other methods. Hubbard and Smoliak 
(1953) found that, after 13 years, con- 
tour dikes were still beneficial in 
increasing herbage yields. 

of salts from upper to lower depths in a 
0- to 60-cm soil profile on contour- 
furrowed sites. 
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Information on soil physical and 
chemical properties from contour- 
furrowed areas is limited. Wight and 

Contour furrowing has been used ex- 
tensively by the Bureau of Land Manage- 
ment in eastern Montana and elsewhere 
to reduce runoff and erosion and to 
increase herbage production. Except for 
the work of Branson et al. (1966), little 
information has been reported on the 
effects of this land treatment with time 
on edaphic factors. The objectives of our 
study were to determine the effects of 
contour furrowing on selected physical 
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