










Plant Response and Livestock Weight 

Changes on Big Bluegrass Range Grazed 

during Late Fall, Winter, and Early Spring 

PAT 0. CURRIE 

Highlight: Yearling heifers grazing Sherman big bluegrass 
ranges in Colorado during the cold winter period gained weight 
during late fall with or without a protein supplement, but they 
gained less than animals that grazed native range and received 
%-lb protein/day. During winter and early spring, animals lost 
weight in most pastures. Exposure as well as kind and quantity 
of forage and feed available evidently influenced livestock 
weights. Grazing was not detrimental to Sherman big bluegrass 
during any period from late fall to early spring, and stands 
improved during the study. For most effective use, big 
bluegrass should replace native range for fall grazing in a 
management system. More animals could be carried over 
winter, or a set number of animals could be overwintered on 
fewer acres. 

Climatic conditions during the study were often very cold 
at the 7,800 ft elevation of the experimental forest. January 
minimum temperature ranged from - 12°F in 1967 to - 30°F 
in 1971. Snow, although not usually deep, is present at 
different times throughout the fall through spring season in 
this area of Colorado. 

Study Areas 

Experimental Procedure 

Sherman big bluegrass, a selected strain of Poa ampla Merr., 
indigenous to the Pacific Northwest, is highly productive in 
certain areas of the Rocky Mountain Region. Generally, it is 
best adapted to elevations above 7,000 ft and where average 
annual precipitation approaches or exceeds 14 inches 
(McGinnies et al., 1963). Although it is often difficult to 
establish, Sherman big bluegrass-usually remains green in late 
fall and winter, resumes growth very early in spring, and 
responds exceptionally well to grazing. It has a tendency to 
“pull up” when grazed, however (Hyder and Sneva, 1963; 
Haferkamp and Currie, 1973). 

Two 45-acre tracts were planted to Sherman big bluegrass 
at the Manitou Experimental Forest near Woodland Park, 
Colorado, during the summer of 1965 (Currie, 1967). One 
tract, the Nursery Field, has a westerly exposure. The other, 
designated the Sinclair Field, has an easterly exposure. The 
land was plowed and tilled (Currie and Smith, 1970) to kill 
existing vegetation prior to seeding. 

A randomized block design was used for evaluating 
treatment responses. The Nursery and Sinclair blocks were 
fenced to provide nine j-acre pastures at each location. In 
addition, two 30-acre native ranges, one adjacent to each area, 
served as controls for comparing livestock gains. Native ranges 
were included for comparison because they are the usual 
forage source in this area for keeping animals through the 
winter. 

Beef production from Sherman big bluegrass grazed in late 
spring and summer has been greater than for other seeded 
species tested at the Manitou Experimental Forest (Currie, 
1969a). Also, where incorporated into a yearlong management 
plan, early fall grazing of this grass produced excellent weight 
gains (Currie, 1969b). 

To further evaluate big bluegrass as a source of forage, tests 
were conducted over a 3-year period to (1) determine cattle 
responses to grazing seeded stands of this species during late 
fall, winter, and early spring, and compare responses with 
those of animals grazing on nearby native ponderosa 
pine-bunchgrass ranges, (2) evaluate effects of grazing during 
these periods on stand characteristics, and (3) compare 
minimum level of protein supplement necessary for 
maintenance or satisfactory weight gains of animals grazing big 
bluegrass. 

In the Nursery block, the control pasture is situated along a 
stream bottom that produces mainly meadow grasses and 
legumes. It also contains willow thickets, which provide some 
protection for cattle. The native range control treatment in the 
Sinclair block is more exposed. It is on an upland site which 
supports excellent stands of Arizona fescue (Festuca arizonica 
Vasey) and mountain muhly (Muhlenbergia montana (Nutt.) 
Hitchc.) among scattered stands of ponderosa pine (Pinus 
ponderosa Laws.). 

Pasture and Livestock Treatments 

The author is range scientist, Rocky Mountain Forest and Range 
Experiment Station, U.S. Department of Agriculture, Forest Service, 
with central headquarters maintained at Fort Collins, in cooperation 
with Colorado State University. 

Manuscript received February 5, 1975. 

Experimental grazing began in the fall of 1967 and was 
concluded in the spring of 1971. Grazing seasons and forage 
sources and protein supplement rates tested on the 5-acre 
pastures and native range were as follows: 

Combinations of Forage Source and Supplement Rate 

(1) NR % Native Range + ‘/z lb protein/animal/day 
(2) S, Seeded Sherman big bluegrass - 0 protein 
(3) s % Seeded Sherman big bluegrass + % lb protein/ 

animal/day 
(4) s ‘/z Seeded Sherman big bluegrass + ‘/z lb protein/ 

animal/day 
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Table 1. Average seasonal changes in weight (lb/animal) of he& 
calves on Sherman big bluegrass pastures and native ranges for a 
3-year period. 

Season 

Forage source and Fall 
protein supplement (Dec. l- 

(lb/animal/day) Jan. 10) 

Winter 
(Jan. lo- 
Feb. 20) 

Spring 
(Feb. 20- 
Apr. 1) 

Nursery 
B& bluegrass 

0 
lYa 
1% 

Native range 
‘Y2 

Sinclair 
Big bluegrass 

0 
VI 
1% 

Native range 
Y2 

6 -21 2 
19 -15 -3 
18 -6 -5 

35 16 -26 

5 -14 -22 
5 -10 -16 
2 -10 -17 

22 -6 -8 

bluegrass pastures at either location. 
Although sheds were provided to protect the heifers in all 

bluegrass pastures, exposure to the elements while grazing 
made the animals more susceptible to weight loss (Fig. 1). As 
expected, cattle weight gains varied significantly (P < .O 1) by 
years on the bluegrass pastures. During 1967-68, the heifers 
gained weight under all treatments in the fall, lost most weight 
in winter, and a lesser amount in spring. They ended the entire 
fall through spring seasons with a net gain of 14 lb/animal. In 
1969-70, heifers lost an average of 2.1 lb/animal in the fall on 
the 1/2 lb protein/day treatment and gained only 2.5 and 0.1 lb 
on the 1/4 lb protein supplement and no protein treatments, 
respectively. The heifers on these latter two treatments lost 
less weight in the winter season than they did in the 1967-68 
treatment year, but weight losses during the spring season were 
larger than previous losses. Thus the heifers ended with a net 
weight loss of a 8 lb/animal for the 1969-70 treatment year. 
In 1970-71, the weight gain and loss pattern by season was 
similar to that for 1967-68 with gains in the fall, followed by 
winter losses which averaged more than in the spring. Net loss 
averaged 5.5 lb/animal for the season. In all years the 
differences in gain between seasons were associated with the 
onset of cold weather, particularly if accompanied by wind. 

Although heifers generally gained consistently during all 
seasons only on native ranges, it is advantageous to have 
Sherman big bluegrass pastures for fall use. Even without a 
protein supplement, heifers gained some weight in all years. 
These gains were made by a total of 27 heifers over a 3-year 
period in each 5-acre pasture, while only 12 heifers made the 
larger gains on 30 acres of native range. Evaluated on a per 
acre basis, gains from big bluegrass without supplement nearly 
equaled those for native range. With either the 1/4 or $ lb 
protein per day supplement, the gains produced per acre were 
double those for native range. More important, however, is 
that using bluegrass pastures in the fall permits saving native 
range areas for grazing during the more severe winter and early 
spring period. Thus, a larger number of animals could be 
maintained in good condition on the same total amount of 
grazable acreage, or the same number maintained on fewer 
acres. In addition, costs could be reduced by not feeding 
protein, or feeding at the g-lb/day rate compared with the 
l/i-lb/day used to supplement native range. 

Table 2. Crown intercepts (inches) and numbers of Sherman big 
bluegrass plants per foot of drill row in 1971 following 4 years of 
grazing treatment. Values are adjusted means for 3 pastures with 25 
plots per pasture analyzed by covariance. 

Location Season 
Crown 

intercept 
Plant 

numbers 

Nursery Fall 7.7 1.8 
Winter ::o” 1.6 
Spring 1.7 

Sinclair Fall 7.0 1.6 
Winter 7.0 1.7 
Spring 7.4 1.6 

Plant Responses 

Grazing during any of the dormant periods was not 
detrimental to Sherman big bluegrass. Neither plant crown 
intercept nor number of plants differed significantly among 
grazing periods at the end of the study in 1971 (Table 2). The 
largest difference in average intercept for seasons was only 0.6 
inch between fall and winter use at the Nursery location. 
These same two treatments also had the most difference in 
plant numbers, but again the difference was very small. 

From 1968 to 1971, plant intercept increased while the 
number of plants decreased under all treatments at both 
locations. These changes were not large. The increase in 
intercept averaged 0.6 inch, and the average number of plants 
per foot of row decreased 0.3. The changes indicated, 
however, that plants were aggregating, thus the net effect was 
pasture improvement under all dormant-period grazing. In 
contrast, grazing during the growing season damaged the 
stands from “pull up.” Dormant season use of big bluegrass 
therefore provides an alternative management method (the 
first several years following establishment) and late fall would 
be the best use period for animal weight gain. 

Because of uniformity in numbers and crown cover of big 
bluegrass in the pastures, there were no large differences in 
herbage yields between seasonal treatments (Table 3). Yields 
in 1967 were considerably higher than for other years because 
accumulated organic matter from time of planting in 1965 was 
included in this year’s standing crop estimate. In subsequent 
years, standing dead organic matter was separated from 
current live plants and not included in the yield figure. 

Yields were uniform between the seasonal treatments, and 
fluctuated in relation to growing season precipitation. From 
1968 to 1969, average yields increased approximately 500 
lb/acre on all treatments. These higher yields were in response 
to an increase of 6.42 inches of moisture received during the 
growing‘ season. Yields then decreased roughly 50% in 1971 
when precipitation also decreased about 50%. The influence of 
precipitation on yield has been documented for longer periods 
of time and several seeded species (Currie and Peterson, 1966; 
Currie, 1969 ; Currie and Smith, 1970). 

Table 3. Herbage yields (lb/acre) from big bluegrass pastures in 
relation to seasonal precipitation (inches) and period of grazing. 
Records of oven-dry plant material produced on three pastures at 
each of two locations were averaged by grazing period. 

Year 
Precipitation 

(Apr. 1-Aug. 31) Fall 

Season of grazing 

Winter Spring 

1967l 13.13 4,238 4,242 4,237 
1968 9.93 952 906 954 
1969 16.35 1,448 1,413 1,570 
1971 8.54 744 730 740 
’ Yield for 19 67 includes standing dead organic matter. 
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Table 4. Plant density’ of invading species in 1967 and 1970 on 
Sherman big bluegrass pastures in relation to season of grazing. Values 
averaged for three pastures per season at each location. 

Season of grazing 

Species 

Fall Winter 

1967 1970 1967 1970 

Spring 

1967 1970 

Nursery 
Seeded species 
Fringed sagebrush 
Trailing fleabane 
Evening primrose 
Cinquefoil 
Misc. grasses 
Misc. forbs 

Total 

Sinclair 
Seeded species 
Fringed sagebrush 
Trailing fleabane 
Evening primrose 
Cinquefoil 
Misc. grasses 
Misc. forbs 

Total 

0.75 1.89 0.39 0.77 0.23 0.43 
0.54 1.56 0.30 1.10 0.56 1.84 
2.14 9.33 0.34 5.86 2.39 14.79 
0.31 0.63 0.18 0.90 0.37 0.79 
0.07 0.22 0.02 0.03 0.03 0.04 
0.13 0.17 0.03 0.41 0.09 0.40 
0.17 2.19 0.22 0.33 0.19 2.22 

4.11 15.99 1.48 9.40 3.86 20.5 1 

0.55 1.50 0.54 1.32 0.30 0.62 
0.29 1.63 0.58 1.97 0.47 1.57 
0.55 4.74 1.62 11.91 1.13 10.65 
0.26 1.49 0.58 1.62 0.28 1.38 
0.02 0.05 0.01 0.02 0.03 0.01 
0.01 0.37 0.03 0.44 0.01 0.78 
0.18 0.63 0.17 0.42 0.25 0.36 

1.86 10.41 3.53 17.70 2.47 15.37 

’ Plants per square foot. 

Invading species changed most on seasonally grazed 
Sherman big bluegrass pastures (Table 4). Trailing fleabane 
(Erigeron flagellaris) initially was one of the more abundant 
species in most pastures in 1967. When remeasured in 1970, it 
was by far the most abundant plant. Densities ranged from 
4.74 plants/ft2 in the fall-grazed Sinclair pasture to 14.79 in 
the spring-grazed Nursery pastures. There was no particular 
trend in relation to treatment, however. 

Although fleabane contributed substantially to plant 
density, it remained relatively unimportant in terms of pasture 
yields or livestock forage. The “mother” plant often sends out 
a large number of runners which form new plants at the nodes. 
These juvenile plants seldom become very large, and often die. 
Also, both the mother and juvenile plants are dormant and 
have shattered prior to grazing, and those few that do remain 
viable have a prostrate growth form which limits their 
availability to livestock. 

Fringed sagebrush (Artemisia frigida), evening primrose 
(Oenothera coronopifolia), volunteer plants of big bluegrass 
growing outside the drill rows, and other seeded species not 
killed from tillage prior to planting, also invaded the stands. 
All increased between 1967 and 1970, but none of the 
increases were associated with a particular seasonal treatment. 
The number of fringed sagebrush plants per square foot 
increased three- to six-fold under the seasonal treatments. 
Evening primrose and seeded species generally increased a 
smaller amount, with only a doubling or tripling in plant 
numbers. However, these species contributed approximately 

20% to the standing crop of herbage available to livestock. 

Conclusions 

Dormant-season grazing of Sherman big bluegrass was 
effective in reducing “pull up.” As evidenced by aggregation of 
big bluegrass and minor invasion by native species, there was 
very little detrimental effect from late fall, winter, or early 
spring grazing. Big bluegrass usually provided abundant forage 
for overwintering weaner heifer calves. The animals gained 
weight in late fall with or without a protein supplement. 
Weight losses during winter and spring were relatively small, 
usually averaging less than 20 lb per animal. Feeding a protein 
supplement to prevent or reduce such a small weight loss 
probably is not justified. 

Cattle fed % lb protein per animal per day on native range 
usually gained weight during winter months, particularly if the 
native forage consisted of meadow grasses and legumes. 
However, Sherman big bluegrass pastures carried 2 to 3 times 
more animals than did native ranges of comparable acreage. 
Big bluegrass forage grazed in late fall produced almost as 
many pounds of beef per acre as did native forage 
supplemented with % lb of protein. Big bluegrass 
supplemented with % or % lb of protein produced nearly twice 
as many pounds of beef per acre as did native range. 
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Runoff and Reservoir Quality for Livestock 

Use in Southeastern Montana 

R. J. SOISETH 

Highlight: Runoff and reservoir waters from the Pierre Site Descrbtion and Methods 
Shale Plains in southeastern Montana were fresh (< 1,000 
mglliter of TDS) to slightly saline (1,000 to 3,000 mglliter of The study was conducted on rangelands in the Pierre Shale 

TDS) and were rated good to fair for livestock use, However, 
Plains and Badlands Land Resource Area of Carter County in 

as water levels drop, mainly through evaporation, waters in 
southeastern Montana. The fine-textured, panspot, saline-sodic 

some reservoirs could become moderately saline (3,000 to 
soils in this area have low infiltration rates (less than 1 

10,000 mglliter of TDS) and should not be used if other 
cm/hour) and are sparsely vegetated (Fig. 1). Soil chemical 

waters are available. properties are shown in Table 1. 
Annual precipitation is approximately 24 cm, with 80% 

received from April through September. Based on short term 

Reservoirs are a main source of water storage for livestock records, from related studies in the area, approximately 50% 

use in many semiarid areas in the Western United States. of the precipitation events from May through November 

Information is limited on the relation between the chemical 
produce runoff in the Pierre Shale Plains in southeastern 

quality of runoff water and water stored in reservoirs. 
Montana. However, long term gauging records and estimations 

Lotspeich et al. (1969) found that runoff water in playas in 
from short term records indicate an average runoff of only 2.5 

the Southern High Plains was less saline than ground water and 
cm per year in the area (Earl L. Neff, personal 
communication). Even though 2.5 cm of runoff per year is not 

was of excellent quality for irrigation. Gifford and Tew (1969) much, runoff from short-duration, intense storms will fill 
found that runoff waters from small plot infiltrometers (2.5 stock reservoirs in the area. Pan evaporation from June 
ft”) on untreated rangeland plots in southern Utah were more through September (1969- 1973) averaged 107 cm. 
saline (21 to 37 micromhos/cm) than the infiltrometer water 
applied to the plots. Peterson and Heath (1963) suggested that 
most surtace runoff waters contain small to moderate amounts 
of dissolved salts. Alsayegh et al. (1966) found that, based on 
soluble salts, quality of waters in livestock ponds on 
fine-textured soils in western South Dakota was excellent to 
good for livestock use. 

Water for livestock is a major problem on the Pierre Shale 
Plains in southeastern Montana. Very few wells are drilled 
because the water in shallow strata is generally highly 
mineralized and unsuitable for drinking (Perry, 1935). Because 
depth to suitable ground water is too great for economical well 
drilling, surface reservoirs are the main source of stock water 
in these areas. Runoff from saline soils with electrical 
conductivities of up to 9.3 mmhos/cm @ 25°C (predominantly 
NaS04, salts), high evaporation rates, and low precipitation 
suggests that reservoir waters could increase in salinity and 
become unfavorable at times for livestock use. The objective 
of this study was to classify runoff and reservoir waters for 
livestock use based on chemical characteristics. 

The author is agricultural research technician, U.S. Department of 
Agriculture, Sidney, Montana. 

This research is a contribution from the Western Region, 
Agricultural Research Service, U.S. Dep. Agr., in cooperation with the 
Bureau of Land Management, U.S. Department of the Interior, and the 
Montana Agricultural Experiment Station, Journal Series No. 536. 

Manuscript received November 6, 1974. 

In 1971, 1972, and 1973, runoff water samples were 
collected from five 0.8 l-hectare watersheds and in 1971 and 
1973, from one large watershed (about 3,600 hectares). 
During the same 3 years, water samples were collected 
periodically from three reservoirs with drainage areas of from 
250 to 650 hectares. Several other reservoirs with drainage 
areas of from 130 to 770 hectares were sampled in 1973. Since 
Alsayegh et al. (1966) found water salinity to be homogeneous 
at all depths in reservoirs, water samples were taken from 3-30 
cm below the water surface (Fig. 2). 

Standard laboratory procedures were used to analyze soil 
and water samples (U.S. Salinity Laboratory staff, 1954). 
Electrical conductivities (EC) and pH were measured 
respectively with a conductivity bridge and pH meter. The 
atomic adsorption spectrophotometer was used to determine 
calcium and magnesium. A flame photometer was used to 
measure sodium. Bicarbonates and carbonates were 
determined by titration with sulfuric acid, and chloride was 
determined by titration with silver nitrate. Sulfate content was 
calculated by difference: SO4 = total cations (Na + Ca + Mg + 
K) minus determined anions (HC03 + CO3 + Cl) expressed in 
meq/liter. The phenoldisulfonic method was used to analyze 
for N03-N. Total dissolved solids (TDS) were determined by 
weighing the residue after evaporating (105OC) a measured 
water sample or by estimating them from EC measurements. 

The statistical correlation coefficient between EC and TDS 
from several reservoirs in the study area is 0.99, P=O.Ol. The 
linear regression equation associated with this correlation was 
TDS = 0.819(EC) - 86.9; where EC = electrical conductivities 
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aquatic plants; but overnight, the pH values returned to lower 
levels. No increase in pH was measured in reservoir water 
samples without aquatic plants. From this data and supporting 
information (Clarke, 1966 and the Federal Water Pollution 
Control Administration, 1968), it appears that high pH values 
in some reservoir waters are partly due to diurnal changes in 
COz and O2 content caused by photosynthetic activity of 
aquatic plants. They should not be harmful to livestock. 

In 1973, water samples were taken from several reservoirs 
when water levels were low. Chemical analyses of these 
samples also indicated that TDS and ionic concentrations did 
not reach levels harmful to livestock. However, TDS in waters 
in some reservoirs did approach 2,500 mg/liter and, 
presumably, these waters could reach a poor rating if water 
levels continued to decline. 

Some reservoir waters at low water levels looked polluted 
and unpalatable for livestock use. This apparent pollution was 
caused mostly by livestock moving around in the shallow 
waters, eating emergent vegetation, and contaminating the 
water with excrement (Figs. 3 and 4). However, these 
conditions exist mainly late in the grazing season when water 
levels are low and when forage has diminished on the 
rangelands. Conceivably, performance of animals drinking 
muddy, fecally contaminated waters, and/or waters with 
excessive minerals could be adversely affected. These waters 
should not be used if other water is available. 

Results of this study indicate that reservoir and runoff 
water quality in the Pierre Shale Plains in southeastern 

Montana is good to fair for livestock use. However, as water 
levels decrease in some reservoirs as a result of evaporation, the 
water could become poor in quality because of an increase in 
TDS and pollution from livestock moving around in these 
reservoirs. If poor water quality is suspected, the water should 
be tested for mineral content and organic pollution. 
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’ Establislt a more vigorous range clover stand..? 

RHIZO-KOTE clover seed coatings -planted 
successfully on thousands of acres of Cal!- 
fornia range/and, provides cattlemen and 
sheepmen with: 

1. Lower seeding rates and better stand 
establishment; 

2. Improved broadcast and aerial applica- 

3. Protection for the seed against adverse 
soil conditions; 

4. Improved root nodulation through effec- 
tive seed inoculation. 

For more information on RHIZO-KOTE, contact: 

Insist on RHIZO-KOTE 
clover seed coatings from 
your seed supplier! 
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Economics of Ranch Management 

Alternatives in Southwestern North Dakota 

F. LARRY LEISTRITZ AND NEIL J. QUALEY 

Highlight: The fundamental management problem of 
northern plains ranchers is to increase ranch income while 
maintaining or improving the productivity of the range 
resource. This study used linear programming to evaluate the 
profitability of alternative range and livestock management 
practices. Sale of yearlings was found to be more profitable 
than selling calves. Establishment of crested wheatgrass for 
spring grazing allowed deferment of native range and was 
profitable if yearling .prices exceeded $40 per cwt. 
Fertilization of crested wheatgrass pastures and native hayland 
at a rate of 40 pounds actual nitrogen per acre was profitable, 
but native range fertilization was not profitable using prices 
for the 1970-73 period. Recent price trends place added 
emphasis on efficient use of the range resource. 

productivity in the northern plains, indicating a need for 
change in traditional ranch management practices. 

The fundamental management problem facing northern 
plains ranchers involves the allocation and use of scarce 
resources (land, labor, and capital) so as to maximize profit 
while maintaining or enhancing rangeland productivity. 

Ranchers are confronted with a need to maintain or 
improve the condition of their rangeland while also 
maintaining or increasing their sales of beef cattle. Saunderson 
(1973) points out that rising land prices have placed stockmen 
under pressure to increase beef production per unit of land. 
Ranch decisions are further complicated by rapidly fluctuating 
prices of cattle, feed, and other inputs. 

The range cattle industry is an important sector of 
agriculture in the Northern Great Plains. For instance, in 
North Dakota, sales of cattle and calves accounted for 31% of 
total sales of crops and livestock in 1973 (Price and Taylor, 
1974). In the neighboring states of Montana, Wyoming, and 
South Dakota, range cattle have an even greater relative 
importance. Wheeler (1970) reports that sales of livestock in 
1968 represented about 75% of the gross value of agricultural 
production marketed in the northern plains area of those three 
states. Over the past 10 to 15 years, the number of beef cattle 
on farms and ranches in the northern plains area has increased. 
For example, in the 14 North Dakota counties south and west 
of the Missouri River, cattle numbers have increased 83% from 
1960 to 1974 (Price and Taylor, 1974). 

The purpose of this study is to determine the most 
profitable range and livestock management practices for 
northern plains cattlemen. Specific objectives include the 
evaluation of (1) fertilization of native range, (2) use of 
cropland for tame pasture or hay production to supplement 
the rangeland feed base, and (3) sale of yearlings rather than 
calves. 

Procedure 

The trend of increasing cattle numbers places added 
pressure on the range resource and poses challenges for the 
range manager. Additional livestock numbers can be supported 
on a fixed land base by converting cropland to tame pasture or 
hay production to supplement the range resource, by using 
purchased feed to supplement the range, or by increasing 
grazing intensity on rangelands. Grazing intensity can be 
increased through various range improvement practices, such 
as range fertilization. Recent articles (Goetz, 1969; Lorenz and 
Rogler, 1973) report substantial responses of northern plains 
mixed grass rangelands to nitrogen fertilization. However, a 
recent survey (Leistritz, 1972) indicates that less than 
one-fifth of western North Dakota ranchers use fertilizer on 
any of their grazing lands. Wheeler (1970) reports that 
overgrazing has resulted in a general decline in range 

The nature of northern plains ranching makes the 
determination of the most profitable range management 
practice difficult. An analytical technique is needed which 
allows the simultaneous selection of (1) the number and type 
of livestock, (2) the allocation of cropland among the 
alternatives of cash crop production, feed grain and hay 
production, and pasture, (3) the allocation of rangeland to 
spring, summer, and fall grazing, and (4) the rate of 
fertilization of both the range and the tame pastures. Linear 
programming is such a technique and is the principal analytical 
procedure of this study. 

Linear programming is a mathematical procedure which 
allows returns to the fixed resources to be maximized subject 
to a set of production restraints which are considered 
simultaneously.’ Linear programming was used in this study 
to determine ranch management practices which maximize 
returns to the ranch operator’s labor, management, and land 
for a representative ranch. The data used in the programming 
reflect present range management technology and were 
obtained from surveys of range livestock producers in western 
North Dakota, from experiment station trials, and from the 
North Dakota Crop and Livestock Reporting Service. The 
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and Candler (195 8) and Wagner (19 69). 

JOURNAL OF RANGE MANAGEMENT 28(5), September 1975 349 

. 



study area consisted of the 14 counties in North Dakota 
located south and west of the Missouri River. 

The representative ranch studied consisted of 2,243 acres of 
which 606 acres were cropland, 65 acres were used for native 
hay production, and 1,572 acres were rangeland. The cropland 
included 255 acres of sandy soil on rolling land which was 
considered marginal for crop production. Of the rangeland, 
only 629 acres or 40% was suitable for fertilization, based on 
soil type and terrain. Ranch labor was provided by the 
operator and his family although a full-time man could be 
hired if needed. 

Livestock Management Alternatives 

The basic livestock enterprise was the beef cow-calf herd 
with the rancher having three alternative methods of 
marketing: 

1) Calves are weaned in October and sold around 
November 1. 

2) Calves are weaned, fed through the winter, and sold 
the end of April. 

3) Calf is weaned, fed through the winter, summer 
grazed, and sold either in June, August, or October 
depending on range condition and prices. 
A 16% cow herd replacement rate and a 90% calf crop were 

assumed with calves being born in March and April. One bull 
was required for every 25 cows and had a 4-year useful 
breeding life. 

Weaned calves were sold at weights of 430 and 410 pounds 
for steers and heifkrs, respectively. Calves fed during the 
winter for sale in April were fed a grain-roughage ration to gain 
1.75 pounds per day (average weighted daily gain for steers 
and heifers). If the operator intended to summer graze 
yearlings they were wintered on a high roughage ration to gain 
1 .OO pound daily and placed on native range or tame pasture 
about May 10. 

Calf and yearling prices used in the programming model 
were based on a 3-year average (1970-73) of prices received at 
the Union Stockyards, West Fargo. Marketing costs were based 
on Dunn (1971). 

Range Management Alternatives 

The grazing season in southwestern North Dakota begins 
about May 10 and lasts from 6 to 8 months. Six- and g-month 
grazing were included as alternatives available for grazing 
cows: 

1) Graze native range continuously with supplemental 
grazing of crop and hayland aftermath beginning in 
September. 

2) Graze crested wheatgrass (Agropyron desertorum) 
from May 10 to June 20 and defer native range for summer 
and fall grazing. 

3) Graze crested wheatgrass pastures from May 10 to 
June 20, graze native range from June 20 to September 10, 
then move to Russian wildrye (Elymus junceus) pasture 
until November. 
The grazing season for yearlings was divided into three 

periods: 
1) Spring grazing from May 10 to June 20. The 

yearlings gain at a rate of 2.25 pounds per day and can be 
grazed on either native range or crested wheatgrass. 

2) Summer grazing from June 20 to August 1. Yearlings 
graze native range and gain at a rate of 1.75 pounds per 
day. 

350 

3) Fall grazing from August 1 to October 1. Yearlings 
graze native range and gain 1.00 pound per day. 
The yearlings could be sold at the end of any of the three 

periods. Several range and pasture fertilization alternatives 
were available: 

1) Native rangeland could be fertilized with 40 pounds 
of actual N. (Only 40% of the rangeland acreage was judged 
suitable for fertilization, however.) 

2) Crested wheatgrass pasture could be fertilized with 
40 or 80 pounds of actual N. 

3) Russian wildrye pasture could be fertilized at a rate 
of 40 pounds of actual N. 
All tame pasture was established on cropland acreage and 

the decision whether or not to fertilize the pasture was based 
on the value of the added production relative to the added 
cost. Cost-sharing for pasture establishment was available from 
the Great Plains Conservation Program. Ammonium nitrate 
(33% actual N) was used for fertilization. 

Grain and Hay Alternatives 

Wheat, barley, oats, and alfalfa hay could be grown as cash 
crops. The prices for the small grains were based on 1974 farm 
program guarantee prices. Forage crop alternatives included 
alfalfa, corn silage, and native hay; and oats and barley could 
be grown as feed crops. Native hay could be fertilized with 40 
pounds actual N per acre. Yields attained on marginal cropland 
as compared to good cropland were estimated to be 
approximately 70% for grain crops and corn silage and 90% for 
alfalfa (Table 1). 

Results of Programming Analysis 

Linear programming analysis was used to determine the 
opt imum ranch organization given alternative livestock 
production and pasture management systems. A recent ranch 
survey (Leistritz, 1972) has shown that western North Dakota 
ranchers typically sell their calves shortly after weaning and do 
not typically fertilize rangeland. An initial or “baseline” 
solution, developed for purposes of comparison, indicated the 
profit-maximizing ranch organization when only these 
traditional management practices were allowed. Subsequent 
analysis involved increasing the livestock marketing and 
pasture management alternatives. 

Baseline Solution 

The baseline solution (Solution 1) indicates the 
profit-maximizing ranch organization using traditional pasture 

Table 1. Forage and cash crop yields on good and marginal cropland, 
southwestern North Dakota. 

crop Unit 

Yield on 
good 

cropland 
Marginal 
cropland 

Wheat following fallow 
Barley following fallow 
Oats following small grain 
Corn silage 
Alfalfa hay 
Crested wheatgrass for 

spring pasture 
Crested wheatgrass for 

spring grazing: 
With 40 pounds actual N 
With 80 nounds actual N 

bushel/acre 33.70 23.70 
bushel/acre 54.80 38.50 
bushel/acre 57.00 40.20 
ton/acre 5.30 3.70 
ton/acre 1.50 1.35 

AUM/acrea 0.88 .80 

AUM/acrea 1.50 1.37 
AUM/acrea 1.61 1.46 

aAn AUM is the amount of 
dry cow. 

forage required per month by a 1,000 pound 
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management techniques and cattle marketing practices (Table 
2). For this solution, tame pasture establishment and native 
range fertilization were not allowed, and sale of calves at 
weaning was the only cattle marketing alternative considered. 
Wheat after fallow occupied most of the good cropland with 
the remainder (11 acres out of 351) devoted to oats 
production. The oats were used as winter feed for the cow 
herd. Marginal cropland was used for wheat after fallow and 
for alfalfa hay production. The cow herd totaled 110 and 82 
calves were sold annually. The rancher’s return to his labor and 
management was $6,787. 

Alternative Cattle Marketing Programs 

For this solution (Solution 2), the alternatives of selling 
either backgrounded calves or yearlings were included in the 
model. Sale of yearlings after summer grazing was the most 
profitable alternative. Sale of backgrounded calves was more 
profitable than selling weaned calves but less profitable than 
selling yearlings. In order to provide additional winter feed, 26 
acres of good cropland was shifted from wheat-fallow to oats 
(Table 2). L b a or and management returns for this solution 
were $9,635, an increase of 42% from the Solution 1 level. 

Alternative Pasture Management Programs 

The alternatives of establishing tame pasture and of 
fertilizing tame pasture, native hayland, and native range were 
added to the model for Solution 3. The optimum ranch 
organization indicated that 49 acres of good cropland should 

be used for oats production with the remainder in 
wheat-fallow (Table 2). All marginal cropland was used for 
forage production- 142 acres for alfalfa hay and 113 acres for 
crested wheatgrass. All tame pasture and native hayland was 
fertilized with 40 pounds of actual N, but no native range was 
fertilized. Russian wildrye for fall grazing was not established 
in this solution. Of the 1,572 acres of native range, 6.50 acres 
were used for deferred grazing. Labor and management returns 
for this solution were $11,325 which was 67% greater than 
that for Solution 1 and 18% greater than for Solution 2. 

Extended Grazing Season 

An 8-month grazing season (May 10 to December 31) was 
used to determine the effect on ranch organization of the 
reduced labor and winter feed requirements associated with 
this management strategy. The 8-month grazing season was 
analyzed in Solution 4, using the livestock marketing and 
pasture management strategies included in Solution 3. 

The livestock and crop production pattern with an 8-month 
grazing season did not differ greatly from that with a 6-month 
season (Table 2). The acreage of alfalfa hay was reduced by 33 
acres, as a longer grazing season implies a reduced hay 
requirement per head. The major change in pasture 
management with this solution was the large increase in the 
acreage of native range on which deferred grazing was 
practiced, 1,380 acres compared to 650 acres for Solution 3. 
The returns to labor and management for Solution 4 were 

Table 2. Optimum ranch organization with various alternative cattle marketing and pasture management programs considered. 

Solution 2 Solution 3 
alternative tame pasture Solution 4 

Solution 1 cattle and native extended 
baseline market in range grazin 

Activities Unit solutiona % programs fertilizationC season 8 

Good cropland use 
Wheat Acres 170 157 151 152 
Fallow Acres 170 157 151 152 
Oats Acres 11 37 49 47 

Marginal cropland use 
Wheat Acres 65 64 0 0 
Fallow Acres 65 64 0 0 
Alfalfa hayland Acres 125 127 142 109 
Crested wheatgrass, 40 lb N Acres 113 146 
Russian wildrye, 40 lb N Acres 

Native rangeland use 
Native hayland - 0 lbs N Acres 65 65 0 0 
Native hayland - 40 lb N Acres 65 
Native grazing - 0 lb N Acres 1,572 1,572 9;; 192 
Native grazing - 40 lb N Acres 0 0 
Native grazing, referred - 0 lb N Acres 650 1,380 

Cattle 
Cow herd Number 110 94 125 122 
Weaned calves solde Number 82 0 0 
Background calves soldf Number 0 
Yearling soldg Number 69 93 90 
Cull cows sold Number 17 14 19 18 

Return to operator 
labor and managementh Dollars 6,787 9,635 11,325 11,022 

aNo tame pasture establishment or range fertilization was allowed. Sale of calves at weaning was only cattle market alternative. 
bMarketing of backgrounded calves and yearlings was allowed. Tame pasture establishment and range fertilization were not allowed. 
Orarne pasture was established to provide spring (May lo-June 20) grazing for cows and yearlings. Native range could be fertilized with 40 pounds 

of N, and native range grazing could be deferred until June 20. 
dAn S-month grazing season (May lo-December 31) was used. Cattle marketing and pasture management alternatives were the same as in 

Solution 3. 
eMarketed about November 1. 
fMarketed about April 30. 
gMarketed about August 1. 
hNet returns to operator for his labor and management. Computed by subtracting a capital charge of 7% on long term and 8% on shortterm 

investment from net ranch income. 
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$11,022 or 3% less than for Solution 3. This rather small dif- 
ference in profitability indicates that the choice of grazing 
season length will probably be influenced greatly by year-to- 
year variations in winter and available feed supplies. 

Effects of Varying Fertilizer Prices 

Fertilizer costs are a source of considerable uncertainty. 
Consequently, price of nitrogen fertilizer was varied to 
determine the effects of higher prices on the profitability of 
tame pasture and native range fertilization. Price of 
ammonium nitrate (33% actual nitrogen) was varied from $50 
to $140 per ton. The prices of cattle, grain, and other inputs 
and the production activities were the same as in Solution 3. 
With a fertilizer price of $50 a ton, 492 acres of native range 
and 84 acres of crested wheatgrass were fertilized with 40 
pounds of actual N per acre. When the price increased to $65 
per ton, native range fertilization was eliminated, but crested 
wheatgrass increased to 113 acres, partially replacing the 
native range production. The crested wheatgrass acreage 
fertilized remained constant at all price levels up to $140 per 
ton, the highest price included in the analysis. Native hayland 
(65 acres) was profitably fertilized at all price levels. 

Conclusions 

Under the conditons imposed in the model ranch of this 
study, ranch income and returns to the operator’s labor and 
management can be substantially increased through departures 
from traditional management practices. Sale of yearlings was 
more profitable than selling calves at weaning. Crested 
wheatgrass for spring’ grazing was a more profitable use of 
marginal cropland than wheat at yearling prices of $40 per cwt 
and higher compared to a wheat price of $2.05 per bushel. 
However, yearling prices of $51 per cwt would be needed 
before good cropland would be used for tame pasture. When 
crested wheatgrass was established, fertilization at a rate of 40 
pounds of actual nitrogen per acre was substantially more 
profitable than the alternatives of either no fertilization or 
fertilization at the rate of 80 poynds of actual nitrogen per 
acre. Fertilization of suitable native hayland also was a 
profitable practice under a wide range of fertilizer prices. 
Profitable fertilization of native rangeland on an annual basis 
required ammonium nitrate prices $65 per ton or less. Thus 
widespread fertilization of native range is unlikely, given 

present cattle price-fertilizer cost conditions. 
Recent increases in fertilizer and grain prices and changes in 

the cattle price structure will influence the profitability of the 
various alternatives. Prices of yearlings became much higher 
relative to the price of calves in 1974 than was the case in the 
1970- 1973 period. Production of yearlings will be even more 
profitable, relative to calves, under these conditions. Yearling 
production also provides the rancher with added flexibility to 
adjust his herd size to annual fluctuations in the range feed 
supply. Higher grain prices, of course, make the conversion of 
cropland to tame pasture less attractive. If high grain prices 
continue, future research might be directed to the use of 
selective fertilization to increase cool season grass production 
of selected native range sites for spring grazing. Periodic 
applications of herbicides in conjunction with nitrogen to 
improve range condition (Schneiter and French, 1968) also 
may be a fruitful subject for economic analysis. 
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Effect of Desert Termites on Herbage and 

Litter in a Shortgrass Ecosystem 

in West Texas 

MICHAEL C. BODINE AND DARRELL N. UECKERT 

Highlight: The desert termite, Gnathamitermes 
tubiformans, is an important insect on rangelands in the 
southwestern United States. Population densities of this insect 
averaged 2139/m* in the upper 30 cm of soil in a shortgrass 
community in West Texas over a 3-year period and reached a 
peak of 9127/m*. The ,live biomass of termites averaged 5.2 
g/m* and reached a peak of 22.21 g/m*. In a laboratory study, 
desert termite workers consumed 2.4% of their live body 
weight/day of dry buffalograss leaves. In field studies, control 
of desert termites with insecticide resulted in a 22% increase in 
standing crop of grass and a 50% increase in litter 
accumulation by the end of the second growing season after 
control was initiated. Termite-free plots had almost three 
times more litter than termite-infested plots after four growing 
seasons. Desert termites accounted for S5% of the 
disappearance of litter from the soil surface. Ranchers can 
expect higher population densities of desert termites and 
hence greater consumption of forage and litter during wet 
years. 

Termites are viewed as both beneficial and destructive in 
many ecosystems. In some instances they are thought to be 
important in nutrient cycling and soil formation, whereas in 
others they are regarded as major factors in range deterioration 
and soil erosion. A number of species of ground-dwelling 
termites are restricted to the arid and semiarid lands of the 
southwestern United States. The desert termite, 
Gnathamdtermes tubiformans (Buckley)’ , occurs in southern 
New Mexico, Texas, Arizona, and northern Mexico and has 
been reported to destroy large areas of growing vegetation on 
grazing lands (Light, 1934; Snyder, 1949; Weesner, 1970). 
This species lives in the soil and comes aboveground to feed on 
grasses, forbs, dead herbage, dry wood, and livestock manure. 
This insect constructs mud tubes or sheetings around the 
surfaces of its food (Fig. 1). It does not penetrate wood, but 
removes only the surface material. When attacking herbs, it 
often consumes the entire aboveground portions of the plants, 
leaving intact its earthen tubes with the general shape of the 
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City, Tex. 7695 1. 
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’ Isoptera: Termitidae. 

consumed vegetation. The workers and soldiers come above 
the soil surface at night and during the cooler parts of the day 
to forage, and are particularly active after rains (Light, 1934; 
Calaby and Gay, 19.59; Weesner, 1970). 

The loss of forage and litter from the soil surface to these 
insects frequently alarms ranchers and range managers, hence 
this study was undertaken to determine their impact on 
rangeland herbage and litter, and their role in the energy flow 
through a shortgrass ecosystem. 

Fig. 1. Desert termites construct mud tubes and sheetings around their 
foods, including grasses (A) and plant litter (B). 



Literature Review forest in Australia. 
Maldague (1964) estimated the population density of 

subterranean and mound-building termites in Brachystegia 
forest in the Congo at 1000/m2 with a total biomass of 10 
g/m” (live weight). Lee and Wood (1971) estimated the 
population of N. exitiosus, a mound-building termite in 
Australia, at 600/m’ with biomass of 3.0 g/m2. Strickland 
(1944, 1945) reported population densities of subterranean 
termites of 3864/m2 and 5473/m2 in Trinidad rain forest. Lee 
and Wood (1971) reported population densities of 1 2/m2 in 
desert grasslands and steppe of Southern Australia and 
2000/m’ in native grasslands of Northern Australia. They 
theorized that the biomass of termite populations may 
approach or exceed that of native mammalian herbivores in 
some habitats, and may thus result in dietary competition. 

Lee and Wood (1971) listed various foods utilized by 
termites, including living and dead wood, forbs and grasses, 
plant debris, fungi, dung, and soil rich in organic matter. 
Termites feed on plants at all stages of growth, and their 
feeding damages roots, stems, leaves, and seeds of the host 
plant (Reddy, 1960; Sankaran, 1960). Harvester termites cut 
down standing grasses and forbs, while scavengers collect 
leaves, twigs, seeds, plant litter, dung, and other substrate from 
the soil surface. Many species are polyphagous or oligophagous 
(Lee and Wood, 1971). 

Many instances of termites feeding on living vegetation have 
been documented. Krishnamoorthy and Ramasubbiah (1960) 
reported that termites fed on green house plants, field crops, 
and forage plants on grazing lands. Reddy (1960) stated that 
nearly every agricultural crop in the humid tropics is fed upon 
by termites. Ferrar and Watson (1970) reported that termites 
feed on grasses, crops, and live wood in Australia. Watson and 
Gay (1970) determined that Drepano termes perniger 
(Froggatt) and D. rubriceps (Froggatt) were principally 
responsible for the degradation of a mulga ecosystem in 
Queensland, Australia. These termites increased in numbers 
during years when grass was abundant. During ensuing drier 
conditions, the termites removed the remaining grass and 
litter, leaving denuded areas which were subject to extensive 
erosion of the topsoil. Coaton (1954, 1960) discussed the 
impact of the harvester termites Hodotermes mossambicus 
(Hagen) and Microhodo termes viator (Latreille) on grasslands 
in South Africa. He felt that overgrazing, failure to apply 
rotational grazing, and burning of the veld in late winter 
resulted in a denuded condition which was favorable to a 
progressive increase of termite population levels and 
consumption of practically all of the grass produced. In 
Zululand, termites were believed to be responsible for a 25% 
decrease in carrying capacity of the grasslands. 

Many species of termites are believed to compete with 
grazing animals for forage, to actually damage forage 
resources, and to interrupt soil nu,trient cycles. On the other 
hand, some termites are thought to be beneficial in their effect 
on the soil. Lee and Wood (1971) summarized these 
inconsistencies by stating: “One cannot say, on the basis of 
present knowledge, whether or not grass-feeding termites can 
be ranked with kangaroos as low-level competitors to be 
tolerated and possibly ‘managed,’ or whether like the rabbit, 
they should be more or less exterminated.” Krishna and 
Weesner (1970) reported that less than 10% of the known 
species of termites have actually been recorded as pests, and 
that they are actually very important in nutrient cycling and 
soil formation. Lee and Wood (1971) have surveyed the 
literature on the influence of termites on nutrient cycling and 
soil properties. 

Termites aid in the decomposition of wood and plant litter, 
thereby contributing to the formation of humus and cycling of 
nutrients (Adamson, 1943). Hopkins (1966) reported that 
termites were largely responsible for the decay of wood in 
certain habitats in Nigeria. Maldague (1964) estimated that 
Cubitermes fungifaber (Sjiistedt) consumed approximately 
50% of the annual litter fall in a Brachystegia forest near 
Yangambi, Congo; however, Lee and Wood (1971) believed 
Maldague’s estimate to be too high, and reported that it was 
actually 10% or less. Lee and Wood (197 1) reported that 
Nasutitermes exitiosus (Hill) consumed 16- 17% of the woody 
litter, or 4.9% of the total annual litter fall in a dry sclerophyll 

Methods and Materials 

Study Area 

The study was conducted 19.2 km southwest of Post in 
Garza County, Texas, on the southeastern edge of the Llano 
Estacado. The climate of the area is semiarid, characterized by 
low precipitation, high evaporation, hot summer days followed 
by cool nights, and moderate winter temperatures punctuated 
by severe cold spells. Annual precipitation in the area ranges 
from 22 cm to 103 cm, with a mean of 48 cm, about 85% (41 
cm) of which falls between March and October. However, high 
winds and high temperatures contribute to an annual 
evaporation of 185 cm. The annual snowfall is 19 cm. The 
frost-free period is about 201 days (Mowery and McKee, 
1959). 

The soil throughout the study area is an Olton clay loam. 
The topography of the area is nearly level to gently rolling, 
with a 0- 1% north-facing slope. The vegetation consists 
primarily of blue grama (Bouteloua gracilis H.K.B.), and 
buffalograss (Buchloe dactyloides Nutt.). Minor grass species 
include red threeawn (Aristida longiseta Steud.), sand muhly 
(Muhlenbergia arenicola Buckl.), vine-mesquite (Panicum 
obtusum H.K.B.), tobosagrass (Hilaria mutica (Buckly) 
Benth.), and silver bluestem (Bothriochloa saccharoides (SW.) 
Rydb.). Honey mesquite (Prosopis glandulosa Torr.) is the 
major shrub species. 

Termite Population Density and Biomass 

To determine the population density of subterranean 
termites, 40 randomly selected soil cores (81.07 cm2 X 30.18 
cm) were taken monthly. Each soil core was sealed in a plastic 
bag and returned to the laboratory to be manually examined 
for termites. The termites were counted and a mean number of 
termites/m* was calculated. The average biomass of individual 

Table 1. Mean population density (number/m2 ) and biomass (g/m’) 
(live weight basis) of desert termites in the upper 30 cm of soil in 
shortgrass rangeland in Garza County, Texas, during 1972, 1973, and 
1974 and the growing seasons (March through October) of these 
years. 

Time interval 

Years 
1972 
1973 
1974 

Growing seasons 
1972 
1973 
1974 

Population density’ Population biomass 

3672 a 8.93 
1692 b 4.12 
1152 b 2.80 

4730 c 11.51 
2640 d 6.42 
1482 e 3.61 

1 Means within a column 
different at P < 0.10. 

followed by similar letters are not significantly 
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worker termites, determined by weighing three groups of 100 
live specimens, was used as the mean weight of all castes and 
instars to convert population densities to g/m*. 

Herbage Consumption 

Laboratory study. 

Laboratory feeding trials using G. tubiformans workers 
were conducted during September, 1972, to determine the 
mean rate of dry matter consumption. The trials, in which live 
workers were collected in the field and placed in 3.8-liter glass 
jars, l/3 full of moist sand, and covered to exclude light, were 
replicated five times. Oven-dried buffalograss leaves were 
placed in each jar with the termites. After 10 days, the 
contents of each jar were emptied, the remaining termites were 
counted, and the remaining leaves oven-dried and weighed. 
Dry matter consumption per termite per day (D) was 
calculated according to the equation: 

D= 
‘i - ‘n (l/10) 7 

l/2 (Ni + N,) 

where Xi = initial weight of oven-dried buffalograss leaves, 
X, = final weight of oven-dried buffalograss leaves, 

Ni = initial number of termites, and 
N, = final number of termites. 

The temperature of the laboratory during these feeding trials 
was approximately 28°C. 

Field Study. 

Paired plots (0.6 ha in area) were established during July, 
1971, and one plot was sprayed with chlordane (octachloro4, 
7-methanotetrahydroindane) at a rate of 3.37 kg AI/ha to 
control termites. The insecticide treatment was applied again 
in April, 1973, to maintain essentially 100% termite control. 
One exclosure (4.6 m X 4.6 m) was constructed on each plot 
to eliminate the influence of livestock on herbage production 
and litter accumulation. Both plots were deferred from grazing 
during the 1974 growing season. 

The standing crop of grasses, forbs, and litter was sampled 
on June 5 and October 10, 1972, and again on October 18, 
1974 (11, 15, and 39 months subsequent to initiation of 
termite control, respectively). On each plot, 45 randomly 
selected 0.25-m’ circular quadrats were clipped to ground 
level to determine standing crop biomass of grasses and forbs. 
A Devac@ insect vacuum was used after clipping to collect the 
litter from each quadrat. Herbage and litter samples were 
oven-dried at 63’C for 72 hours and weighed. The litter 
samples from each plot were combined, and a composite 
sample was ashed in a muffle furnace at 600°C for 8 hours. 
The oven-dried weight of each litter sample was then 
converted to an ash-free weight. During October, 1972, five 
0.25-m2 circular quadrats were sampled in each exclosure to 
determine the standing crop of forage and litter. 

Belowground plant biomass was determined during June 
and October, 1972, by extracting the major roots from 40 
randomly selected soil cores (81.07 cm2 X 30.18 cm) taken 
from the sprayed plot and from 40 similar cores taken from 
the unsprayed plot. Each soil core was washed over a No. 40 
soil sieve (0.42-mm mesh) to separate the soil and roots. Root 
samples were oven dried, weighed, and ashed to determine an 
ash-free weight for each sample. 

Standing crop data of grasses, forbs, roots, and litter on 
termite-infested and termite-free plots were analyzed for 
significant differences using the t-test (Snedecor and Cochran, 
1967). 

Litter Bag Study. 

The rate of removal of organic material from above and 
below the soil surface by termites was estimated using the 
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litter-bag technique described by Bocock (1964). On April 4, 
1972, 240 nylon net bags (30 cm X 30 cm, 3-mm mesh) were 
filled with 10 g of oven-dried blue grama leaves, and 60 were 
placed on the soil surface and 60 were placed 15 cm below the 
soil surface on both termite-infested and termite-free areas. 
Each month from May through December, five bags were 
collected at random from each treatment and weighed. 
Differences in disappearance were attributed to termite 
consumption. 

Results and Discussion 

Termite Population Densities 

The mean population density of termites on the unsprayed 
plot was 2139/m2 f 688 (90% confidence limits) over the 
3-year period. The peak in population density occurred in 
September, 1972 (9127/m2). There were usually no termites 
in the upper 30 cm of soil during the winter months 
(November, December, January, and February). Population 
densities varied significantly between years and between 
growing seasons (Fig. 2) (Table 1). The population density 
during 1972 (3672/m2 +_ 2076) was significantly higher than 
during 1973 (1692/ m2 +_ 995) (P< 0.1) and 1974 (1 152/m2 +_ 
616) (P < 0.02). The population density during the growing 
season (March through October) of 1972 (4730/m2 f 1883) 
was also significantly higher than during the 1973 growing 
season (2640/m2 2 1194) (P < 0.1) and the 1974 growing 
season (1 482/m2 +_ 635) (P < 0.01). These differences in 
termite population densities were attributed to annual and 
seasonal fluctuations in air and soil temperatures, 
precipitation, and soil moisture (Ueckert et al., unpublished 
data). In years or growing seasons of relatively abundant 
precipitation, temperature was the most important factor 
affecting desert termite population densities; under more xeric 
conditions, soil moisture was the most important factor. 
Termite population densities were positively correlated with 
temperatures and soil moisture. Conditions were considerably 
more mesic in 1972 than during 1973 or 1974. 

Termite Population Biomass 

The mean weight of a live G. tubiformans worker was 2.433 
mg and its mean oven-dry weight was 0.584 mg. We used these 
values as an approximation of weights for all castes of termites 
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Fig. 2. Population densities of termites in the upper 30 cm of soil in a 
shortgrass community in Garza Co., Texas, from January, 1972, 
through October, 1974. 



in calculating termite biomass in the upper 30 cm of soil, since 
workers comprised 85% of the sample population. The mean 
Live population biomass in the upper 30 cm of soil was 5.2 
g/m* (46.4 lb/acre) (1.25 g/m2 oven-dry basis) over the entire 
3-year period. The peak biomass (22.21 g/m”) (198.2 lb/acre) 
occurred during September, 1972. The biomass of termites 
was 2.2 times greater in 1972 than in 1973 and 3.2 times 
greater in 1972 than in 1974. The biomass of termites during 
the 1972 growing season was 1.8 and 3.2 times greater than 
during the 1973 and 1974 growing seasons, respectively (Table 
0 

The biomass of cattle grazing the study area and 
surrounding rangeland is approximately 5.6 g/m* (50 lb/acre), 
live-weight basis, based on an approximate stocking rate of 
8.09 ha/animal unit. This value is almost identical to the 
biomass (live-weight basis) of desert termites occupying this 
same rangeland over the 3 years of this study. The biomass of 
termites was 2.1 times greater than that of cattle on the study 
area during the 1972 growing season and almost 4 times 
greater during September, 1972. The biomass of G. 
tubiformans in this semiarid shortgrass ecosystem in 
September, 1972 was twice that reported by Maldague (1964) 
for subterranean and mound-building termites in Brachystegia 
forest in the Congo (10 g/m”), and 110 times greater than that 
reported as the maximum biomass of G. perplexus (0.04847 
g/m2) in the Sonoran Desert of Arizona by Nutting et al. 
(1973). 

Dry Matter Consumption 

Workers of G. tubiformans consumed a mean of 0.058 mg + 
0.02 mg (95% confidence limits) (oven dry weight) of 
buffalograss leaves per termite per day, or 23.8 mg/g 
termites/day, or 2.4% of live body weight/day at 28°C in the 
laboratory feeding study. An indication of the role of G. 
tubiformuns in the energy flow through this shortgrass 
ecosystem can be estimated by extrapolation from the results 
of this feeding trial. The population of desert termites during 
the 1972 growing season (11.51 g/m”) would consume 0.28 
g/m*/day of herbage. There were 5 months during the 1972 
growing season during which the soil temperature in the upper 
30 cm approached or exceeded 28°C. During this period these 
termites would consume about 41 g/m2 (366 lb/acre) of 
herbage and litter. Assuming that the caloric value of herbage 
and litter is about 4000 kcal/kg (Cook, 1970), this would be 
the equivalent of 164 kcal/m* of gross energy consumed by 
desert termites. 

Impact of Termites on Herbage, Roots, and Litter 

By June, 1972, 11 months after termite control was 
initiated, there were no significant differences in standing crop 
of grasses, forbs, or roots between grazed, termite-infested 
(unsprayed) and grazed, termite-free (sprayed) plots (Table 2); 
however there was 123 kg/ha (110 lb/acre) more litter, 
ash-free basis, (P < 0.2) on the termite-free area. By October, 
1972, grazed, termite-free rangeland had 235 kg/ha (210 
lb/acre) more grass and 264 kg/ha (236 lb/acre) more litter 
than the grazed, termite-infested area (P < 0.01); however, 
there were no differences in forb or root biomass. By October, 
1972, termite control had resulted in highly significant 
increases in standing crop of grasses and litter within the 
grazing exclosure (Table 2). Ungrazed, termite-free rangeland 
had 22% (401 kg/ha or 358 lb/acre) more grass and 50% (245 
kg/ha or 219 lb/acre) more litter than ungrazed, 
termite-infested rangeland (P < 0.01). Ungrazed, 

Table 2. Standing crop (kg/ha, oven-dry basis) of grasses, forbs, roots, 
and litter on termite-infested and termite-free shortgrass rangeland in 
June and October, 1972, and October, 1974. 

Date 
Termite- Termite- 

free infested Difference 

June, 1972 (grazed) 
Grass 
Forbs 
Roo tsd 
Litterd 

October, 1972 (grazed) 
Grass 
Forbs 
Rootsd 
Litterd 

October, 1972 (ungrazed) 
Grass 
Forbs 
Litterd 

October, 1974 (ungrazed) 
Grass 
Forbs 
Litterd 

678 644 34 
79 75 4 

13118 11639 1479 
875 752 123’ 

1829 1594 235b 
51 43 8 

8285 8186 99 
701 437 264b 

2227 1826 401b 
29 62 -33c 

737 492 245b 

1246 1163 83 
121 108 13 

1663 565 1098a 

aSignificant at P < 0.001. 
bSignificant at P < 0.01. 
‘Significant at P < 0.20. 
dAsh-free basis. 

termite-infested rangeland had about two times more forbs 
than the sprayed plot. The decrease of forbs on the 
termite-free plot was possibly due to increased competition 
from the grasses and increased litter accumulation, which 
prevented the establishment of annual forbs. 

At the end of the fourth growing season following initiation 
of termite control (October, 1974), ungrazed, termite-free 
rangeland had almost three times (1098 kg/ha or 980 lb/acre) 
more litter than ungrazed, termite-infested rangeland (p< 
0.001) (Table 2). There were no differences in standing crop 
of grasses or forbs between treatments. 

Termite control resulted in a significant increase in grass 
production in the 1972 growing season, but the increase 
during the 1974 growing season was not significant. This 
difference between years is explained by differences in termite 
population densities and precipitation. The majority of the 
1974 growing season (March through mid-August) was 
extremely dry (13.36 cm of precipitation; 13 cm below the 
normal), whereas the 1972 growing season was relatively mesic 
(78.46 cm of precipitation; 39.32 cm above the normal for 
March through October). Low soil moisture during the 1974 
growing season seriously limited grass production on sprayed 
and unsprayed plots until late August; thus drought may have 
overshadowed any treatment effects. Low soil moisture during 
the 1974 growing season also seriously reduced the population 
density of desert termites (Table 1) (Fig. 2). The termite 
population density during the 1974 growing season was less 
than l/3 that during the 1972 growing season; thus we 
expected that termites would consume only about l/3 as 
much herbage in 1974. Termites had reduced the standing 
crop of grass on ungrazed rangeland by about 401 kg/ha at the 
end of the 1972 growing season; by 20% of this amount (83 
kg/ha) at the end of the 1974 growing season (Table 2). 

The biomass of litter on termite-free rangeland appears to 
be increasing each year that termite control is maintained. The 
increased litter cover may also contribute to increased forage 
production in years of adequate rainfall, by increasing rainfall 
infiltration, and lowering soil temperatures and evaporation of 
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Fig. 3. Proportions of litter remaining in net bags on the soil surface in 
termite-infested (unsprayed) and termite-free (sprayed) rangeland, 
April to September, 19 72. 

soil moisture, assuming that microbial decomposition rates will 
be sufficient to keep soil nutrient levels above limiting levels 
for plant growth. We are presently studying the effects of 
desert termites on soil physical properties. 

Role of Desert Termites in Litter Decomposition 

By September, 1972, all of the blue grama leaves had 
disappeared from the litter bags on the soil surface in 
termite-infested rangeland, while 55% of the original 10 g still 
remained in the bags on the soil surface in termite-free 
rangeland (Fig. 3). These data indicate that termites account 
for 55% of the removal of litter from the soil surface, while 
microbial decomposition accounts for 45%. 

In September, 1972, 50.2% of the original 10 g of blue 
grama leaves remained in the litter bags 15 cm beneath the soil 
surface on termite-free rangeland, while only 19.4% remained 
in those 15 cm beneath the soil surface in termite-infested 
rangeland (Fig. 4). Thus about 38% of the removal of litter 
incorporated into the soil was attributed to termite 
consumption, while microbial decomposition accounted for 
62%. 

Disappearance of litter from litter bags could have been due 
to termite ingestion, transporting of the litter to underground 
chambers, or to accelerated decomposition of the leaves due to 
fragmentation caused by termite feeding. Hopkins (1966) 
reported that termite feeding increased the surface area of 
wood and that this was largely responsible for its 
decomposition. Litter bag contents increased in weight after 
September due to growth of plant leaves and roots into the 
bags. This material could not be separated from the original 
blue grama leaves. 

Conclusions 

This research has demonstrated that desert termites are an 
extremely important component of this major rangeland type 
in the southwestern United States. The magnitude of the 
ecological role of desert termites can be very significant to the 
range manager if environmental conditions favor high 
population densities of these ground-dwelling insects. It should 
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Fig. 4. Proportions of litter remaining in net bags buried 1.5 cm 

beneath the soil surface in termite-infested (unsprayed) and 
termite-free (sprayed) rangeland, April to September, 1972. 

be recognized that termite population densities will vary 
between- years and growing seasons. 
higher population densities of desert 

Ranchers can expect 
termites and hence a 

greater total loss of forage to these insects during wet years. 
However, during dry years their foraging 
activities may be more noticeable and effect of 

aboveground 
the detrimental 

termite feeding on forage plants may be more severe. 
Termite control on rangeland resulted in increased forage 

production as well as a buildup of plant litter. The economic 
feasibility of controlling desert termites will depend on 
livestock prices, weather conditions, population densities of 
termites, and cost of insecticide and its application. The 
long-term effect of termite control on soil 
nutrient cycle are aspects that are unknown 

properties and the 
and that should be 

studied before 1arge:scale and long-term desert termite control 
is attempted. 
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Highlight: During I972 and 19 73, the effects of nitrogen fertilization, 
burning, and grazing on total nonstructural carbohydrate (TNC) and nitrogen 
reserves of big bluestem (Andropogon gerardi Vitman) were studied in the 
Kansas Flint Hills. TNC and nitrogen reserves were lowered when growth 
exceeded photosynthetic production and nutrient assimilation. TNC reserves 
were lowest in unburned, heavily fertilized, pastures; nitrogen in storage organs 
increased linearly as nitrogen fertilization was increased. TNC was higher in 
burned than in unburned pastures, regardless of fertilization rate. Increasing the 
grazing rate when nitrogen fertilization was increased had little effect on reserves 
at senescence. 

Increasing livestock carrying 
capacity by increasing forage 
production is receiving a major 
emphasis in range management. 
Nitrogen fertilization appears to be a 
key in increasing forage production on 
native tallgrass ranges, particularly 
where proper land management 
techniques are already being used. 
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Any management practice centers 
on maintaining plant vigor and 
production. Food-reserve quantity and 
quality are integral factors in plant 
growth and survival (McKendrick, 
1971). Carbohydrate and nitrogen 
reserves depend largely on soil nutrient 
1 evels, amount of photosynthetic 
material available for production, and 
size or quantity of storage organs. Any 
process that produces or uses energy 
may affect the amount of food 
reserves in plants. 

In Kansas Flint Hills nitrogen, not 
moisture, was found to be the 
critically limiting factor in bluestem 
range production (Owensby et al., 
1970). When Flint Hills range was 
fertilized, composition shifted from 

warm-season perennials to cool-season 
grasses and weeds, species which are 
not dependable forage under the 
limited rainfall of the area (Mader, 
1956; Silker and Wood, 1960; 
Owensby et al., 1970). Burning, as a 
management tool, increased forage 
quality and reduced the population of 
cool-season grasses, sedges and rushes, 
and perennial forbs in the True Prairie 
(Owensby and Smith, 1972). 

In light of demand for increased 
range production, burning, combined 
with nitrogen fertilization, appears a 
method of increasing stocking rate 
without adverse effects of fertilization 
alone. The effects of nitrogen 
fertilization, burning, and grazing on 
nitrogen and carbohydrate reserves of 
big bluestem (Andropogon gerardi 
Vitman) were studied. 

Materials and Methods 

In the spring of 1971 
burned-unburned treatments, followed 
by grazing and nitrogen fertilization 
treatments in 1972, were applied to 
six randomly selected pastures (44- 60 
acres each) in a native tallgrass prairie 
near Manhattan, Kans. (Table 1). 
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Kansas Flint Hills. TNC and nitrogen reserves were lowered when growth 
exceeded photosynthetic production and nutrient assimilation. TNC reserves 
were lowest in unburned, heavily fertilized, pastures; nitrogen in storage organs 
increased linearly as nitrogen fertilization was increased. TNC was higher in 
burned than in unburned pastures, regardless of fertilization rate. Increasing the 
grazing rate when nitrogen fertilization was increased had little effect on reserves 
at senescence. 

Increasing livestock carrying 
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Any management practice centers 
on maintaining plant vigor and 
production. Food-reserve quantity and 
quality are integral factors in plant 
growth and survival (McKendrick, 
197 1). Carbohydrate and nitrogen 
reserves depend largely on soil nutrient 
levels, am0 unt of photosynthetic 
material available for production, and 
size or quantity of storage organs. Any 
process that produces or uses energy 
may affect the amount of food 
reserves in plants. 

In Kansas Flint Hills nitrogen, not 
moisture, was found to be the 
critically limiting factor in bluestem 
range production (Owensby et al., 
1970). When Flint Hills range was 
fertilized, composition shifted from 

warm-season perennials to cool-season 
grasses and weeds, species which are 
not dependable forage under the 
limited rainfall of the area (Mader, 
1956; Silker and Wood, 1960; 
Owensby et al., 1970). Burning, as a 
management tool, increased forage 
quality and reduced the population of 
cool-season grasses, sedges and rushes, 
and perennial forbs in the True Prairie 
(Owensby and Smith, 1972). 

In light of demand for increased 
range production, burning, combined 
with nitrogen fertilization, appears a 
method of increasing stocking rate 
without adverse effects of fertilization 
alone. The effects of nitrogen 
fertilization, burning, and grazing on 
nitrogen and carbohydrate reserves of 
big bluestem (Andropogon gerardi 
Vitman) were studied. 

Materials and Methods 

In the spring of 1971 
burned-unburned treatments, followed 
by grazing and nitrogen fertilization 
treatments in 1972, were applied to 
six randomly selected pastures (44- 60 
acres each) in a native tallgrass prairie 
near Manhattan, Kans. (Table 1). 
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Table 1. Treatments in a native tallgrass 
prairie pasture, Manhattan, Kansas 

Stocking rate, 
steers 

N-rate (acres/AU) 
Burning (lb N/acre) 1972 1973 

Burned 
April 25 ~27 0 5 5 

40 3.3 3.3 
80 2.17 2.79 

Unburned 0 5 5 
40 3.3 3.3 
80 2.17 2.79 

Previous pasture treatment effects 
were minimized, and range condition 
equalized, with late spring burning and 
stocking with steers (5 acres/AU), 
1968- 1970. Stocking rate remained at 
5 acres/AU when burning treatments 
began in 1971. Nitrogen (N) was 
applied aerially in early May as prilled 
urea in 1972 and as prilled ammonium 
nitrate in 1973. Stocking rates were 
adjusted to obtain a similar percentage 
removal of forage in each pasture. 
Stocking rates on pastures with 80 lb 
N/acre were lowered in 1973 because 
estimated forage production in 1972 
was less than actual. 

Within each of six pastures, three 
loamy upland range sites (Anderson 
and Fly, 1955) with similar grazing use 
were selected as plant collection sites. 
Every 2 weeks from May 15 to 
November 1 and once a month from 
December 1 to April 15 at each site a 
minimum of 20 big bluestem plants 
were selected at random along and 
within 1 yard either side of a loo-yard 
line. Plants were dug deep enough to 
insure collection of rhizomes. 
Percentage of plants grazed was 
recorded for plants collected. Samples 
were not taken on May 1 in 1972 or 
1973 because burning had removed 
identifiable top growth. Soil, roots, 
and dead organic material were 
removed from samples by cold-water 
washing and hand clipping. Elongated 
culms 2 inches above the uppermost 

A, cde 
cde 

basal node were removed. Though 
differences in carbohydrate and 
organic nitrogen concentrations within 
grass parts have been reported, 
rhizomes, crowns, and stem bases are 
all major areas of storage in 
Andropogon, from which the plant 
can potentially draw stored reserves 
(McKendrick, 1971; Perry and Moser, 
1974). Cleaned samples of rhizome, 
crown, and live stem bases were oven 
dried for 5 days at 7O”C, ground in a 
Wiley mill (40-mesh screen), and 
stored in sealed glass bottles in the 
dark (Owensby et al., 1970). Total 
nonstructural carbohydrates (TNC) 
were determined by enzyme 
extraction with “Clarase 900” 
(takadiastase) and copperiodometric 
t i tration (Smith, 1969). Kj eldahl 
nitrogen was determined for each 
sample. 

Least-squares analysis of variance 
for unequal subclasses was used to test 
effects of percent plants grazed on 
stored N and TNC reserves on all 
samples from all collection dates 
(Kemp, 1972). Subsequent analyses of 
variance or covariance, with grazing as 
a covariate when significant, were used 
to test effects of burning and nitrogen 
fertilization on collections over 2 years 
(growth-and-storage period: May 15 to 
November 1) and on collections in 1 
year (dormant period: December 1 to 
April 15). Means were separated by 
LSD when significant (X.05) F-values 
were found. Both linear and quadratic 
effects of fertilizer treatments were 
measured (Cochran and Cox, 1968). 

Results and Discussion 

Total Nonstructural 
Carbohydrate (TNC) Reserves 

Grazing (percent plants grazed) 
decreased TNC levels during the 
growing season (p<.Ol), but not 
during the dormant period (K.67). 
Any situation that interferes with 
normal growth of the photosynthetic 

10.0-j 1B 

a 

ad 
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May 15 Jun 1 Jun. 15 Jul. I Jul 15 Aug. 1 Aug. 15 Sept. 1 Sept. 15 Oct. 1 Ott 15 Nov. 

tissue of range plants will restrict root 
development and normal reserve 
storage and may curtail subsequent 
growth (Cook, 1966). Detrimental 
effects on plant growth increase when 
frequency or degree of defoliation is 
increased (Jameson, 1964). 

TNC was lowest in May, reached a 
summer maximum by July 15, 
declined in mid-August, and reached a 
yearly high by October 15 in 
unburned pastures and November 1 in 
burned pastures. TNC was higher in 
burned than in unburned pastures 
throughout the growth-and-storage 
period (Fig. 1A). Plants use food 
reserves in early growth until the 
photosynthetic products exceed 
growth demands, then they store 
reserves. Though late season TNC 
decline in several grasses has been 
attributed to sexual reproduction 
(Coyne and Cook, 1970; McKendrick, 
1971; Pettit et al., 1973; Rappe, 
1947), Owensby (unpublished) found 
that <l% of the big bluestem plants in 
tallgrass prairie initiated seedheads. 
Root production on new rhizomes of 
big bluestem in mid-August 
(McKendrick, 197 1) probably caused 
reserves to decline at that time (Fig. 
2). Sampson and McCarty (1930) and 
Weinmann (1948) reported that 
underground development is most 
active when herbage growth is 
minimal. Differences between burned 
and unburned pasture TNC levels over 
sampling date were not significant 
during the dormant period (<.19). 
TNC dropped in January but stabilized 
a month later and remained stable 
until spring growth began (Fig. 1B). 
That cycle was similar to those 
reported by Owensby et al. (1970) and 
McKendrick (1971) for big bluestem. 
Other workers have shown TNC drops 

Fig. 1. Effect of burning on TNC in big bluestem storage organs: (A) May 15 to Nov. I, 1972; (B) Dec. I, 1972 to Apr. 15, 1973. Averaged 
over all treatments. TNC levels with a common letter are not significantly different (PCO5). 
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Fig 2. Phenology of big bluestem (adapted 
from McKendrick, 1971). 
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in mid-winter with no explanation 
offered (Sampson and McCarty, 1930; 
Archbald, 1940; Sonneveld, 1962). 
Research was not conclusive; perhaps 
storage compounds transferred from 
one form to another during periods of 
temperature or moisture stress. 
Phenologic data (Fig. 2) showed that 
the soil is usually frozen during 
January and February in the Flint 
Hills. 

Burning and nitrogen fertilization 
significantly affected TNC during both 
growth and dormant periods (K.01); 
effects were mostly quadratic. TNC 
was highest in burned nonfertilized 
pastures, and lowest in unburned 
pastures regardless of fertilizer rate, 
during growth and storage periods 
(Fig. 3A). TNC in burned pastures was 
highest when rates were 0 and 80 lb 
N/acre and lowest with 80-lb N/acre in 
unburned pastures during the dormant 
period (Fig. 3B). Ehrenreich (1959) 
theorized that burning removed most 
mulch, which encouraged early growth 
and stimulated production of 
carbohydrate reserves. Pettit and 
Fagan (1973) reported that for 
b u f falograss (Buchloe” dactyloides) 
carbohydrate reserves during the 
growing season were reduced but were 
nearly equivalent at the point of 
maximum storage with nitrogen 
fertilization. Fertilizing and burning 
the pasture increased plant growth, 
which in turn probably resulted in a 
decline of TNC. 
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Fig. 3. Effect of nitrogen fertilization and burning on TNC content in big bluestem storage 
organs: (A) May 15 to Nov. I, 1972 and 1973; (B) Dec. I, 1972 to Nov. I, 1973. 
Averaged over all treatments. TNC levels with a common letter are not significantly 
different (P<.O5). 

Nitrogen (N) Reserves 

Grazing (percent plants grazed) did 
not significantly affect N reserves in 
big bluestem. Nitrogen reserves may 
not be used as readily in regrowth as 
are carbohydrate reserves. 

On different sampling dates, the 
effect of nitrogen fertilization rate on 
reserve nitrogen was different during 
the growth-and-storage period 
(K.Ol), but not during the dormant 
period (K. 15). Reserves declined, 
under O-lb and 40-lb nitrogen 
fertilization rates, when growth 
requirements exceeded available 
nitrogen (May 15 to July 1). They 
remained low during mid-season and 
increased in the fall when plant 
requirements no longer exceeded the 
available supply (Fig. 4). Nitrogen 
reserves were not significantly lowered 
in mid-August, as were TNC reserves, 
probably because of sufficient uptake 
of soil nitrogen by new roots. 
McKendrick (1971), in earlier work on 
big bluestem, indicated that reserve 
nitrogen increased at maturity and 
that N declined when spring growth 
was initiated. Changes in annual 
N-reserve cycling were less under the 
80-lb N rate, indicating high nitrogen 
uptake throughout the season and less 
need for nitrogen reserves to support 
growth. Though trends indicated a 
positive correlation of increased N 
reserves and fertilizer rate, differences 
at particular dates were not always 
significant (Fig. 4). At season’s end 
reserves were equal under O-lb and 
40-lb rates. Weinmann (1948) and 
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Fig. 4. Effect of nitrogen fertilization on 
nitrogen content in big bluestem storage 
organs [May 15 to Nov. I, I972 and 
19 73). Averaged over all treatments. 
Nitrogen levels with a common letter are 
not significantly different (Pc.05). 
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Fig. 5. Effect of nitrogen fertilization and burning on nitrogen content of big bluestem 
storage organs: (A) May I5 to Nov. I, I9 72 and I9 73; (B) Dec. I, I9 72 to Nov. I, I9 73. 
Nitrogen levels with a common letter are not significantly different (IY.05). 

Power (1972) also showed that a 
positive correlation apparently existed 
when available N exceeded plant 
requirements. 

Burning and nitrogen fertilization 
significantly affected reserve nitrogen 
during the growing season (K.01). 
Throughout the year nitrogen in big 
bluestem storage organs was higher in 
unburned than in burned pastures at 
the 0 and 40-lb nitrogen rate (K.05) 
(Figs. 5A and SB). Nitrogen 
fertilization affected burned and 
unburned pastures linearly during the 
growing season; N increased with 

fertilizer rate. Under the O-lb and 40-lb 
rates stored nitrogen did not differ 
(P<.OS) within burning treatments 
during the dormant period (Fig. 5B). 

Burning removes mulch, darkens 
the soil surface, increases the soil 
temperature, and causes rapid top 
growth of grasses early in the year 
(Owensby and Smith, 1972). 
Apparently, when a plant grows 
rapidly its needs exceed available soil 
nitrogen supply; hence it uses reserve 
N, which lowers stored reserves. 

Stored nitrogen was similar (X.05) 
in 1972 and 1973, under O-lb and 
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Fig. 6. Effect of nitrogen fertilization on storage organ N for different years (May 15 to 
Nov. I, I972 and 19 73). Averaged over all treatments. Nitrogen levels with a common 
letter are not significantly different (X.05). 
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40-lb applied nitrogen, respectively. At 
the 80-lb rate, N was higher in 1973. 
Apparently, nitrogen accumulates in 
storage organs when excess nitrogen is 
available (Fig. 6). 

Conclusions 

TNC and nitrogen decreased as 
growth exceeded available 
photosynthetic products and soil 
nutrients. That information may be 
used in determining proper stocking 
periods. Owensby (unpublished) and 
Trlica and Cook (1971) state that if a 
plant is defoliated early in the growing 
season, its food reserves at the close of 
the growing season are not reduced 
nearly so much as they would be if 
clipping or grazing had occurred late in 
the season. 

Increasing grazing rate when 
nitrogen fertilization was increased 
had little effect on either TNC or 
nitrogen reserves in big bluestem at 
senescence. Apparently a rancher 
could increase cattle numbers on a 
pasture by applying nitrogen fertilizer 
provided he could control shifts in 
plant species composition. 

Total nonstructural carbohydrate 
reserves were highest, and nitrogen 
reserves were lowest, under burned 
conditions when there was no nitrogen 
fertilization during growth and storage 
periods. Big bluestem TNC benefited 
most with burning, regardless of 
nitrogen fertilization rate. During the 
dormant period, TNC was lowest in 
unburned, heavily fertilized pastures, 
but did not approach the critically low 
levels of early spring. Applying 
nitrogen in the spring and not burning 
may lower plant vigor the following 
year, resulting in lowered big bluestem 
competitive ability. 

Trends in reserve N were linear with 
increased rate of nitrogen fertilization. 
Nitrogen added at the 40-lb rate 
apparently was used to increase forage 
production, but the 80-lb N rate 
apparently exceeded the plants’ needs, 
because over time the nitrogen 
accumulated. 

A combination of burning and 
adding 0, 40, or 80 lb N/acre did not 
lower constituent reserves below those 
of unburned, nonfertilized pastures. 
Plant vigor may be increased in the 
True Prairie by burning. Nitrogen 
fertilization plus burning, over a 2-year 
period, did not adversely affect big 
bluestem TNC and nitrogen reserves. 
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Variability of M iserotoxin Concentration 

in Timber Milkvetch 

W. MAJAK AND A. MCLEAN 

Highlight: The variability in miserotoxin concentration of 120 individual 
timber milkvetch plants was determined in the bud, flower, and pod stages of 
growth on rough fescue grassland, parkland, and Douglasfir zone locations. 
Although a broad dispersion in miserotoxin levels was evident within each 
sampling unit of ten plants, the grassland samples exhibited the greatest toxicity 
with an exceptional level (10.17 + 1.13%) occurring during the bud stage. The 
bud stage of the parkland samples yielded intermediate concentrations (5.22 * 
1.18%) while forest plants contained lower miserotoxin levels (4.08 + 0.95% to 
2.49 + 0.47%). A decline in miserotoxin levels occurred during the bud-to-pod 
interval at the grassland and parkland sites, but significant differences were not 
apparent between the progressive stages of growth at the forest locations. The 
timber milkvetch toxicity patterns based on the variability of individual plants 
confirmed previously described trends derived from composite sampling. 

Forests, which comprise approxi- 
mately 86% of the rangeland in British 
Columbia, serve both as cattle range 
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and wildlife domain and, with the 
exception of restricted areas on the 
grassland fringes, ecology and econom- 
ics dictate against a general chemical 
control of timber milkvetch (Astrag- 
ah miser var. serotinus). It would be 
feasible, however, to control localized, 
lethal areas through cultivation and 
seeding to grass and/or with appli- 
cations of either 2,4-D, silvex or 
2,4,5-T, which were shown to effec- 

tively reduce the miserotoxin (3-nitro 
- 1 -propyl-fl-D-glucopyranoside) 
(Stermitz et al., 1972) concentration 
of timber milkvetch in field ex- 
periments (Parker and Williams, 1974; 
Williams, 1970). Alternatively, reliable 
predictability criteria of timber milk- 
vetch toxicity under various rangeland 
conditions and subsequent controlled 
cattle movement could serve as a 
means of preventing livestock losses. 

Previously we described a survey of 
the fluctuations in miserotoxin con- 
centration of timber milkvetch at rep- 
resentative rangeland sites throughout 
British Columbia (Majak et al., 1974). 
The data were derived from composite 
timber milkvetch samples and showed 
general trends in toxicity levels that 
could contribute towards range man- 
agement planning. A comparison of 
seasonal, peak miserotoxin concen- 
trations indicated that cattle poisoning 
resulting from timber milkvetch in- 
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with an exceptional level (10.17 + 1.13%) occurring during the bud stage. The 
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1.18%) while forest plants contained lower miserotoxin levels (4.08 + 0.95% to 
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and wildlife domain and, with the 
exception of restricted areas on the 
grassland fringes, ecology and econom- 
ics dictate against a general chemical 
control of timber milkvetch (Astrag- 
ah miser var. serotinus). It would be 
feasible, however, to control localized, 
lethal areas through cultivation and 
seeding to grass and/or with appli- 
cations of either 2,4-D, silvex or 
2,4,5-T, which were shown to effec- 

tively reduce the miserotoxin (3-nitro 
-I -propyl-P-D-glucopyranoside) 
(Stermitz et al., 1972) concentration 
of timber milkvetch in field ex- 
periments (Parker and Williams, 1974; 
Williams, 1970). Alternatively, reliable 
predictability criteria of timber milk- 
vetch toxicity under various rangeland 
conditions and subsequent controlled 
cattle movement could serve as a 
means of preventing livestock losses. 

Previously we described a survey of 
the fluctuations in miserotoxin con- 
centration of timber milkvetch at rep- 
resentative rangeland sites throughout 
British Columbia (Majak et al., 1974). 
The data were derived from composite 
timber milkvetch samples and showed 
general trends in toxicity levels that 
could contribute towards range man- 
agement planning. A comparison of 
seasonal, peak miserotoxin concen- 
trations indicated that cattle poisoning 
resulting from timber milkvetch in- 
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gestion could be controlled in part by 
avoiding the rough fescue grasslands in 
spring and minimizing grazing in open 
forests of the Douglasfir zone during 
the summer. A relationship was ap- 
parent between available light and 
toxicity; but physical features such as 
elevation, slope, exposure, latitude, 
and soil order did not correlate with 
miserotoxin concentration. The samp- 
ling procedure used in the initial study 
(Majak et al., 1974) gave an estimate 
of the average miserot oxin con- 
centration (percent dry weight aerial 
shoots) at a given site and time. The 
present study was undertaken to deter- 
mine the variation in miserotoxin con- 
centration among individual timber 
milkvetch plants at various stages of 
growth on rough fescue grassland, 
parkland, and Douglasfir forest ranges. 
Individual variations in plant toxicity 
were assessed in relation to previous 
estimates based on composite sampling 
and thus an indication of the re- 
liability of composite sampling was 
obtained. Relative site differences in 
miserotoxin concentration were com- 
pared with previously reported dis- 
tributions of toxicity for rangelands in 
British Columbia. 

Materials and ‘Methods 

Experimental Plots 

Table 1 describes the physical 
features of the four sampling sites (at 
least 30 X 60 m) on rangelands near 
Kamloops. The Lac du Bois plot was 
located in the rough fescue (Festuca 
scabreZZa)-eriogonum (Eriogonum hera- 
cleoides) community of the rough 
fescue zone, the parkland plot (Pem- 
berton Hill) on a grassland opening 
in a Douglasfir (Pseudo tsuga 
menziesii)-rough fescue ecotone, and 
the montane forest sites (Watching 
Creek and Cannel1 Creek) in the 
Douglasfir-pinegrass (Calamagrostis 
rubescens) community of the Douglas- 
fir zone. 

Plant Samples 

At each of the four sites, ten 
individual plants were harvested 1 inch 
above the crown at the bud, flower, 

and pod growth stages to provide 120 
samples. Each fresh sample was placed 
in a plastic bag which was sealed, 
transported on ice, and stored at 
- 10°C. Prior to analysis for misero- 
toxin, each plant sample was diced and 
weighed in a coldroom to yield three 
subsamples, two of which were used 
for duplicate dry weight deter- 
minations and the third was tared for 
extraction and maintained at - 10°C. 

Extraction of Miserotoxin 

The procedures used for the extrac- 
tion of miserotoxin from fresh-frozen 
samples of timber milkvetch were 
similar to those described previously 
(Majak and Bose, 1974; Majak et al., 
1974) with the following modifi- 
cations: one-half of the initial 
ethanolic filtrate was used for the 
preparation of Extract 1 adjusted to 
100 ml. Extract 1, 0.10 ml, was 
chromatographed in duplicate on stra- 
tified TLC plates and the miserotoxin 
band was eluted into a 25 ml vol- 
umetric flask with 20 ml water prior 
to calorimetric determination in a 
darkened room. The calorimetric 
reagent, diazotized para-nitroaniline, 
was prepared by combining 0.65 ml 
2.5% NaNO, (in HZO) with 10 ml 
0.3% para-nitroaniline (in N HCl) im- 
mediately before use. 

Results and Discussion 

The dry weight estimates differed 
from the sample means by less than of: 
1.5% for the Lac du Bois and Pem- 
berton Hill sites and by less than + 
2.5% for the Watching Creek and 
Cannel1 Creek sites. The total dry 
weights were at least two to three 
times greater for the timber milkvetch 
individuals from the grassland and 
parkland sites as compared with the 
forest samples, which increases the 
comparative toxicities of the various 
plots. 

Concentrations of miserotoxin dif- 
fered between sites and growth stages, 
as well as for the interaction of these 
two factors (Table 2). A particular site 
X stage combination could 
significantly modify the expected tox- 
icity level. The coefficients of vari- 

Table 1. Physical features of experimental plots and timber milkvetch collection dates in 
1974. 

Plot location 
Collection date Elev. Slope 

Bud Flower Pod (m) (%) Exposure Soilorder 
Lac du Bois May 22 June 20 July 11 910 12 West Chernozem 
Pemberton Hill May 24 June 14 June 28 960 11 South Chernozem 
Watching Creek June 20 July 11 Aug. 1 1100 20 South Luvisol 
Cannel1 Creek June 20 July 25 Aug. 1 1160 30 South Luvisol 
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Table 2. Analysis of variance for the 
concentration of miserotoxin in timber 
milkvetch plants at various growth stages 
and sites near Kamloops, B.C. 

Mean 
Source df square F-value 

Site 3 156.94 115.97* 
Stage 2 38.27 27.79 * 
Site X stage 6 6.83 4.96* 

Subtotal 11 

Residual 108 1.38 

Total 119 

*Significant at .99 level of confidence. 

ability (CV) for mixerotoxin con- 
centrations (Table 3) reflected a 
significant dispersion within each 
group of ten plants as they varied from 
15% (bud stage, Lac du Bois) to 35% 
(flower stage, Watching Creek). A re- 
lationship between the CV’s, however, 
was not evident. 

Fescue Grassland 

Higher miserotoxin levels were 
present at all stages of growth in 
timber milkvetch plants located on the 
grassland site. The bud stage on the 
grassland site (Lac du Bois) showed 
the greatest interaction response in 
miserotoxin concentration (10.17 + 
1.13%) (Table 3). Thus at the bud 
stage of the Lac du Bois site, the mean 
miserotoxin level was 2 to 4 times as 
great as the means of plants from the 
other sites regardless of stage. Un- 
usually high miserotoxin levels, over 
6.0%, have been reported by Parker 
(1973) for A. miser var. serotinus at 
the late bud (1/4 flower) stage, and he 
postulated that the exceptionally high 
concentrations found in 1971 were 
produced by a combination of en- 
vironmental events, including elevated 
temperatures and light intensity and 
increased xeric conditions. The plots 
in Parker’s study which showed high 
miserotoxin levels were located in an 
open area (elevation 870 m) within a 
coniferous forest. We reported previ- 
ously (Majak et al., 1974) that timber 
milkvetch in the fescue grassland plots 
in British Columbia had the highest 
miserotoxin levels (5.8 to 7.3%) as 
compared with composite samples 
from the Douglasfir forest (3.1 to 
4.3%) and semiopen areas (4.3 to 
5 -8%) and that the peak con- 
centrations were associated with pre- 
bud and bud stages of growth. The 
present variability study on the grass- 
land site corroborates the previous 
findings based on composite sampling. 
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Table 3. Mean miserotoxin levels* (percent dry weight), 95% confidence intervals of the mean, and coefficients of variability (Cv) for 
timber milkvetch sampling units. 

Experimental plots 

Lac du Bois Pemberton Hill Watching Creek Cannel1 Creek 
(grassland) (parkland) (forest) (forest) 

Stage Mean level CV Mean level CV Mean level CV Mean level CV 

Bud 10.17 * 1.13a 15 5.22 f 1.18c 30 3.31 + 0.41de 17 4.08 +- 0.95d 31. 
Flower 7.10 f 1.27” 24 4.06 + 0.61d 20 2.63 + 0.66e 35 3.84 f 0.57d 19 
Pod 6.65 f 1.08b 22 2.44 f 0.36e 19 2.49 + 0.47e 25 3.53 f 0.70de 27 

*Means sharing the same letter did not differ significantly according to Duncan’s New Multiple Range Test (p= .OS) over all sites and stages. 
Each mean is-derived from the miserotoxin determinations of ten individual palnts. 

Unlike the data for 1973, however, the 
current study reveals significantly 
higher relative levels at the three stages 
of growth and no significant difference 
between the flower and pod intervals. 
Research is in progress on the climatic 
implications of this interseasonal 
variation. 
Parkland Ecotone 

This site is identical to Plot 5 
sampled during the 1973 survey 
(Majak et al., 1974). The Pemberton 
site (Table 1) is a grassy, south-facing 
slope resulting from conditions of in- 
adequate moisture, and is surrounded 
on three sides ,by trees. The resulting 
ecotone typifies the parkland situation 
of many south-facing river valley 
slopes of southern British Columbia. 
Progressive growth stages indicate a 
concomitant and significant decline in 
the miserotoxin levels of timber milk- 
vetch. The bud stage at this site 
exhibits an intermediate miserotoxin 
concentration (5.22 f 1.18%) as com- 
pared with similar growth stages in the 

grassland (10.17 + 1.13%) and forest 
areas (4.08 + 0.95% and 3.31 f 
0.41%). The miserotoxin levels at the 
bud and flower stage were higher in 
1974 (Table 3) than the readings (3.8 
and 3 .O%, respectively) for Plot 5 in 
1973, based on composite samples. 

Montane Forest 

The Cannel1 Creek site was situated 
in a Douglasfir stand, whereas the 
Watching Creek plot was located in a 
mixed forest of lodgepole pine (Pinus 
contorta), Douglasfir and, to a lesser 
degree, aspen (Populus tremuloides). 
Although the statistical analyses do 
not indicate significant differences be- 
tween the various stages, a declining 
trend in miserotoxin levels is evident. 
The timber milkvetch plants of the 
Douglasfir-pinegrass community had 
the lowest miserotoxin levels, and this 
agrees with the toxicity trends des- 
cribed earlier (Majak et al., 1974), 
which demonstrated miserotoxin 
maxima between 3.1 and 4.3% on the 

basis of composite sampling. 
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THESIS: THE UNIVERSITY OF WYOMING 

The Effect of Non-protein Nitrogen vs Protein Nitrogen on Roughage Utilization by 
Sheep, by Hikmat Askar Al-Roumi. PhD, Range Management. 1972. 

During the summer of 1970, six protein supplements 
were fed to 25 white-faced Columbia yearling sheep 
maintained on wheat straw. 

The nitrogen in the supplements was provided by: all 
urea, all urea plus Methionine hydroxy analog, all biuret, 
one-half biuret plus one-half natural protein, one-half urea 
plus one-half natural protein, and all natural protein. 

When urea was the only source of supplemental 
nitrogen, sheep ate more wheat straw than when they were 
fed any other supplement. 

Adding 6000 g of Methionine hydroxy analog/ton to the 
a 11-urea supplement resulted in a higher nitrogen 
digestibility, nitrogen balance, cellulose digestibility, 
neutral detergent fiber digestibility, organic and dry matter 
digestibility than the rest of the supplements. 

The all natural protein supplement supported a higher in 
vitro dry matter digestibility at 4, 16, 24, and 48 hours, 
while the in vivo dry matter digestibility was the highest 
with all urea plus Methionine hydroxy analog supplement. 
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Table 3. Mean miserotoxin levels* (percent dry weight), 95% confidence intervals of the mean, and coefficients of variability (CV) for 
timber milkvetch sampling units. 

Stage 

Lac du Bois 
(grassland) 

Mean level CV 

Experimental plots 

Pemberton Hill Watching Creek 
(parkland) (forest) 

Mean level CV Mean level CV 

Cannel1 Creek 
(forest) 

Mean level CV 

Bud 10.17 t 1.13a 15 5.22 + 1.18c 30 3.31 f 0.41de 17 4.08 + 0.95d 31. 
Flower 7.10 * 1.27” 24 4.06 f 0.61d 20 2.63 f 0.66e 35 3.84 f 0.57d 19 
Pod 6.65 f 1.08b 22 2.44 f 0.36e 19 2.49 rt 0.47e 25 3.53 rf. 0.70de 27 

*Means sharing the same letter did not differ significantly according to Duncan’s New Multiple Range Test (p = .OS) over all sites and stages. 
Each mean is derived from the miserotoxin determinations of ten individual palnts. 

Unlike the data for 1973, however, the 
current study reveals significantly 
higher relative levels at the three stages 
of growth and no significant difference 
between the flower and pod intervals. 
Research is in progress on the climatic 
implications of this interseasonal 
variation. 
Parkland Eco tone 

grassland (10.17 f 1.13%) and forest 
areas (4.08 + 0.95% and 3.31 + 
0.41%). The miserotoxin levels at the 
bud and flower stage were higher in 
1974 (Table 3) than the readings (3.8 
and 3.0%, respectively) for Plot 5 in 
1973, based on composite samples. 

Montane Forest 

This site is identical to Plot 5 The Cannel1 Creek site was situated 
sampled during the 1973 survey in a Douglasfir stand, whereas the 
(Majak et al., 1974). The Pemberton Watching Creek plot was located in a 
site (Table 1) is a grassy, south-facing mixed forest of lodgepole pine (Pinus 
slope resulting from conditions of in- contorta), Douglasfir and, to a lesser 
adequate moisture, and is surrounded degree, aspen (Populus tremuloides). 
on three sides ,by trees. The resulting Although the statistical analyses do 
ecotone typifies the parkland situation not indicate significant differences be- 
of many south-facing river valley tween the various stages, a declining 
slopes of southern British Columbia. trend in miserotoxin levels is evident. 
Progressive growth stages indicate a The timber milkvetch plants of the 
concomitant and significant decline in Douglasfir-pinegrass community had 
the miserotoxin levels of timber milk- the lowest miserotoxin levels, and this 
vetch. The bud stage at this site agrees with the toxicity trends des- 
exhibits an intermediate miserotoxin cribed earlier (Majak et al., 1974), 
concentration (5.22 + 1.18%) as com- which demonstrated miserotoxin 
pared with similar growth stages in the maxima between 3.1 and 4.3% on the 

basis of composite sampling. 
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THESIS: THE UNIVERSITY OF WYOMING 

The Effect of Non-protein Nitrogen vs Protein Nitrogen on Roughage Utilization by 
Sheep, by Hikmat Askar Al-Roumi. PhD, Range Management. 1972. 

During the summer of 1970, six protein supplements 
were fed to 25 white-faced Columbia yearling sheep 
maintained on wheat straw. 

The nitrogen in the supplements was provided by: all 
urea, all urea plus Methionine hydroxy analog, all biuret, 
one-half biuret plus one-half natural protein, one-half urea 
plus one-half natural protein, and all natural protein. 

When urea was the only source of supplemental 
nitrogen, sheep ate more wheat straw than when they were 
fed any other supplement. 

Adding 6000 g of Methionine hydroxy analog/ton to the 
a 11-urea supplement resulted in a higher nitrogen 
digestibility, nitrogen balance, cellulose digestibility, 
neutral detergent fiber digestibility, organic and dry matter 
digestibility than the rest of the supplements. 

The all natural protein supplement supported a higher in 
vitro dry matter digestibility at 4, 16, 24, and 48 hours, 
while the in vivo dry matter digestibility was the highest 
with all urea plus Methionine hydroxy analog supplement. 
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Titratable Acids in Opuntia ficus-indica L. 

YOCHAI B. SAMISH AND SIGMUND J. ELLERN 

Highlight: Accumulation of acidity in spiny and spineless Opuntia joints 
jluctuated daily due to crassulacean acid metabolism (CAM) in Golan Height and 
coastal plain. The acidity reached higher concentrations in the young joints, 
especially during early morning hours, before the plants were exposed to 
sunlight. Changes in acidity were more pronounced in the chlorenchyma than in 
the water-accumulating tissues. 

These findings provide information on the rate and time of photosynthesis of 
these plants and may enable the feeding of livestock on Opuntia, while acid 
levels taken in by livestock are kept low to reduce a cause of diarrhea. The 
acidity is lower on sunny warm days, during late afternoons, in shriveled, old 
joints which had been exposed to full sunlight or were excised and stored in 
light. It may, therefore, be better to let cattle feed on the shriveled Opuntia 
before the start of the rainy season and use shrubs such as Atriplex halimus, 
which is better suited after onset of the first rain, as complementary perennial 
feed. 

The supply of green fodder pro- 
viding the required vitamins and other 
nutrients for livestock is often limited 
temporarily towards the end of the 
dry season to the grazing of deep- 
rooted leafy shrubs and xerophytes, 
especially under arid conditions such 
as those in the Mediterranean climate. 
Among the xerophytes, which can 
grow even under extreme conditions, 
we find cacti, such as the stem succu- 
lent Optintia ficus-indica L. (Fig. 1). 
In order to cultivate this cactus, 
Burbank selected a spineless clone. 
Since Optintiu ficus-indica L. grows 
readily m all Mediterranean countries, 
its spineless clone has also been intro- 
duced into Israel. Grazing and feeding 
trials have shown that sheep and cattle 
eat the modified photosynthesizing 
stems, called joints (Konis, 1950) or 
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slabs, but reacted often with severe 
diarrhea. Since the joints are rich in 
acids and acids are known to affect the 
digestion of cattle, it was suggested 
that the digestive disturbance after 
browsing on Opuntia may be due to 
the high acid content of the feed. 

Organic acids are known to accu- 
mulate during the metabolism of suc- 
culents by crassulacean acid 
metabolism (CAM), which refers to an 
increase of titratable acidity in the 
green tissues at night (dark acidifica- 

tion) and its reduction in the photo- 
synthesizing tissues during the day 
(photodeacidification) (Ranson and 
Thomas, 1960; Milburn et al., 1968) 
accompanied by an increase of photo- 
synthetic products, particularly adeno- 
sine tri-phosphate (ATP). As Pucher et 
al. (1949) had noted considerable 
fluctuations in concentration of acids 
in crassulacean tissue at different 
hours during the day, it was thought 
desirable to establish the diurnal cycle 
of the acid content in Opuntia and the 
effect of different ecological factors 
on acidity under local conditions. 
Thus, it would hopefully become 
possible to reduce the negative aspects 
of this feed, by offering it at a time, or 
under conditions, of relatively low 
acid content. 

Differences in acid content could 
be due to changes in the rate of 
photosynthesis, or to replacement of 
the CAM metabolism by more 
common pathways of metabolism 
(Black, 1973). Such information 
should be of value in connection with 
studies towards broadening the utiliza- 

Fig. 1. Photograph of local Opibtia ficus-i’ndica L. 
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Table 1. Effect on acid content of relative position and age of Opuntia joints (A is the 
youngest and E the oldest) and the location of the samples (1 to 5 see Fig. 2) (Snir, Sept. 
1969 8 am). 

Fig. 2. Location of sampling cores in 
Opuntia joints of different ages. The 
youngest joint “A ” is about 1 year old 
and measwes 30 X 16 cm. The joints B, C, 
D, and E (not shown) are each about I 
year older than the preceeding one. Five 
cores, numbered 1-S were taken from 
each joint. 

tion as well as the understanding of 
the Opuntia physiology. 

Materials and Methods 
The investigation was carried out 

on two locations: (a) A plantation of 
spineless cactus at Snir, located at the 
foot of the Golan Heights, on a slope 
facing west in shallow, stony, rather 
meager loam; and (b) hedges of the 
common, spiny cactus bordering both 
sides of a trail near Ekron in the 
central plain, growing in a deep, fer- 
tile, black clay loam. 

In order to establish the proper 
sampling procedure, samples were col- 
lected from each of three different 
plants, using joints of similar age. A 
cork borer was used to obtain sample- 
cores of 1.6 cm2 cross section, cutting 
from epidermis to epidermis com- 
pletely through the joint at five posi- 
tions: four peripheral equidistal 
locations, about 2 cm from the 
margin, and the fifth in the center of 
the joint, as indicated in Figure 2. The 
samples were collected in small bags 
made of mylar, a plastic material 
which withstands boiling temperature. 
The bags were closed and exposed for 
20 minutes immediately after sampling 
in the field to water and steam in 
order to kill the tissues and to stop 
enzymatic activity. The samples were 
not held at low temperature during 
transport to the laboratory, since it 
was found that acidity remained the 

Position 
and age Acids p eq per g fresh wt of cores on locations 1-5 

of joints 1 2 3 4 5 AV. S.E. 

A 106 214 167 149 126 152 + 42.0 
B 49 56 57 62 56 56 c 5.0 
C 55 47 52 40 44 48 + 5.8 
D 39 59 51 64 40 52 f 10.8 
E 40 16 37 38 40 342 10.2 

Averages 58 78 72 70 62 68 + 14.8 

same whether the heated samples had 
been stored for 48 hours in cold 
storage or at ambient temperatures. In 
the laboratory, the samples, each con- 
sisting of 5 cores, were weighed, 
homogenized in a Waring Blender, 
made up to a standard volume, and 
stored at 4°C until analysis. Aliquots 
were titrated with 0.02 N NaOH, using 
phenolphthalein as indicator and the 
results reported as number of equiva- 
lents. 

Results were calculated on a fresh 
weight and per core basis. Calculating 
on either per core basis (i.e., area of 
joint) or on basis of fresh weight, 
deviations from average, when referred 
to the average titer, were not con- 
sistent between methods of calculation 
(Table 5). From the two comparisons 
discussed above, either could be 
chosen for reporting the results; we 
found that per core comparison is a 
simple parameter to use during field 
measurements. 

Results 

Table 1 shows the extent to which 
acidity is affected by the position of 
the joint along the stem, designated 
basipetally along the axis, with “A” 
for the youngest terminal joint to “E” 
for the oldest one (see Fig. 2). 

Comparing the acidity of the joints 
according to age, we note that their 
titratable acidity decreased signifi- 
cantly according to their basipetal 
position (in the morning) with increas- 
ing age. This is presumably due to the 
relatively higher accumulation of car- 
bohydrates during the previous day 
and the higher rate of metabolism 
(dark-acidification during the pre- 
ceeding night) of younger tissues with 
a larger proportion of chlorenchyma. 
A contributing natural factor may 
have been the shading of the lower 
joints, causing their slower photo- 
deacidification. 

Furthermore, it was established 
that the older leaves contain a larger 
proportion of water accumulation 

tissue, which would be expected to be 
metabolically less active than the outer 
chlorenchyma. As to the position of 
the samples on the joints, we found a 
rather insignificant small increase of 
acidity near the periphery, as com- 
pared with the center of the joints. On 
the basis of these results, we used in 
our further study only young joints of 
similar age, compounding the cores 
from all five locations, and selected 
nonshaded joints. In those cases when 
the morning sampling could not be 
continued during the afternoon, in the 
remote field at Snir, data of the 
previous afternoon have been used to 
give the daily change. 

Typical curves for the change in 
acidity of the Opuntiu joints during 
daylight hours are illustrated in Figure 
3. The curve calculated on fresh 
weight basis as well as that reported 
per core (i.e., relative to unit area) 
show a continuous loss of acidity 
during daylight hours, typical for 
CAM. 

The early fluctuations on fresh 
weight basis may possibly be due to 
the absorption of water and/or slight 
differences in turgidity among differ- 

Fig. 3. Diwnal changes of acidity per core 
in spineless Opuntia joints at Snir on cold 
and warm days. 
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Table 2. Excess acidity (JJ equivalents) in 
turgid young joints at position “A” (Fig. 
2) in Oct., 1970, as compared with 
shriveled joints growing on shallow dry 
soil. 

Excess acidity in 
turgid as compared 

Hour Acidity per to shriveled joints 

of g shriveled Per Per 
sampling joint core gram 

6 160 + 16 126 f 40 562 18 
14 36+ 4 26 rt 14 0 

ent slabs. 
The acidity of the common spiny 

Opuntia at Ekron showed changes in 
the course of the day similar to the 
spineless one at Snir. At Ekron we 
analyzed samples from hedges lining 
both sides of a trail running north to 
south and shading one another when 
the sun stood low. The hedge on the 
west side received full sunlight merely 
during the afternoon, while that of the 
east side received more sunlight during 
the morning. The daily acidity cycle 
was affected by the shade, as shown in 
Figure 4. Photo-deacidification started 
in the eastern side with sunrise, but 
was delayed in the western side until 
mid-morning. 

The effect of climatic conditions 
was considered and the results were 
compared with the meteorological 
data provided in Table 3. The individu- 
al effect of meteorological data in the 
open is not easy to evaluate, especially 
since different factors are often inter- 
related, such as the frequent asso- 
ciation of rain with a reduction in 
temperature and sunlight. Air tem- 
perature may not exactly correlate 
with the temperature of the insolated 
organ, which is likely to be raised 
considerably above air temperature by 
solar irradiation, particularly in 
Opuntia (Konis, 1950). Thus in ad- 
dition to air temperature the intensity 
of solar radiation may be taken into 
account. 

The effect of soil moisture is illus- 
trated in Figure 3 and Tables 2 and 4; 
at the end of the dry season no rain 
has as yet fallen before October 6. 
After this date and before November 
16, 69 mm of rain precipitated. On 
those two dates, before and after the 
rain, the two curves show deacidifica- 
tion. But during the night before 
sampling in November, acidity reached 
a far higher value, due possibly to 
improved metabolic conditions as a 
result of sufficient moisture supply. A 

Table 3. Meteorological data at Snir Area. Scale for cloudiness from 0 to full sky cover 
marked as 8 (e.g., % sky cover is noted as 4), minimal, maximal, and average temperatures 
in OC. 

Rainfall 
during 30 Weather during 24 hours before sampling 

days before 
Temperature (“C) Cloudiness 

Sun Sun 
sampling rise set 

Date (mm) Min Max Avg 8 am 14 pm 20 pm (hour) (hour) 

1969 
Oct. 4 0 17 31 23.5 0 0 0 
Oct. 5 0 19 32 25.0 6 6 8 5:13 17:20 
Oct. 6 0 19 35 27.1 5 4 8 

1969 
Nov. 16 69 10 28 18.8 0 0 0 
Nov. 17 69 9 28 18.0 0 0 0 6:lO 16:40 
Nov. 18 69 9 28 18.0 0 0 0 

1970 
Jan. 26 168 7 15 10.8 0 0 0 
Jan. 27 168 4 15 9.0 6 2 0 6138 17:09 
Jan, 28 168 4 6 9.5 0 2 0 

1970 
Oct. 11 21 14 29 21.0 0 4 0 
Oct. 12 21 15 28 21.0 3 5 2 5:41 17:13 
Oct. 13 21 12 21 16.0 7 3 4 

1971 
Feb. 17 35 - 3 0 0 6:22 17:27 
Feb. 18 35 9 23 16.0 0 0 0 

higher acidity level was retained during 
the day, due to the higher start in the 
morning, as compared with the plants 
which were sampled earlier in October, 
(i.e., at the end of the dry season). 
Comparison of shriveled Opuntta 
growing on shallow dry soil with ones 
on deep soil (Table 2) at the same time 
provided a double check of the soil 
moisture effect. Low night tempera- 
ture seems to favor higher acidity on 
the following day. Minimum tem- 
perature was below 10°C on Novem- 
ber 16- 17 as against 19°C on October 
6. 

On the hot days of November 
16- 18, with an average temperature of 
18°C and a minimum temperature as 
low as 9’C, the early morning samples 
showed a very high acidity (Fig. 3 and 
Table 3) with a titer of about 285 ,Y eq 
(microequivalents) per core; and this 
maximum acidity was obtained at 
6:30 a.m. (i.e., about 20 minutes after 
sunrise), with a low titer of only 70 p 
eq in the late afternoon. Thus, high 
day temperatures seem to favor 
Opuntia CAM processes, so that a high 
maximum and a low minimum acidity 

- 

are reached in periods of hot days and 
cold nights. On the other hand, on 
October 6 (Fig. 3) low morning acidity 
of 166 p eq was obtained during a dry 
period of also very warm days with 
daily average temperatures reaching up 
to 25°C and a minimum of between 
17 and 19°C. Under these conditions 
minimum acidity remained low (38 1-1 
eq) in the afternoon, but no strong 
acidification seems to have taken place 
during the warm night. Thus the rate 
of CAM photosynthesis must have 
been low. 

Comparing cloud cover during these 
two days we find it was high during 
the beginning of October, which may 
have reduced the accumulation of car- 
bohydrates; the cloudless sky during 
November 16- 18 is likely to have 
increased temperature of the joints far 
above the recorded air temperature in 
the course of the day, which may have 
enhanced the deacidification and the 
accumulation of carbohydrate accord- 
ingly. 

Calculating the daily mid value for 
the acidity of a number of such curves, 
we find a wide range, the mid value 

Table 4. Thickness (mm) of young joints at Snir at the end of the dry season (October) and 
at the end of the rainy season (February) by turgidity (i.e., water availability) class. 

Turgidity and 
No. of Water- 
joints Chlorenchyma accumulating Whole 

sampling date measured (green) tissue joints 

Turgid -Oct. 8 18 2.4 + 0.5 4.3+ 1.1 6.7 + 1.0 
Shriveled - Oct. 8 9 1.3 +_ 0.4 1.0 + 0.3 2.3 f 0.4 
Verv tumid - Feb. 21 24 3.0 f 1.2 9.0 t 1.2 12.0 i 1.2 
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Fig. 4. Differences in acidity per core be- 
tween the eastern side (0) and the western 
side (0) of spiny Qpuntia along hedges in 
Ekron. The eastern side data of Oct. 29, 
1969, are also given per gram fresh weight 
(A). 

being reached as early as 8 a.m. on 
October 6, 1969 (Fig. 3), but only just 
before noon, on November 18, 1969. 
Corresponding to a relatively steep 
drop on the morning of October 6, the 
curve consequently flattened out 
rather early at noon, while on Novem- 
ber 18 the decline of acidity was not 
quite as steep in the morning. The 
rapid decline on October 6 would 
seem to be due to the relatively high 
temperature on that date, while the 
gradual drop in January is associated 
with a lower temperature. This effect 
would agree with our knowledge con- 
cerning rate of photosynthesis, which 
is associated with photodeacidification 
at daytime. 

I T I I 

o---.--__ o___-----o 

Fig. 5. The acidity in the water- 
accumulating tissue (per gram o), and in 
the chlorenchyma (per gram A and per 
core l ); of spineless Opuntia at Snir on 
October 13, 1970. 

It was thought interesting to com- 
pare the behaviour of the two major 
tissue groups into which the core can 
be easily separated--the outer chlor- 
enchyma and the inner water- 
accumulating spongy part. The 
behaviour with respect to acidity is 
illustrated in Figure 5. It is seen that 
the amount of acid per unit core is 
throughout much higher in the morn- 
ing in the chlorenchyma (220 ,U es/g), 
than in the pulp, with a corresponding 
3’7 p eq/g remaining low and rather 
constant throughout the day. Con- 
sidering this, it would be expected that 
practically all the photosynthesis of 
the core is located in the chlor- 
enchyma. The ratio between the two 
tissues is greatly affected by water 
supply, as shown in Table 4, which 
compares quite turgid plants at the 
end of the dry season, growing in 
relatively deep soil, with those of 
wilted plants growing nearby in 
shallow soil underlain by rocks. As 
would be expected, the water- 
accumulating inner tissue collapsed 
and is much more affected by the 
drought than the chlorenchyma, 
reducing the thickness of the inner 
layer to about one-forth, while the 
outer chlorenchyma was reduced in 
thickness to only a smaller extent. 

The main accumulating acid is 
malic acid. Considerations of efficient 
cutting may make it desirable to cut 
and store the joints before feeding. 
The effect of length of storage under 
different conditions of insolation is 
shown in Table 5. 

When the cut joints were exposed 
to light by spreading them, the reduc- 
tion of acidity continued, although at 
a lesser rate than on the plant. By 
spreading the joints in the sunlight, 
only one of the two photosynthetic 
surfaces was exposed to light, which 
may explain the reduced rate of pho- 

todeacidification as compared to joints 
on the plant. When they were stored in 
the dark by piling them into a heap 
and covering with black nylon, acidity 
increased; i.e., CAM metabolism was 
continued after the joints were severed 
from the plant. 

Discussion 

Measurements of the changes in 
t&able acidity of joints of Opuntzh 
showed that CAM dominates the pho- 
tosynthetic metabolism of this plant in 
Israel. We found a build-up of acids in 
the plant at night and a decrease of 
acidity during daylight hours. The rate 
of these changes was affected by eco- 
logical conditions: shade decreased the 
rate of photodeacidification and dark- 
ness even stopped it completely. 

The relative level of acidity under 
our conditions would seem to be 
affected more by the level of acidity 
reached during the night before than 
by conditions during the subsequent 
day. Regardless of early morning acidi- 
ty levels, by late afternoon acidity 
consistently dropped to less than 100 
P eq. 

While our field observations are 
likely to be of some interest to the 
botanist, they were primarily designed 
to solve a problem in livestock nutri- 
tion. The information obtained still 
needs to be verified by feeding experi- 
ments. Assuming that the acidity, as 
found in the young joints, is detri- 
mental to ruminants, it remains to 
determine the amount of acidity 
which causes indigestion. Since the 
level of acidity differs so widely during 
the day, it may be possible that acidity 
is reduced during the day sufficiently. 

Recourse might also be taken to the 
difference in acidity between the com- 
paratively higher acid content of new 
and old growth; the terminal young 

Table 5. Titratable acids (IL equivalents) in detached joints from Snir Feb. 18, 1971 as 
affected by light during storage. The results were obtained from compound samples of 5 
cores from each of 6-8 joints. 

Acidity 
Hour of Acidity per gram 

Storage treatment sampling per core fresh weight pH 

Freshly harvested control 9 112 4 22 - 4.58 
17 56+ 6 - 5.09 

Stored 4 days in darkness 9 132+ 4 525 6 4.70 
15 152 + 26 50+ 6 4.64 

Stored in 36 hours in natural light 9 138 + 36 52+ 6 4.68 
Stored 4 days in natural light 9 154+ 16 52+ 4 4.65 

15 78~ 4 30+ 2 4.90 
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new growth might be removed before 
browsing, leaving only the older joints 
with their lower acidity. All these 
measures may be undertaken. How- 
ever, one has to bear in mind that the 
incidence of rain would seem to have 
increased acidity. Szarek and Ting 
(1974) support some of our findings in 
their work on Opuntia basilaris. 

Since Opuntia joints contain a suffi- 
cient store of water in the inner 
tissues, which are specialized for this 
purpose, it can be classified as fresh 
fodder even after storage for several 
days. However, when joints were 
stored in the dark after being severed 
from the plant, acid concentration 
rose, but when they were exposed to 
the sun, a partial destruction of the 
acids occurred during each day, re- 
ducing the acidity of the feed. 

It is hoped that our results will 
encourage further experiments which 
may help to supply arid zones with an 
additional fodder for their animal 
husbandry. 

Summary 
Acidity in Qmntih, which may 

affect grazing animals unfavourably, 
was found in Israel to be highest in the 
young joints (modified leaves) es- 
pecially in their green chlorenchyma. 

Titrable acids were higher during 
the early morning hours before day- 
light, which is indicative for crassu- 
lacean acid metabolism (CAM). 

When the plants were exposed to 
light for several hours in nature in the 
field or abscized joints exposed to 
light during storage, the (daily) con- 
centration in titrable acidity level de- 
clined sharply during the afternoon. 
Turgid plants were of higher acidity 
during the morning hours than 
drought-shriveled ones. 

Spineless Opuntia behave similarly 
to the spiny type. The diarrhea of 
cattle reported by rangers may be due 
to grazing on fresh young Opuntia, 
especially in the early cool morning 
hours. This harmful effect co;ld pos- 
sibly be reduced or avoided by limiting 
grazing to afternoon hours, preferably 

before the start of the rainy season, 
i.e., when the joints are still relatively 
shriveled, and the nights are warm. 
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THESIS: COLORADO STATE UNIVERSITY 

The Trophic Relations of Bison bison to the Shortgrass Plains, by Donald George 
Peden. PhD, Range Science. 1972. 

Studies were conducted to determine the botanical and 
chemical composition and digestibility of the diet of bison, 
cattle, and sheep on shortgrass plains. Forage intake was also 
measured. Diet samples were collected with esophageal 
fistulated animals, and digestibility estimates were obtained 
with rumen fistulated ones during December 1970 and March, 
May, June, August, and October 197 1 on both a lightly grazed 
and a heavily grazed treatment. 

The diets of bison contained more grasses and sedges than 
those of either cattle or sheep and contributed at least 80% to 
the total dry matter. Warm-season grasses were most common 
during all periods except May, when the cool-season grasses 
were most abundant. Forbs and shrubs jointly contributed less 
than 20% to the total dry matter in bison diets. Cattle and 
sheep consumed considerably greater proportions of forbs and 
shrubs during all periods except December 1970 and May 
1971. They also consumed greater proportions of cool-season 

grasses. 
Bison and cattle selected different areas for grazing within 

each treatment. Bison appeared to be less selective in terms of 
both average herbage biomass and herbage cover within these 
preferred grazing areas. 

Bison demonstrated greater digestive powers during the fall 
and winter months. In late winter this difference reached 20%. 
Cattle selected forage which was more digestible than that 
selected by bison. Warm-season grass selected by bison was less 
digestible than that selected by cattle, but the reverse was true 
for cool-season grass. Forage dry matter intake rates for bison 
were higher than those expected for cattle. 

These data are discussed in relation to differences in grazing 
intensity and optimal stocking strategies for management. 
Suggestions are given for some technique improvement. 
Speculative discussion focuses on the past, present, and future 
potential for bison in the shortgrass trophic web. 
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new growth might be removed before 
browsing, leaving only the older joints 
with their lower acidity. All these 
measures may be undertaken. How- 
ever, one has to bear in mind that the 
incidence of rain would seem to have 
increased acidity. Szarek and Ting 
(1974) support some of our findings in 
their work on Opuntia basilar-is. 

Since Opuntiu joints contain a suffi- 
cient store of water in the inner 
tissues, which are specialized for this 
purpose, it can be classified as fresh 
fodder even after storage for several 
days. However, when joints were 
stored in the dark after being severed 
from the plant, acid concentration 
rose, but when they were exposed to 
the sun, a partial destruction of the 
acids occurred during each day, re- 
ducing the acidity of the feed. 

It is hoped that our results will 
encourage further experiments which 
may help to supply arid zones with an 
additional fodder for their animal 
husbandry. 

Summary 
Acidity in Qxmtia, which may 

affect grazing animals unfavourably, 
was found in Israel to be highest in the 
young joints (modified leaves) es- 
pecially in their green chlorenchyma. 

Titrable acids were higher during 
the early morning hours before day- 
light, which is indicative for crassu- 
lacean acid metabolism (CAM). 

When the plants were exposed to 
light for several hours in nature in the 
field or abscized joints exposed to 
light during storage, the (daily) con- 
centration in titrable acidity level de- 
clined sharply during the afternoon. 
Turgid plants were of higher acidity 
during the morning hours than 
drought-shriveled ones. 

Spineless Opuntia behave similarly 
to the spiny type. The diarrhea of 
cattle reported by rangers may be due 
to grazing on fresh young Opuntiu, 
especially in the early cool morning 
hours. This harmful effect co6ld pos- 
sibly be reduced or avoided by limiting 
grazing to afternoon hours, preferably 

before the start of the rainy season, 
i.e., when the joints are still relatively 
shriveled, and the nights are warm. 
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THESIS: COLORADO STATE UNIVERSITY 

The Trophic Relations of Bison bison to the Shortgrass Plains, by Donald George 
Peden. PhD, Range Science. 1972. 

Studies were conducted to determine the botanical and 
chemical composition and digestibility of the diet of bison, 
cattle, and sheep on shortgrass plains. Forage intake was also 
measured. Diet samples were collected with esophageal 
fistulated animals, and digestibility estimates were obtained 
with rumen fistulated ones during December 1970 and March, 
May, June, August, and October 197 1 on both a lightly grazed 
and a heavily grazed treatment. 

The diets of bison contained more grasses and sedges than 
those of either cattle or sheep and contributed at least 80% to 
the total dry matter. Warm-season grasses were most common 
during all periods except May, when the cool-season grasses 
were most abundant. Forbs and shrubs jointly contributed less 
than 20% to the total dry matter in bison diets. Cattle and 
sheep consumed considerably greater proportions of forbs and 
shrubs during all periods except December 1970 and May 
197 1. They also consumed greater proportions of cool-season 

grasses. 
Bison and cattle selected different areas for grazing within 

each treatment. Bison appeared to be less selective in terms of 
both average herbage biomass and herbage cover within these 
preferred grazing areas. 

Bison demonstrated greater digestive powers during the fall 
and winter months. In late winter this difference reached 20%. 
Cattle selected forage which was more digestible than that 
selected by bison. Warm-season grass selected by bison was less 
digestible than that selected by cattle, but the reverse was true 
for cool-season grass. Forage dry matter intake rates for bison 
were higher than those expected for cattle. 

These data are discussed in relation to differences in grazing 
intensity and optimal stocking strategies for management. 
Suggestions are given for some technique improvement. 
Speculative discussion focuses on the past, present, and future 
potential for bison in the shortgrass trophic web. 
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Influence of Grazing on Crude Protein 
Content of Blue Grama 
D. W. URESK AND PHILLIP L. SIMS 

Highlight: Grazing intensities of light, moderate, and heavy 
by cattle did not affect the protein content of blue grama 
herbage in northeastern Colorado. Crude protein content of 
live herbage changed with phenological development and with 
season, but no change occurred in dead herbage. During the 
early vegetative growth period, a high of 18% crude protein 
occurred in the plant tissues. Additional precipitation during 
the growing season did not appear to affect the content of 
protein in herbage. 

1969 and at 50°C in 1970 in a forced-air oven for 48 hours. 
the samples were ground through a Wiley mill and a l-mm 
sieve. A subsample was ashed in a muffle furnace for 4 hours 
at 650°C, and protein values were corrected to an ash-free 
basis. The live, dead, and combined live and dead standing 
vegetation were analyzed for Kjeldahl nitrogen according to 
the procedure outlined by Assoc. Offic. Agr. Chem. (1965), 
and crude protein was determined by N X 6.25. Statistical 
analysis followed Snedecor and Cochran (197 1) for analyses of 
variance. 

Results and Discussion 

Blue grama (Bouteloua gracilis (H.B.K.) Lag. ex. Steud.) is 
the most important forage species within the shortgrass 
ecosystem of the Great Plains in the United States. However, 
its crude protein content changes with season and plant 
maturity. 1 hese changes have been reported by Clarke and 
Tisdale (1945) in Alberta and Saskatchewan, Runyon (1943) 
in Kansas, Fudge and Fraps (1945) working in Texas, 
Vorachek (1966) and Sims et al. (1971) in Colorado. Little 
data on the influence of grazing on the protein content of blue 
grama herbage have been reported. 

This paper reports seasonal and annual changes in crude 
protein content of blue grama under three grazing intensities 
on the shortgrass range in northeastern Colorado. 

Study Area and Procedures 

The study was located within a shortgrass ecosystem on the 
Pawnee National Grassland and the Central Plains 
Experimental Range about 8 miles NE of Nunn, Colorado. The 
climate of the area is semiarid with an average annual 
precipitation of 31 cm, ranging between 11 cm and 58 cm 
during the period of 1939 to 1967 (Bement, 1968). The 
frost-free season averaged 13 5 days. 

In both 1969 and 1970, the average content of crude 
protein for combined live and dead herbage of blue grama did 
not respond (P z 0.34 in 1969 and P g 0.13 in 1970) to 
grazing when comparing the four treatments-ungrazed, light, 
moderate, and heavy grazing. Average crude protein content 
for each of the four treatments was 7, 8, 7, and S%, 
respectively. The crude protein content (mean of four 
treatments) increased from a seasonal low in 1969 of 5% on 
March 27 when blue grama was in the dormant stage to a high 
of 10% on June 30 when the herbage was in the early stages of 
flowering (Fig. 1). After June 30, the protein content 
progressively decreased to 6% on December 16 when blue 
grama was dormant (Table 1). In 1970 crude protein increased 
from a low of 7% on April 9 to a high of 9% on June 1 when 
the plants were in the early vegetative stage of development, 
and then decreased during the remainder of the sampling 
season (Fig. 1). 

Cattle were used to maintain three grazing intensities (light, 
moderate, and heavy) on the shortgrass prairie between May 1 
and September 30 each year since 1939 (Kipple and Costello, 
1960). The number of cattle was regulated so that 60% of the 
current herbage growth of the dominant forage grasses was 
grazed at the end of the season under heavy use, 40% under 
moderate use, and 20% under light use. A fourth treatment 
consisted of areas excluded from grazing by cattle since 1939. 

Two replicates on each of the three grazing intensities and 
the no-grazing treatment were sampled during 1969 and 1970 
(Uresk et al., 1975). Blue grama herbage was clipped from 
each replicate by treatments and analyzed for crude protein. 
Only the combined live and dead herbage was analyzed in 
1969. In 1970, live (green portion) and dead (tan portion) 
blue grama herbage was separated and analyzed separately in 
addition to analysis of the combined live and dead herbage. 

The samples of blue grama herbage were dried at 65’C in 

The percent of crude protein in live blue grama herbage 
during 1970 averaged 10% for all treatments and dates. 
Average percentages of protein were much higher in the live 
herbage, especially during the early part of the growing season, 
than in the dead herbage (Table 2). Grazing intensity had no 
significant effect (P z 0.35) on the percentage of protein 
present in live blue grama herbage in a comparison of the four 
treatments. Average percentage crude protein was 10, 10, 9, 
and 11% for none, light, moderate, and heavy grazing, 
respectively. Significant differences (P 2 0.00 1) were observed 
in the protein content of live blue grama herbage with changes 
in phenological development. A high was recorded on May 5 
(18%) during the early vegetative growth with a low on 
September 8 (80/o), prior to frost when blue grama was in a 
semidormant stage (Fig. 1). The high protein content of 18% 

Table 1. Crude protein content (% f SE) of combined live and dead 
blue grama herbage in 1969 (mean of four treatments by dates). 
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Date 
Mar. 27 
May 18 
June 21 
June 30 
July 14 
July 29 
Aug. 11 
Aug. 24 
Sept. 8 
Oct. 25 
Dec. 16 

Protein content 

5.1 f 0.3 
9.2 rt 0.4 
9.2 f 0.3 
9.6 f 0.3 
8.1 +_ 0.3 
7.8 f 0.3 
7.1 zk 0.3 
6.5 * 0.3 
6.7 + 0.2 
6.1 + 0.2 
6.0 5 0.4 
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Phenology 

V = Vegetative stages 

B = Bud stage 

FL = Flowering 

S = Seed formation 

SD q  Seed dispersal 

WD = Winter dormant 
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q  Precipitation (cm) 
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- 1969 -4 1970 t 

Accumulated precipitation between sampling dates 

Fig. 1. Seasonal and annual changes in protein content of blue grama herbage in relation to phenology and precipitation. 

during the early vegetative stage of growth indicates a high 
uptake of nitrogen by the young plants in relation to the 
amount of herbage present. 

A mean of 7% protein was found in dead herbage (mean for 
treatments and dates combined). Protein in dead herbage was 
not influenced (P z 0.75) by grazing. Thus, intensity of 
grazing had no effect on the protein content of herbage. The 
content of crude protein did not change with season in the 
dead vegetation. 

Comparison of the percent crude protein in combined live 
and dead herbage showed no differences (P z 0.22) between 
the 2 years, with an average of 7% in 1969 and an average of 
8% in 1970. Peak standing crop of combined live and dead was 
50 g/m2 in 1969 as compared to 55 g/m2 in 1970, so total 
amount of crude protein may not have differed. Bokhari and 
Singh (1974) in a nitrogen synthesis of prairies found nitrogen 
to decrease with increasing precipitation showing a dilution 
effect. The amount of precipitation during the growing season 
of 1969 was approximately 9 cm higher than that of 1970, but 

did not appear to influence the amount of crude protein or the 
amount of standing crop for both years (Uresk, 1971). Thus, 
the amount of protein produced per acre did not increase with 
increased precipitation. These results indicate that the crude 
protein content of blue grama herbage was not influenced by 
grazing. However, the protein content in the herbage changed 
with plant maturity during both years. 
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S-Triazine Herbicides Combined with 

Nitrogen Fertilizer for Increasing 

Protein on Shortgrass Range 

W. R. HOUSTON AND D. H. VAN DER SLUIJS 

Highlight: Three s-triazine herbicides (atrazine, simazine, and cyanazine) 
applied annually at 1.1 and 3.4 kg/ha to shortgrass range in northcentral 
Colorado, consistently increased protein concentration in range herbage for 3 
years, 19 70- 72. Overall, herbage yields were not affected. Spring applications 
were slightly more effective than fall applications. Atrazine and simazine were 
about equally effective. However, herbage treated with simazine retained protein 
better into fall and winter than that treated with atrazine. Cyanazine was the 
least effective. Increases in protein from the three herbicides were additive to 
increases from N fertilizer applied at 22 and 4.5 kg N/ha, except in a drought 
year. During drought, 3.4 kg of atrazine or simazine combined with 45 kg N 
reduced herbage yields and yields of protein. The most practical treatment was a 
combination of 1.1 kg simazine and 22 Kg N/ha. A veraged over 3 years, this 
combination increased protein concentration 43% and yield of protein 35% in 
September. 

Over the past 20 years, s-triazine 
herbicides have been used effectively 
for weed control in a variety of crops, 
especially corn. The s-triazines control 
most annual grasses and many broadleaf 
weeds. Many of the s-triazines also 
increase N content of plants. Because 
protein concentration of range forage is 
often below nutrient requirements of 
cattle in the fall and winter months, 
increased concentration may increase 
livestock production. 

Furtick (1958) was among the first 
to report increased protein con- 
centration of forage crops by herbicide 
applications. De Vries (1963) found 
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that simazine (2-chloro-4, 
6-bis( et hylamino)-s triazine) sig- 
nificantly increased N uptake by corn. 
Ries et al. (1968) reported increased N 
concentration and fresh weight of 
several forage grasses and legumes. Ries 
(1968) and Ries et al. (1968) suggested 
that species tolerant to simazine 
showed increased N only at high rates of 
application; whereas the N con- 
centration of susceptible species was 
increased only by low rates of simazine, 
especially under conditions of sub- 
optimal temperature and soil N. 

Allinson and Peters (1970) found 
that simazine increased protein con- 
centration of several tolerant forage 
species without decreasing dry matter 
yields, but susceptible species showed 
the greatest increases. Over all species 
tested, the greatest increases in protein 
concentration were accompanied by 
the greatest decreases in yield. Eastin 
and Davis (1967) reported that 1.1 
kg/ha of atrazine (2-chloro- 
4-ethylamino-6-isopropylamino-s tri- 
azine) increased total-N and nitrate-N 
concentration of several tropical field 
crops, but also decreased yields whether 
the species were tolerant or resistant to 
atrazine and whether in the field, soil, 

culture, or nutrient solution. They also 
pointed out the general inverse relation- 
ship between increased N concentration 
of plants and reduced yields. Kay 
(1971) found both increased plant 
protein and herbage yield of inter- 
mediate wheatgrass (Agropyron inter- 
medium (Host) Beauv.) from atrazine 
over a period of 4 years. However, the 
increase in yield accompanied a con- 
siderable decrease in annual grasses. 
Houston and van der Sluijs (1973) 
found that annual applications of 3.4 
kg/ha of atrazine in combination with 
45 kg N/ha, applied in May or June, 
increased protein yield on rangeland 
during the summer an average of 142 to 
148%. Their work was conducted on 
the same range site as the present study. 

The mechanism by which triazine 
compounds influence plant protein, 
nitrate-N, and yield are not well under- 
stood. It is known that many physio- 
logical processes in the plant are altered 
by triazines. Differential metabolism of 
triazines appears to govern the sus- 
ceptibility of the plant. This dif- 
ferentiation is related to ability of the 
plant to degrade the phytotoxic parent 
molecule (Shimabukuro, 1967). Also 
involved are the rates of absorption, 
translocation, and accumulation of the 
compounds (Sheets, 1961). 

Triazine-treated plants have shown 
increased total-N and nitrate-N and 
increased nitrate reductase activity 
(Ries et al., 1967). Increased nitrate 
reductase activity is usually associated 
with increased protein formation and 
decreased nitrate-N (Hageman et al., 
1961). Because reduction of nitrate 
depends on photosynthesis and res- 
piration (Salisbury and Ross, 1969), 
which are inhibited by triazine accumu- 
lation (Smith and Buchholtz, 1962), 
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the triazines appear to affect a great 
many plant reactions. 

The present study compares the 
effects of atrazine, simazine, and 
cyanazine (2 (4-chloro-6-et hylamino-s- 
triazine -2-ylamino)-2-methylpropioni - 
trile) combined with N fertilizer on 
protein yield, and nitrate-N 
concentration of shortgrass range in 
northcentral Colorado. The three 
s-triazine herbicides differ not only in 
chemical structure, but also in 
solubility. Cyanazine is the most 
soluble (water solubility 171 ppm), 
atrazine is intermediate (solubility 70 
ppm), and simazine is the least soluble 
(5 PPm)* 

Table 1. Monthly precipitation (cm) for the cropyears (September through August) of 
1969, 1970, 1971, and 1972, cropyear totals, and 34-year mean at Central Plains 
Experimental Range, Nunn, Colorado. 

Month 
Crop- 
year 

Year S 0 N D J F M A M J J A Total 

1969 1.0 2.4 1.7 0.5 0.3 0.7 0.6 4.0 5.7 11.8 4.4 3.5 36.8 
1970 3.1 7.1 0.3 T 0.1 0.1 3.3 3.4 2.1 2.9 4.0 0.6 27.0 
1971 3.8 2.9 0.4 0.6 1.1 0.8 2.3 7.2 4.2 3.1 1.5 0.6 28.5 
1972 5.4 0.4 0.1 T 0.9 T 1.0 1.5 3.1 8.3 4.5 9.7 34.9 

34- 
Year 
mean’ 2.6 2.0 0.7 0.4 0.7 0.6 1.5 2.6 5.5 6.2 4.7 3.8 31.3 
’ 1939-1972. 

concentrations were determined by the 
xylenol method (Sabatka et al., 1972) 
for all spring-applied treatments 
harvested in June and July 1972. 

Experimental Area and Methods 

The study was conducted at the U.S. 
Department of Agriculture Central 
Plains Experimental Range located 20 
km northeast of Nunn, Colorado. The 
soil is Ascalon sandy loam. The long- 
time average annual precipitation is 3 1 
cm (12.2 inches), with 73% occurring 
from May through September. 

range herbage during the summer for 
the 3 years of study (Table 2). 
Cyanazine was the least effective of the 
three triazine herbicides. It increased 
average protein concentration 14%. 
Atrazine was the most effective. It 
increased average protein 2 1%. 

The vegetation is typical of short- 
grass range. Blue grama (Bouteloua 
gracilis (H.B.K.) Lag. ex Steud.) is the 
dominant species. Other important 
species are plains pricklypear (Upun tia 
polyacantha Haw.), scarlet globe- 
mallow (Sphaeralcea coccinea (Pursh) 
Rydb.), red threeawn (Aristida Zongi- 
seta Steud.), sand dropseed (Sporo- 
bolus cryptandrus (Torr.) A. Gray), 
woody buckwheat (Eriogonum ef- 
fusum Nutt.), and sun sedge (Carex 
heZiophyZZa Mack.). 

Precipitation was above average in 
the summer and fall of 1969 before the 
first spring treatment and below average 
in the spring and summer of 1970 
(Table 1). Precipitation was near 
average in the first three quarters of the 
cropyear of 1971. Summer moisture 
was below average. Precipitation in the 
cropyear of 1972 was essentially the 
reverse of 1971. Moisture was below 
average in the fall, winter, and spring, 
and above average in the summer. 

Results 

The 3.4-kg/ha rate of all compounds 
produced significantly higher 
concentrations of protein than the 
1 .l -kg rate-an increase of 24% as 
compared with 10%. The single most 
effective herbicide treatment for 
increasing protein was 3.4 kg/ha of 
atrazine. This treatment increased 
protein concentration an average of 
29% over the 3 years. 

Since spring applications produced 
similar to slightly greater increases in 
protein concentration and protein yield 
than fall applications, the following 
discussion of treatment responses is 
limited to the spring applications. 
Triazine Effects 

The three s-triazine herbicides were 
each applied at 0, 1.1, and 3.4 kg active 
ingredient/ha in factorial combination 
with ammonium nitrate fertilizer at 
rates of 0, 22, and 45 kg N/ha. The 
herbicides were applied as an 80% 
wettable powder in aqueous solution 
containing 0.15% of nonionic sur- 
factant at a volume of 187 liters/ha (20 
gallons/acre) with a compressed air 
sprayer. The fertilizer was broadcast on 
the surface in pellet form. 

All three herbicides significantly 
increased protein concentrations in 

Protein concentrations of herbage 
were highest in June and steadily 
decreased during the summer, reaching 
lowest levels in September (Table 2). 
The interaction between herbicide 
treatments and months of harvest was 
significant. At the June harvest, protein 
concentrations were significantly 
greater for atrazine than for simazine or 

Table 2. Crude protein concentrations (%), herbage yields (kg/ha), and yields of crude 
protein (kg/ha), 1970-72. Herbicides were applied in May each year on the same plots. 

Measurement, 
herbicide,’ 

and rate 
(kg/ha) June 

Month of harvest 

July Aug. Sept. Average 

All treatment combinations were 
replicated four times in May 1970 and 
repeated on the same plots in 197 1 and 
1972. Fall treatments were applied on a 
separate block of plots in November 
1970 and repeated on the same plots in 
1971. Plot sizewas4.6mby 15.2m(15 
ft x 50 ft). 

Crude protein (%) 
Control 
c 1.1 
s 1.1 
A 1.1 
c 3.4 
s 3.4 
A 3.4 

Average 

11.9 e2 9.9 j 9.4 k 8.9 1 
13.1 d 10.3 ij 9.9 j 9.3 kl 
13.1 d lo.9 fgh 10.3 ij 10.0 j 
13.8 c 11.2 fg 10.6 hi 10.1 j 
15.1 b 12.1 e lo.9 fgh 10.3 ij 
14.7 b 12.1 e 11.3 f 11.0 fgh 
15.8 a 13.0 d 11.8 e 10.8 gh 

13.9 a 11.4 b 10.6 c 10.1 d 

10.0 e 
10.6 d 
11.1 c 
11.4 c 
12.1 b 
12.3 b 
12.9 a 

Total herbage was harvested at Herbage yield (kg/ha) 
ground level in June, July, August, and Average 490 b 520a 465 c 470 bc 

September each year. Herbage samples 
were oven dried at 55’C, weighed, and 

Protein yield (kg/ha) 
Average 62.6 a 57.6 a 48.3 b 44.8 b 

ground through a 1 -mm screen. Total-N 
concentrations were determined by 

1 C-cyanazine, S-simazine, and A-atrazine. 
2 Interaction means or row or column averages followed by the same letter are not sig- 

standard Kjeldahl procedure. Nitrate-N nificantly different at the 5% level. 
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cyanazine. However, protein 
concentrations decreased more slowly 
with simazine during the summer than 
that with cyanazine and atrazine. By 
September, protein concentrations 
were greatest for simazine and atrazine 
and least for cyanazine. 

The triazine compounds alone did 
not affect average herbage yields or 
protein yields. Herbage yields increased 
from June to July and then decreased, 
whereas protein yields steadily 
decreased from June through 
September (Table 2). 

In June 1972, after three annually 
repeated applications, the 1 .l -kg rate of 
atrazine and the 3.4-kg rate of all three 
triazine compounds temporarily 
increased nitrat e-N significantly above 
the untreated control (Table 3). The 
low rate of atrazine nearly doubled the 
concentration of nitrate-N. The high 
rate of all three triazines increased 
nitrate-N more than 200%. By July 
1972, none of the triazines had any 
effect on nitrate-N. These 
concentrations of nitrate-N reveal an 
improvement in the nitrogen status of 
plants (Hylton et al., 1970) without 
creating the hazard 6f nitrate poisoning 
for cattle. 

Table 3. Nitrate-N concentrations (ppm) of 
herbage in June and July, 1972. 
Herbicides were applied in May of 1970, 
1971, and 1972 on the same plots. 

Herbicide’ 
and rate Date of harvest 

(kg/ha) June 1972 July 1972 

Control 
c 1.1 
s 1.1 
A 1.1 
c 3.4 
s 3.4 
A 3.4 

170 cde’ 60 e 
200 bed 80 de 
290 bc 50 e 
300 b 100 de 
480 a 100 de 
440 a 100 de 
480 a 80 de 

’ C-cyanazine, S-simazine, and A-atrazine. 
‘Interaction means followed by the same 

letter are not significantly different at the 
5% level. -- 

Effective precipitation decreased 
during the course of the study, 
culminating in a severe drought in 1972. 
This influenced protein concentrations, 
herbage yields, and protein yields. 
Average protein concentrations 
increased significantly each year of the 
study. Protein concentrations averaged 
over all herbicide treatments and 
months of harvest were 9.0, 10.6, and 
14.9%, respectively, in 1970,197l ,and 
1972. Average herbage yields decreased 
significantly from 625 kg/ha in 1970, to 
460 in 1971, and 375 in 1972. Average 
yield of protein was about the same in 

Table 5. Crude protein concentrations (%), herbage yields (kg/ha), yields of crude protein 
(kg/ha), and nitrate-N concentrations (ppm), 1970-72. N was applied in May each year on 
the same plots. 4 

Measurement 
and nitrogen Month of harvest 

rate (kg/ha) J une J uly Aug. Sept. Avg 
Crude protein (%I) 

0 12.3 10.0 9.2 8.7 10.1 cl 
22 14.3 11.6 10.8 10.4 11.8 b 
45 15.2 12.5 11.7 11.1 12.6 a 

Herbage yield (kg/ha) 
0 450 470 415 435 440 b 

22 505 520 475 485 495 a 
45 525 560 510 495 520a 

Protein yield (kg/ ha) 
0 50.9 46.4 37.5 35.7 42.6 c 

22 65.9 58.7 50.3 47.4 55.6 b 
45 71.0 67.8 57.1 51.5 61.9 a 

Nitrate-N (ppm)” 
0 180 c 

22 370 b 
45 450a 

1 Column averages followed by the same letter are not significantly different at the 5% level. 
2 Nitrate-N concentrations shown are for June 1972 harvest. 
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Table 4. Herbage yields (kg/ha) and yields of crude protein (kg/ha) in 1972. Herbicides 
were applied in May of 1970, 1971, and 1972 on the same plots. 

Measurement, 
herbicide,’ 

and rate 
(kg/ha) 

Herbage yield (kg/ha) 
Control 
c 1.1 
s 1.1 
A 1.1 
c 3.4 
s 3.4 
A 3.4 

Average 

Protein yield (kg/ha) 
Control 
c 1.1 
s 1.1 
A 1.1 
c 3.4 
s 3.4 
A 3.4 

Average 

Month of harvest 

June July Aug. Sept. 

360 395 390 360 
340 465 415 350 
330 480 415 385 
330 435 410 360 
290 380 395 380 
285 380 395 315 
260 410 400 320 
315 b2 420 a 405 a 355 b 

63.2 51.0 47.0 37.2 
63.8 59.9 51.9 37.8 
63.9 66.8 55.8 44.1 
67.4 62.3 55.0 40.6 
62.1 57.9 52.5 44.8 
62.1 74.7 56.7 40.2 
57.2 67.0 58.4 40.6 

62.8 a 62.8 a 53.9 b 40.7 c 
’ C-cyanazine, S-simazine, and A-atrazine. 
‘Row averages followed by the same letter are not significantly different at the 5% level. 

1970 and 1972, 56 and 55 kg/ha 
respectively, but significantly less in 
1971,49kg/ha. 

Herbage yields were reduced in June 
1972 by the 3.4-kg rate of application 
of all three herbicides, and protein 
yields were reduced by the high rate of 
atrazine (Table 4). Herbage yields were 
reduced also in September by the high 
rate of both simazine and atrazine, and 
in June 1971. The low rate of simazine 
and the high rate of cyanazine produced 
the highest herbage and protein yields 
in 1972. 

Nitrogen Fertilizer Effects 
Nitrogen fertilizer alone increased 

protein concentrations, herbage yields, 
protein yields, and nitrate-N 
concentration (Table 5). Increases were 
in direct proportion to the amounts of 
N applied. The 22 kg N/ha increased 
average protein concentration 17%, and 
the 45 kg N/ha increased it 25%. The 
22- and 45-kg rates of N increased 
average herbage yields 14 and 18%; 
yields of protein 30 and 44%; and 
nitrate-N concentration in June 1972 
by 106 and 150%, respectively. The 



Table 6. Herbage yields (kg/ha) and yields 
of crude protein (kg/ha) in 1972. N was 
applied in May of 1970, 1971, and 1972 
on the same plots. 

Measurement 
and nitrogen 

Month of harvest 

rate (kg/ha) June July Aug. Sept. 

Herbage yield (kg/ha) 
0 290 400 380 340 

22 340 440 420 370 
45 305 465 410 345 

Protein yield (kg/ha) 
0 52.1 51.2 44.7 33.4 

22 71.3 66.1 57.7 45.2 
45 65.1 71.2 59.3 43.6 

increases in nitrate-N concentration 
were temporary. In July 1972, N 
fertilizer had no effect on 
concentrationof nitrate-N. 

Herbage yields were reduced in the 
drought year of 1972 by 45 kg N/ha to 
levels below those produced by 22 kg 
N/ha in 3 of the 4 months of harvest 
(Table 6). Protein yields were reduced 
similarly in the first and last months of 
harvest. 

Combination Effects 
The interaction between herbicide 

treatments and rates of N was not 
significant during 1970 and 197 1 for 
either protein concentrations, herbage 
yields, protein yields, or nitrate-N 
concentrations. Therefore, the 
individual effects of the herbicide and N 
treatments were essentially additive. 

However, in 1972, several 
interaction effects of herbicide and N 
combinations were significant. In 1972, 
most herbicide treatments increased 
protein concentrations about the same 
with or without N fertilizer. The 
3.4-kg/ha rate of atrazine increased 
protein concentrations most in the 
absence of N, and progressively less as 
the rate of fertilizer increased. Average 
herbage yields decreased 10 to 20% 
with 3.4 kg/ha of all three herbicides 
when combined with 45 kg N/ha. 
Atrazine caused the largest decrease. 

The combined effects of herbicide 
and N treatments on protein yields over 
the 3 years are shown in Figure 1. The 
highest average yield of protein was 
produced by 1 .l kg/ha of atrazine and 
45 kg N/ha. This combination 
treatment increased protein yields 92% 
over the untreated control, 57% over 
atrazine alone, and 17% over N alone. 
The combination treatment of 3.4 kg of 
atrazine and 45 kg N reduced protein 
yield below that produced by the N 
alone. 

0 22 45 
KG N/HA 

Fig. 1. Average protein yields of herbicide and nitrogen fertilizer combinations, 1970-72. 
Treatments were applied in the spring ach year on the same plots. 

Discussion and Conclusions 

Two of the three triazine herbicides 
studied, atrazine and simazine, 
consistently increased crude protein 
concentration of range herbage. Both of 
these herbicides were more effective 
than cyanazine. 

The triazine herbicides produced the 
greatest increases in protein 
concentration at the first harvest after 
application. The increases became 
progressively smaller during July and 
August, but remained nearly constant 
from August to September. 

Atrazine was more effective than 
simazine during the early part of the 
growing season. However, atrazine lost 
its effectiveness more rapidly during the 
growing season than did simazine. By 
the last harvest of the growing season, 
the effects of atrazine and simazine 
were about equal. 

Increased protein concentration of 
herbage during the early part of the 
summer is probably of little value for 
livestock. Increased protein 
concentration in September and into 
the winter is more valuable because this 
is when the protein concentration 
usually falls below minimum 
requirements. The slower decrease in 
protein concentration during the 
summer and fall and higher protein 
yield in September suggest that 
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simazine would provide the most 
protein during the time of greatest 
need. 

The reduction in herbage yields in 
June 197 1 and 1972 and September 
1972 from 3.4 kg of simazine were 
undesirable because of decreased 
grazing capacity. Other data 
(unpublished) show that rates of 1.7 to 
2.2 kg AI/ha of atrazine decrease 
cool-season grasses on this range. 
Simazine similarly affects plant 
composition. In view of this, the 1 .l -kg 
rate of simazine is more desirable than 
the 3.4 kg rate. 

The N fertilizer also increased 
protein concentrations, increased yields 
of protein, and equally important, also 
increased herbage yields. The N effects 
were additive to the effects of the 
t r ia zine herbicides for increasing 
protein concentrations and yields. 

The reduction in herbage yields from 
the high rate of fertilizer in the drought 
year of 1972 was undesirable. 
Decreased stands of several species 
(unpublished data) accompanied the 
reductions in yields. Since fertilizer 
applied at 22 kg N/ha increased herbage 
and protein yields in all years, 
fertilization should be restricted to the 
lower rate. 

Increases in nitrate-N concentrations 
of range forage from applications of 

375 



triazine herbicides and from N fertilizer 
were not of practical significance for 
livestock production. The highest level 
of nitrate-N found during the study was 
600 ppm in June 1972, after 3 years of 
repeated applications. This 
concentration of nitrate-N was 
considerably less than the 2,000 ppm 
concentration considered toxic to 
livestock (Bradley et al., 1940). 

The most effective combinations of 
treatments for increasing protein 
concentration of herbage during the 
study were either 3.4 kg atrazine or 3.4 
kg simazine with 45 kg N. These 
comb ination treatments increased 
protein concentrations an average of 
60%, but also reduced herbage and 
protein yields during drought. The 
treatment producing the greatest 
average increases in herbage and protein 
yield was the combination of 1 .l kg 
atrazine and 45 kg N. This combination 
treatment increased overall herbage 
yield an average of 30% and protein 
yield an average of 90%, which is 
somewhat less than the increase in 
protein yield of 126% previously 
reported for the same combination 
treatment on the same range site 
(Houston and van der Sluijs, 1973). 

The most practical treatment for 
increasing protein concentrations, 
herbage yields, and protein yields for 
fall and winter use with least risk of 

depressing herbage and protein yields 
during drought years is the combination 
of 1.1 kg of simazine and 22 kg N/ha. In 
September 1972, probably the most 
critical month during the study for 
severe drought effects, this treatment 
combination increased protein 
concentration 54%, had no effect on 
herbage yield, and increased production 
of protein 48%. This treatment 
combination should be further 
evaluated in grazing studies. 
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Sap Velocity Studies in Natural Stands 

of Pinyon and Juniper Trees 

CONNOR B. SHAW AND GERALD F. GIFFORD 

Highlight: Sap velocities in pinyon (Pin& edulis Engelm.) 
and juniper (Juniperus osteosperma (TOW.) Little) trees in 
southeastern and southwestern Utah were studied for 1 year 
using the heat-pulse technique. Measured velocities were 
related to nearby environmental factors and Dalton’s 
simplified aerodynamic method for estimating evaporation 
from water. Sap velocity was independent of the dry weight of 
green biomass within both pinyon and juniper trees. From 
90.5 to 99.0% and from 66.0 to 99.0% of the variability in 
diurnal sap velocities in pinyon and juniper trees, respectively, 
could be accounted for by using an 8-variable multiple 
regression equation. Dalton’s equation accounted for 4.0 to 
86.0% of the variability in diurnal sap velocities for both tree 
species on select days. Amount of variability in sap velocities 
explained by multiple regression equations was reduced 
markedly when sap velocities and environmental data were 
pooled over all sampling dates. 

Water use by pinyon (&us edulis Engelm.) and Utah 
juniper (Juniperus osteosperma (Torr.) Little) has not received 
a great deal of attention in the past, despite the fact that much 
of the Southwest is covered with pinyon-juniper vegetation. 
Recent studies by Gifford (1975) have indicated that 
evapo transpiration from pinyon-juniper woodland in 
southeastern and southwestern Utah is nearly equal to 
precipitation received. Based on the concept that range 
improvement practices within most of the pinyon-juniper type 
should be carried out in a manner which provides for 
maximum retention of incoming precipitation, it is important 
that we understand the processes involving water loss from 
natural woodland so that any hydrologic changes resulting 
from pinyon-juniper eradication may be correctly interpreted. 
In Utah, about 12.7 million acres or 23.4% of the land mass 
supports some expression of this vegetative type (Dortignac, 
1960). 

Most plant-water studies in the pinyon-juniper type have 
been concerned with soil moisture patterns or stream flow as a 
result of vegetation manipulation (Skau, 1964; Collings and 
Myrick, 1966; Brown, 1970). Few studies have involved direct 
measurement of water loss or water movement in either 
pinyon or juniper trees (Decker and Skau, 1964; Jameson, 
1966). 

The objective of this study was to examine sap velocities in 
main stems of both species and to relate the measured 

The authors are, respectively, graduate research assistant and 
associate professor, range hydrology, Range Science Department, 
College of Natural Resources, Utah State University, Logan, 84322. 
This study was in cooperation with the Bureau of Land Management, 
Contract 14-1 l-0008-2837. Journal Paper No. 1300, Utah Agricultural 
Experiment Station, Logan. 
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velocities to nearby environmental factors and, in select 
instances, to a simple model representing evaporation from 
water. The study is an extension of a study by Skau and 
Swanson (1963) in which they note the influence of 
environmental factors on sap velocities in Utah juniper, yet no 
attempt was made to quantify that influence. In this paper, 
velocity of a heat pulse as influenced by flow of sap was used 
to define sap velocities. Heat-pulse velocity, the technically 
correct term, is used interchangeably with sap velocity. 

Methods 

The study was undertaken at two locations: one site is 
located about 72.5 km west of Milford in southwestern Utah; 
the other is located about 72.5 km west of Blanding in 
southeastern Utah. The sites have previously been described 
(Gifford, 1973). 

All sap velocities were measured by the heat-pulse 
technique of Marshall (1958), as modified by Swanson (1967) 
and Gifford and Frodsham ( 197 1). 

Five plants of both tree species were measured hourly from 
before sunrise to after sunset on selected days (15 at Milford 
and 13 at Blanding) during 1 year. Tree diameters at 30 cm 
height ranged from 25 to 50 cm with a mean of 37 cm. A 
3-O-8-mm probe spacing was used (see Swanson (1967) for 
details), and two sets of probes were installed in the stem 
(sapwood) of each tree to a depth of approximately 0.95 cm 
at a distance of from 50 to 75 cm above the soil surface. 
Minimum detectable sap velocity was 3 cm/hour. 

The green transpiring biomass of each tree was determined 
by a modification of the method described by Darling (1967). 
Five pinyon and five juniper trees were sampled from Milford 
and Blanding combined. After the diameters were taken at the 
30 cm height, the trees were cut down and all green biomass 
and twigs were removed. Following drying, 15 subsamples 
(220 g/sample) of material were separated into twigs and dry 
green biomass. Average value for dry green biomass was used 
to derive total dry weight of material harvested from each tree. 

Several environmental parameters were measured at a single 
location near the trees. Incoming solar radiation was measured 
with a Yellot-Sol-A-Meter (silicon cell) coupled to a Rustrak 
recorder. Belford totalizing anemometers were used for wind 
measurements and a sling psychrometer was used for 
measuring relative humidities. Temperatures were measured 
with a standard mercury-in-glass thermometer. The following 
parameters were examined on both a daily and seasonal (all 
data pooled) basis in a step-wise multiple regression analysis 
(least important variable eliminated first) for their influence 
on sap movement: 

X1 Wind speed at 30 cm height 
X2 Wind speed at midcanopy (about 3.5 m) 
X3 Wind speed at top of canopy (about 7.0m) 
X4 Soil temperature at 60 cm soil depth 
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x5 Air temperature at 30 cm height 
x6 Air temperature at midcanopy 
x7 Air temperature at top of canopy 
X3 Incoming shortwave radiation 
x9 Relative humidity at 30 cm height 
Xl 0 Relative humidity at 3.5 m height 
X 11 Relative humidity at 7 m height 

Environmental factors were measured on an hourly basis, as 
were sap velocities. 

Besides the multiple regression approach, an attempt was 
made to relate sap velocities on three selected days to a 
simplified aerodynamic model used to estimate evaporation 
from a water surface. The Dalton equation is: 

E, = (e, - e)f(u) (1) 
where e, is the vapor pressure at the evaporating surface, e is 
the vapor pressure at some height about the surface, and f(u) is 
a function of the horizontal wind velocity. Rohwer (193 1) has 
evaluated the constants in the Dalton equation to give: 

E, = 0.40 (e, -ed) (1+0.17u2) mm/day (2) 
In this instance, e, was assumed to be the saturated vapor 
pressure (though indeed it may be much lower at the surface 
of transpiring leaves) and ed and u2 were integrated values 
derived from measurements at 30 cm, 3.5 m, and 7 m within 
the stand of pinyon and juniper. The above equation, though 
not widely used for estimating transpiration, should provide a 
rough approximation of the magnitude of physiological 
control exercised over an otherwise freely evaporating 
situation. 

Results 

Daily Sap Velocity Patterns 

Eleven of 15 measuring dates at Milford had significant 
hourly fluctuations in sap velocity. At Blanding, 8 of 13 
measuring dates had significant hourly fluctuations in sap 
velocity. Figure 1 is an example of average sap velocities for 
each species on two dates at Milford. On August 6, 1970, there 
were significant fluctuations in sap velocity, while on June 23, 
1971, there were no significant fluctuations. The same type of 
examples are available from the Blanding site. There was some 
indication that sap velocities were greater in pinyon trees than 
in juniper trees when soil moisture was high, but this 
relationship was not consistent. 

Sap Velocity vs Green Biomass 

Darling’s (1967) studies on pinyon and juniper trees show 
that as diameter at 30-cm height increases, so does weight of 
green biomass of the tree. Differences in amount of green 
biomass between or within species could influence sap 
velocity. 

Figure 2 shows the relationship of dry weight of green 
biomass to diameter at 30 cm height of pinyon and juniper 
trees from both Milford and Blanding. There was no obvious 
reason for separating either species or sites. A graphical 
analysis of sap velocities vs tree diameters at 30 cm height on 
select dates indicated that within the range of tree diameters 
encountered in this study, sap velocity was independent of the 
dry weight of green biomass. 

Sap Velocities and Nearby Environment 

Daily Patterns 
Preliminary screening of variables and their relation to sap 

velocity revealed that three factors (X2, X6, Xi 0) at 
approximate midcanopy height could be eliminated. 
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Fig. 1. Average sap velocities for pinyon and juniper on two dates at 
Milford. 

Remaining environmental factors accounted for 90.5 to 93.0% 
of the variability in sap velocity of pinyon and between 68.4 
and 96.0% of the variability in sap velocity of juniper at 
Milford. 

At Blanding environmental factors accounted for 92.1 to 
99.0% of the variability in sap velocity of pinyon and for 66.0 
to 99.0% of the variability in sap velocity of juniper. 

Evaporation of water as predicted by Dalton’s equation 
explained from 4.0 to 86.0% of the variability in sap velocities 
of both species on three select days (August 20, 1970, at 
Milford; August 24,1970, and June 14, 1971, at Blanding). 

All Data Pooled 
Results of pooling data over all sampling dates do not 

account for much of the variability in sap velocity. At Milford, 
the 11 -variable multiple regression model explained 37.7 and 
26.7% of the variability associated with sap velocity in juniper 
and pinyon trees, respectively. Five of 11 variables each 
explained more than 1% of the variability in sap velocity of 
pinyon trees, while 4 of 11 variables explained more than 1% 
of the variability in juniper trees. These variables and their 
relative importance are given in Table 1. 

At Blanding, the 1 l-variable multiple regression model 
explained 31.9 and 29.8% of the variability associated with sap 
velocities in pinyon and juniper trees, respectively. Five of 11 
variables explained more than 1% of the variability within 
both species (Table 1). 

Discussion 

Significant hourly fluctuations in sap velocity occurred on 
68% of the 28 measuring dates at the two sites. Size of tree did 
not influence sap velocities, which were independent of the 
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Fig. 2. Relationship of dry green biomass to diamter at 30 cm height 
for both pinyon and juniper trees. Equation of the line is Y=-18.67 
+ I .28(X). 

dry weight of green biomass. This may be entirely reasonable, 
since larger trees would be expected to have increased root 
surface and conducting (sapwood) area in the bole as well as 
increased green biomass. Assuming the proportion stayed the 
same, then sap velocities would be expected to remain 
somewhat constant. Total root surface and conducting area of 
each tree was not, however, examined in this study. 

Nearby environmental factors accounted for up to 99.0% of 
the variability in sap velocities of both pinyon and juniper 
trees on a diurnal basis. Environmental factors generally 
accounted for a greater amount of variability in sap rates of 
pinyon than in sap rates of juniper. This is of interest because 
Jameson (1966) found no correlation of foliage moisture 
content of pinyons with meteorological conditions. He 
concluded that pinyon leaves have some mechanism to retard 
the rate of moisture loss that would otherwise occur during 
summer days, while the mechanism in junipers is not fully 
adequate. This study suggests that such a conclusion may not 
be entirely valid, and may in fact be just the reverse. 

Table 1. Variables explaining more than 1% of the variability in sap 
velocities in either juniper or pinyon at the MiIford and Blanding 
study sites (data from all sampling dates pooled). 

Per cent variance explained 
Variable Description Pinvon Juniner 

Milford 
Xl 
x2 

X5 

X8 

x9 

x10 
x11 

Bland& 
Xl 
x2 

x3 

x6 

x7 

x10 

Wind speed at 30 cm 
Wind speed at 3.5 m 
Air temp. at 30 cm 
Shortwave radiation 
Relative humidity at 30 cm 
Relative humidity at 3.5 m 
Relative humidity at 7 m 

Wind speed at 30 cm 
Wind speed at 3.5 m 
Wind speed at 7 m 
Air temp. at 3.5 m 
Air temp. at 7 m 
Relative humidity at 3.5 m 

1.4 
3.2 

15.0 

1.1 
3.2 

15.1 

1.8 
3.1 
1.3 
8.6 

2.3 
7.2 

25.8 

1. 

6.2 
1.6 

10.8 

5.3 
2.1 

Pooling data over all sampling dates resulted in large 
reductions in amount of explained variability associated with 
sap velocities in both the pinyon and the juniper trees. This is 
not surprising as seasonal changes, soil moisture stress, etc., 
may all interact over time to increase the variability of sap 
velocities for any given environmental input. 

Based on the work by Skau and Swanson (1963), it can be 
assumed that sap velocity is an excellent indication of water 
being transpired (evaporated), at least from Utah juniper. 
Results from this study, utilizing Dalton’s equation, hint 
strongly of some degree of physiological regulation (stomata1 
control) of water loss from the two tree species. However, 
further insight on the importance of this mechanism will have 
to await controlled studies of internal water relations within 
the trees. 

In summary, a potential for water loss via transpiration 
exists in both pinyon and juniper throughout all 12 months of 
a year. In contrast, when the trees are replaced by grasses, 
transpiration potentials are high only during active growth 
periods of the grasses. Soil moisture studies on these same sites 
(Gifford and Shaw, 1973) have shown that removal of the 
trees may result in increased soil moisture during part or all of 
a year. The increase is noted primarily at soil depths below 60 
cm. The fact that roots of pinyon and juniper extend beyond 
60 cm depth and also that water loss from the trees is 
continually responsive not only to availability of moisture but 
also to a high atmospheric evaporative demand, then it is little 
wonder that soil moisture values under natural woodland are 
comparatively low throughout the year. 

Literature Cited 
Brown, H. E. 1970. Status of pilot watershed studies in Arizona. 

A.S.C.E. Proc., J. Irrig. and Drainage Div. 96:11-23. 
Collings, M. R., and R. M. Myrick. 1966. Effects of juniper and pinyon 

eradication on streamflow from Corduroy Creek Basin, Arizona. 
U.S. Geol. Surv. Prof. 

Darling, M. L. S. 1967. Structure and productivity of a pinyon-juniper 
woodland in northern Arizona. PhD Diss., Duke University. 170 p. 

Decker, J. P., and C. M. Skau. 1964. Simultaneous studies of 
transpiration rate and sap velocity in trees. Plant Physiol. 
39:213-215. 

Dortignac, E. J. 1960. Water yield from pinyon-juniper woodland. In 
Water Yield in Relation to Environment in the Southwestern United 
States, Proc. Amer. Assoc. Adv. Sci. Symp., Sul Ross State College, 
Mary 3: 16-27. 

Gifford, G. F. 1973. Runoff and sediment yields from runoff plots on 
chained pinyon-juniper sites in Utah. J. Range Manage. 26:440-443. 

Gifford, G. F. 1975. Approximate annual water budgets for two 
chained pinyon-juniper sites. J. Range Manage. 28 :73-74. 

Gifford, G. F., and G. D. Frodsham. 1971. Improved heat pulse 
velocity meter. J. Range Manage. 24:469-470. 

Gifford, G. F., and C. B. Shaw. 1973. Soil moisture patterns on two 
chained pinyon-juniper sites in Utah. J. Range Manage. 26:436-440. 

Jameson, D. A. 1966. Diurnal and seasonal fluctuations in moisture 
content of pinyon and juniper. U.S. Forest Serv. Res. Note RM-67. 
7 P* 

Marshall, D. C. 1958. Measurement of sap flow in conifers by heat 
transport. Plant Physiol. 33: 385-396. 

Rohwer, C. 1931. Evaporation from free water surface. U.S. Dep. Agr. 
Tech BuII. 271.96 p. 

Skau, C. M. 1964. Soil water storage under natural and cleared stands 
of alligator and Utah juniper in northern Arizona. U.S. Forest Res. 
Note RM-24. 3 p. 

Skau, C. M., and R. H. Swanson. 1963. An improved heat pulse velocity 
meter as an indicator of sap speed and transpiration. J. Geophys. 
Res. 68:4743-4749. 

Swanson, R. H. 1967. Seasonal course of transpiration of lodgepole 
pine and Engelmann spruce. Also, Appendixes to above paper. In 
Proc. Intern. Symp. on Forest Hydrology, Penn. State Univ., Aug. 
29-Sept. 10,1965. p. 417-432. 

JOURNAL OF RANGE MANAGEMENT 28(5) September 1975 379 



Effect of Site and Fertilization on 

Protein Content of Native Grasses 

HAROLD GOETZ 

Highlight: Protein content of selected native range grass and 
sedge species was followed during the course of the growing 
season over a &year period on four major range sites in 
western North Dakota. The study included three rates of 
nitrogen fertilizer plus some added treatments of phosphorus 
alone and in combination with nitrogen during the study. 
Protein content varied appreciably between the same species 
on different sites, different species on the same site, and 
between the same species on the same site due to fertilization. 
Certain species were inherently high in protein con tent 
(Agropyron smithii), while others were intermediate (Stipa 
comata and Stipa viridula), and still another was comparatively 
low (Bouteloua gracilis). The presence of nitrogen fertilizer 
generally increased protein content of all species regardless of 
level of treatment or site; the magnitude of increase, however, 
varied greatly between sites and species. Decline in protein 
content is progressive in all species with the advance in 
maturity regardless of fertilizer treatment level or site. 
However, the rate of protein loss is accelerated with 
fertilization and becomes more rapid with a decline in summer 
moisture. Cool-season species show a more rapid protein loss 
than was observed from warm-season Bouteloua gracilis. The 
length of the grazing period when forage values remain near 
the minimum protein requirement is appreciably extended on 
some sites with certain species, especially Bouteloua gracilis. 
Proper range management must take into consideration the 
potential of each major range site and the inherent species 
capabilities to produce and maintain a high level of protein for 
an extended period of grazing. 

Production of native grasslands is generally measured in 
terms of actual pounds of forage produced at a given time 
during the course of the growing season. It is well recognized 
that appreciable differences in forage quality exist between 
species, levels of treatment, and season of year which must be 
considered when production statistics are to be correlated with 
animal performance (Cook and Harris, 1950). A common 
measure of forage quality is the determination of the protein 
content during the growing season by laboratory analysis, 
when grazing animals are not available for experimentation. 
This allows the possibility of determining differences in 
quality by individual species, season, and range sites employing 
the same or different species of plants. 

Considerable emphasis has been placed on the 
determination of protein content of seeded grasses, mainly 
crested wheatgrass (Agropyron desertorum) and Russian 
wildrye (Elymus junceus) at the Dickinson Agricultural 
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Experiment Station at Dickinson, North Dakota (Whitman and 
Goetz, 1958- 1973) and at the Northern Plains Research 
Station, Mandan, North Dakota (Rogler and Lorenz, 1969 and 
personal communications). These studies and others have been 
concerned with only the two species mentioned or other 
seeded species and generally on a single range site. Different 
nitrogen fertilizer treatments and harvesting techniques were, 
however, applied in the studies. 

A study without fertilization was carried out by Whitman 
et al. (1951) in the Dickinson vicinity, employing several 
native and tame grass species on a single site. Adequate 
amounts of carotene, phosphorus, and protein to meet animal 
requirements were found in all species in the early spring and 
summer period. By fall protein and phosphorus were generally 
at or below deficiency levels. Generally similar results were 
reported in a study of mineral and protein contents of blue 
grama and western wheatgrass (Agropyron smithii) in 
Wyoming (Rauzi et al., 1969). Differences in seasonal trends in 
herbage and nutrient production of important range grasses 
without fertilization on two sandy range sites were reported in 
a study by Sims et al. (1971) in eastern Colorado employing 
some of the same species utilized in this study. Seasonal trends 
of percentages of crude protein followed a pattern similar to 
that reported by previously mentioned authors but showed 
distinct percentage differences due to site influences. 

In general, the results from the above-mentioned studies 
indicated a continuous decline in protein and other nutrients 
with advances in maturity of the species. The objectives of this 
study were to determine the levels of protein content of 
selected native range grass and sedge species under different 
levels of nitrogen fertilization and range sites- throughout the 
growing season. Another closely associated objective of the 
study was to determine the relationship between effect of site 
upon the apparent rate of decline and ultimate protein content 
of the major forage species and the probable extension of the 
grazing season due to fertilization. 

Study Area and Experimental Procedure 

Range Site Description 

The protein study was carried out in conjunction with 
other investigations over a 6-year period (1964- 1969) on four 
major range sites in western North Dakota. The experimental 
sites were located within the broad vegetation zone designated 
as mixed grass prairie. Range sites selected encompass extreme 
site conditions found in the area but also represent a major 
portion of the grazing land of this region. The sites were 
located within a 35-mile radius of the Dickinson Experiment 
Station. Long-term precipitation averages 15.42 inches at 
Dickinson with approximately 75% received during the active 
growing season. Individual site precipitation measurements 
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were taken during the course of the study period and were 
found to be reasonably similar to the amounts and distribution 
reported from the Dickinson Experiment Station. The range 
sites are designated by their soil series names and include the 
Vebar fine sandy loam (sandy site), Havre silt loam (loamy 
site), Rhoades silt loam (panspots), and Manning silt loam 
(shallow site). 

The Vebar sandy loam is a soil developed from weathered 
weakly-cemented tertiary sandstone and is associated mainly 
with gently undulating to moderately steep topography. The 
site is situated on a gentle, southwest-facing slope and is 
heavily grazed in late fall of each year. The species of major 
importance on the site are western wheatgrass, 
needleandthread (Stipa comata), plains reedgrass 
(Calamagrostis montanensis), blue grama (Bouteloua gracilis), 
threadleaf sedge (Carex filifolia), and white sagebrush 
(Artemisia ludoviciana). 

The Havre silt loam soil series comprises a deep, light 
colored alluvial soil occupying creek bottom floodplains. This 
range site is found extensively only in the Badlands, where it is 
used for both summer and winter grazing. The study site is 
being summer grazed and is in excellent range condition. The 
most important dominants of this site are western wheatgrass, 
plains reedgrass, green needlegrass (Stipa viridula) and dwarf 
sagebrush (Artemisia cana). 

The Rhoades soil series is classed as a silty loam and 
designated as a Solonetz, high in sodium, with a 
near-impervious layer of dispersed clay particles in the profile 
varying in depth from the soil surface to approximately 20 
inches. The grazing capacity of this site is considerably 
reduced by claypans and barren panspots which support little 
or no vegetation. The major dominant species of this site are 
western wheatgrass, blue grama, Sandberg bluegrass (Pea 
secunda), and brittle prickly pear (Opuntia fragilis). 

The Manning silt loam is a soil type developed on a high 
river terrace underlain by a gravel layer at about 18-24 inches 
below the surface. The site is generally heavily grazed during 

the early summer months and is in low good condition. 
Dominant grasses, sedges, and forbs of major importance on 
this site are western wheatgrass, needleandthread, blue grama, 
threadleaf sedge, and fringed sagebrush (Artemisia frigida). 

Experimental Design and Sampling Procedure 

The experiment was designed as a random block of three 
different nitrogen treatments and a check plot (no nitrogen) 
replicated four times on all sites studied. Individual plots 
measured 30 X 100 feet with 6-foot alleyways between 
replications. Treatments consisted of check plots, 33, 67, and 
100 lb/acre elemental nitrogen. Additional plots with 
treatments of 50 lb phosphorus alone and in combination with 
33 lb/acre nitrogen were added to the Vebar, Havre, and 
Rhoades sites during the course of the study. Years when these 
additional treatments were initiated are indicated by 
appropriate footnotes in the data tables included in the body 
of the text. 

The sampling procedure was carried out in two steps 
varying with the time when cattle were allowed to graze the 
experimental area. Early in the season, or if no animals grazed 
the area during the normal grazing season, samples were taken 
by a systematic pacing system at approximate bi-weekly 
intervals from all sites. Imaginary lines were drawn in each plot 
and 10 samples were collected from each plot at 3-pace 
intervals. A sample consisted of either a single plant in the case 
of single-stalked species (western wheatgrass), or several plants 
when clipping a clump or sod-forming species 
(needleandthread or blue grama). The sample of each species 
nearest to the tip of the boot was selected as the sample to be 
collected. Species selected and sampled from each site were 
needleandthread, blue grama, threadleaf sedge on the Vebar 
site; western wheatgrass, needleandthread and blue grama on 
the Manning site. Following the initiation of grazing, sampling 
was restricted to inside the caged areas. Samples were 
oven-dried at 105”F, cornposited by treatment and date, and 
analyzed, employing standard protein determinations, by the 

Table 1. Seasonal levels (%) of protein on the Vebar site fertilized at three different rates (lb/acre) of nitrogen, nitrogen in combination with 
phosphorus, and phosphorus alone (1964-1969 averages). 

Protein content 

Treatment Treatment 
Species (lb/acre) May 15 June 1 June 15 July 1 July 15 Aug. 1 Aug. 15 Sept. 1 means’ 
Needleandthread 0 N 14.8 14.2 13.8 7.9 8.1 6.7 6.4 5.9 9.7 b 

33 N 16.7 14.8 12.4 9.5 8.1 6.8 6.8 6.4 10.2 ab 
67 N 16.7 17.1 14.2 10.1 9.3 7.3 7.2 7.8 11.2 ab 

100 N 17.9 18.2 15.4 10.3 10.1 9.5 8.7 7.9 12.3 a 
50 P2 12.3 11.9 11.0 9.0 8.4 8.4 7.4 9.6 9.8 ab 
33 N + 50 P3 16.6 14.0 13.1 9.7 8.8 7.8 6.3 6.2 lo.3 ab 

Means’ 15.8 a 15.0 a 13.3 b 9.4 c 8.8 cd 7.8 cde 7.1 de 7.3 e 

Blue grama ON -4 11.5 11.2 10.0 9.2 8.2 7.6 7.2 9.3 b 
33 N - 12.8 12.7 9.5 9.3 8.8 7.7 8.4 9.9 ab 
67 N - 15.0 14.8 12.1 10.7 10.2 8.7 7.5 11.3 a 

100 N - 15.4 16.0 13.4 10.4 10.8 9.2 8.5 12.0 a 
50 P2 

1 
9.7 11.3 10.5 9.7 10.1 9.7 11.1 10.2 ab 

33N+50P3 16.4 14.0 11.3 9.9 10.1 9.1 9.4 11.5 a 

Means’ - 13.5 a 13.3 a 11.1 b 9.9 bc 9.7 c 8.5 cd 8.7 d 

Threadleaf sedge ON 12.8 12.4 11.2 8.8 8.5 7.4 6.4 7.0 9.3 c 
33 N 16.3 13.6 12.6 9.4 9.0 6.9 6.9 8.0 10.3 bc 
67 N 16.0 15.3 14.1 11.8 10.6 9.2 8.6 10.6 12.0 ab 

100 N 16.3 15.7 14.8 12.4 11.0 10.1 8.8 11.3 12.6 a 
50 P 12.0 10.4 11.7 9.7 10.4 8.9 9.8 8.8 10.2 abc 
33 N + 50 P3 15.7 12.3 12.9 9.2 10.3 7.3 7.3 10.3 10.7 abc 

Means’ 14.9 a 13.3 ab 12.9 b 10.2 c 10.0 cd 8.3 de 8.0 de 9.3 e 
’ Means associated with the same letter are not significantly different at the 0.05% level. 
2 19 68 19 69 and 
3 

averages only. 
19 67-l 9 69 averages. 

4 Insufficient plant development for sampling. 
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Cereal Technology Department at North Dakota State 
University. 

Results and Discussions 

The major grasses and sedges began growth in April and 
completed the growth cycle by about July 15. Blue grama was 
the only exception, beginning its growth later and reaching 
maturity later in the growing season than was the case for the 
other species. Most species generally attained maximum 
protein content by mid-May. This was apparent on all sites, at 
all rates of nitrogen fertilization, and for all seasons of study. 

Fertilization with nitrogen increased the protein content of 
all species studied regardless of site or level of treatment. 
However, the greatest variability existed due to the level of 
nitrogen applied in early season for the same species on the 
different range sites. The presence of phosphorus, even though 
the experiment was of short duration, did not generally 
indicate a definite advantage for species to develop a higher 
level of protein beyond that observed from check plots. In 
some instances, phosphorus alone appeared to inhibit protein 
production in some species to levels below that observed from 
check plots receiving no nitrogen treatment. 

Western wheatgrass, present on three of the four sites 
studied, generally showed the highest values in protein content 
on all sites when compared to the other major species 
observed. The exception was on the Rhoades site, where 
Sandberg’s bluegrass showed early spring values comparable to 
western wheatgrass. Greatest amounts of protein in early 
season were found on the Havre site, followed by the Manning 
and Rhoades sites, respectively. When comparing the 
percentage differences between the check plots and 67 lb 
N/acre treatment in early spring, the values were 
approximately 34, 13, and 9% between the Manning, Havre, 
and Rhoades sites, respectively (Tables 2, 3, and 4). All sites 
showed only slightly greater percentage gains at the 100 lb 
N/acre treatment. 

The decrease in protein content is progressive until late fall 
regardless of species, treatment, or site. By mid-July 
approximately 40% of the protein content is lost in the 
cool-season species without or at light rates of fertilization and 
approximately 50% at the moderate and heavy rates. 
Differences between treatments and check plots are small by 

early August. Site differences become apparent, however, with 
values of 30% lower total protein content observed in this 
species (western wheatgrass) at the Manning site at all levels of 
treatment by September 1. The restricted water holding 
capacity of the soil on this site may inhibit continued late 
summer growth when protein production is still continuing, or 
losses are slowed by this species on the Rhoades and Havre 
sites. Fertilized plots generally maintained a slightly higher 
protein level than check plots throughout the growing season 
until early to mid-August. 

Phosphorus alone (50 lb/acre) and in combination with 33 
lb N/acre was added to the Havre, Vebar, and Rhoades sites. 
Western wheatgrass protein values were generally lower with 
phosphorus fertilization than with any of the nitrogen 
treatments alone, and below check plot values. With the 
addition of 33 lb N/acre only slightly higher values were 
observed, which were not generally above check plot values on 
both sites (Tables 3 and 4). Forage value of western 
wheatgrass, as indicated by the protein percentage, remains 
relatively high (between 8 and 9% on the Havre and Rhoades 
sites by early September) while being considerably lower at 
approximately 6% on the Manning site by the same date. 
Statistically significant differences in protein content between 
dates became evident by mid-June or early July. No significant 
difference was found between treatment means. 

Needleandthread was considered a major species only on 
the Vebar and Manning sites (Tables 2 and 3). The protein 
content of the species showed a lower value when compared 
with western wheatgrass regardless of site or level of 
treatment, approaching about a 20% difference on the 
Manning site where both species were present. The decline in 
percent protein was not as rapid with advance in season as was 
observed in western wheatgrass although total amounts 
remained lower for any given date (Table 2). Values were 
generally higher for this species on the Vebar site regardless of 
the level of nitrogen treatment. Differences in protein content 
due to fertilization in early season were between 8 and 11% 
between the check and 67 lb N/acre plots on the Manning and 
Vebar sites, respectively, with higher values (15-250/o) reached 
in mid-summer. The 100 lb N/acre rate of fertilization 
maintains the species at a higher protein content throughout 

Table 2. Seasonal levels (%) in protein on the Manning Site fertilized with nitrogen at three different rates (lb/acre) (1964-1969 averages). 

Protein content 
Treatment Treatment 

Species (lb/acre) May 15 June 1 June 15 July 1 July 15 Aug. 1 Aug. 15 Sept. 1 means’ 

Western wheatgrass 0 N 17.0 15.2 11.7 12.3 9.7 8.3 6.5 6.3 10.9 a 
33 N 20.3 16.2 13.2 11.0 10.6 8.6 6.5 6.2 11.6 a 
67 N 22.8 18.1 15.5 12.6 10.8 8.9 7.0 6.2 12.7 a 

100 N 24.5 20.0 16.3 13.2 11.9 9.4 7.4 7.2 13.7 a 

Means’ 21.2 a 17.4 a 14.2 b 12.3 b 10.8 c 8.8 cd 6.9ie 6.5 de 

Needleandthread 0 N 14.6 12.3 9.9 7.7 7.9 6.9 6.7 6.1 9.0 a 
33 N 15.5 12.5 10.2 8.6 7.8 6.6 6.3 6.1 9.2 a 
67 N 15.8 15.3 13.9 9.0 8.4 6.6 6.8 6.7 10.3 a 

100N 18.4 16.5 12.6 10.0 8.6 7.5 6.9 7.3 11.0 a 

Means’ 16.1 a 14.2 ab 11.7 b 8.8 c 8.2 cd 6.9 d 6.7 d 6.6 d 

Blue grama ON -2 12.0 10.9 8.8 8.9 9.2 6.7 7.1 9.1 c 
33 N - 11.0 11.6 12.8 10.7 8.6 7.1 7.3 9.9 c 
67 N - 13.6 13.4 13.9 10.3 10.0 8.2 7.9 10.9 ab 

100 N - 15.6 15.0 11.5 12.0 9.7 10.1 8.8 11.8 a 

Means’ 13.1 a 12.7 ab 11.8 bc 10.5 cd 9.4 de 8.0 ef 7.8 ef 

’ Means associated with the same letters not significantly different at the 0.05% level. 
2 Inkufficient plant development for sampling. 
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Table 3. Seasonal levels (%) of protein on the Havre site fertilized at three different rates (lb/acre) of nitrogen, nitrogen in combination with 
phosphorus and phosphorus alone (1964-1969 averages). 

Protein content 

Species 
Treatment Treatment 

(lb/acre) May 15 June 1 June 15 July 1 July 15 Aug. 1 Aug. 15 Sept. 1 means’ 

Western wheatgrass 0 N 19.5 
33 N 19.9 
67 N 22.2 

100 N 22.5 
50 P2 16.2 
33 N + 50 P2 17.6 

Means? 19.7 a 

Green needlegrass 0 N 16.3 
33 N 17.2 
67 N 19.9 

100 N 21.1 
50 P2 15.5 
33N+50P 17.9 

Means1 18.0 a 15.4 b 13.6 c 9.7 d 8.8 d 7.2 e 7.0 e 7.1 e 

17.1 
17.6 
19.3 
19.7 
14.5 
15.6 
17.3 a 

14.9 
15.6 
15.7 
19.3 
12.7 
14.1 

15.7 
14.9 
16.2 
17.7 
13.7 
14.2 
15.4 a 

12.5 
12.5 
14.6 
15.6 
11.9 
14.5 

12.2 11.7 10.1 9.0 8.8 13.0 a 
11.7 11.4 9.8 7.8 8.9 12.8 a 
11.7 12.6 9.0 8.4 8.8 13.5 a 
13.7 14.1 8.2 8.5 9.9 14.3 a 
11.0 9.1 7.3 7.6 6.5 10.7 a 
10.9 9.7 9.7 5.7 5.4 11.1 a 

11.9 b 11.4 b 9.0 c 7.8 c 8.1 c 

9.7 9.1 6.8 7.1 7.3 10.5 a 
8.9 9.1 6.8 6.4 7.6 10.5 a 

10.2 9.8 7.7 7.5 7.6 11.6 a 
11.4 11.0 8.2 8.0 8.2 12.9 a 
9.3 7.0 6.9 6.6 5.5 9.4 a 
8.5 6.8 6.9 6.2 6.2 10.1 a 

’ Means associated with the same letters not significantly different at the 0.05% level. 
2 1967-1969 averages only. 

the summer. 
Phosphorus treatments for needleandthread were added 

only on the Vebar site (Table 1). The data indicate a lower 
protein value on plots fertilized with phosphorus alone than 
was observed from check plots early in the season. However, 
by July 1 values increased and surpassed the nitrogen fertilized 
plots by September 1. The plots fertilized with 33 lb N+50 lb 
P/acre responded similarly to the 67 lb N/acre treatment 
except for a more rapid loss in protein towards the end of the 
season (Table 1). Treatment means were significant in 
needleandthread only between check and the 100 lb N/acre 
treatment on the Vebar site. 

Green needlegrass was found only on the Ha&e site (Table 
3). Protein content of this species appeared to be generally 
intermediate between western wheatgrass and needleandthread 
although present on only this site. A pattern of protein loss 
similar to that observed in the other species was also present in 
this species. Differences in percent protein between check and 
67 lb N/acre plots were approximately 22 and 29% at the 
lOO-pound-nitrogen treatment. All plots maintained protein 
levels of nearly 9- 10% through July 15 with the 100 lb N/acre 
treatment maintaining about 8% by September 1. Phosphorus 
alone depressed protein content below that observed from 
check plots while with the addition of 33 pounds of nitrogen 

Table 4. Seasonal levels (%) of protein on the Rhoades Site fertilized at three different rates (lb/acre) of nitrogen, nitrogen in combination with 
phosphorus, and phosphorus alone (1964-1969 averages). 

Protein content 

Species 
Treatment Treatment 
(lb/acre) May 15 June 1 June 15 July 1 July 15 Aug. 1 Aug. 15 Sept. 1 means’ 

Western wheatgrass 

Sandberg bluegrass2 

Blue grama 

ON 
33 N 
67 N 

100 N 
50 P3 
33N+50P3 

Means’ 

ON 
33 N 
67 N 

100 N 

Means’ 

ON 
33 N 
67 N 

100N 
50 P3 
33 N + 50 P3 

Means’ 

17.7 
16.8 
19.3 
21.1 
20.3 
19.5 

19.1 a 

15.7 
20.1 
17.1 
22.1 

18.8 a 

13.6 
14.1 
15.4 
17.7 

-5 

- 

20.3 

16.2 13.3 14.6 12.9 8.0 
17.1 15.3 12.4 14.9 9.5 
19.0 15.8 13.9 14.7 9.8 
21.0 15.0 14.6 14.9 11.5 
15.7 14.3 13.9 11.4 9.9 
15.5 10.3 12.7 10.6 11.7 

17.4 a 14.0 b 13.7 b 13.2 b 10.1 c 
11.5 9.4 7.3 - -4 

15.2 12.7 7.3 5.7 - 
17.5 14.8 8.8 8.8 - 
18.0 16.0 8.5 14.2 - 

15.6 ab 13.2 bc 8.0 cd 9.6 cd - 

11.7 14.1 11.6 11.1 10.0 
14.1 13.9 10.4 13.5 12.4 
15.2 15.7 14.5 12.8 13.5 
15.9 16.2 17.4 14.2 16.6 
11.3 18.1 10.9 12.7 9.8 
11.3 12.2 11.1 12.5 16.9 

13.3 a 15.0 a 12.7 a 12.8 a 13.2 a 

8.6 
10.2 
10.1 

6.6 
5.4 
8.8 

8.3 c 
-4 

- 

- 

- 

- 

10.3 
10.0 
9.9 
9.8 
7.5 
8.0 

9.3 b 

8.7 12.5 a 
8.0 13.0 a 
8.6 13.9 a 
9.9 14.3 a 
7.0 12.2 a 
8.7 12.2 a 

8.5 c 

4.9 9.8 a 
5.6 11.1 a 
5.7 12.1 a 
5.7 14.1 a 

5.5 d 

9.2 11.5 a 
9.1 12.2 a 

10.4 13.4 a 
11.0 14.9 a 
9.0 11.3 a 
9.0 11.6 a 

1 Means associated with the same letters not significantly different at the 0.05% level. 
2 1967 data not included in average. 
3Data for 1968 and 1969 only. 
4 Missing data indicates plant material too dry for continual regular sampling. 
‘Inadequate growth for proper sampling. 
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the inhibition was only slightly less (Table 3). In both species, 
needleandthread and green needlegrass, the lowest values for 

deterioration by early summer and renders the species of only 

Protein were apparently reached by August 1 with only slight 
limited utilization as a grazing resource. 

additional losses beyond this date. Significant differences in 
protein were found in early June and mid June and between 

Conclusions and Summary 

mid June and early July. No significant differences were found The range site characteristics and the species of plant are of 

between treatment means. major importance when considering forage quality with or 

Blue grama, the only warm-season grass of this study, was a 
without fertilization. It is apparent from this study that 

major dominant on the Vebar, Rhoades, and Manning sites. 
appreciable differences exist between the same species and 

Although growth is initiated early in the spring in this species, 
different range sites regardless of the level of fertilization. 

substantial leaf development is slow and generally inadequate 
Statistically significant differences were observed between the 

for sampling until late May or early June. This species showed 
same species and treatments on different sites, especially early 

the lowest protein values in early spring of the three major 
in the growing season. The variation, however, was highly 

species studied. 
inconsistent throughout the growing season all years of the 

Initial protein content values by June 1 were found to be 
study. The addition of nitrogen fertilizer generally increases 

approximately 30 and 13% between check plots and the 67 lb 
the percent protein of a species although the magnitude of the 

N/acre treatment on the Vebar, Rhoades, and Manning sites, 
effect is largely determined by the site under consideration. 

respectively. A reverse situation was apparent when comparing 
The cool-season species respond more quickly and to a more 

the check plots and the 100 lb N/acre treatment where 30% 
substantial degree than was observed from the warm-season 

differences were observed from the Rhoades and Manning sites 
grasses. Decline in protein content, however, was a common 

and only a slight increase above the 67 lb N/acre values from 
phenomena in all species regardless of level of fertilization, 

the Vebar site for the same sampling date. Growth was slightly 
time of season, or range site, 

earlier on the Rhoades site, perhaps due to the imposition of 
The ability of the cool-season species, especially western 

heavy fall grazing and lack of any significant amount of plant 
wheatgrass, to maintain a fairly high level of protein content 

litter. 
throughout the summer period on the major range sites 

The 67 and 100 lb N/acre rates of fertilization maintained 
particularly under fertilization, allows early and mid summer 

the protein level of blue grama at or near the 10% level to 
grazing of high quality forage when the warm-season grasses 

September. The exception was the Vebar site where values 
have not yet reached maximum production and are not yet 

below 10% were observed by August 15. In general, however, 
ready for intensive grazing. Needleandthread, commonly a 

the application of the higher rates of nitrogen added an 
major co-dominant in the sites studied, also showed a similar 

additional 15 days of high value forage for each increase in 
protein content pattern, although the amounts remained 

increment of fertilizer. On the Manning site, the 100 lb N/acre 
slightly lower, but losses were less for a longer period into late 

treatment showed an increase of 1.5 months of forage above 
summer or early fall than was observed from western 

10% protein when compared to the check plots. 
wheatgrass. The combined presence of these two species will 

The response of blue grama to phosphorus alone on the 
allow a grazing program to more fully exploit the higher 

Vebar site indicated early spring values lower than those of 
protein content of western wheatgrass in early spring with a 

check plots. Later response showed values similar to those 
similarly high protein grass, needleandthread, available later in 

from higher fertilized plots with considerably higher values 
the grazing period. 

than from any fertilized plots by the end of the growing 
Blue grama showed a lower protein content than any of the 

season. The 50 P + 33 lb N/acre treatment plots showed high 
other species on all sites. The lower values, however, are still 

initial values but showed values comparable to phosphorus 
within the requirements necessary for adequate nutrition of 

alone by September. No special advantage appeared to be 
grazing livestock. The response to nitrogen fertilizer was 

gained by this species by adding the same treatments to the 
slightly less at all treatments than was observed from the 

Rhoades site. Significant differences in treatment means were 
western wheatgrass and the needlegrasses. However, the 

observed from the Vebar and Rhoades sites. Differences in 
extension of the higher protein content of blue grama into late 

dates were significant between June 1 and June 15 on the 
summer and early fall with fertilization on all sites is an 

Vebar and Manning sites and at various times later in the 
important attribute of this species. The rate of protein loss 

season. No significant differences in dates were observed on 
also is considerably less than that observed in the cool-season 

the Rhoades site. 
species regardless of site or fertilizer treatment. The deferment 
of grazing on ranges where this species is dominant, while 

Threadleaf sedge, an important early-growing, cool-season earlier cool-season native species are being utilized, can 
associated species on the Vebar and Manning sites, compared substantially extend a normal grazing season without serious 
favorably in protein content with blue grama. Protein analysis loss in forage quality. The delay in significant leaf drying due 
was carried out only on the Vebar site with this species. With to fertilization on most major range sites coupled with the 
fertilization the protein content remained near 10% higher maintenance of forage quality, is of prime importance 
throughout the summer period despite severe leaf drying by in the management of rangelands with significant amounts of 
late summer. The high loss of ‘leaf material’ due to the drying, blue grama (Goetz, 1970). 
however, greatly reduces the value of the species for late Native range fertilization in the Northern Great Plains 
summer grazing. Another early-growing, cool-season species, generally results in improved species composition, increased 
Sandberg bluegrass, occurred in substantial amounts only on forage production, and protein values. Protein content of most 
the Rhoades site. Early spring response to nitrogen fertilizer major range grass species is adequate to meet minimum 
was high showing an approximate 30% increase in protein over nutritional requirements for livestock early in the growing 
check plots at the high level of fertilization. The extremely season but reaches levels below this requirement in early 
short life span of the leaf material results in near complete summer. The addition of nitrogen, and perhaps phosphorus on 
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some sites, results in a generally substantially higher protein State Agr. Exp. Sta. Tech. Bull. 344. 
content above that realized from unfertilized forage with the Goetz, H. 1970. Growth and development of Northern Great Plains 

maintenance of a generally longer period of sufficient protein 
species in relation to nitrogen fertilization. J. Range Manage. 
23:112-117. 

content. The increase in forage production associated with R auzi, F., L. I. Painter, and A. K. Dobrenz. 1969. Mineral and protein 
nitrogen fertilization, plus the higher protein content and contents of blue grama and western wheatgrass. J. Range Manage. 
lengthened grazing season, allows a considerably greater 22:47-49. 

benefit by way of animal products on a per acre basis than Rogler, George A., and Russell J. Lorenz. 1969. Pasture productivity of 

would be possible in the absence of fertilization. Management 
crested wheatgrass as influenced by nitrogen fertilization and alfalfa. 
U.S. Dep. Agr. Tech. Bull. 1402. 

of native rangelands to include the individual species Sims, P. L., G. R. Love& and D. F. Hervey. 1971. Seasonal trends in 
performance with respect to protein production dictates a herbage and nutrient production of important Sandhill grasses. J. 

knowledge of range site characteristics as well as inherent Range Manage. 24:55-59. 

capability of individual species to convert nitrogen and 
Whitman, W. C., D. W. Bolin, E. W. Klosterman, H. J. Klosterman, D. 

possibly other fertilizers to plant protein. 
W. Ford, L. Moomaw, D. G. Hoag, and M. L. Buchanan. 1951. 
Carotene, protein, and phosphorus in range and tame grasses of 
Western North Dakota. North Dakota Agr. Exp. Sta. Bull. No. 370. 
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Root-Herbage Production and Nutrient 

Uptake and Retention by Bermudagrass 

and Bahiagrass 

E. R. BEATY, K. H. TAN, R. A. McCREERY, AND J. B. JONES 

Highlight: Studies were conducted to determine the effect 
of clipping and N fertilization practices on dry matter yield 
and macro-element uptake and retention of Bermudagrass and 
Bahiagrass grown on Inceptisols. Field experiments were 
conducted from 1963 to 19 71 using a Montevallo soil sprigged 
with three varieties of Bermudagrasses and seeded with two 
varieties of Bahiagrasses. The results indicated that Bahiagrass 
outyielded Bermudagrass in root and herbage production. The 
roo t-herbage ratio of Bermudagrass increased with increasing N 
fertilization, whereas this ratio decreased for Bahiagrass. 
Bermudagrass differed from Bahiagrass in N, P, K, Ca and Mg 
content. The Ca and Mg content in both roe ts and herbage of 
Bermudagrass decreased with N fertilization, but similar N 
fertilization increased these nutrient elements in Bahiagrass. 
There was a positive correlation between N content and KICa 
molar ratio in Bermudagrass herbage. 

The introduction of tropical grasses in range and pasture 
management has proven to be a great success in the 
southeastern United States. Bermudagrass (Cynodon dactylon 
(L.) Pers.) is currently considered the principal bay and forage 
crop (Adams et al., 1967; Burton, 1954; Burton et al., 1954; 
Hojjati et al., 1968). It is followed in importance by Bahiagrass 
(Paspalum notatum Flugge) (Beaty et al., 1961; Beaty and 
Tan, 1972; DeVane et al., 1952). There is considerable 
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Manuscript received September 26, 1974. 

JOURNAL OF RANGE MANAGEMENT 28(5), September 1975 

information on herbage production of Bermudagrass (Adams 
and Stelly, 1958; Burton and Jackson, 1962a, 1962b; Welch et 
al., 1963). Its effect on livestock management and soil 
conservation practices has been the subject of many 
investigations (Brooks et al., 1962; Brown et al., 1961; King et 
al., 1961; Longstaff, 1963; Rollins et al., 1963). 

Digestibility, protein, fiber, lignin, carotene and 
carbohydrate content has been determined for relatively 
young forage (Burton et al., 1963; Miller et al., 1961). Since 
most of the grasses produced are grazed and forage is 
accumulated over the season, the chemical data are not 
believed to represent those of forages allowed to accumulate 
without harvest. Chemical composition data are usually 
limited to major elements, N, P, K, Ca, and few data on the 
macro- and micro-element composition of Bermudagrass are 
available. Even less is known about Bahiagrass because of its 
generally low yield and its relatively unknown effect on soil 
chemical properties. However, DeVane et al. (1952) indicated 
that no significant differences existed between Bahia and 
Bermudagrass in maintaining soil fertility, although their 
conclusions were drawn from data collected from differently 
treated Bermuda and Bahiagrass plots. 

Recent investigations by Beaty et al. (1964) and Beaty and 
Tan (1972) showed that with proper fertilization, Pensacola 
Bahiagrass might compare with Bermudagrass in herbage 
production and effect on soil chemical properties. A herbage 
yield of 12,500 kg per hectare and an increase in soil organic 
matter and nitrogen content were obtained by Beaty and Tan 

385 



some sites, results in a generally substantially higher protein 
content above that realized from unfertilized forage with the 
maintenance of a generally longer period of sufficient protein 
content. The increase in forage production associated with 
nitrogen fertilization, plus the higher protein content and 
lengthened grazing season, allows a considerably greater 
benefit by way of animal products on a per acre basis than 
would be possible in the absence of fertilization. Management 
of native rangelands to include the individual species 
performance with respect to protein production dictates a 
knowledge of range site characteristics as well as inherent 
capability of individual species to convert nitrogen and 
possibly other fertilizers to plant protein. 
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Root-Herbage Production and Nutrient 

Uptake and Retention by Bermudagrass 

and Bahiagrass 

E. R. BEATY, K. H. TAN, R. A. McCREERY, AND J. B. 

Highlight: Studies were conducted to determine the effect 
of clipping and N fertilization practices on dry matter yield 
and macro-element uptake and retention of Bermudagrass and 
Bahiagrass grown on Inceptisols. Field experiments were 
conducted from 1963 to 19 71 using a Montevallo soil sprigged 
with three varieties of Bermudagrasses and seeded with two 
varieties of Bahiagrasses. The results indicated that Bahiagrass 
outyielded Bermudagrass in root and herbage production. The 
roo t-herbage ratio of Bermudagrass increased with increasing N 
fertilization, whereas this ratio decreased for Bahiagrass. 
Bermudagrass differed from Bahiagrass in N, P, K, Ca and Mg 
content. The Ca and Mg content in both roots and herbage of 
Bermudagrass decreased with N fertilization, but similar N 
fertilization increased these nutrient elements in Bahiagrass. 
There was a positive correlation between N content and KfCa 
molar ratio in Bermudagrass herbage. 

The introduction of tropical grasses in range and pasture 
management has proven to be a great success in the 
southeastern United States. Bermudagrass (Cynodon dactylon 
(L.) Pers.) is currently considered the principal hay and forage 
crop (Adams et al., 1967; Burton, 1954; Burton et al., 1954; 
Hojjati et al., 1968). It is followed in importance by Bahiagrass 
(Paspalum notatum Flugge) (Beaty et al., 1961; Beaty and 
Tan, 1972; DeVane et al., 1952). There is considerable 
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information on herbage production of Bermudagrass (Adams 
and Stelly, 1958; Burton and Jackson, 1962a, 1962b; Welch et 
al., 1963). Its effect on livestock management and soil 
conservation practices has been the subject of many 
investigations (Brooks et al., 1962; Brown et al., 1961; King et 
al., 1961; Longstaff, 1963; Rollins et al., 1963). 

Digestibility, protein, fiber, lignin, carotene and 
carbohydrate content has been determined for relatively 
young forage (Burton et al., 1963; Miller et al., 1961). Since 
most of the grasses produced are grazed and forage is 
accumulated over the season, the chemical data are not 
believed to represent those of forages allowed to accumulate 
without harvest. Chemical composition data are usually 
limited to major elements, N, P, K, Ca, and few data on the 
macro- and micro-element composition of Bermudagrass are 
available. Even less is known about Bahiagrass because of its 
generally low yield and its relatively unknown effect on soil 
chemical properties. However, DeVane et al. (1952) indicated 
that no significant differences existed between Bahia and 
Bermudagrass in maintaining soil fertility, although their 
conclusions were drawn from data collected from differently 
treated Bermuda and Bahiagrass plots. 

Recent investigations by Beaty et al. (1964) and Beaty and 
Tan (1972) showed that with proper fertilization, Pensacola 
Bahiagrass might compare with Bermudagrass in herbage 
production and effect on soil chemical properties. A herbage 
yield of 12,500 kg per hectare and an increase in soil organic 
matter and nitrogen content were obtained by Beaty and Tan 
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(1972) with Bahiagrass grown in unfertile, sandy soils of the 
Coastal Plain. Therefore, it is possible that over extended 
periods of growth, major differences in herbage composition 
and root components will occur between Bahia and 
Bermudagrass. Generally, herbage research is directed towards 
forage production under high levels of management, and the 
data obtained on root/herbage ratios and nutritive components 
may not be applicable to field situations. 

The purpose of this study was to compare the herbage/root 
components following several years of clipping and 
macro-nutrient composition of several Bahiagrass and 
Bermudagrass varieties under varying nitrogen fertilization and 
management which allowed the forage to accumulate in the 
field until late in the growing season. 

Materials and Methods 

The field experiments were conducted in three replicates at 
Calhoun, Georgia, on a Montevallo silt loam soil, a widely 
occurring Inceptisol of the Southern Appalachian ridges and 
valleys in Georgia. 

On June 10, 1963, large blocks were sprigged on 25-cm 
centers with common, coastal, and midland Bermudagrasses. 
Pensacola and Wilmington Bahiagrasses were seeded at 34 
kg/ha. Nitrogen was applied during the springs of 1964 and 
1965 at the rate of 34 kg per hectare. Beginning in 1966 and 
annually thereafter until 1970, the plots were fertilized with 0, 
224 and 672 kg N/ha (Beaty et al., 1973). In 197 1 no fertilizer 
was applied and clipping was not completed until August, 
when duplicate soil cores, 15 cm in diameter and 20 cm deep, 
were collected. The amount of plant material was determined 
on each core the day after sampling and herbage and roots 
were separated. Both herbage and roots were washed 
thoroughly with distilled water and dried for 24 hours at 75’C 
in a forced-draft oven. After standing overnight in the oven, 
they were removed, cooled in a desiccator, and weighed. Both 
herbage and root samples were ground in a Wiley mill and 
analyzed for their P, K, Ca and Mg content by direct reading 
emission spectroscopy (Jones and Warner, 1969), and for N by 
a semimicro Kjeldahl digestion method (Warner and Jones, 
1970). Soil samples were also analyzed for N content by the 
Kjeldahl method. Statistical analysis was conducted to 
determine correlation and regression between root, herbage 
and soil elemental data. 

Results 

Vegetative Yields 

Dry matter yields of vegetative parts above the ground 
(herbage) and below the ground (roots, including stolons 
and/or rhizomes) are shown in Table 1. Common 
Bermudagrass, noted for its dense sods and relatively low 
forage yields, increased in root growth from 6,589 to 17,889 
kg when 224 kg N/ha were applied. Herbage production 
increased from 2,275 to 4,375 kg by the same N application. 
The addition of 672 kg N/ha reduced total plant parts for each 
of the vegetational components, although statistically the 
difference was nonsignificant. Coastal Bermudagrass, selected 
for an open sod and high forage production, showed no change 
in root production with increased N fertilization. Herbage 
production (as observed with common Bermudagrass) 
increased with the application of 224 kg/ha N but it decreased 
when 672 kg was applied. Midland Bermudagrass, considered 
intermediate in growth habit between common and coastal, 
had a root production close to coastal Bermudagrass, but 

Table 1. Dry-matter yiekl’ (kg/ha) of roots and herbage of fivegrasses 
when N is applied at the rates of 0, 224, and 672 kg/ha (average of 
three replications). 

Species and Total 
applied N plant Roots 

herbi e 
Herbage ratio 

Common Bermuda 
0 8,864b 

224 22,264a 
672 18,785a 

Coastal Bermuda 
0 12,786b 

224 16,004a 
672 13,636b 

Midland Bermuda 
0 8,275b 

224 14,347a 
672 16,879a 

6,589b 
17,889a 
15,137a 

8,151a 
9,801a 
9,138a 

5,892b 
10,991a 
11,349a 

2,275b 2.9 
4,375a 4.1 
3,648ab 4.1 

4,635b 1.7 
6,203a 1.6 
4,498b 2.1 

2,38 3b 2.5 
3,356b 3.3 
5,5 30a 2.1 

Pensacola Bahia 
0 13,045b 9,346b 3,699b 2.5 

224 18,403a 14,040a 4,363ab 3.2 
672 22,349a 15,151a 7,198a 2.1 

Wilmington Bahia 
0 20.041b 

224 26;498a 
672 21542b 

16,104ab 
19,224a 
14,305b 

3,937b 4.1 
7,274a 2.6 
7,237a 2.0 

‘In each split plot, numbers followed by the same letter are not signifi- 
cantly different at the 5% level of probability of Duncan’s Range test. 

herbage production resembled that of common Bermudagrass, 
although the effect of N fertilizers was somewhat different for 
both species. 

The Bahiagrasses were generally higher in total plant parts 
than were the Bermudagrasses. Bahiagrass had larger amounts 
of roots and stolons than Bermudagrass, when not fertilized 
with N. This is in agreement with earlier observations by 
Burton et al. (1954). However, present results showed that 
besides the larger root volume, Bahiagrass tended to have an 

Table 2. Macro-element content (%) of herbage of five grasses when N 
is applied at rates of 0, 224, and 672 kg/ha (average of three replica- 
tions). 

Species and 
applied N N P K Ca Mg 

Common Bermuda 
0 0.73 0.18 0.36 0.34 0.06 

224 1.03 0.17 0.39 0.26 0.06 
672 1.48 0.17 0.36 0.22 0.06 

Coastal Bermuda 
0 0.79 0.17 0.36 0.28 0.02 

224 1.02 0.15 0.27 0.19 0.02 
672 1.40 0.13 0.25 0.15 0.02 

Midland Bermuda 
0 0.73 0.17 0.36 0.30 0.03 

224 1.01 0.17 0.31 0.26 0.04 
672 1.20 0.15 0.23 0.22 0.03 

Pensacola Bahia 
0 0.99 0.13 0.33 0.24 0.05 

224 1.38 0.19 0.57 0.35 0.29 
672 1.73 0.20 0.39 0.37 0.33 

Wilmington Bahia 
0 0.95 0.17 0.60 0.32 0.06 

224 1.09 0.23 0.85 0.48 0.27 
672 1.31 0.17 0.44 0.29 0.23 

LSDo s 
Whole plots 0.26 0.03 0.15 0.12 0.12 
Split olots 0.17 0.02 0.07 0.06 0.08 
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increased herbage volume as a result of fertilization with N at 
the rate of 672 kg/ha. The difference in root/herbage ratio 
between unfertilized Bermudagrass (average 2.4) and 
Bahiagrass (average 3.3) tended to be small (Table 1). Upon 
fertilization with 224 kg N/ha, the root/herbage ratio of 
Bermudagrass and Bahiagrass increased significantly, indicating 
that the increase in root yield was larger than the increase in 
herbage yield. With application of 672 kg N/ha, the 
root/herbage ratio of Bermudagrasses remained constant or 
increased slightly; however, this ratio showed a definite 
decrease for Wilmington Bahiagrass, indicating that increase in 
herbage yield was larger than increase in root yield, as the 
result of high amounts of nitrogen fertilization. 

Macro Element Content 

Bermudagrass herbage had a different composition in macro 
element content than Bahiagrass (Table 2). The nitrogen 
content of Bermudagrass increased with increasing rate of N, 
whereas the P, K, and Ca content of the herbage showed 
tendencies to decrease or to remain constant. The Mg content 
of Bermudagrass herbage was very low and was unaffected by 
N fertilization. 

In contrast to Bermudagrass, Pensacola Bahiagrass had a 
higher nitrogen content in the herbage. N content also 
increased significantly as a result of N fertilization. Whereas P 
content increased, the amount of K and Ca in Pensacola 
Bahiagrass herbage appeared to increase only with the 
applications of 224 kg N/ha, but then decreased with 
application of 672 kg N/ha. The Mg content of unfertilized 
Bahiagrass was similar to that of unfertilized Bermudagrass. 
Nitrogen fertilization increased the Mg content of both 
Pensacola and Wilmington Bahiagrass herbage, which is in 
contrast to that observed for Bermudagrass. The P content of 
the forage was significantly below that required for growing 
cattle (National Research Council, 1970), and the low 
digestibility could only worsen the deficiency (Miller et al., 
1965). 

Table 3. Macro-element content (%) of roots of five grasses when N is 
applied at rates of 0, 224, and 672 kg/ha (average of three replica- 
tions). 

Species and 
applied N N P K Ca Mg 

CommonBermuda 
0 0.54 0.13 0.29 0.11 0.01 

224 0.70 0.14 0.34 0.07 0.01 
672 1.27 0.11 0.16 0.02 0.01 

Coastal Bermuda 
0 0.48 0.13 0.28 0.10 0.01 

224 0.69 0.12 0.23 0.05 0.00 
672 1.02 0.11 0.21 0.02 0.01 

Midland Bermuda 
0 0.48 0.14 0.35 0.07 0.01 

224 0.66 0.15 0.36 0.06 0.00 
672 0.97 0.12 0.21 0.04 0.00 

Pensacola Bahia 
0 0.55 0.13 0.41 0.16 0.03 

224 0.72 0.15 0.44 0.19 0.03 
672 1.13 0.15 0.33 0.17 0.06 

Wilmington Bahia 
0 0.39 0.14 0.56 0.18 0.02 

224 0.56 0.13 0.52 0.15 0.03 
672 1.49 0.14 0.25 0.09 0.06 

LSDo s 
Whole plots 0.12 0.01 0.05 0.02 - 
Split plots 0.09 0.02 0.09 0.06 - 

The effect of fertilizer on macro element composition was 
somewhat different for roots (Table 3). The Ca content of 
common Bermudagrass roots was definitely decreased with N 
fertilization from 0.11 to 0.02%, whereas that of Pensacola 
Bahiagrass remained constant at 0.20%. Within the same grass 
variety, roots contained lower amounts of N, Ca and Mg than 
the herbage. However, P and K contents of roots and herbage 
were approximately the same. 

Discussion 

Both Bermudagrass and Bahiagrass yielded 2 to 4 times 
more roots than herbage, with Bahiagrass possessing a smaller 
root/herbage ratio. The root and herbage development 
appeared to be controlled in part by the nitrogen content of 
the soil. Statistical analysis revealed that if the soil nitrogen 
content is increased by N fertilization, the root/herbage ratio 
of both Bahiagrass and Bermudagrass increased first to reach a 
maximum at approximately 0.15% N in the soil (Fig. 1). 
Larger applications of N to the soil appeared to decrease again 
the root/herbage ratio, and no significant linear regression 
could be found. Consequently the data in Figure 1 provides 
graphic evidence that at low soil nitrogen levels, N fertilization 
might have resulted in a larger increase in root than herbage 
format ion, until the plant had developed an optimum level in 
root/herbage ratio at a theoretical value of approximately 2.9. 
After the optimum level has been reached, this ratio would 
decrease again with increasing additions of N to the soil, 
because the level of soil N was then high enough to result in a 
larger herbage development. An indefinitely increasing 
root/herbage ratio, showing a straight line regression with 
increased percent N in the soil is not possible since 
root/herbage ratio is a biological parameter which must reach 
an optimum level during the lifecycle of the plant. The 
importance of grass species was demonstrated in Figure 1 and 
Table 1 by the fact that two of the three highest root/herbage 
ratios (4.1) were obtained when common Bermudagrass was 
fertilized with 224 and 672 kg N per ha, whereas the other 
root/herbage ratio of 4.1 was found for Wilmington Bahiagrass 
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2 z I I += -8.2+ 140.6X -443.6X2 

L = l 

0.10 0.14 0.18 0.22 
%N in surface soil 

Fig. 1. Relationship between percent N in surface soil and 
rootjherbage ratio of Bermudagrass and Bahiagrass. 
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Fig. 2. Relationship between percent N and percent CSI in herbage of 
Bermudagrass (significant at the 1% level of probability) and 
Bahtigrass. 

receiving 0 N. Apparently the calculated optimum value for 
root/herbage ratio was theoretically the same for 
Bermudagrass and Bahiagrass, as indicated in Figure 1. 
However, in practice Bermudagrass was observed to have a 
wider deviation to this theoretical optimum than Bahiagrass 
(Table 1). 

Both Bermudagrass and Bahiagrass seemed also to have 
reacted differently in K, Ca and Mg uptake and retention with 
N fertilization. In this respect a significant correlation (1% 
level) was obtained between the Ca and N content of the 
Bermudagrass herbage. The latter was selected as an indication 
for increased N fertilization, since the N content of the 
herbage increased significantly with increasing nitrogen 
application to the soil. The results (Fig. 2) showed that a 
negative correlation existed for the Ca and N content of 
Bermudagrass. On the other hand, there was a positive 
correlation between the Ca and N content of Bahiagrass 
herbage, although statistically this correlation was 
nonsignificant. Consequently N fertilization of Bermudagrass 
decreased the Ca uptake and retention, but increased the Ca 
uptake and retention by Bahiagrass. This interaction between 
Ca and N uptake and retention was supported by the 
correlation found between K/Ca molar ratio and percent N in 
Bermudagrass herbage (Fig. 3). In this case the regression 
indicated that with increased nitrogen content of the herbage 
(as a result of N fertilization) the K/Ca ratio also increased 
rapidly in the herbage. This might indicate that with N 
fertilization, uptake and retention of K increased, whereas 
those of Ca decreased in Bermudagrass herbage. 

Finally it can be stated that in allowing forage to age, as 
livestock feed the proportions of nutrients found were 
marginal (National Research Council, 1970). These low 
amounts together with the decrease in digestibility of the 
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Fig. 3. Relationship between percent N and K/Oz molar ratio in 

herbage of Bermudagrass (significant at the 5% level of probability). 

nutrients in the older forage as observed by Miller et al., 
(1965) could well create mineral deficiencies, particularly for 
young cattle confined to these forages. Thus the presence of 
tall and dead herbage in a pasture is equatable with low animal 
production and animal malnutrition. N fertilization as a 
component of herbage production is exceptionally effective. 
When N is applied in excess the resulting surplus of forage 
produced can well be counter productive. 
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Trends of Nonstructural Carbohydrates 

in the Stem Bases of Switchgrass 

DALE SMITH 

Highlight: Carbohydrate reserves in the stem bases of switchgrass (Panicum 
virgatum L.) reached their minimum percent in the spring growth, and in the 
regrowth after cutting, when the young tillers began to initiate their elongation 
(jointing). C u tt ing or grazing at this stage would weaken the plants as compared 
with cutting at the flowering stage, or later, when carbohydrate reserves have 
been restored to a high level. 

The primary source of reserve 
energy for the growth of perennial 
grasses is the nonstructural 
carbohydrates stored in their 
vegetative organs, primarily in the 
basal portion of the stems (Smith, 
1968; Smith, 1972; White, 1973). 
Carbohydrate reserves are essential for 
survival and for the production of new 
tissues in the spring and after cutting 
or grazing. Percent nonstructural 
carbohydrates in the stem bases of 
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perennial grasses usually decrease with 
the beginning of growth in spring and 
after cutting, and increase with 
advance in maturity to flowering and 
seed formation (Aldous, 1930; 
Sullivan and Sprague, 1943; 
Weinmann, 1948, 1961; Lindahl et al., 
1949; Sprague and Sullivan, 1950; 
Smith, 1972). A knowledge of the 
trends of the energy-providing 
carbohydrates in the stem bases of 
perennial grasses is of basic importance 
to cutting and grazing management. It 
will indicate the periods of low and 
high carbohydrate reserves and when 
cutting or grazing can be practiced 
with least reduction of plant growth 
and productivity. 

The kinds and trends of reserve 
carbohydrates stored in the stem bases 
of many native perennial grass species 
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have not been fully explored. The 
current study involved switchgrass 
(Panicum virgatum L.), an important 
grass in the grazing lands of the Great 
Plains, and a species being investigated 
for summer forage in the humid areas 
of the United States. 

Materials and Methods 

A stand of switchgrass established 
on the University Farms at Madison 
was used. The stand was sown in 1967 
in rows 45 cm apart with seed 
obtained from North Dakota. Plants 
were sampled during 1969 at intervals 
from April 7 to October 15 from rows 
cut to a 7.6 cm stubble height at early 
anthesis on July 11. In 1971, plants 
were sampled from April 6 to 
mid-anthesis on July 29. 

At each sampling date, a short 
section of a row was cut to a 7.6 cm 
stubble height, and the plants were 
removed from the soil, washed in the 
laboratory, and all roots removed and 
discarded. Stem bases were separated 
from all dead leaf blades and sheaths, 
and the stem bases (rhizomes 
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Trends of Nonstructural Carbohydrates 

in the Stem Bases of Switchgrass 

DALE SMITH 

Highlight: Carbohydrate reserves in the stem bases of switchgrass (Panicum 
virgatum L.) reached their minimum percent in the spring growth, and in the 
regrowth after cutting, when the young tillers began to initiate their elongation 
(jointing), Cutting or grazing at this stage would weaken the plants as compared 
with cutting at the flowering stage, or 
been restored to a high level. 

The primary source of reserve 
energy for the growth of perennial 
grasses is the nonstructural 
carbohydrates stored in their 
vegetative organs, primarily in the 
basal portion of the stems (Smith, 
1968; Smith, 1972; White, 1973). 
Carbohydrate reserves are essential for 
survival and for the production of new 
tissues in the spring and after cutting 
0 r grazing. Percent nonstructural 
carbohydrates in the stem bases of 
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later, when carbohydrate reserves have 

perennial grasses usually decrease with 
the beginning of growth in spring and 
after cutting, and increase with 
advance in maturity to flowering and 
seed format ion (Aldous, 1930; 
Sullivan and Sprague, 1943; 
Weinmann, 1948, 1961; Lindahl et al., 
1949; Sprague and Sullivan, 1950; 
Smith, 1972). A knowledge of the 
trends of the energy-providing 
carbohydrates in the stem bases of 
perennial grasses is of basic importance 
to cutting and grazing management. It 
will indicate the periods of low and 
high carbohydrate reserves and when 
cutting or grazing can be practiced 
with least reduction of plant growth 
and productivity. 

The kinds and trends of reserve 
carbohydrates stored in the stem bases 
of many native perennial grass species 
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have not been fully explored. The 
current study involved switchgrass 
(Panicurn W-g&urn L.), an important 
grass in the grazing lands of the Great 
Plains, and a species being investigated 
for summer forage in the humid areas 
of the United States. 

Materials and Methods 

A stand of switchgrass established 
on the University Farms at Madison 
was used. The stand was sown in 1967 
in rows 45 cm apart with seed 
obtained from North Dakota. Plants 
were sampled during 1969 at intervals 
from April 7 to October 15 from rows 
cut to a 7.6 cm stubble height at early 
anthesis on July 11. In 1971, plants 
were sampled from April 6 to 
mid-anthesis on July 29. 

At each sampling date, a short 
section of a row was cut to a 7.6 cm 
stubble height, and the plants were 
removed from the soil, washed in the 
laboratory, and all roots removed and 
discarded. Stem bases were separated 
from all dead leaf blades and sheaths, 
and the stem bases (rhizomes 
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included) were dried at 70°C. The 
dried tissue was ground to 40-mesh 
size, placed in glass bottles, redried at 
70°C, and the bottles sealed. Sugars 
were removed by mechanically-shaking 
with 80% (V/V) ethanol. After 
removing the alcohol, an aliquot was 
analyzed for reducing sugars, and a 
second aliquot was analyzed for total 
sugars after acid hydrolysis. 
Nonreducing sugars were calculated by 
subtracting the reducing sugar values 
from that for total sugars. Residues 
from the ethanol extraction were 
analyzed for starch with the enzyme 
method of Smith (1969). Total 
nonstructural carbohydrate values 
were obtained by addition of the total 
sugar and starch values. 

Reducing power of each 
carbohydrate fraction was determined 
by copper-reduction-iodine titration as 
described by Smith (1969). 
Carbohydrates were expressed as 
percent glucose on a dry weight basis. 

Results 

Carbohydrates in Uncut Plants 

Trends of various nonstructural 
carbohydrates in the stem bases of 
uncut plants of switchgrass during 
1971 from the first spring sampling 
(April 6) to mid-anthesis (July 29) are 
shown in Figure 1. Trends of uncut 
plants during 1969 are shown in 
Figure 2 from the first sampling (April 
7) until they were cut at early anthesis 
on July 11. Carbohydrate trends were 

0 ’ I I 1 I 

APRIL MAY JUNE JULY 

Fig. 1. Percent (dry wt) of reducing sugars 
(RS), nonreducing sugars (NRS), and 
starch in the stem bases of switchgrass 
from the inittation of growth in the spring 
of I9 71 to mid-anthesis. Total sugars are 
the sum of the RS and NRS values; total 
nonstructural carbohydrates are the sum 
of the RS, NRS, and starch values. Se = 
beginning of stem elongation, Ie = 
inflorescences beginning to emerge, E. An 
= early ant hesis, and M. An = 
midunthesis. 

APRIL MAY JUNE JULY AUG SEPT OCT 

Fig. 2. Percent (dry wt) of reducing sugars (RS), nonreducing sugars (NRS), and starch in 
the stem bases of switchgrass from early spring of 1969 to October 15 for plants cut at 
early anthesis on July Il. Se = beginning of stem elongation, An = early anthesis, and Ie = 
inflorescences beginning to emerge. 

quite similar during both years. 
Percent t 0 tal nonstructural 
carbohydrates (TNC, summation of 
the carbohydrate fractions) in the 
stem bases decreased with the growth 
of new shoots during early spring and 
reached a minimum when tillers began 
to elongate (joint) during early June. 
The decrease in TNC was due to the 
use in growth of both starch and 
nonreducing sugars (NRS, primarily 
sucrose), which also reached their 
minimum percent at the beginning of 
stem elongation. Changes in reducing 
sugars (RS) were very small during 
both years, varying between 0.6 and 
1.8%. 

After reaching a low level at the 
beginning of stem elongation, percent 
TNC increased steadily to the last 
sampling made at mid-anthesis (July 
29) in 1971, and to just before 
anthesis (July 11) in 1969. There was 
a slight decrease in 1969 just prior to 
anthesis, at which time the plants were 
cut. Most of the increase in TNC was 
due to the accumulation of starch. 
Percent sugars increased for a very 
short period after the beginning of 
stem elongation. They then decreased 
slightly during 197 1, but changed very 
little during 1969. 

Carbohydrates in Plants Cut at Anthesis 

In 1969, stem bases of switchgrass 
plants that had been cut at early 
anthesis were analyzed for 

nonstructural carbohydrates from 
early spring (April 7) to late autumn 
(October 15) (Fig. 2). Trends of 
carbohydrate fractions in the stem 
bases from early spring to the time 
plants were cut at early anthesis (July 
11) were discussed above. After 
cutting at early anthesis, the cyclic 
pattern of TNC decrease and increase 
was repeated as in the uncut spring 
growth. Again, the decrease in percent 
TNC was due to decreases in percent 
of both starch and NRS, reaching 
minimum levels about 2 weeks after 
cutting. This was probably the time 
that the second-growth tillers were 
beginning to elongate, but the exact 
stage could not be accurately 
determined as it was in the primary 
growth. After reaching minimum 
levels, percent of both starch and NRS 
increased for a short time. Thereafter, 
percent of sugars remained more or 
less constant. However, percent starch 
increased rapidly, reaching 13% by late 
September (16% for TNC). 
Subsequently, frost killed the green 
foliage so that percent of both TNC 
and starch in the stem bases decreased, 
since respiration now exceeded 
photosynthesis. 

Discussion 

Trends of total nonstructural 
carbohydrates (TNC) in the stem bases 
of switchgrass were essentially the 
same as those reported previously with 
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temperate perennial grass species, 
namely bromegrass (Bromus inermis 
Leyss.) and timothy (Phleum pratense 
L.) (Smith, 1972). Percent TNC 
reached the minimum level at the time 
the tillers began to elongate in both 
the spring growth and in the regrowth 
after cutting the primary growth at 
early anthesis. Thus, cutting or grazing 
switchgrass at the beginning of stem 
elongation could materially weaken 
the plants because of the low level of 
carbohydrate reserves at that stage, as 
opposed to cutting at flowering or 
later when carbohydrate reserves are at 
a high level. 

The primary nonstructural 
carbohydrate fraction was starch, as 
would be expected in a grass of 
tropical origin (Smith, 1968, 1969). 
Starch was the fraction that fluctuated 

most as carbohydrates in the stem 
bases were used for growth or were 
stored as 
maturity. 

the plant approached 
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Seedling Growth of Three 

Switchgrass Strains 

L. J. PERRY, JR., AND LOWELL E. MOSER 

Highlight: Seedlings of Pathfinder, Nebr. 28, and 
experimental ey switchgrass (Panicum virgatum L.) strains 
were grown in a growth chamber and harvested 1, 2, 3, 4, 6, 8, 
and 10 weeks following emergence for detection of seedling 
growth differences among strains. Leaf areas and dry weights 
of leaf blade and stem axis (stem and leaf sheath) generally 
increased significantly with each harvest from 4 to IO weeks. 
Stem axis and leaf blade dry weights were significantly greater 
with Pathfinder and ey, respectively, than with Nebr. 28. Final 
leaf area was significantly greater with ey than with the other 
strains. Thus, Nebr. 28 (early-maturing) would be less 
competitive with weeds during establishment than Pathfinder 
or ey (both are late-maturing). Relative growth rate (RGR), 
net assimilation rate (NAR), and leaf area ratio (LAR) were 
similar for all strains, although at the first harvest Nebr. 28 had 
a lower LAR than the other two strains. RGR, NAR, and LAR 
generally declined with each successive harvest. The strains 
appeared to have the same capacity to produce above ground 
biomass but photosynthate partitioning differed as indicated 
by leaf and stem comparisons. 
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Difficulties in establishment of warm season perennial 
grasses present a major problem in the improvement of 
existing pasture and range areas, or in establishing pastures on 
land currently used for field crops in the Great Plains. Rapid 
seedling growth of these warm-season perennial grasses is 
essential for successful stand establishment. The development 
and evaluation of strains having improved seedling growth 
characteristics needs urgent attention. The use of growth 
analysis formulae offers a quantitative way to document 
rapidity of seedling growth characteristics (Cooper, 1967 ; and 
Johnston et al., 1972). 

The dry weight yield of a plant depends on: (a) initial 
capital, (b) relative growth rate, and (c) length of the growing 
season (Watson, 1952). The initial amount of photosynthetic 
area and seedling vigor is determined largely by the amount of 
initial capital, which is measured as seed weight (Black, 195 6; 
Beveridge and Wilsie, 1959; and Stickler and Wassom, 1963). 

Relative growth rate (RGR) has been reported to be a 
useful tool in studying differences in seedling vigor (Cooper, 
1967; Johnston et al., 1972; and Radford, 1967). RGR is a 
measure of the weight increase per unit of plant weight present 
per unit of time (g/g/wk). Since it is based upon initial weight, 
differences due to seed or seedling size are eliminated. Other 
growth parameters include net assimilation rate (NAR), the 
net increase in dry weight per unit of leaf area per unit of time 
(g/dm2/wk) and 1 ea f area ratio (LAR), the ratio of leaf area to 
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temperate perennial grass species, 
namely bromegrass (Bromus inermis 
Leyss.) and timothy (Phleum pratense 
L.) (Smith, 1972). Percent TNC 
reached the minimum level at the time 
the tillers began to elongate in both 
the spring growth and in the regrowth 
after cutting the primary growth at 
early anthesis. Thus, cutting or grazing 
switchgrass at the beginning of stem 
elongation could materially weaken 
the plants because of the low level of 
carbohydrate reserves at that stage, as 
opposed to cutting at flowering or 
later when carbohydrate reserves are at 
a high level. 

The primary nonstructural 
carbohydrate fraction was starch, as 
would be expected in a grass of 
tropical origin (Smith, 1968, 1969). 
Starch was the fraction that fluctuated 

most as carbohydrates in the stem 
bases were used for growth or were 
stored as the plant approached 
maturity. 
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Stem axis and leaf blade dry weights were significantly greater 
with Pathfinder and ey, respectively, than with Nebr, 28. Final 
leaf area was significantly greater with ey than with the other 
strains. Thus, Nebr. 28 (early-maturing) would be less 
competitive with weeds during establishment than Pathfinder 
or ey (both are late-maturing). Relative growth rate (RGR), 
net assimilation rate (NAR), and leaf area ratio (LAR) were 
similar for all strains, although at the first harvest Nebr. 28 had 
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Difficulties in establishment of warm season perennial 
grasses present a major problem in the improvement 
existing pasture and range areas, or in establishing pastures 
land currently used for field crops in the Great Plains. Rapid 
seedling growth of these warm-season perennial grasses 
essential for successful stand establishment. The development 
and evaluation of strains having improved seedling growth 
characteristics needs urgent attention. The use of growth 
analysis formulae offers a quantitative way to document 
rapidity of seedling growth characteristics (Cooper, 1967 ; and 
Johnston et al., 1972). 

The dry weight yield of a plant depends on: (a) initial 
capital, (b) relative growth rate, and (c) length of the growing 
season (Watson, 1952). The initial amount of photosynthetic 
area and seedling vigor is determined largely by the amount 
initial capital, which is measured as seed weight (Black, 1956; 
Beveridge and Wilsie, 1959; and Stickler and Wassom, 1963). 

Relative growth rate (RGR) has been reported to be 
useful tool in studying differences in seedling vigor (Cooper, 
1967; Johnston et al., 1972; and Radford, 1967). RGR 
measure of the weight increase per unit of plant weight present 
per unit of time (g/g/wk). Since it is based upon initial weight, 
differences due to seed or seedling size are eliminated. Other 
growth parameters include net assimilation rate (NAR), 
net increase in dry weight per unit of leaf area per unit of time 
(g/dm2/wk) and 1 ea f area ratio (LAR), the ratio of leaf area 



total plant weight. NAR represents the apparent net 
photosynthesis of a plant and as such is subject to all the 
environmental factors which affect carbon exchange. LAR of 
plants may be affected by any factor which changes the 
proportion of photosynthetic to nonphotosynthetic tissue. 
Differences between plants in photosynthate partitioning into 
leaves and stems may account for differential growth rates 
(Blackman, 1919). The distribution of a large amount of 
assimilate into leaf tissue during early growth stages may 
contribute exponentially to final productivity. 

Switchgrass (Panicurn virgatum L.) is an important 
component of grass seedings in the eastern half of the Great 
Plains. Because of the difficulties encountered during 
establishment of warm season prairie grasses, we studied 
several growth parameters of three switchgrass strains to 
evaluate variation in seedling growth characteristics. Two 
commonly used varieties, Nebr. 28 and Pathfinder, and one 
experimental strain, ey, were used in the study. Nebr. 28 
(early-maturing) was developed by selection from a collection 
in Holt County, Northeastern Nebraska. Pathfinder 
(late-maturing) is a synthetic variety developed from selected 
clones from southeastern Nebraska and northern Kansas. Ey 
(late-maturing) was derived from intercrossing four selected 
clones from Kansas with clones from central Nebraska. 

Materials and Methods 

Pathfinder, Nebr. 28, and ey switchgrasses were grown from 
seed in 20-cm plastic pots. Plants were grown in a growth 
chamber with a 1 j-hour photoperiod using both incandescent 
and fluorescent bulbs. Day temperature was maintained at 
26OC and night temperature at 20°C. 

Two days after emergence, plants were thinned to 15, 14, 
13, 12, 10, 8, and 6 plants per pot for the 1, 2, 3,4, 6, 8, and 
10 week harvest time intervals following emergence, 
respectively. The experiment was a completely random design 
with three replications. Thus, each treatment mean includes a 
minimum of 18 plants. 

At each harvest the number of stems and leaves per plant 
was recorded. Following clipping at the root stem junction 
area, the plants were separated into leaf blade and stem axis 
(stem and leaf sheaths). The length and width at mid-point 
were measured for calculating leaf area. Plant samples were 
oven dried for 48 hours at 70°C for dry weight determination. 
Stem and leaf material was ground to pass a 40-mesh screen in 
preparation for total nonstructural carbohydrate analysis. 

Leaf blades of various ages and sizes from each strain were 
measured by an electronic leaf area machine (LI-COR Model 
LI-3000 portable area meter) to determine the factor needed 
to multiply the length X width value to obtain leaf area. That 
factor was 0.637, 0.604, and 0.647 for Pathfinder, Nebr. 28, 

Table 1. Leaf area (cm2) and cumulative leaf blade dry weight (mg) 
of three switchgrass strains for 10 weeks following emergence.’ 

Leaf area/plant Leaf blade dry wt./plant 

Week Pathfinder Nebr. 28 ey Pathfinder Nebr. 28 ey 

1 0.47g 0.33g 0.46g 0.65t 0.5lt 0.69t 
2 1,67g 1.08g 1.61g 3.40t 2.37t 3.07t 
3 3.89g 2.57g 3.78g 8.48t 5.95t 8.46t 
4 6.999 4.25g 7.22g 17.85t 11.07t 17.85t 
6 26.04f 18.84fg 26.23f 75.04t 56.61t 71.95t 
8 70.33d 46.48e 68.69d 254.29r 178.44s 241.61rs 

10 136.69b 119.65c 169.28a 600.08~ 507.49s 691.240 
Mean 35.153’ 27.60; 39.61i 137.11x 108.92y 147.84x 

’ Numberswithin rows and columns for each growth parameter followed 1 Numbers within rows and columns for each growth parameter followed 
by the same letter do not differ at the 5% level using Duncan’s New by the same letter do not differ at the 5% level using Duncan’s New 
Multiple Range test. Multiple Range test. 

Table 2. Cumulative stem axis dry weight (mg) and percent leaf blade 
of total topgrowth of three switchgrass strains for 10 weeks following 
emergence. 

Percent leaf blade 
Wt. of stem axis/plant’ Path- Nebr. 

Week Pathfinder Nebr. 28 ey finder 28 ey 

1 0.25d2 
2 1.58d 
3 4.13d 
4 10.29d 

8” 
49.70d 

225.40~ 
10 627.33a 

Mean 131.24x 

0.24d 
0.95d 
2.88d 
5.27d 

37.13d 
152.27~ 
517.07b 
102.26~ 

0.34d 72 68 67 
1.33d 68 71 70 
4.02d 67 67 68 
9.48d 63 68 65 

45.13d 60 60 61 
174.4oc 53 54 58 
590.5 7ab 49 50 54 
117.9oxy 51 52 56 

‘Stem axis includes stem and leaf sheath. 
2 Numbers within rows and columns followed by the same letter do not 

differ at the 5% level using Duncan’s New Multiple Range test. 

and ey, respectively, with no adjustment needed for age of 
leaves. 

Net assimilation rate (NAR), relative growth rate (RGR), 
and leaf area ratio (LAR) were computed as follows: 

NAR = [W, - W, 1 (log, A, - log, A, >I / [(A, - A, 1 (tz - h 11 
RGR = (log, W, - log, W,) / (tz - t,) 

I(Az - A, ) (log, W, - log, w, )] 
LAR = 

[(loge A2 - loge A,) (w, - WI )I 

where W, , A,, W, , and A, are dry weights and leaf areas at 
times 1 and 2 (Radford, 1967). Only topgrowth (plant 
material above the root stem junction area) was used for 
growth analyses because recovery of root material at the early 
harvests was highly variable. 

Topgrowth was analyzed for total nonstructural 
carbohydrates (TNC) as described by Smith ( 1969). 

Results and Discussion 

Significant variation for leaf area per plant existed among 
harvest and strain means with a significant interaction. As 
expected, leaf area increased at each successive harvest, 
particularly between the 8- and lo-week harvests (Table 1). 
Leaf area per p,lant of Pathfinder and ey were very similar until 
the lo-week harvest. Leaf area of ey increased at a faster rate 
between the 8- and IO-week harvests than did the other 
strains. 

As with leaf area, leaf blade dry weights were similar for ey 
and Pathfinder except between the 8- and IO-week sampling 
periods, when ey’s leaf blade dry weight increased faster than 
did that of Pathfinder. Thus, leaf area and leaf blade dry 
weights followed similar patterns, which agrees with the results 
of Johnston et al. (1972) for wheatgrasses. 

Table 3. Number of leaves and stems per plant of three switchgrass 
strains for 10 weeks following emergence.’ 

Number of leaves/plant 

Week Pathfinder Nebr. 28 ey 

Number of stems/plant 

Pathfinder Nebr. 28 ey 

1 1.9a 1.7a 1.7a 
2 2.4a 2.la 2.3a 
3 3.0a 2.8a 3.0a 
4 3.5a 3.0a 3.4a 
6 3.9a 3.9a 3.9a 
8 6.8b 5.9b 6.5b 

10 11.3c 12.4~ 12.8~ 

lx lx lx 
lx lx lx 
lx lx lx 
lx lx lx 
lx lx lx 
2.3x 1.5x 2.0x 
3.2~ 3.oy 3.8~ 
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Table 4. Growth parameters of three switchgrass strains for 10 weeks following emergence.’ 

Growth NAR’ LAR’ RGR’ 

interval (g/dm’ lwk) (cm’ /g) (g/g/wk) 

week Pathfinder Nebr. 28 ey Pathfinder Nebr. 28 ey Pathfinder Nebr. 28 ey 

l-2 .42abc .49a .36abc 417a 342b 422a 1.70a 1.66a 1.46a 
2-3 .30cd .32bcd .33bcd 323b 307b c 332b 0.96bcd 0.98bc 1.09b 
3-4 .29cd .2 Id .28cd 276bcd 278bcd 282bcd 0.79bcdef 0.58ef 0.79bcdef 

4-6 .34bcd .40abc .3Ocd 224def 223def 242cde 0.76bcdef 0.90bcdef 0.72cdef 

6-8 .40abc .38abc .35abc 17Ofg 162fg 187efg 0.67 cdef 0.62def 0.65def 

8-10 .37abc .46ab .38abc 127g 125g 145g 0.46f 0.58ef 0.56ef 
Mean .35z .38z ,332 256yz 240~ 2682 0.892 0.892 0.882 

’ Numbers within rows and columns for each growth parameter followed by the same letter do not differ at the 5% level using Duncan’s New 
Multiple Range test. 

2 NAR = net assimilation rate; LAR = leaf area ratio; and RGR = relative growth rate. 

Stem axis dry weights increased with each successive 
sampling period. Pathfinder generally yielded more stem axis 
material than the other strains at all harvests (Table 2). As 
with leaf blade dry weights, Nebr. 28 consistently had lower 
stem axis dry weights than did the other strains. Total 
topgrowth was very similar for Pathfinder and ey. Thus, leaf 
blades comprised a higher dry weight proportion of topgrowth 
in ey than in Pathfinder or Nebr. 28 (Table 2). 

Warnes and Newell (1969) and Warnes et al. (1971) 
reported that late-maturing strains of switchgrass and 
Indiangrass (Sorghastrum nutans (L.) Nash) gave superior 
initial stand establishment compared with short-season strains 
under field conditions at twelve locations in Nebraska. They 
reported that superior seedling vigor of the late-maturing grass 
strains increased their competition with weeds and thus better 
stands were obtained than with the early-maturing strains. 
Thus, with the greater leaf area of ey and greater total 
topgrowth of ey and Pathfinder (both are late-maturing), they 
would be expected to be more competitive with weeds than 
would Nebr. 28 (early-maturing). 

There was no significant difference among strains in 
numbers of leaves and stems per plant at each harvest (Table 
3). The strains tillered following the 6-week harvest. At the 
lo-week harvest all stems had approximately equal numbers of 
leaves. After the 10th week, seed heads emerged on Nebr. 28, 
and Pathfinder and ey were in the late boot stage. 

No significant difference existed among strains for RGR 
and NAR (Table 4). Johnston et al. (1972) reported no 
significant differences for RGR and NAR among four 
wheatgrasses but did report significant differences in leaf blade 
and stem axis dry weights as we are reporting. Among 
selections of the four wheatgrasses studied by Johnston et al. 
(1972) plants of Agropyron repens (L.) Beauv. produced 
100% more forage at all sampling periods than did those of 
Agropyron desertorum (L.) Gaertn., but the relative growth 
rates were similar. RGR has been used to detect differences in 
seedling vigor; however, it appears that leaf area and 1eaf:stem 
dry weight ratios should also be used for indicators of grass 
seedling growth differences. 

RGR declined significantly throughout the sampling period 
for all strains. Johnston et al. (1972) reported a similar 
relationship in four Agropyron species. 

The significant decline in LAR (Table 4) between the first 
and last sampling periods represents the increasing amount of 
tissue structure found in stems with time. Because of the 
higher leaf areas measured for ey (Table 1) and the higher stem 
weights for Pathfinder (Table 2), ey would be expected to 
have higher LAR values. Among the three strains, Nebr. 28 
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had lower dry matter yields with consistently lower LAR’s, 
although these differences were not significant at all harvests. 

More work is needed to establish the exact role of TNC in 
seedling vigor of forage grasses. Smith (1972) reported TNC 
values ranging from 6.3 to 17% of field-grown established 
forage grasses harvested at beginning of anthesis. The TNC 
levels of topgrowth were 1 .O% or less among all treatments and 
there were no significant differences among treatment means. 

Conclusions 

Significant genetic variation existed among the three 
switchgrass strains for seedling leaf and stem development. 
Leaf development is critical for successful establishment of 
grasses. Ey had the greatest leaf area and leaf blade dry weight. 
Leaf area ratio (LAR) was greater in ey, although not 
significantly so at all harvests. Our data suggest that leaf area 
and total topgrowth are the seedling characteristics chiefly 
responsible for the superiority of late-maturing switchgrass 
strains in seedling establishment over early-maturing strains as 
reported by Warnes and Newell (1969) and Warnes et al. 
(1971). 
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Reducing Erosion Hazard on a 

Burned Forest in Oregon by Seeding 

E. WILLIAM ANDERSON AND LEE E. BROOKS 

Highlight: A burned private forest was revegetated by 
seeding to grasses, legumes, shrubs, and trees. The sequence of 
events in carrying out this stabilization program provides a 
guideline for others handling similar situations; timeliness and 
ecological adaptation of species used is important. A field 
study (1969- 72) compared results obtained on three 
ecological sites. A satisfactory vegetational cover was 
established by seeded grass the first year after seeding on all 
three sites, whereas natural revegetation did not provide 
satisfactory cover on an unseeded area in 4 years. Common 
legumes seeded for deer forage did not survive, indicating the 
need for additional study of species adaptation. Broadcasting 
tree seed was a failure. Seeded grasses apparently suppressed 
development of some native shrubs, which was detrimental to 
wildlife habitat. Herbage production on seeded areas was 
about four times greater than on the unseeded area. Two years 
of soil loss from seeded watersheds totaled less than 5 tons per 
acre as measured by the amount of sediment in debris basins. 
Fire-killed ponderosa pine snags were most susceptible to 
windthrow; grand fir was the least. 

On July 5, 1968, lightning started the Snow Basin fire on 
private woodland in Wheeler County, Ore. The fire was 
brought under control by State Forestry Department crews on 
July 10 at a cost of about $200,000. Four thousand acres of 
private forest had been devastated; soil on the entire area was 
essentially bare. The owners of the area pooled their resources 
and requested assistance in developing and applying a plan for 
rehabilitating the burn. One purpose of this paper is to relate 
the sequence of steps required to get this job done, which will 
act as a guideline for others who, faced with a similar 
situation, will need to avoid as much red tape and paperwork 
as possible in order to have seeding operations completed 
before rain causes soil crusting and reduces the chances of 
success. Another purpose is to report the effects of 
rehabilitation over a 4-year period and to compare the 
rehabilitated portion of one ecological site with a burned 
portion of the same site that was not treated. 

Description of Area 

The burned area includes portions of three ecological sites. 
The area between 2,800 and 3,400 ft elevation is in the 
Pine-Sedge site; between 3,400 and 3,800 is in the Pine-Mixed 
Fir site; and the upper portion of the burn, which lies between 
3,800 and 4,400 ft, is in the Mixed Fir site. Average annual 
precipitation varies from about 15 to 22 inches for the burned 
area. The burn lies at about 45’ latitude and most of the 
burned area slopes southward. 
- 

Authors are state range specialist, Portland, Oregon (now retired) 
and district conservationist, Fossil, Ore. (now district conservationist, 
Baker, Ore.) Soil Conservation Service, U.S. Department of Agriculture. 
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The Top soil series occurs over most of the burned area and 
is the principal soil of the two sites that occur above 3,400 ft 
elevation. The surface layer of this soil is silt loam about 14 
inches thick, the subsoil is silty clay loam about 20 inches 
thick, and the substratum is loam to a depth of about 50 
inches. Hankins silty clay loam, which is about 7 inches thick 
over clay and fine textured sediments, is the principal soil of 
the Pine-Sedge site. To10 silt loam, a deep ashy soil, occurs on 
north exposures, which constitute a minor portion of the area. 

Perennial grasses, elk sedge (Carex geyeri), and forbs are 
abundant, and shrubs are important in the native plant 
communities of the Pine-Sedge and Pine-Mixed Fir sites under 
good ecological condition. The Mixed Fir site normally has a 
dense tree canopy under which herbaceous cover and shrubs 
are sparse. The burned area lies within an important 
spring-autumn range for deer and, since being seeded, is an 
important summer range for cattle and sheep. 

Sequence of Events 

Soon after the fire was extinguished, the Wheeler Soil and 
Water Conservation District requested the Soil Conservation 
Service (SCS) to help landowners of the area develop and 
apply a plan for rehabilitating the burn. The first meeting with 
the nine landowners was held July 21, 1968. 

The rehabilitation plan, completed on September 11, was 
developed by the nine landowners with assistance from the 
SCS, Oregon Wildlife Commission, and Oregon Department of 
Forestry. The plan included salvage logging, seeding, debris 
basins, waterbars on all side roads and some main roads, and 
rest from grazing until after seeding establishment. 

Salvage logging began in late July and all merchantable 

Table 1. Mixtures of adapted species (lb/acre) used for seeding three 
ecological sites on a burned forest in Oregon. 

Ecological site 

Pine 
Pine- Mixed Mixed 

Purpose of seeding and species used Sedge Fir Fir 

Erosion control 
Big bluegrass (Poa ample) 2 
Crested wheatgrass (Agropyron desertorum) 7 
Hard fescue (Festuca o vina duriuscula) 1 1 
Intermediate wheatgrass (A. intermedium) 8 5 
Timothy (Phleum pratense) 1 1 
Orchardgrass (Dactylis glomerata) 4 

Total 10 10 10 

Wildlife forage 
Bitterbrush (Purshia tridentata) 0.60 
Lana vetch (Vicia dasycarpa) 0.32 
Sainfoin (Onobrychis viciaefolia) 0.63 
White Dutch clover (Trifolium repens) 0.32 1.6 0.38 
Rose clover (T. hirtum) 2.8 1.80 
Total 1.87 4.4 2.18 
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where slope gradients flattened. At the end of the second year, 
erosion on the watershed was determined by measuring the 
amount of sediment that had been deposited in each of several 
debris basins which had been constructed during 
rehabilitation. The watershed acreage for each debris basin was 
determined and the loss of soil in tons per acre computed. 

Red ts 

Table 2 shows the changes that took place over a period of 
4 years in percent ground cover of plant species, mosses and 
lichens, litter and mulch, and in the percent of bare ground on 
the three seeded sites and the unseeded area. 

Bare ground was considerably less on the seeded area than 
on the unseeded area of the Pine-Mixed Fir site the first 3 
years following the burn (Fig. 2). Under seeded conditions, 
bare ground was occupied by vegetation at a lower rate and to 
a lesser degree on the Pine-Sedge site than on either of the 
other sites. The occupation of bare ground by vegetation 
occurred at the highest rate and to the greatest degree on the 
most moist Mixed Fir site. It can be concluded that seeding 
the burned area produced vegetational cover which reduced 
the erosion hazard significantly during the first 3 years 
following the burn. 

Mosses and lichens had become established on the Mixed 
Fir site by the second year following seeding but did not occur 

1968 1969 1970 197\ 1972 

in a like manner on the two drier sites. It is not known Fig. 2. Rate and degree of reduction in bare ground due to seeding. 

whether they occur normally on these sites under good 
ecological condition; however, the decline in amount of than on unseeded area of the Pine-Mixed Fir site. The rate and 
mosses and lichens from 1970 through 1972 indicates that degree of development was less on seeded areas of the 
they might not tolerate herbaceous cover. Pine-Sedge site and greatest on the most moist Mixed Fir site. 

Litter and mulch, important items in watershed quality, Species used in seeding mixtures usually display their range 
developed more rapidly and to a greater degree on the seeded of adaptation to certain sites; some do not survive, others are 

Table 2. Changes in ground cover (%) of plant species, mosses and lichens, litter and mulch, and amount of bare ground (%) on unseeded and 
seeded burned forest in Oregon. 

Items 

Unseeded Seeded 

Pine-Mixed Fir Pine-Sedge Pine-Mixed Fir Mixed Fir 

1969 1970 1971 1972 1969 1970 1971 1972 1969 1970 1971 1972 1969 1970 1971 1972 

Bare ground 97 70 
Mosses and lichens 0 0 
Litter and mulch 2 T 
Seeded species 

Bluegrass, big 
fescue, hard 
Wheatgrass, crested 
Timothy, climax 
Wheatgrass, intermediate T 
Orchardgrass 
Clover, white Dutch 
Sainfoin 
Vetch, lana 
Cl0 ver , ro se 
Bitterbrush 

Natural species 
Annual grasses T T 
Annual forbs 1 19 
Perennial grasses 1 1 
Perennial forbs 4 3 
Oregongrape, low 1 4 
Rose 1 5 
Snowberry, common 3 15 
Snowbrush 1 2 
Other shrubs 

65 
T 
2 

1 

1 
46 

7 
2 
2 
4 

15 
2 
1 

Total vegetational cover 12 49 81 

Total perennial grass 1 1 8 

15 80 
0 0 

25 T 

10 
2 
2 

1 
2 

4 
2 
1 

1 

16 1 
4 7 
4 2 

18 7 
7 
5 T 

10 1 
2 2 
T T 

70 43 

7 16 

68 48 
T T 
T 3 

9 22 
2 7 
5 9 
T 1 

: 0 1 
0 0 

1 3 

T T 
7 9 
0 0 
7 6 

1 1 
0 2 
6 19 
T 2 

41 79 

16 39 

30 68 53 39 9 60 23 19 8 
0 0 0 T 0 0 10 8 2 

10 13 4 23 35 28 20 23 43 

14 
2 1 
8 

3 
8 

2 9 
2 2 
6 13 

20 38 

0 T 
2 
0 

T 
2 

T 0 

6 
1 

10 11 
35 2 

18 
0 1 

5 10 8 
21 20 14 
43 30 32 

T 0 0 

T 
T 

0 0 0 
T 

0 0 

T 8 
17 9 
T 4 
7 8 

T 
T T 
1 T 

22 1 
1 

14 
4 
2 
3 
0 
T 
T 
3 

2 1 T 2 
T 6 3 2 
1 3 2 2 
7 10 3 5 
T T T 2 
0 T T T 
T 2 1 4 
5 1 T T 

T 0 0 

75 44 57 75 67 56 80 78 

24 16 32 65 53 34 71 62 

0 

T 
2 
T 
5 
T 
1 
5 
T 
0 

68 

54 
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production of the more moist Mixed Fir site declined the 
least. 

3) Virtually all herbage on seeded areas consisted of seeded 
perennial species and native shrubs, whereas herbage on the 
unseeded area consisted mainly of native annuals and 
shrubs. 

Practically all trees on the burned area were killed by fire. 
Those 12 inches in diameter breast high and larger were 
salvaged as soon as possible by the owners. Records kept on 
standing snags to determine the character of windthrow 
showed: 

1) Snags began to fall noticeably during the third year on the 
Pine-Mixed Fir and Mixed Fir sites and during the fourth 
year on the Pine-Sedge site, which is the driest of the three. 

2) Ponderosa pine showed the greatest susceptibility to 
windthrow during the 4 years; grand fir was the most 

resist ant. 

Only one Douglasfir seedling resulting from sown seed was 
observed on the burned area. In 1970, the Kinzua Lumber 
Company, which owns about half the burned area, made a trial 
planting of ponderosa pine. In subsequent years, Kinzua has 
expanded this planting program with the intention to reforest 
the soils that have good tree-growing potential. 
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Interseeding Shrubs in Cheatgrass 
with a Browse Seeder-Scalper 
BRUCE C. GIUNTA, DONALD R. CHRISTENSEN, AND STEPHEN B. 
MONSEN 

Highlight: Four browse species and a mixture of the four were interseeded 
into a uniformly dense cheatgrass stand with a browse seeder-scalper on deer 
winter range south of Manti, Utah. Four different width-4-, 8-, I6-, and 
24-inch-scalping attachments were used to determine their relative effectiveness 
in reducing competition between cheatgrass and developing shrub seedlings. 
Scalping with the wider attachments resulted in substantial increases in shrub 
seedling survival. Reduction of cheatgrass density was most marked during the 
first growing season following planting. Thereafter, cheatgrass fully reoccupied 
first the narrower and then the wider scalps. In terms of numbers of plants 
surviving after 5 years, antelope bitterbrush, Nevada ephedra, and the mixture 
proved most responsive to increases in scalp width. Cliffrose and fourwing 
saltbush were less so. Herbage production of individual shrubs regardless of 
species showed no response to increasing scalp width. However, production for 
an entire plot where the effect of number of plants was included increased 
markedly with increases in scalp width. Cheatgrass competition, although it 
limited growth of all the planted shrubs, was less limiting to fourwing saltbush 
than to the other three shrubs. 
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Establishing shrubs on wildland 
ranges in Utah by direct seeding is 
often difficult. Although failures are 
traceable to a variety of factors, 
inadequate soil moisture at the time of 
germination and during the initial 
growth period is probably the most 
important (Holmgren, 1956). 
Consequently, it is important to use 
seeding or site preparation methods 
that eliminate competition and make 
additional moisture available for shrub 
growth. 

Over much of temperate western 
United States, cheatgrass brome, 
(Bromus tectorum) is a prolific invader 
where perennial cover has been 
eliminated or reduced. Normally a fall 
or winter germinating annual, 

cheatgrass can be a serious spring 
competitor with developing shrub 
seedlings due to its advanced state of 
development at the time shrub seeds 
germinate. Cheatgrass uses most of the 
available moisture in the upper soil 
layers prior to shrub seed germination 
(Holmgren, 1956; Stewart and Hull, 
1949; Hull and Stewart, 1948). 

Although a number of techniques 
are available for direct seeding of 
shrubs, not all of them effectively 
reduce competition from undesirable 
herbs and grasses. One method for 
establishing antelope bitterbrush 
(Purshia tridentata) is to hand plant 
seeds in prepared scalps made with a 
hoe designed for this purpose 
(Holmgren and Basile, 1959). This 
scalping removes existing cheatgrass 
and other plants, prepares a favorable 
seedbed, and removes any 
ungerminated seeds from the scalp. 
Hand scalping has proven particularly 
useful on steep or rugged terrain not 
suited to mechanical methods 
(Holmgren and Basile, 1959; Plummer 
et al., 1968). However, hand scalping 
is slow and expensive, and should not 
be practiced where the terrain permits 
use of a mechanical method of equal 
effectiveness. 

This study was designed to test the 
effectiveness of four different width 
scalping attachments available for a 
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production of the more moist Mixed Fir site declined the 
least. 

resistant. 

3) Virtually all herbage on seeded areas consisted of seeded 
Only one Douglasfir seedling resulting from sown seed was 

perennial species and native shrubs, whereas herbage on the 
observed on the burned area. In 1970, the Kinzua Lumber 

unseeded area consisted mainly of native annuals and 
Company, which owns about half the burned area, made a trial 

shrubs. 
planting of ponderosa pine. In subsequent years, Kinzua has 
expanded this planting program with the intention to reforest 

Practically all trees on the burned area were killed by fire. the soils that have good tree-growing potential. 
Those 12 inches in diameter breast high and larger were 
salvaged as soon as possible by the owners. Records kept on Literature Cited 
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Interseeding Shrubs in Cheatgrass 
with a Browse Seeder-Scalper 
BRUCE C. GIUNTA, DONALD R. CHRISTENSEN, AND STEPHEN B. 
MONSEN 

Highlight: Four browse species and a mixture of the four were interseeded 
into a uniformly dense cheatgrass stand with a browse seeder-scalper on deer 
winter range south of Manti, Utah. Four different width-4-, 8-, 16-, and 
24-inch-scalping attachments were used to determine their relative effectiveness 
in reducing competition between cheatgrass and developing shrub seedlings. 
Scalping with the wider attachments resulted in substantial increases in shrub 
seedling survival. Reduction of cheatgrass density was most marked during the 
first growing season following planting. Thereafter, cheatgrass fully reoccupied 
first the narrower and then the wider scalps, In terms of numbers of plants 
surviving after 5 years, antelope bitterbrush, Nevada ephedra, and the mixture 
proved most responsive to increases in scalp width. Cliffrose and fourwing 
saltbush were less so. Herbage production of individual shrubs regardless of 
species showed no response to increasing scalp width. However, production for 
an entire plot where the effect of number of plants was included increased 
markedly with increases in scalp width. Cheatgrass competition, although it 
limited growth of all the planted shrubs, was less limiting to fourwing saltbush 
than to the other three shrubs. 
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Establishing shrubs on wildland 
ranges in Utah by direct seeding is 
often difficult. Although failures are 
traceable to a variety of factors, 
inadequate soil moisture at the time of 
germination and during the initial 
growth period is probably the most 
important (Holmgren, 1956). 
Consequently, it is important to use 
seeding or site preparation methods 
that eliminate competition and make 
additional moisture available for shrub 
growth. 

Over much of temperate western 
United States, cheatgrass brome, 
(Bromus tectorum) is a prolific invader 
where perennial cover has been 
eliminated or reduced. Normally a fall 
or winter germinating annual, 

cheatgrass can be a serious spring 
competitor with developing shrub 
seedlings due to its advanced state of 
development at the time shrub seeds 
germinate. Cheatgrass uses most of the 
available moisture in the upper soil 
layers prior to shrub seed germination 
(Holmgren, 1956; Stewart and Hull, 
1949; Hull and Stewart, 1948). 

Although a number of techniques 
are available for direct seeding of 
shrubs, not all of them effectively 
reduce competition from undesirable 
herbs and grasses. One method for 
establishing antelope bitterbrush 
(Purshia tridentata) is to hand plant 
seeds in prepared scalps made with a 
hoe designed for this purpose 
(Holmgren and Basile, 1959). This 
scalping removes existing cheatgrass 
and other plants, prepares a favorable 
seedbed, and removes any 
ungerminated seeds from the scalp. 
Hand scalping has proven particularly 
useful on steep or rugged terrain not 
suited to mechanical methods 
(Holmgren and Basile, 1959; Plummer 
et al., 1968). However, hand scalping 
is slow and expensive, and should not 
be practiced where the terrain permits 
use of a mechanical method of equal 
effectiveness. 

Manuscript received September 19, 
1974. 

This study was designed to test the 
effectiveness of four different width 
scalping attachments available for a 
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Seeding Rate-Cover Relationships 

of Annual Ryegrass Seeded 

on Burned Brushlands 

VASILIOS PAPANASTASIS AND HAROLD H. BISWELL 

Highlight: The relationship between seeding rate and cover 
of reseeded annual ryegrass (Lolium multiflorum Lam.) was 
studied for 3 years on a burned brushland near Berkeley, 
California. Five seeding rates were compared: 6, 11, 22, 34, 
and 45 kg/ha. During the first winter the percentages of cover 
from the high seeding rates were greater than those from the 
lower rates; however, the differences were eliminated in the 
spring as a result of more tillering in the areas of low seeding 
rates. Percentages of cover declined in the second and third 
years even though seed supplies were, respectively, 32-fold and 
double that of the first year. It is suggested that high rates of 
seeding be used after wildfires, where the objective is to have a 
good cover to protect bare soil against erosion during the 
winter months. 

Annual ryegrass (L&urn multiflorum Lam.) is widely used 
for seeding burned brushlands in California. The California 
Division of Forestry, for example, has seeded this species on 
226,800 ha of wildburns on private and state lands between 
1956 and 1971 (Anonymous, 1957 through 1971). It has also 
been used in stabilizing road cutbanks along highways and 
forest roads (Bowmer and McCully, 1968; Jackman and 
Stoneman, 1972). 

The ability of annual ryegrass to grow in winter and early 
spring, together with the vigor of seedlings, high tillering 
capacity, and prolific root system makes it a desirable species 
for groundcover during the first growing season after fire-the 
most critical for protection against soil erosion. A good cover 
of ryegrass depends in part on the amount of seed planted, 
provided the first storms are not so severe as to wash the seeds 
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and ash down the slopes (Love, 1970). The higher seeding rate 
results in a denser crop, higher cover, and better protection for 
the bare soil. The relationship does not hold altogether, 
however, because of the tillering capacity of annual ryegrass. 

No information exists about the optimum seeding rate of 
annual ryegrass for this early critical period. Nor is it known 
how the seeding rate is associated with the behavior of ryegrass 
over time. 

The seeding rates employed by the California Division of 
Forestry have ranged from 7 to 9 kg/ha, with a few as high as 
22 kg/ha (Anonymous, 1957 through 1971); however, no 
background information is given as to why these rates were 
selected. Schultz and Biswell (1952) found that 10 kg/ha gave 
the highest cover and 7 kg/ha the highest forage yield of 
annual ryegrass when combined in mixtures with perennials in 
the Sierra foothills in California. On the other hand, high 
seeding rates have been suggested for erosion control of road 
banks. For example, Jackman and Stoneman (1972) 
recommended 56 kg/ha of annual ryegrass and urea fertilizer 
for road banks on the Jackson State Forest in the redwood 
region of California, and McCully and Bowmer (1969) 
suggested up to 17 kg/ha of annual ryegrass seeded with 13 
kg/ha of bermudagrass (Cynodon dactylon) for the roadsides 
of eastern Texas. 

The seeding rate determines not only the cover (percentage 
groundcover) but also the density (number of plants per unit 
area) and subsequently the herbage and seed production. 
Broughman (1954) reported increased total herbage and 
increased ryegrass with increase in seeding rate from 0 to 67 
kg/ha of ryegrass seeded with clovers in New Zealand. On the 
other hand, low seeding rates, less than 15 kg/ha, are suggested 
for all grasses for seed production (Evans, 1959; Griffiths and 
Roberts, 1969). 

The objective of this study was to evaluate the seeding 
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of reseeded annual ryegrass (Lolium multiflorum Lam.) was 
studied for 3 years on a burned brushland near Berkeley, 
California. Five seeding rates were compared: 6, 11, 22, 34, 
and 4.5 kg/ha. During the first winter the percentages of cover 
from the high seeding rates were greater than those from the 
lower rates; however, the differences were eliminated in the 
spring as a result of more tillering in the areas of low seeding 
rates. Percentages of cover declined in the second and third 
years even though seed supplies were, respectively, 32-fold and 
double that of the first year. It is suggested that high rates of 
seeding be used after wildfires, where the objective is to have a 
good cover to protect bare soil against erosion during the 
winter months. 

Annual ryegrass @&urn multiflorum Lam.) is widely used 
for seeding burned brushlands in California. The California 
Division of Forestry, for example, has seeded this species on 
226,800 ha of wildburns on private and state lands between 
1956 and 1971 (Anonymous, 1957 through 1971). It has also 
been used in stabilizing road cutbanks along highways and 
forest roads (Bowmer and McCully, 1968; Jackman and 
Stoneman, 1972). 

The ability of annual ryegrass to grow in winter and early 
spring, together with the vigor of seedlings, high tillering 
capacity, and prolific root system makes it a desirable species 
for groundcover during the first growing season after fire-the 
most critical for protection against soil erosion. A good cover 
of ryegrass depends in part on the amount of seed planted, 
provided the first storms are not so severe as to wash the seeds 
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and ash down the slopes (Love, 1970). The higher seeding rate 
results in a denser crop, higher cover, and better protection for 
the bare soil. The relationship does not hold altogether, 
however, because of the tillering capacity of annual ryegrass. 

No information exists about the optimum seeding rate of 
annual ryegrass for this early critical period. Nor is it known 
how the seeding rate is associated with the behavior of ryegrass 
over time. 

The seeding rates employed by the California Division of 
Forestry have ranged from 7 to 9 kg/ha, with a few as high as 
22 kg/ha (Anonymous, 1957 through 1971); however, no 
background information is given as to why these rates were 
selected. Schultz and Biswell (1952) found that 10 kg/ha gave 
the highest cover and 7 kg/ha the highest forage yield of 
annual ryegrass when combined in mixtures with perennials in 
the Sierra foothills in California. On the other hand, high 
seeding rates have been suggested for erosion control of road 
banks. For example, Jackman and Stoneman (1972) 
recommended 56 kg/ha of annual ryegrass and urea fertilizer 
for road banks on the Jackson State Forest in the redwood 
region of California, and McCully and Bowmer (1969) 
suggested up to 17 kg/ha of annual ryegrass seeded with 13 
kg/ha of bermudagrass (Cynodon dactylon) for the roadsides 
of eastern Texas. 

The seeding rate determines not only the cover (percentage 
groundcover) but also the density (number of plants per unit 
area) and subsequently the herbage and seed production. 
Broughman (1954) reported increased total herbage and 
increased ryegrass with increase in seeding rate from 0 to 67 
kg/ha of ryegrass seeded with clovers in New Zealand. On the 
other hand, low seeding rates, less than 15 kg/ha, are suggested 
for all grasses for seed production (Evans, 1959; Griffiths and 
Roberts, 1969). 

The objective of this study was to evaluate the seeding 
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rate-cover relationships of annual ryegrass seeded on a burned 
brushland and describe its behavior over a 3-year period. 

Materials and Methods 

In November, 1970, a factorial experiment in a 
randomized-block design (Hicks, 1964) was established on a 
wildfire-burned brushland in the hills near Berkeley, Calif. The 
fire occurred in September, 1970, and swept through brush 
vegetation, mainly coyote brush (Bacchavis pilularis). Factors 
of the experiment were seeding rate and aspect. The seeding 
rates used were 5.6, 11.2, 22.4, 33.6, and 44.8 kg/ha (5, 10, 
20, 30, and 40 lb/acre), and are reported here as 6, 11, 22, 34, 
and 45 kg/ha. The aspects were northwest and south 
exposures. The rates were completely randomized in blocks 
and were replicated once in each aspect, giving a total of 20 
plots, 2 x 2 meters each. 

Density and cover were measured for three growing seasons. 
In the first, measurements were taken every 2 weeks; in the 
second and third seasons, density was measured at the 
beginning of each season, soon after germination, and cover 
was measured at the end of each season. 

Density was measured at the first sampling date (December 
3 1, 1970) by taking 10 one-square-decimeter quadrats for 
one-square-meter plot and counting the number of seedlings. 
This technique was meaningless in the subsequent dates, 
however, because the seedlings had started to tiller. For this 
reason, the sampling was continued by counting the number of 
tillers per individual plant. In the second and third years, 
density was measured by using the square-inch quadrat 
(Heady, 1958) and taking four quadrats per plot. 

Throughout the experiment, cover was measured with the 
point frame, by taking 50 points per plot. Analysis of variance 
was used to test the hypotheses of homogeneity of means. 
Whenever necessary, a multiple-comparisons test was run by 
means of the studentized range (Q-test). All tests were done at 
the 0.05 level of significance. 

Results 

Density 
Density at the beginning of the season for the first year is 

given in Table 1. The number of seedlings per square meter 
ranged from 180 to 2,070, respectively, for the lowest and 
highest rates of seeding. Analysis of variance gave significant 
differences among seeding rates but not between aspects. 
Q-tests showed significant differences among all seeding rates 
except those between 6 and 11, and 11 and 22 kg/ha, which 
means that significantly different populations of seedlings 
came from the 22 kg/ha rate and above. 

Taking into account that 366 seeds were found in a gram, 
and that an average 2.38 gm/m2 were planted, a total of 873 
seeds was planted per square meter. That number, compared 
with the mean total seedlings (870) shows germination of 
almost 100%. 

In the later dates of the first growing season, the number of 
tillers per plant were counted. The means per seeding rate, 
aspect, and date averaged over the north and south aspects are 
shown in Figure 1. The number of tillers per plant ranged from 
one, on the first date, to 43 on the latest. Tillering was higher 

Initiation 
Flowering 
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Fig. 1. Time change in number of tillers per plant for the five seeding 
rates (kg/ha). 

and faster with the low rates and on the south aspect than 
with the high rates on the north aspect. The seedlings at all 
seeding rates started as individual plants, i.e., without tillers, 
but by the middle of January, significant differences were 
apparent among rates and also between aspects. 

The significant differences in the number of tillers per plant 
among the seeding rates were maintained until the end of the 
season. Q-tests, however, showed that the differences were of 
different origins as the season progressed. Tillering at the 6 
kg/ha rate remained significantly different from all other rates 
at all nine sampling dates with the exception, at times, of rate 
11. The 11 kg/ha rate continuously maintained significant 
differences with rates 34 and 45. The significant differences 
among the remaining dates, however, disappeared with the 
beginning of the rapid spring growth, as did the differences 
between the two aspects. 

The second growing season started with a tremendous 
number of seedlings (Table 1 -Dec. 30, 1971). The count 
was 28,400 seedlings per square meter, as compared with 
870 seedlings in the first year. By the same logic as 
that applied to the first year, and assuming 366 seeds 
per gram, with 100% germination, this high population of 
seedlings must have come from a seeding rate of 776 kg/ha. 
This shows how large the seed yield was at the end of the first 
season, and the actual amount was even greater but seeds were 
lost through predation or other causes during the dormant 
period. Analysis of variance showed no significant differences 
among seeding rates this second year, but between aspects 
more seedlings were found on the south than on the north. 

The third growing season showed a tremendous drop in the 
number of seedlings (1,8 10 per square meter) compared with 
the year before (Table I-Dec., 1972). Again using the same 
logic as before we find the seeding rate must have been at least 
49 kg/ha. Finally, no significant differences were obtained 
among rates or aspects. 

Table 1. Means of ryegrass density (thousands seedlings/m’ ) at the beginning of the season over a 3-year period. 

Seeding rate (kg/ha) Aspect 

Date 6 11 22 34 45 North South 

Dec. 31,197O 0.21 0.45 0.68 1.30 1.72 0.85 0.88 
Dec. 30, 1971 30.04 30.61 26.54 27.42 27.31 19.61 37.23 
Dec. 29,1972 1.05 2.62 1.05 1.55 2.8 1 2.09 1.55 
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Fig. 2. Time change of ryegrass cover for the five seeding rates (kg/ha). 

Cover 

The results of ryegrass cover for the first growing season are 
shown in Figure 2. Because of the different density, the five 
seeding rates started with a different cover at the beginning of 
the season, the low rates having less cover than the high ones. 
The cover immediately began to increase rapidly, but with a 
different speed for each seeding rate, until the middle of 
March, the last date to show significant differences among 
rates. 

The high rates of 22, 34, and 45 kg/ha maintained 
significant differences in cover from that of rate 6 throughout 
the winter period (until the end of February). Rate 11 differed 
significantly from rate 34 by the middle of January, and from 
rate 45 by the middle of February. 

For the aspects, the original significant differences 
disappeared in February, but reappeared in March. 

The ryegrass cover at the end of the second growing season 
is shown in Table 2 (May 21, 1972). Compared with the first 
season (April 24, 1971) the cover had decreased tremendously 
from 94.3% to 3.0% on the average. No significant differences 
were found among rates nor between aspects. 

Rainfall and Temperatures 
Weather data were taken from a nearby station located on 

the Berkeley campus. 
For the months September to May, the precipitation varied 

greatly in the 3 years. It was about normal the first year (575 
mm); down to 311 mm in the second year, which is 239 mm 
below normal; and 939 mm in the third season, which is 389 

mm above normal. Judging from the amount of rainfall, the 
growing season started in late October the first year, 
mid-November the second year, and early October the third 
year. 

The distribution of rainfall varied. November had the 
highest rain in the first year, December in the second, and 
January in the third. In the first year, about 70% of the total 
rainfall for the 9 months from September to May fell in the 2 
months of November and December. Those same months 
received about 50% of the rainfall in the second year and less 
than 30% in the third year. 

Temperatures did not differ very much among years 
although the third year was colder than the other two in the 
winter months. 

Discussion 

The relationships between density and herbage yield and 
density and seed yield have been extensively studied, but are 
still not fully understood (Donald, 1963). Studies of the 
relationship between density and leaf area index have also 
been made, but the literature gives little information about the 
relationship between density and cover.This is not surprising, 
because all the above-mentioned studies have been carried out 
in agronomic environments where cover, an important 
ecological attribute, has no practical meaning. 

The following points have come out of this study: 

1. The number of seedlings emerged after seeding in the 
first year was linearly related to the number of seeds planted. 
Elsewhere (Papanastasis, 1973), this linear regression is 
reported to be: Y, = 40.11 + 43.74 X with X being the seeding 
rate (kg/ha) and Y the number of seedlings per square meter, 
and with a correlation coefficient of 0.96. The same was found 
by Brougham (1954) with the short-rotation ryegrass (Lolium 
perenne X L. muZtiflorum) at even higher seeding rates (up to 
67 kg/ha). 

2. Tillering started earlier and was faster with the low 
seeding rates (6, 11 kg/ha) than with the high ones (22,34,45 
kg/ha). As the period of rapid spring growth (in terms of leaf 
expansion and shoot elongation) approached, the plants from 
low seeding rates continued tillering, but at a slower rate until 
the flowering stage; while those from the high seeding rates 
kept their numbers constant for the rest of the season (Fig. 1). 
The high rate of tillering in the plants from the low rates of 
seeding can be attributed to more available light. On the other 
hand, light might have been limited right after germination in 
the high-density seedings (Donald, 1963). Furthermore, the 
higher rate of tillering in the winter period can be attributed to 
the low temperatures, which favor tiller production (Williams, 
1970). 

3. Cover followed a pattern similar to that of tiller 
production (Fig. 2). The low rates (6, 11) started with a lower 
cover than the high ones (34, 45), with rate 22 being 
intermediate. Rate 6 continued to produce less cover than 
rates 22, 34, and 45 until the end of the winter growth, while 

Table 2. Means of ryegrass cover (%) at the end of the season for a 3-year period. 

Seeding rate (kg/ha) Aspect 

Date 6 11 22 34 45 North South 

Apr. 24, 1971 90.5 95.0 97.5 92.5 96.0 100.0 88.6 
May 21,1972 4.5 4.0 3.5 1.0 2.0 2.4 3.6 
May 13,1973 11.0 19.5 20.5 23.0 24.0 22.5 16.6 

404 JOURNAL OF RANGE MANAGEMENT 28(5), September 1975 



100 

80 

k 60 
: 
:: 

: 
= 40 k 
$ 
$ 

* 
20 

0 

l Dec. 31 
l Jan. 17 
l Jan. 31 
. Feb. 13 
1 Feb. 2E 
* b’iar. I3 
0 Kar. 29 
w Ppr. IO 
v Epr. 24 

5 IO I5 20 
X'?O. Tillers / Plant 

Fig. 3. Relationship between number of tillers per plant and percent 
cover of ryegrass for the five seeding rates (kg/ha). 

rate 11 made the same cover with the high rates 1 month 
earlier than did rate 6. 

4. While cover depends on the number of tillers, their size 
or vegetative stage is important, too. Figure 3 shows the 
relationship between number of tillers per plant and cover. It 
is apparent that the same cover was reached under the 
different seeding rates at different times despite the different 
rates of tillering. This clearly shows that the number of plants 
(density) is much more important for a higher cover than is 
the number of tillers at least for the early part of the growing 
season. 

5. It is well documented that the herbage yield of a grass 
crop increases as density increases, and that maximum yield is 
reached at moderate densities and remains constant thereafter 
at a value determined by environmental factors. On the other 
hand, the maximum seed yield is also reached at moderate 
densities, but yield declines as density further increases 
(Donald, 1963). The results of this experiment show that 
tillering is independent of density at the emergence stage, and 
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Fig. 4. Relationship between seeding rate (kg/ha) and number of tillers 
per plant. 
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Fig. 5. Relatianship between seeding rate (kg/ha) and percent of cover 
of ryegrass. 

decreases linearly as density increases during the slow winter 
growth; the relationship then becomes exponential with the 
initiation of rapid spring growth (Fig. 4). The cover increases 
linearly as density increases during winter growth, but the 
relationship becomes asymptotic during the fast-growth 
period, and reaches a ceiling value (not more than 100%) 
determined by the environment (Fig. 5). 

6. Figure 6 shows the relationship between precipitation 
for the nine months, September to May, and density and cover 
for three growing seasons. It is apparent that: (a) no intimate 
relationship seems to hold between cover and amount of 
rainfall; (b) d ensity at the beginning of the season was highest 
the second year and lowest the first; and (c) cover of ryegrass 
at the end of the season was highest in the first year and 
lowest in the second, thus showing a decline through time, 
although not linear. 
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Fig. 6. Time change in precipitation (inches), density (thousands of 
seedlings/m2) in the beginning of the season and percentage of 
ryegrass and native cover at the end of the season. 
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Conclusions Evans, G. 1959. Seed rates of grasses for seed production. 1. Pasture 

The following conclusions may be drawn from this study: 
1. Since cover is a function of seeding rate in the critical 

early winter months of the first year, high seedling rates (20 
kg/ha or over) for soil erosion prevention are recommended. 

2. Density in the beginning of the growing season has little 
to do with the cover achieved at the end of the season, the 
final result depending on the particular year involved. 
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Highlight: Diffuse knapweed and spotted knapweed on the 
lower ranges of the interior of British Columbia can be 
controlled by 8 oz/acre of picloram (4 amino-3,5,6, 
trichloropicolinic acid). Crested wheatgrass was not seriously 
affected by the chemical. Crested wheatgrass significantly 
increased forage production over the check areas when 
protected from grazing by domestic animals. 

A rapid spread of knapweeds (Centaurea) (Moore, 1954) 
has occurred on the rangeland of the British Columbia interior 
in the last 20 years. The species diffuse knapweed (Centaurea 
diffusa Lam.) and spotted knapweed (Centaurea maculosa 
Lam.) are the most prevalent. Although Russian knapweed 
(Centaurea repens Lam.) is well established in the southern 
part of the province, it has not encroached on the central 
interior ranges. All species are adaptable to a wide range of soil 
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and climatic environments and are easily spread by vehicles 
and livestock. 

Despite the variation in geographic distribution of the 
different species, over half a million acres of rangeland have 
been invaded in the Kamloops-Okanagan area and an 
undetermined acreage in the west and central Kootenay 
regions. This widespread invasion accompanied by the vigorous 
knapweed plant growth has drastically reduced the growth and 
forage yield of native grasses. In turn, this has lowered the 
annual carrying capacity of the ranges. 



Conclusions 

The following conclusions may be drawn from this study: 
1. Since cover is a function of seeding rate in the critical 

early winter months of the first year, high seedling rates (20 
kg/ha or over) for soil erosion prevention are recommended. 

2. Density in the beginning of the growing season has little 
to do with the cover achieved at the end of the season, the 
final result depending on the particular year involved. 
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protected from grazing by domestic animals. 

A rapid spread of knapweeds (Centaurea) (Moore, 1954) 
has occurred on the rangeland of the British Columbia interior 
in the last 20 years. The species diffuse knapweed (Centaurea 
diffusa Lam.) and spotted knapweed (Centaurea maculosa 
Lam.) are the most prevalent. Although Russian knapweed 
(Centaurea repens Lam.) is well established in the southern 
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and climatic environments and are easily spread by vehicles 
and livestock. 

Despite the variation in geographic distribution of the 
different species, over half a million acres of rangeland have 
been invaded in the Kamloops-Okanagan area and an 
undetermined acreage in the west and central Kootenay 
regions. This widespread invasion accompanied by the vigorous 
knapweed plant growth has drastically reduced the growth and 
forage yield of native grasses. In turn, this has lowered the 
annual carrying capacity of the ranges. 

Varying levels of chemical control of knapweed have been 
reported from plant spraying with 2,4-D (2,4-dichlorophenoxy 
acetic acid). Turner and Fertig (1965) obtained complete 
control of spotted knapweed with 2,4-D at 24 ounces actual 
acid per acre. Renney and Hughes (1969) obtained temporary 
control of diffuse knapweed with 2,4-D, but seedling 
establishment was not prevented. Limited reports are available 
on the use of picloram (4 amino-35,6 trichloropicolinic acid) 
as a chemical control for knapweed. 
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Materials and Methods 

To obtain information on the increase of range forage from 
reseeding and chemical control of knapweed with picloram, 
one site was selected at Cache Creek, 54 miles west of 
Kamloops, and the other at Pritchard, 25 miles east. 
Vegetation at both locations was badly depleted due to many 
years of overgrazing by cattle. The vegetation at the Cache 
Creek site, which receives less than 9 inches of total moisture 
yearly, had been reduced to needleandthread (Stipa coma& 
Trin. & Rupr.), sand dropseed (Sporobolus cryptandrus (Torr.) 
A. Gray), and a dense stand of diffuse knapweed. At the 
Pritchard site, which receives an estimated 12 to 14 inches of 
annual precipitation, overgrazing had reduced the native cover 
to almost a solid stand of Kentucky bluegrass (Pea pratensis 
L.) with a recent invasion of knapweed. 

Plots, 30 X 10 ft, with four treatments and four 
replications in a randomized block design, were established in 
September, 1967, at Cache Creek and in 1969 at Pritchard. 
The treatments were: (1) 4 oz picloram active ingredient (AI) 
per acre and reseeding; (2) 8 oz picloram AI per acre and 
reseeding; (3) reseeding; and (4) check, no seeding and no 
chemical applied. All seedings were made with the rangeland 
drill using crested wheatgrass (Agropyron cristatum E. Gaerth) 
at 8 lb per acre. The plot area was subsequently fenced at 
Cache Creek to evaluate the effects of no grazing and the 
contribution from reseeding and the chemical control of 
knapweed. 

Each fall during the 4-year period (1968- 1971), three 
square meter areas were harvested from each plot at Cache 
Creek and in 1970 and 197 1 at Pritchard. Forage samples were 
dried in a forced air oven at 65°C for dry matter 
determinations. All yield data were analyzed for variance and 
significance determined by Duncan’s Multiple Range Test 
(1955). 

Results and Discussion 

When 4 oz/acre of picloram AI were applied to the plots at 
Cache Creek prior to seeding, good knapweed kill was 
obtained. Seeding with the rangeland drill under suitable field 
conditions was followed by an excellent establishment of 
crested wheatgrass as indicated by the progressive increase in 
dry matter yield of native vegetation plus crested wheatgrass 
from 1968 to 1971. A yield increase of 32% over that of the 
check treatment was obtained the first year as compared to an 
82% increase in the fourth and final test year. This indicates a 
long term advantage in forage production from this treatment 
(No. 1) over reseeding without picloram (No. 3). Use of 
picloram in other forage studies has not been as successful. 
Arnold and Santelmann (1966) showed that field forage yields 
of grasses and forbs were significantly reduced by all rates of 
picloram when stands were treated at early stages of plant 
growth. In greenhouse trials, however, picloram applications of 
1.5 lb/acre or less did not reduce production of the top growth 
once the grass seedlings had reached the true four-leaf stage of 
growth. 

The mean yield of reseeding alone from the 4-year test 
period was only slightly lower than reseeding plus 4 oz of 
picloram AI. The absence of grazing animals brought about 
favorable conditions for the crested wheatgrass establishment 
and competition over the native range species. 

Yield data from the Cache Creek plots indicate that 
picloram AI at 8 oz per acre, had a toxic effect on the crested 
wheatgrass and the native vegetation, but after 4 years, forage 

Table 1. Dry matter yield (lb/acre) on fenced lower grassland areas as 
affected by applications of picloram and reseeding to crested wheat- 
grass. 

Cache Creek Pritchard 

Treatment 1968 1969 1970 1971 1970 1971 

4 oz picloram, seeded 102a * 304a 399a 460a 495ab 505a 
8 oz picloram, seeded 61b 127~ 193b 350ab 497a 520a 
No picloram, seeded 66b 384ab 377a 352b 538a 560a 
Check 77ab 221bc 234ab 252~ 380b 420b 

*Treatment means within a column at a given location with the same 
letter are not significantly different. 

yields were equal to plots seeded to crested wheatgrass but not 
treated with picloram. No measurements were made of the 
effect of picloram on germination or emergence of crested 
wheatgrass seeds. However, in germination studies with buffalo- 
grass (Buchloe dactyloides (Nutt.) Engelm.) side-oats grama 
(Bouteloua curtipendula (Michx.) Torr.) and switchgrass 
(Panicum virgatum L.), Scifres and Halifax (1972) found that 
concentrations of picloram up to 1000 ppb did not reduce the 
number of caryopses germinated. Effects of herbicidal 
treatment were observed in the early development of seedling 
organs of these range grasses. 

At the Pritchard site, because of the dense sod of Kentucky 
bluegrass, difficulty in soil penetration was encountered with 
the rangeland drill. Recent modifications of the rangeland drill 
by Asher and Eckert (1973) would probably overcome this 
problem. 

Very little increase in forage production was obtained on 
the Pritchard plots with picloram and/or seeded to crested 
wheatgrass. Kentucky bluegrass was not affected by the 
relatively low rates of picloram, and the establishment of 
crested - wheatgrass was _ difficult. Van Born (1965) used 
picloram to effectively remove smooth bromegrass (Bromus 
inermis Leyss) and quackgrass (Agropyron repens (L.) Beav.) 
from Kentucky bluegrass sod, indicating that Kentucky 
bluegrass is very tolerant of picloram at rates up to 3 lb 
AI/acre. The data indicates that picloram could be more 
beneficial for knapweed control under drier conditions, such 
as existed at Cache Creek. 

The herbicide picloram resulted in good control of diffuse 
and spotted knapweed, but restricted grazing must be used if 
dryland ranges are to be rejuvenated and forage production 
increased. Reseeding with ground equipment using crested 
wheatgrass because of its drought tolerance can be invaluable 
in meeting this objective. 
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Chemical Control of Mesquite Regrowth 
of Different Ages 

DANNY L. BECK, RONALD E. SOSEBEE, AND E. B. HERNDON 

Highlight: Herbicide effectiveness on different age resprou ts 
of honey mesquite was studied in the Rolling Plains of Texas. 
Herbicide treatments consisting of 2,4,5-T amine, 2,4,.5-T 
ester, and Tordon 225 Mixture were applied monthly (May 15, 
1972, through August 15, 19 72) to trees shredded in I9 71, 
1965, and 1958. Tordon 225 Mixture was most effective on 
resprouts of all ages throughout the study. Trees sprayed in 
May and June had a higher percent root mortality than trees 
sprayed in either July or August. 

Thousands of acres of mesquite (Prosopis) infested 
rangeland have received some form of control treatment. 
Yet, mesquite continues to reinfest these acreages and 
encroach onto rangeland previously not infested with 
mesquite. If a control program is to be successful, it must 
include maintenance treatments (Ames, 1966). Tschirley 
(1962) reported that two herbicide treatments applied to 
velvet mesquite (p velutina) either during consecutive years or 
at an interval of 1 or 2 years were more successful than single 
applications. 

Effectiveness of chemical control of mesquite following 
some previous treatment is apparently dependent upon the age 
of resprouts and their stage of development. Although no 
studies have been conducted to determine the optimum time 
interval between treatment and re-treatment, some 
observations have been made. Presently, the recommendations 
are to repeat aerial spraying every 5 to 7 years (Meadors et al., 
1973). Presumably, trees at least 4 ft in height are more 
effectively controlled by aerial spraying than trees 2 to 3 ft in 
height (Robison, 1963; Hoffman, 1973; Meadors et al., 1973). 
Hence, this study was initiated to measure herbicide 
effectiveness on honey mesquite (I? glandulosa var. 
glandulosa) resprouts 1,7, and 14 years old. 

Experimental Procedures 

Chemical control of three age groups of honey mesquite 
regrowth was studied in the Rolling Plains of Texas. Herbicide 
I treatments were applied to l- and 14-year-old resprouts 
(mature trees shredded in 1971 and 1958, respectively) 
located on the Bethel Ranch 7 miles south of Quanah. Similar 
treatments were applied to 7-year-old resprouts (mature trees 
shredded in 1965) located on the Koch Ranch 14 miles west 
of Quanah. The trees of both areas were growing on a range 
site transitional between a deep hardland and a shallow clay 
characterized by clay to clay loam soils of the Tillman-Vernon 
series (Lofton et al., 1972). The soil is deep to shallow with a 
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clay loam surface layer. It is slowly to moderately permeable 
in the lower layers. The topography of both areas is nearly 
level to gently sloping. The vegetation was predominantly 
honey mesquite and tobosa grass (Hilaria mutica). 

Regrowth of the different age groups ranged in height from 
3 ft (l-year-old resprouts) to 8 to 10 ft (7- and 14-year-old 
resprouts). The trees were permanently marked for future 
reference. Treatments were applied monthly from May 15, 
1972, through August 15, 1972. Each treatment was repli- 
cated 15 times (one tree constituted a replication). No tree 
was sprayed more than once. 

Herbicide treatments consisted of 2,4,5-T (2,4,5-Tri- 
chlorophenoxyacetic acid) trimethylamine salt (Veon 245l), 
2,4,5-T propylene glycol butyl ether esters (Esteron 245’ ) and 
picloram (4-amino-2,5,6-Trichloropicolinic acid) plus 2,4,5-T 
(Tordon 225 Mixture’). The herbicides were mixed according 
to the manufacturer’s recommendations and applied with a 
compressed air garden sprayer. Basically, the esteron 245 (4 lb 
A.E./gal) mixture consisted of 1 oz of herbicide dissolved in 1 
oz of diesel oil with water added to a volume of 1 gal. One 
ounce of Veon 245 (4 lb A.E./gal) and 2 oz of Tordon 225 
Mixture (2 lb A.E./gal) were dissolved in 1 gal of water. All 
mixtures were equivalent to 3 lb of herbicide per 100 gal of 
solution. A swfactant (Tronic’ ) was added to each herbicide 
solution to approximate 0.02% of the total volume. 

Soil temperature, soil water content, air temperature, and 
relative humidity were measured at the time of herbicide 
application. Soil temperature was measured with a mercury- 
filled thermometer placed in the soil at 6-, 12-, 18-, and 
24-inch depths. Soil water content (%) was measured gravi- 
metrically from samples taken in 6-inch increments to a depth 
of 24 inches. Relative humidity was measured with a sling 
psychrometer. The stage of phenological development of each 
tree was evaluated at the time of spraying. 

Root mortality was evaluated during the fall, 1973. Since 
the tops of the trees were killed by spraying, generally the new 
growth originated at the basal crown. Any stem or basal 
sprouting constituted live trees. The data were analyzed by 
chi-square analysis and statistical differences were denoted at 
the 95% confidence level between herbicides and regrowth 
ages, separately for each month. 

Results and Discussion 

Control of regrowth in this study was primarily dependent 
upon the herbicides applied and the date of application (Fig. 
0 

Resprouts sprayed in May were easily controlled by the 
various herbicide treatments, although the soil temperature 
(1%inch depth) was below the recommended level (75’F or 
24°C) for spraying (Dahl et al., 1971). Percent root mortality 
was greatest from plants sprayed with Tordon 225 Mixture but 
there were few differences among age groups. One-year-old 
resprouts sprayed in May possessed both mature and immature 
leaves. A few yellow and white flowers were present on the 
trees sprayed but the majority of the trees had flower spikes 

r Use of trade names does not constitute endorsement by the authors or 
Texas Tech University. They are used for the convenience of the reader. 
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Table 1. Climatic data and phenology of the different ages of honey mesquite regrowth on the dates of herbicide application in 1972. 

Average soil Average soil water 

Date of Age of Predominant stage Abundance temp. (“C) at various content (%I) at various Air 
herbicide resprout of phenological of flowers/ depths (inch) depths (inch) 

Relative 
temperature humidity 

application (years) development trees (%) 6 12 18 24 O-6 6-12 12-18 18-24 CC) (%) 

May 15 

May 17 

May 16 

June 14 

June 17 

June 13 

July 12 

July 11 

July 11 

Aug. 15 

Aug. 14 

Aug. 14 

1 

7 

14 

1 

7 

14 

1 

7 

14 

1 

7 

14 

most leaves dark 
green; spikes S-‘/2 
extended 

25 

leaves dark green; 65 
spikes S-‘/2 ex- 
tended; some white 
flowers; few pods 

leaves dark green; 31 
white and yellow 
flowers; few pods 

most flowers abort.; 11 
pods 3-6” long 

most flowers abort.; 34 
pods 3-6” long 

most flowers abort.; 24 
pods 3-6” long 

many new leaves; 24 
most S-‘/2 extended; 
few pods 

no new leaves; all 31 
pods beginning to 
mature 

no new leaves; all 
pods beginning to 
mature 

31 

no new leaves; most I 1 
flowers aborted; 
pods 3-6” long 

pods matured and 0 
fallen from tree 

pods matured and 0 
fallen from tree 

20.0 20.3 20.7 19.9 13.5 8.0 7.9 6.9 29 35 

27.7 23.5 22.4 21.7 12.0 10.3 10.8 11.3 32 34 

26.1 23.8 23.1 21.3 13.5 11.5 10.7 11.2 30 40 

29.9 26.5 25.5 25.4 11.3 11.3 12.1 12.8 31 57 

26.3 26.8 26.6 26.2 

26.3 26.0 25.5 25.0 

12.4 9.2 9.9 10.5 

9.3 11.1 12.0 12.0 

30 53 

27 64 

32.9 29.5 29.0 28.1 7.3 8.3 10.1 8.5 

12.7 10.3 13.1 13.1 

37 33 

29.1 28.7 28.4 27.8 31 66 

29.7 30.6 30.1 28.8 6.0 7.7 8.6 7.7 24 73 

27.5 27.9 27.8 28.1 12.9 10.2 10.7 10.7 31 54 

27.6 28.3 29.2 28.0 12.7 8.7 9.1 9.1 30 67 

27.8 29.0 28.6 28.7 9.7 7.6 9.8 10.6 27 63 

that ranged from closed to fully extended but not blooming. 
The phenological stage of the 7- and 14-year-old resprouts was 
more advanced than that of the l-year-old resprouts. 

By mid-June, the soil temperature (18-inch depth) had 
warmed to approximately 77°F (25°C). Most flowers on 
resprouts of all ages had aborted; others had developed 
immature pods 3 to 6 inches long. Root mortalities (%) 
obtained from spraying with Tordon 225 Mixture were 
significantly greater than those obtained from spraying with 
either 2,4,5-T amine or 2,4,5-T ester. There were no significant 
differences among percent root mortalities of the different age 
groups. 

Excellent control was obtained by spraying 7-year-old 
resprouts with Tordon 225 Mixture in mid-July. By contrast, 
other treatments applied during this period were much less 
effective. Most trees possessed maturing pods at this time; 
however, the I -year-old resprouts had put out many new 
leaves and young, immature flower spikes. Stem sprouts were 
present in the fall, 1973, on approximately 11% of the trees 
sprayed during July, 1972. 

Since the climatic and soil conditions were very similar for 
all sites on a particular spray date in this study (Table l), the 
reason the kill was greater on one age of regrowth than on 
another is not readily apparent. However, some of the 
differences in kill may possibly be explained by Crafts (1964). 
Even though fully expanded leaves offer the greatest surface 
area for uptake of herbicides, green or succulent stems may 
also absorb these compounds. Therefore, when systemic 
herbicides are used, the amount of herbicides reaching the 
effective sites from stem absorption (since the stems are closer 
to the desired sites of action in the roots) may migrate directly 
to the sieve cells and move out via the phloem. The 1 -year and 
possibly some of the 7-year-old resprouts which were treated 
possessed new green succulent stems throughout the study. 
These differences in absorption between the leaf and stem may 
account for some of the higher kills on the younger resprouts 
in this study. 

Conclusions 

Effectiveness of herbicides applied in August was erratic. 
The amine formulation of 2,4,5-T applied to any age of 
resprouts was totally ineffective. Effective resprout control 
during August with either 2,4,5-T ester or Tordon 225 Mixture 
was dependent upon the age of resprouts. Trees sprayed in 
August but not root-killed were characterized by abundant 
stem sprouting in the fall, 1973. 

Mesquite regrowth (1 to 14 years old) in the Rolling Plains 
of Texas was effectively controlled with herbicides applied 
during May and June, 1972, prior to pod maturity. However, 
similar age regrowth sprayed during July or August was not 
effectively controlled. Tordon 225 Mixture was clearly more 
effective than either 2,4,5-T amine or 2,4,5-T ester in 
controlling the different ages of regrowth. Tordon 225 
Mixture was also more effective when sprayed in July and 
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Fig. 1. Average root mortality (%) of I-, 7-, and 14-yearaId regrowth of honey mesquite sprayed with 2,4,5-Tamine, 2,4,5-T ester, and Tordon 
225 Mixture during 4 months in 1972. Bars having the same lower case letters were not significantly different (0.05 level). 

August than either the amine or ester formulation of 2,4,5-T. 
The age of regrowth, between 1 and 14 years, had less effect 
on root mortality caused by spraying than the kind of 
herbicide used or the time of spraying. 
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Effect of Surface-applied Sulfuric Acid 

on Growth and Nutrient Availability of 

Five Range Grasses in Calcareous Soils 

J. RYAN, J. L. STROEHLEIN, AND S. MIYAMOTO 

Highlight: In a greenhouse pot study, the application of 
concentrated sulfuric acid to two calcareous soil surfaces 
significantly increased growth of five range grasses: Lehmann 
lovegrass (Eragrostis lehmanniana Nees.), Wilman lovegrass (E. 
superba Peyr.), atherstone lovegrass (E. atherstonei Stapf), 
weeping lovegrass (E. curvula (Schrad.) Nees.), and blue 
panicgrass (Panicum antidolale Retz.). These species varied in 
their response to soil applied phosphorus (P), iron (Fe), and 
sulfuric acid. The effectiveness of H2S04 was attributed 
principally to increased solubility of these elements. Sulfuric 
acid, being produced in large quantities in the Southwest, may 
prove to be a suitable alternative to existing Fe and P 
fertilizers. 

Maintenance and improvement of Southwestern rangelands 
depends mainly on grazing management without significant 
use of fertilizers. However, several studies have shown that 
fertilization, particularly with nitrogen (N), can increase 
pasture output and quality (Holt and Wilson, 1961). 
Responses to applied phosphorus (P) are less well documented 
and generally occur in the presence of adequate N 
(Burkholder, 1967), and where P is deficient in the soil 
(Martin et al., 1957). Research on micronutrient fertilization 
of rangelands is limited, with no evidence of any response to 
applied iron (Fe) despite the fact that Kuykendall (1956) 
estimated that soils in the Western states were generally low in 
available Fe. Bales (1965) observed growth responses of mixed 
chaparral vegetation to a micronutrient mixture, but did not 
specifically attribute responses to Fe. 

Recent work has shown that sulfuric acid (H2S04) can 
increase Fe availability (Ryan et al., 1973) and P availability 
(Ryan and Stroehlein, 1973) in deficient soils. Other benefits 
include improved water penetration into sodic soils (Yahia et 
al., 1975) resulting in better stand establishment. In view of 
the projected surplus of H2S04 from copper smelting in the 
Southwest and the high cost of rangeland fertilization, the 
possible use of acid as an amendment for range soils or its 
disposal under controlled conditions on these extensive areas is 
worthy of consideration. This paper examines the effect of 
Hz SO4 on growth and P and Fe nutrition of five grass species 
grown in the Southwest. 

Experimental Procedure 

Two calcareous soils were used in the study. The Cave soil 
is representative of extensive areas of noncultivated soils in 
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Southern Arizona and is used for desert range, wildlife, and 
urban development. It is highly calcareous, overlying an 
indurated lime hardpan (caliche), and was shown to be low in 
available Fe (Ryan et al., 1973). The Comoro soil, formed on 
recent alluvium and widely used for irrigated agriculture and 
rangeland, is low in available P (Ryan and Stroehlein, 1973). 
The respective pH values (water:soil, 5: 1) were 8.3 and 8.1, 
while CaCO a contents were approximately 20 and S%, 
respectively. 

I he soils, taken from surface horizons, were sieved through 
a 2-mm screen and 1.5-kg lots potted. The soil treatments were 
50 ppm Fe on a weight basis as FeS04 . 7Hz 0; 300 ppm P as 
Ca(H2 P04)* mixed uniformly with the soil; and 1, 5, and 10 
ml concentrated H2 SO4 applied to the soil surface, equivalent 
to 1.1, 5.5, and 11 .O tons per hectare on an area basis. A series 
of untreated pots served as controls. The H2 SO4 treated pots 
were leached with two pore volumes of water to remove excess 
soluble salts produced by acidification. After drying, the pots 
were seeded with five species of range grass: Lehmann 
lovegrass (Eragrostis lehmanniana Nees.), Wilman lovegrass (E. 
superba Peyr.), atherstone lovegrass (E. atherstonei Stapf.), 
weeping lovegrass (E. curvula (Schrad.) Nees.), and blue 
panicgrass (Panicum antidolale Retz.). All treatments were 
replicated three times in a randomized block design. Plants 
were grown from December 12, 1973, to July 23, 1974, with 
three harvests taken on April 29, June 9, and July 23, 
respectively. At the beginning of each growth period 200 ppm 
N as NH4N0a were added solution. The pots were watered to 
field capacity as necessary with no precise measurements made 
of the amount of water used. 

After drying at 65°C for 24 hours the plant weights were 
recorded. The material was digested with nitric-perchloric acid 
and analyzed for P and Fe by standard methods. Fresh samples 
of the material were also extracted with methanol to 
determine chlorophyll content according to Johnson (1974). 
After the final harvest the potted soil was analyzed for 
DTPA-extractable Fe and available P by CO*-saturated 
extraction. 

Results 

Growth responses occurred with both Fe and P application 
on each soil. Increases were greatest for Fe on the Cave soil 
and for P on the Comoro soil; consequently only these data 
are presented. Dry matter yields from the Fe treated (50 ppm) 
and untreated Cave soil for three harvests are presented in 
Table 1. In the first harvest, all species responded to Fe, the 
order being weeping lovegrass, Wilman lovegrass, Lehmann 
lovegrass, blue panicgrass, and atherstone. In general, the 
relative responses increased with time, reflecting decreased 
growth on the untreated soil and sustained growth on the Fe 
treated pots. All species responded to the P treatment (300 
ppm) in the first harvest, but the magnitude of the response 
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Table 1. Yield (g/pot) response of range grasses to applied Fe (50 ppm) for three harvests from the Cave soil (average of three replications). 

Grass species 

Lehmann lovegrass 
Wilman lovegrass Blue panicgrass 
Atherstone 
Weeping lovegrass 

Harvest 1 Harvest 2 Harvest 3 
Percent Percent 

Control Fe 
Percent 

increase Control Fe increase Control Fe increase 

1.4 2.5** 78 1.8 6.6** 300 1.8 4.2*” 
2.5 

133 
5.1** 104 1.8 4.7** 161 1.3 6.5** 3.2 400 4.2” 

31 0.7 2.7** 286 0.5 4.8** 2.1 2.3 860 
105; 1.7 3.7** 118 0.6 3.9** 0.2 2.3”” 550 0.1 3.8** 3700 

0.0 4.4** - 

* PGO.05. 
**p< 0.01. 

decreased in subsequent harvests (Table 2). 
The effect of surface applied H2 SO4 on dry matter yield is 

presented in Table 3 for the Cave soil. Without exception, 
yields were increased with increasing levels of acid. This 
response persisted throughout the three harvests with the 
magnitude varying with the species. The most noteworthy 
exception to the general pattern occurred with weeping 
lovegrass, which produced significant growth only at the 
highest acid level. Data from the Comoro soil exhibited a 
pattern (Table 4) similar to that obtained from the Cave soil. 

In the absence of a reliable measure of physiologically 
active Fe in plant tissue by total Fe analysis, the chlorophyll 
concentration was chosen to quantify greenness in the plant, 
thereby reflecting active Fe (Johnson, 1974). Visual 
differences in color appeared in the second growth period and 
were accentuated in the third. Color variation was apparent in 
all species except Lehmann lovegrass on the Cave soil, and 

only in blue panicgrass on the Comoro soil. Consequently, 
only these data are presented in Table 5. Highest values were 
obtained from the Fe soil treatment, while the untreated and 
the P treated pots were generally pale green to chlorotic. The 
application of H2 SO4 consistently increased chlorophyll 
concentrations of all species listed, but generally not to the 
extent of the Fe treatment. 

Analyses of the soil after the final harvest for 
CO;!-extractable P and DTPA-extractable Fe revealed the P 
and Fe treatments significantly increased these values in the 
soil (Table 6). The lowest level of H2 SO4 had no effect on soil 
values, while extractable P in the surface 3 cm of the Cave soil 
was increased by the 5 ml HzS04 treatment. Both P and Fe 
were increased to a depth of 6 cm for both soils by the highest 
acid rate. In the case of P, all layers were influenced for the 
Comoro soil. The highest level of H2S04 resulted in only a 
slight decrease in pH to 7.0 in the top 3 cm of the Comoro 
soil, and to 7.8 for the Cave soil. 

Table 2. Yield (g/pot) response of range grasses to applied P (300 ppm) for three harvests from the Comoro soil (average of three replications). 

Harvest 1 Harvest 2 Harvest 3 

Percent Percent Percent 
Grass species Control P increase Control P increase Control P increase 

Lehmann lovegrass 2.8 5.5”” 96 0.8 0.8 0 - 
Wilman lovegrass 1.9 3.1** 63 2.4 3.3* 38 3.4 3.5 3 
Blue panicgrass 3.1 3.9** 26 1.9 1.9 0 5.5 5.5 0 
Atherstone 1.8 2.6” 44 2.2 2.3 5 2.4 2.4 0 

Weeping lovegrass 0.4 0.5 25 0.2 0.2 0 0.3 0.3 0 

* P< 0.05. 
**p < 0.01. 

Table 3. Effect of soil applied H, SO, (0, 1, 5, 10 ml/pot) on dry matter yields (g/pot) of range grassesgrown on the Cave soil (average of three 
replications). 

Harvest 1 Harvest 2 Harvest 3 

Species 0 1 5 10 0 1 5 10 0 1 5 10 

Lehman lovegrass 1.4 2.5 ** 3.6** 4.6”” 1.8 4.2”” 5.5** 8.7** 1.8 2.7* 3.7** 5.3** 
Wilman lovegrass 2.5 3.9** 4.2** 5.8”” 1.8 3.3** 3.6”” 4.8** 1.3 1.7 2.3” 4.4”” 
Blue panicgrass 3.2 4.5** 4.5 ** 5.1** 0.7 1.6”” 1.9** 2.9** 0.5 1.8** 2.8** 
Atherstone 2.3 2.8” 3.7** 4.7** 1.7 1.8 3.6”” 4.0** 0.6 1.6”” 2.3”* 
Weeping lovegrass 0.2 0.5 0.7* 2.1”” 0.1 0.1 0.5* 2.7”” 0.0 0.2 1.2** 

Response to H?SO,: *P< 0.05, **P< 0.01. 

Table 4. Effect of soil applied H,SO, (0, 1, 5, 10 ml/pot) on dry matter yields (g/pot) of range grasses grown on the Comoro soil (average of 
three replications). 

Harvest 1 Harvest 2 Harvest 3 

Species 0 1 5 10 0 1 5 10 0 1 5 10 

Lehman lovegrass 2.8 3.7** 6.1** 13.1** 0.8 1.1 2.0** 4.3** - 

Wilman lovegrass 1.9 2.5” 5.9** 9.9** 2.4 3.7”” 4.1** 6.2** 3.4 4.3** 5.7** 7.2** 

Blue panicgrass 3.1 3.5 5.8*” 4.3** 1.9 2.3* 2.8** 3.6”* 3.3 4.6” * 5.0** 5.6** 

Atherstone 1.8 4.1** 10.1** 9.5** 2.3 2.6 3.9”” 4.7** 2.4 3.5** 5.9** 7.1** 

Weeping lovegrass 0.4 0.4 3.0** 7.0** 0.2 0.7* 2.9”” 6.6”” 0.3 0.4 1.3** 6.7”” 

Response to H,SO,: *P< 0.05, **P< 0.01. 
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Table 5. Chlorophyll concentration (mg/g of plant material) in range grasses at third harvest treated with phosphorus, iron, and sulfuric acid 
(average of three replications). 

Soil 

Cave 

Comoro 

Grass species 

W ilman lovegrass 
Blue panicgrass 
Atherstone 
Weeping lovegrass 

Blue panicgrass 

Control 

2.4 
4.3 
1.9 

- 

2.5 

Ca(H,PO,).,H,O FeSO, .7H,O H, SO, (ml/pot) 

(300 ppm P) (50 ppm Fe) 1 5 10 

2.7 6.0 4.1 4.8 5.0 
3.4 5.7 3.5 4.3 5.1 
2.6 9.6 3.3 3.7 5.0 

- 6.6 - - 1.5 

3.0 5.0 2.5 3.7 5.1 

Discussion 

In view of the absence of any convincing benefits from 
fertilization of rangelands with micronutrients (Bales, 1965; 
Eckert et al., 1961; and Retzer, 1954) the responses to Fe are 
of particular interest and point to a severe information 
deficiency on this aspect of rangeland. As Fe availability is low 
in calcareous soils, primarily due to high soil pH (Hodgson, 
1963), and since these soils are widespread in the West, we can 
reasonably infer that Fe deficiency poses a limitation on 
growth of nonnative plants. While plants vary in their 
sensitivity to low Fe availability, these data clearly show that 
weeping lovegrass is poorly adapted to Fe deficient soils. 
Lehmann and Wilman lovegrasses would probably be most 
competitive with other adapted species. 

The continued response to Fe in contrast to that for P 
indicates that Fe has a proportionately greater influence on 
established grasses. The absence of a response to P after the 
initial harvest may have been due to gradual immobilization of 
the applied P and/or development of a mature rooting system 
resulting in greater exploitation of native soil P than fertilizer 
sources. These data suggest that fertilizer P could be 
effectively used to stimulate early growth and establishment 
after reseeding. With the supply of water and N being at 
optimum levels in this study, responses to both Fe and P are 
higher than expected in the field. 

greater influence on growth, particularly in the second and 
third harvests. 

Application of H2S04 stimulated growth of all species. 
Previous studies with acidification of calcareous soils on 
nutrient solubility (Pratt, 1961; Ryan et al., 1974) as well as 
soil data (Table 6) and chlorophyll concentration (Table 5) 
infer that the increased growth was largely due to increased Fe 
and P solubility in the soil. A consideration of the responses to 
Fe and P (Tables 1, 2) suggests that Fe had a proportionately 

Table 6. CO,-extractable P (ppm) and DTPA-extractable Fe (ppm) 
from soils treated with phosphorus, iron, and sulfuric acid. 

Soils 

The low rate of H2 SO4 is within the range of practical field 
application. However, data in Table 6, taken after three 
harvests, indicate that such a rate would not have a persistent 
effect. In general, DTPA-extractable Fe values less than 2.1 
ppm are considered deficient, while CO2 -extractable P values 
less than 3.0 ppm are usually deficient, depending on the type 
of crop grown. The highest rate of 11 tons HzS04/hectare 
further increased growth, having only the slightest effect on 
soil pH. In view of the high buffering capacities of 
Southwestern calcareous soils, they may be used to safely 
dispose of large quantities of acid if surpluses develop as 
predicted by McKee (1969). While surface application of 
H2S04 may be technically most feasible, other methods such 
as placement or soil injection may be more efficient in terms 
of plant growth (Ryan and Stroehlein, 1973). 

The potential benefits of H2 SO4 use on rangelands include 
increased livestock carrying capacity and reduced erosion as a 
result of better vegetative cover. The latter aspects are 
important for exposed soil surfaces resulting from open pit 
and strip mining. Sulfuric acid has also been shown to increase 
water penetration into sodium-affected calcareous soils (Yahia 
et al., 1975). Using H2S04, therefore, may not only improve 
productivity of existing range soils but would render 
previously barren areas productive. As some range soils are 
deficient in S as shown by Martin (1958) in California, 
responses from the sulfate of H2S04 may also occur. While 
these studies point to such possibilities, the practical problems 
of field application, such as water management to adequately 
leach salts produced by acidification, will be the concern of 
future work. Since the use of P and Fe fertilizers on rangeland 
is generally uneconomical due to high costs and low returns, 
H2S04 may prove to be a suitable alternative, if and when 
sulfuric acid disposal becomes a reality. 
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A Comparison of Three Methods of 

Estimating Digestibility for Determining 

Intake of Grazing Cattle 

WILLIAM P. HANDL AND LARRY R. RITTENHOUSE 

Highlight: In vitro plus pepsin digest (IVP), lignin ratio 
(LR), and in vitro plus neutral detergent digest (IT/ND) were 
of about equal value in estimating digestibility of spring forage 
grazed by steers, provided the limitations of each were 
considered. However, when these methods of estimating 
digestibility were used to estimate intake, only the IVP and 
LR methods gave realistic results. The II/ND results were 
lower than the expected physical capacity of the animals, and 
indicated further study of this method is needed. 

Digestibility of grazed herbage cannot be determined 
directly because intake cannot be measured. Many techniques 
have been developed to estimate dry matter digestibility of 
grazed herbage. Selection of an indirect technique to estimate 
in vivo digestibility is complicated by many variables (Streeter, 
1969). Currently, techniques using indicator ratios or in vitro 
digestion are most widely accepted. 

For the scientist who is conducting grazing trials of any 
extent, the main criterion for selecting a technique is one 
which results in a minimum amount of time and expendable 
effort in both field collection and laboratory analysis, yet gives 
reliable results. Our study compared two in vitro digestion 
techniques and the lignin ratio (LR) as methods of estimating 
in vivo digestibility for determination of total voluntary intake 
of grazing steers. Twelve trials were conducted over a period of 
2 years. 
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Methods 

The study was conducted during the springs of 1970 and 
1971 on a crested wheatgrass (Agropyron desertorum (F&h.) 
Schult.) pasture located at the Squaw Butte Range Station in 
southeastern Oregon. Herbage samples were obtained from (1) 
a representative sample of hand-clipped material used to 
estimate pasture production during 1970 and 1971; and (2) 
dietary samples collected from eight esophageally fistulated 
steers in 1971. Total fecal collections were obtained from a 
separate group of eight yearling steers averaging 270 kg. All 
samples were dried at 50°C in a forced air oven, ground 
through a Wiley mill to pass a 20-mesh screen, and daily 
aliquots cornposited for each animal. 

Lignin was analyzed using the method of Van Soest (1963) 
and cell wall constituents (CWC) by the method of Van Soest 
and Wine (1967). In vitro digestibility was determined by the 
methods of Tilley and Terry (1963), using a 4%hour pepsin 
digest (IVP), and Van Soest et al. (1966), using a CWC digest 
(IVND). 

Estimates of dry matter intake (DMI) were calculated from 
fecal production values and estimates of dry matter 
digestibility (DMD) using the following formulae: 

DMI by LR = (Fecal production, kg) 
(Lignin, feces) ( 1) 

(Lignin, feed) 

DMI by IVD = 
kg fecal production 

1 - dry matter disappearance coef. 
(2) 

DMI by IVND = 
kg fecal production of CWC 

1 - dry matter disappearance coef. 
(3) 

The method of Van Soest et al. (1966) is an algebraic 
identity of the microdigestion technique proposed by Van 
Dyne and Meyer (1964), except the Van Soest method utilizes 
digestible CWC rather than digestible cellulose. Since IVND 
approximates true DMD, the need for a conventional digestion 
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A Comparison of Three Methods of 

Estimating Digestibility for Determining 

Intake of Grazing Cattle 

WILLIAM P. HANDL AND LARRY R. RITTENHOUSE 

Highlight: In vitro plus pepsin digest (IVP), lignin ratio 
(LR), and in vitro plus neutral detergent digest (IVND) were 
of about equal value in estimating digestibility of spring forage 
grazed by steers, provided the limitations of each were 
considered. However, when these methods of estimating 
digestibility were used to estimate intake, only the IVP and 
LR methods gave realistic results. The IVND results were 
lower than the expected physical capacity of the animals, and 
indicated further study of this method is needed. 

Digestibility of grazed herbage cannot be determined 
directly because intake cannot be measured. Many techniques 
have been developed to estimate dry matter digestibility of 
grazed herbage. Selection of an indirect technique to estimate 
in vivo digestibility is complicated by many variables (Streeter, 
1969). Currently, techniques using indicator ratios or in vitro 
digestion are most widely accepted. 

For the scientist who is conducting grazing trials of any 
extent, the main criterion for selecting a technique is one 
which results in a minimum amount of time and expendable 
effort in both field collection and laboratory analysis, yet gives 
reliable results. Our study compared two in vitro digestion 
techniques and the lignin ratio (LR) as methods of estimating 
in vivo digestibility for determination of total voluntary intake 
of grazing steers. Twelve trials were conducted over a period of 
2 years. 

Methods 

The study was conducted during the springs of 1970 and 
197 1 on a crested wheatgrass (Agropyron desertorum (Fisch.) 
Schult.) pasture located at the Squaw Butte Range Station in 
southeastern Oregon. Herbage samples were obtained from (1) 
a representative sample of hand-clipped material used to 
estimate pasture production during 1970 and 1971; and (2) 
dietary samples collected from eight esophageally fistulated 
steers in 1971. Total fecal collections were obtained from a 
separate group of eight yearling steers averaging 270 kg. All 
samples were dried at 50°C in a forced air oven, ground 
through a Wiley mill to pass a 20-mesh screen, and daily 
aliquots cornposited for each animal. 

Lignin was analyzed using the method of Van Soest (1963) 
and cell wall constituents (CWC) by the method of Van Soest 
and Wine (1967). In vitro digestibility was determined by the 
methods of Tilley and Terry (1963), using a 48-hour pepsin 
digest (IVP), and Van Soest et al. (1966), using a CWC digest 
(IVND). 

Estimates of dry matter intake (DMI) were calculated from 
fecal production values and estimates of dry matter 
digestibility (DMD) using the following formulae: 

DMI by LR = (Fecal production, kg) 
(Lignin, feces) (1) 

(Lignin, feed) 

DMI by IVD = 
kg fecal production 

1 - dry matter disappearance coef. 
(2) 

Authors are graduate assistant and assistant professor, Rangeland 
Resources Program, Squaw Butte Experiment Station, Burns. Oregon 
97720. Hand1 at present is with the Forestry $kienCeS Laboratory, 
Bozeman. Montana 5 97 15. 

kg fecal production of CWC 
DMI by IVND = 

1 - dry matter disappearance coef. 
(3) 

The study is a contribution from the Squaw Butte Experiment 
Station, Burns, Ore. This Station is jointly operated by Oregon 
Agricultural Experiment Station, Oregon State University, and 
Agricultural Research Service, U.S. Department of Agriculture. 
Technical Paper number 3907. Oregon Agricultural Experiment 
Station. - 
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The method of Van Soest et al. (1966) is an algebraic 
identity of the microdigestion technique proposed by Van 
Dyne and Meyer (1964), except the Van Soest method utilizes 
digestible CWC rather than digestible cellulose. Since IVND 
approximates true DMD, the need for a conventional digestion 
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Table 1. Digestibility (%) of crested wheatgrass using three methods 
in vitro plus pepsin digestion (IVP), lignin ratio (LR), and in vitro plus 
neutral detergent extraction (IVND). 

Dates Number 
included of trials IVP 

Digestibilitya, b 
LR IVND 

4/28-5128170 5 65x 67x 752 
6/6-6/18/70 3 58x 61x 682 
4/14-618171 4 61x(60)x 62x(56)x 73z(76)z 
Mean 61x 63x 72~ 

a Values in parenthesis were determined from diet samples. 
bMeans within rows followed by the same letter are not different at the 

0.05 probability level; clipped kd diet samples analyzed separately. 

trial is eliminated (see Van Soest et al., 1966). 
Trial means were compared using Duncan’s Multiple Range 

test following an analysis of variance. Homogenity of 
regression slopes was tested with an analysis covariance. 

Results and Discussion 

Digestibility estimated from the in vitro plus neutral 
detergent extraction method (IVND) was higher than DMD 
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Fig. 1. Digestibility of clipped and diet samples of crested wheatgrass 
herbage on various dates from three methods, i.e., lignin ratio (LR), 
in vitro plus pepsin digest (IVP) and in vitro plus neutral detergent 
digest (IVND). 

IVP or LR DIGESTIBILITY, % 
Fig. 2. A comparison of in vitro plus pepsin digest (IVP) and lignin 

ratio (LR) digestibilities with in vitro plus neutral detergent digest 
(IVND) on clipped and diet samples. 
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determined from either the in vitro plus pepsin digestion (IVF’) 
or lignin ratio (LR) methods, i.e., 72 vs 61 and 63%, 
respectively (Table 1). This was consistent in all 12 trials. As 
discussed by Van Soest et al. (1966) the difference between 
the IVP and IVND methods can be attributed to removal of 
bacterial residue by neutral detergent extraction, whereas, 
bacterial residue remains following pepsin digestion. The LR 
method is not influenced by endogenous and/or bacterial 
residues. 

In theory an in vitro technique should give the best 
estimate of in vivo DMD because all factors and inhibitors 
known and unknown influence the results (Van Soest, 1970). 
On the herbage used in this study, there was little advantage of 
one in vitro method over the other for showing changes in 
DMD with advance in season and maturity of herbage (Fig. 1). 
The LR method gave results comparable to the two in vitro 
techniques. 

Through analysis of covariance, the homogeneity of 
regression slopes between the LR and IVP methods were 
compared with the IVND method (Fig. 2). No significant 
difference (P > 0.10) was found between either clipped or diet 
samples. The amount of variation among diet samples was 
small compared to clipped samples. Within clipped samples the 
IVP method accounted for more variation than the LR (R* = 
0.80 and 0.40, respectively). This would be expected since 
both IVP and IVND were in vitro techniques. Experience and 
the literature (Streeter, 1969) have shown reason for caution 
in the use of lignin as an internal indicator when lignin 
concentrations in the herbage are less than 5%. Lignin values in 
this study ranged from 2.7 to 5.2%. Van Soest (1970) has also 
adequately cautioned against incomplete recovery because of 
artifact lignin and the Maillard reaction. 

Dry matter intake of grazing steers (Table 2) was estimated 
from the fecal production-indigestibility ratio (Equations 1, 
2, and 3), utilizing estimates of DMD determined from the 
three methods, i.e., LR, IVP, or IVND. Estimates of DMI using 

clipped, IVP O---- 
diet, IVP m---- 

clipped, LR O- 
diet, LR a-- 

50 60 70 



Table 2. Dry matter intake (kg) of steers grazing crested wheatgrass 
determined from three methods of estimating digestibility.a 

Dates Number Dry matter intakebFc 

included of trials IVP LR IVND 
4/28-5/28/70 5 7.2x 7.6x 5.32 
6/6-6118170 3 6.7x 7.1x 5.3x 
4/W-6/8/71 4 6.5x(6.4)x 6.6x(5.9)x 5.12(5.7)x 
Mean 6.8x 7.1x 5.22 

a IVP = in vitro plus pepsin digest; LR = lignin ratio; IVND = in vitro 
. plus neutral detergent digest. 
DNumbers in parenthesis were calculated from diet samples. 
‘Means within rows followed by the same letter are not different at the 

0.05 probability level; clipped and diet samples analyzed separately. 

Equation 1 (digestibility by LR) were not significantly (P > 
0.05) different from DMI estimated using Equation 2 (IVP 
digest). Estimates of DMI using Equation 3 (IVND) were lower 
than those estimated from either the LR or IVP methods (5.2 
vs 6.8 and 7.1 kg, respectively). Estimates of DMI using 
equations 1 or 2 were reasonable based on the expected intake 
of these animals, i.e., about 110 g per BW&75. The estimates 
of DMI obtained using Equation 3 were lower than the 
expected physical capacity of the steers. 

Any differences in DMI between Equations 1 and 2 would 
be a direct result of differences in estimated DMD between the 
LR and IVP methods. Comparatively, the lower DMI values 
obtained by using Equation 3 could have been either a 
reflection of the method utilized to estimate true digestibility 
(IVND) or the method used to determine percentage cell wall 
constituents in fecal samples. Since difficulties in filtering the 
highly proteinaceous fecal samples were encountered, the 
latter seems probable. Furthermore, using the summative 
equation of Van Soest (1967), assuming 12.9 as an estimate of 
metabolic excretion to estimate DMD, resulted in estimates of 
intake similar to IVP and LR methods. Filtering of herbage 
samples was not a problem. 

Summary and Conclusions 

This study compared the lignin ratio (LR), in vitro (pepsin 

digest) (IVP), and in vitro (neutral detergent digest) (IVND) 
methods of estimating in vivo digestibility for determining 
intake of grazing steers, during 12 trials. 

For purposes of estimating digestibility, each of the 
methods gave reasonable results. Because the herbage dry 
matter was highly digestible (average 62% apparent and 72% 
true), variation among methods was small and each responded 
similarly within dates. 

Dry matter intake determined using the IVP and LR 
methods of estimating DMD were more realistic than DMI 
determined using true digestibility estimated from the IVND 
method. Further study of the latter technique is needed. 
Apparently, some of the inaccuracy results from laboratory 
preparation of the CWC fraction. 

Considering the previous discussion on lignin, the IVP and 
LR methods of estimating digestibility are suitable for 
determining intake of herbage grazed in the spring. However, 
when other factors such as time required and ease of use are 
considered, the IVP method may be more realistic when large 
numbers of samples are involved. 
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Number of Fistula Samples Needed for Determination 

of Sheep Diet on Sagebrush-Grass Range 

R. 0. HARNISS, D. A. PRICE, AND D. C. TOMLIN 

Highlight: Sheep diet was examined in 
the spring season on sagebrush-grass range in 
northeastern Idaho. Balsamroot and blue- 
grasses were the preferred plant species. The 
number of esophageal fistula samples 
needed for estimating the botanical and 
chemical components was determined. Bo- 
tanical samples were more variable than 
chemical samples indicating a greater 
number of botanical samples for the same 
precision. 

Samples collected from esophageal 
fistulated sheep have been used to 
determine botanical and chemical 
components in the diet of sheep graz- 
ing on the range. The number of 
samples needed to estimate the diet 
components have been determined for 
relatively few vegetation types. Data 
collected at the U.S. Sheep Experi- 
ment Station in northeastern Idaho 
were used to determine optimal 
sample numbers on sagebrush-grass 
range. 

In mid-May, 1968, twelve ‘L-year- 
old wethers, fitted with permanent 
esophageal cannulae (Cook et al., 
1958), were used to collect vegetation 
samples representing the diet of sheep 

Authors are rang, scientist, U.S. Depart- 
ment of Agriculture, Forest Service, Inter- 
mountain Forest and Range Experiment 
Station, Ogden, Utah 84401, stationed in 
Logan, Utah, at the Forestry Sciences labo- 
ratory, maintained in cooperation with Utah 
State University; director, U.S. Sheep 
Experiment Station, Agricultural Research 
Service, U.S. Dep. Agr., Dubois, Idaho 
83423, in cooperation with the University 
of Idaho, Moscow; and animal nutritionist, 
presently at the University of Alaska, 
College, Alaska 
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grazing sagebrush-grass range. The 
animals were penned each evening and 
turned out to graze with collection 
bags for about 1 hour near daybreak 
on 3 consecutive days. Individual 
samples were thoroughly mixed and 
split each day into a sample for 
chemical analysis and another for 
botanical analysis. During this sam- 
pling period, grazing pressure on the 
pasture was light (about 3 sheep days 
per acre). 

Samples for chemical analysis were 
air-dried on screens and analyzed for 
crude protein, ash (Assoc. Offic. Agr. 

Chem., 1960), neutral detergent fiber, 
acid-detergent fiber, and acid- 
detergent lignin (Van Soest, 1963). 
Data were converted to ash-free 
organic matter to minimize the effect 
of possible saliva contamination on 
chemical constituents (Wallace et al., 
1972). 

Samples for botanical analysis were 
washed in a 0.073-inch sieve, rinsed 
with a 5% solution of acetic acid to 
remove saliva, ovendried at 50” C and 
ground in a Wiley mill with a 
0.0 3 9-inch screen. Samples were 
analyzed at the Composition Analysis 

Table 1. Botanical composition of pasture and sheep diet.’ 

Production 
(lb/acre 

Composition 
(% dry weight) 

Species 

Grasses 
Bluebunch wheatgrass (Agropyron spicatum) 
Indian ricegrass (Oryzopsis hymenoides) 
Bluegrass (Poa spp.)’ 
Other grasses 

Total grasses 

Forbs 
Onion (Allium spp.) 
Arrowleaf balsamroot (Balsamorhiza sagittata) 
Bastard toadflax (Comandra umbellata) 
Lambstongue groundsel (Senecio integerrimus) 
Other forbs 

Total forbs 

Shrubs 
Threetip sagebrush (Artemista tripartita) 
Other shrubs 

dry weight) Pasture Diet 

110.3 17.3 7.5 
9.0 1.4 2.8 

19.8 3.1 18.6 
11.3 1.8 .6 

150.4 23.7 29.5 

.l T3 T 
72.1 11.3 65.6 

1.5 .2 T 
.l T T 

134.2 21.1 4.8 

208.0 32.7 70.4 

184.8 29.1 .l 
91.8 14.4 

Total shrubs 276.6 43.5 .l 
’ Pasture data are from 1965; diet data are from 1968. 
‘P. secunda and P. nevadensis. 
3T = trace. 
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0 First day 
Second day 

G Third day 

BW Bluebunch wheatgrass 
IR lndlan ricegrass 
BG Bluegrasses 
A6 Arrowleaf balsamroot 
OF Other forbs 
OG Other grasses 

a First day 
X Second day 
0 Third day 

CP Crude protean 
NF Neutral detergent fiber 

AF Acid-detergent fiber 
AL Acid-detergent ltgnin 

Fig. 2. Relation 
sheep’s diet. 

bet ween coefficient of variation and mean for nutritional constituents in a 

MEAN PERCENT IN DIET 

Table 2. Means (Z), coefficients of variation (CV), and numbers of samples required to 
achieve confidence intervals of *lo% and +20% of the sample mean at 95% and 90% 
probability levels. 

0.95 level 0.90 level 

Samples -1 
X cv +lO% +20% +lO% +20% 

Botanical 
Bluebunch wheatgrass 
Indian ricegrass 
Bluegrass 
Arrowleaf balsamroo t 
0 ther forbs 

7.5 77 230 59 160 42 
2.8 136 625 180 505 127 

18.6 62 150 39 106 26 
65.6 30 37 11 26 8 

4.8 89 306 79 216 56 

Chemical 
Crude protein 21.0 15 11 5 7 4 
Neutral detergent fiber 69.3 12 8 4 6 3 
Acid detergent fiber 42.6 13 9 4 6 3 
Acid detergent lignin 9.1 27 30 9 22 7 

Laboratory, Colorado State 
University, by procedures reported by 
Sparks and Malechek (1968). One 
hundred fields per sample were 
examined with a compound 
microscope. Each field was examined 
for the presence or absence 
(frequency) of selected species. In the 
procedures reported by Sparks and 
Malechek (1968), average density 
(number per unit area) can be 
calculated from the species frequency 
in a sample by the formula F = 100 
(l-e-o), where F is frequency, D is 
density, and e represents the 
logarithmic base 2.7 1828. Percent 
relative density was calculated for each 
species by the formula RD = D/Z X 
100 where C is the sum of all species 
densities in a sample. Percent relative 
density was used as an estimate of 
percent dry weight for a species in the 
sample, assuming a linear relation 
between density and dry weight. 

Using these analytical procedures for 
determining botanical and chemical 
components, the number of samples 
necessary for alternative degrees of 
precision was determined by the 
formula t2 cv2 

n=2’ 

where t equals the value of t at n- 1 
degrees of freedom, CV is the coef- 
ficient of variation expressed in per- 
cent, and p is the half-confidence 
interval (10% or 20% of the mean) that 
is desired (Snedecor, 1956). 

Results and Discussion 

In Table 1, a comparison of the 
pasture and diet composition is shown 
for major species. During the spring, 
the sheep chose more balsamroot and 
bluegrasses than any other species. 
These species contributed a far higher 
percentage to the diet than to the total 
available herbage, an indication that 
they were highly preferred by sheep. 
Shrubs contributed little to the diet 
during this period. 

The coefficient of variation is 
closely proportional to the mean value 
of botanical and chemical components 
in the daily diet of the sheep (Fig. 1 
and 2). The larger coefficient of 
variation for botanical components in 
contrast to that for chemical 
components points out the wide 
variety of plants that can give 
nutritionally similar diets (Bohman 
and Lesperance, 1967; Harris et al., 
1967). It may also indicate that many 
plants in this vegetation type have 
about the same nutritional status in 
the spring when they are green and 
growing (Morrison, 1956). 

The only significant differences 
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that occurred between days were in 
crude protein. Such differences may 
be related to precipitation during the 
first 2 days, but not on the third day, 
of the collections. An examination of 
the data indicated little linkage (or 
bias) between sheep and days; 
therefore, the daily collections of 
sheep samples were assumed to satisfy 
the assumption of independence. 

The number of samples (sheep x 
days) necessary to predict at the 0.05 
and 0.10 confidence levels within 
+lO% and *20% of the mean are 
shown in Table 2. A large number of 
samples are needed to analyze the 
botanical constituents of the diet. In 
contrast, the chemical constituents can 
be examined with fewer samples. Plant 
or chemical components most 
abundant in a sheep’s diet can be 
sampled with fewer samples than those 
that are less abundant at the same level 
of confidence. Our data on numbers 
and the coefficient of variations to be 
expected for the botanical and 
chemical diet constituents are similar 
to those found by Van Dyne and 
Heady ( 1965a, 1965b). 

Since the coefficient of variations is 
proportional to the means of botanical 
or chemical components (Fig. 1 and 
2), preliminary estimates of sample 
numbers needed could be calculated if 
the mean percent in the diet was 
known. For example, if a species 
contributed an estimated 20% to a 
sheep’s diet, then the coefficient of 
variations expected would be about 
47% (Fig. 1) and the number of 
samples needed would be about 88 to 
estimate within 10% of the population 
mean 95% of the time. Because of the 
sample numbers needed, a species that 
contributes less than 10% to the diet 
probably would be examined at a 
lower level of confidence. 

In this study, partitioning the error 
term into sheep and day variances and 
reestimating it with differing numbers 
of sheep and days indicated that six 
sheep over 6 days would have given 
the best reduction for several plant 
species. Six is probably the minimum 
number of sheep needed to sample 
major botanical constituents in the 
diet when the cost of the experimental 
unit (esophageal-fistulated sheep) and 
the number of samples needed are 
considered. However, the addition of 
more days to obtain the required 
number of samples in rapid growing or 
drying vegetation may not be desirable 
because of shifts in animal preference 
caused by plant availability or 
maturity. 
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Constituents of In Vitro Solution 
Contribute Differently to Dry Matter 
Digestibility of Deer Food Species 
DANIEL W. URESK, DONALD R. DIETZ, AND HAROLD E. MESSNER 

Highlight: This study assessed the con- 
tribution of chemical constituents used in 
the in vitro technique by Tilley and Terry 
on digestibilities of five species of plants. 
Apparent digestibility was lowest, 28-29%, 
for water alone, buffer alone, and buffer 
plus pepsin. Dry matter loss increased to 
32-33% with either buffer + alcohol + HC1 
or buffer + alcohol + HCI + pepsin. Htphest 
apparent digestibility, 44% was reached 
with the addition of white-tailed deer in- 
oculum. HCl contributed significantly to 
digestion while pepsin did not. Degree of 
digestion varied among the five species of 
plants tested. 

Dry matter digestibility of deer 
food is commonly used to estimate 
deer range carrying capacity. The in 
vitro technique of Tilley and Terry 
(1963) is gaining popularity over the 
in vivo method; however, little is 
known about the response of food 
plants to the individual components of 
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Manuscript received December 12, 1974. 

JOURNAL OF RANGE MANAGEMENT 28(5), September 1975 

the in vitro technique. Basically, this 
technique involves digesting plant 
material in an artificial rumen with a 
solution comprised of water, buffer, 
pepsin, alcohol, hydrochloric acid, and 
rumen fluid. Barnes (1966) evaluated 
these components by testing dry 
matter disappearance of grasses and 
legumes with the following solution 
combinations: buffer, buffer with 
pepsin; buffer with rumen fluid; and 
buffer, rumen fluid, and pepsin. He 
used a 48-hour digestion period for 
incubation of the sample with buffer 
and buffer with rumen fluid, followed 
by a 24-hour incubation period with 
pepsin. Dry matter disappearance was 
33.2% with buffer alone, 41.8% with 
buffer and pepsin, 47.9% for buffer 
and rumen fluid, and 59.7% with the 
complete solution mixture of buffer, 
rumen fluid, and pepsin. 

Pearson (1970), in a study similar 
to Barnes’ (1966), evaluated three 
combinations of in vitro solution 
components for their ability to digest 
dry matter of grasses and shrubs from 
the Arizona chaparral. His data 
showed an average dry matter loss for 
the buffer alone to be 20.9% 
microorganisms digested 2 1.9% and 
the acid-pepsin accounted for 7%. 

Neither Barnes (1966) nor Pearson 
(1970) tested dry matter 
disappearance of forbs, evergreen 
grasses, or evergreen shrubs. They did 
not test with water alone, nor did they 
separate the acid-pepsin fractions. The 
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that occurred between days were in 
crude protein. Such differences may 
be related to precipitation during the 
first 2 days, but not on the third day, 
of the collections. An examination of 
the data indicated little linkage (or 
bias) between sheep and days; 
therefore, the daily collections of 
sheep samples were assumed to satisfy 
the assumption of independence. 

The number of samples (sheep x 

days) necessary to predict at the 0.05 
and 0.10 confidence levels within 
+lO% and +20% of the mean are 
shown in Table 2. A large number of 
samples are needed to analyze the 
botanical constituents of the diet. In 
contrast, the chemical constituents can 
be examined with fewer samples. Plant 
or chemical components most 
abundant in a sheep’s diet can be 
sampled with fewer samples than those 
that are less abundant at the same level 
of confidence. Our data on numbers 
and the coefficient of variations to be 
expected for the botanical and 
chemical diet constituents are similar 
to those found by Van Dyne and 
Heady ( 1965a, 1965b). 

Since the coefficient of variations is 
proportional to the means of botanical 
or chemical components (Fig. 1 and 
2), preliminary estimates of sample 
numbers needed could be calculated if 
the mean percent in the diet was 
known. For example, if a species 
contributed an estimated 20% to a 
sheep’s diet, then the coefficient of 
variations expected would be about 
47% (Fig. 1) and the number of 
samples needed would be about 88 to 
estimate within 10% of the population 
mean 95% of the time. Because of the 
sample numbers needed, a species that 
contributes less than 10% to the diet 
probably would be examined at a 
lower level of confidence. 

In this study, partitioning the error 
term into sheep and day variances and 
reestimating it with differing numbers 
of sheep and days indicated that six 
sheep over 6 days would have given 
the best reduction for several plant 
species. Six is probably the minimum 
number of sheep needed to sample 
major botanical constituents in the 
diet when the cost of the experimental 
unit (esophageal-fistulated sheep) and 
the number of samples needed are 
considered. However, the addition of 
more days to obtain the required 
number of samples in rapid growing or 
drying vegetation may not be desirable 
because of shifts in animal preference 
caused by plant availability or 
maturity. 
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Constituents of In Vitro Solution 
Contribute Differently to Dry Matter 
Digestibility of Deer Food Species 
DANIEL W. URESK, DONALD R. DIET& 

Highlight: This study assessed the con- 
tribution of chemical constituents used in 
the in vitro technique by Tilley and Terry 
on digestibih’ties of five species of plants. 
Apparent digestibility was lowest, 28-29%, 
for water alone, buffer alone, and buffer 
plus pepsin. Dry matter loss increased to 
32-33% with either buffer + alcohol + HCI 
or buffer + alcohol + HCI + pepsin. H,jghest 
apparent digestibility, 4475, was reached 
with the addition of white-tailed deer in- 
oculum. HCI contributed significantly to 
digestion while pepsin did not. Degree of 
digestion varied among the five species of 
plants tested. 

Dry matter digestibility of deer 
food is commonly used to estimate 
deer range carrying capacity. The in 
vitro technique of Tilley and Terry 
(1963) is gaining popularity over the 
in viva method; however, little is 
known about the response of food 
plants to the individual components of 
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AND HAROLD E. MESSNER 

the in vitro technique. Basically, this 
technique involves digesting plant 
material in an artificial rumen with a 
solution comprised of water, buffer, 
pepsin, alcohol, hydrochloric acid, and 
rumen fluid. Barnes (1966) evaluated 
these components by testing dry 
matter disappearance of grasses and 
legumes with the following solution 
combinations: buffer, buffer with 
pepsin; buffer with rumen fluid; and 
buffer, rumen fluid, and pepsin. He 
used a 48-hour digestion period for 
incubation of the sample with buffer 
and buffer with rumen fluid, followed 
by a 24-hour incubation period with 
pepsin. Dry matter disappearance was 
33.2% with buffer alone, 41.8% with 
buffer and pepsin, 47.9% for buffer 
and rumen fluid, and 59.7% with the 
complete solution mixture of buffer, 
rumen fluid, and pepsin. 

Pearson (1970), in a study similar 
to Barnes’ (1966), evaluated three 
combinations of in vitro solution 
components for their ability to digest 
dry matter of grasses and shrubs from 
the Arizona chaparral. His data 
showed an average dry matter loss for 
the buffer alone to be 20.9%, 
microorganisms digested 2 1.9%, and 
the acid-pepsin accounted for 7%. 

Neither Barnes (1966) nor Pearson 
(1970) tested dry matter 
disappearance of forbs, evergreen 
grasses, or evergreen shrubs. They did 
not test with water alone, nor did they 
separate the acid-pepsin fractions. The 
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Table 1. Mean dry-matter digestibilities (%) for five species of plants determined with six treatment solutions. 

Western Roughleaf Cream Solution 
Solution Chokecherry yarrow ricegrass peavine Kinnikinnick mean’ 

Distilled water 22.6 21.2 25.0 26.5 43.1 27.7 a 
Buffer 22.7 25.8 22.9 30.4 43.2 29.0 a 
Buffer + pepsin 23.4 26.5 24.5 30.0 42.5 29.3 a 
Buffer + alcohol + HCl 25.8 26.5 27.0 35.0 47.2 32.3 b 
Buffer + alcohol + HCl+ pepsin 24.9 29.4 28.9 36.3 47.4 33.4 b 
Buffer + alcohol + HCl + pepsin + rumen fluid 38.2 40.2 44.4 47.4 50.2 44.1 c 

Species mean’ 26.3 k 28.3 k 28.8 k 34.2 1 45.6 m 

1 Means were grouped by Duncan’s Multiple Range Test. Means of solutions (columns) and species (rows) followed by common letter 
designation were not significantly different (CY = 0.05). 

purpose of this study was to determine 
how digestibility ratings of selected 
Black Hills plants are affected by 
various components of the Tilley and 
Terry (1963) technique. 

Study Area and Methods 

Plant materials consisting of leaves 
and stems of five species of plants 
were collected during November 1970 
from the Black Hills Experimental 
Forest, 50 kilometers west of Rapid 
City, S. Dak., at an elevation of 1,768 
meters. The plant material tested for 
digestibility consisted of dead herbage 
from cream peavine (LathJVXU 
ochroleucus Hook) and western 
yarrow (Achilles millefolium L.), and 
live herbage from roughleaf ricegrass 
(Oryzopsis asperfolia Michx.) and 
kinnikinnick (Arctostaphylos uva-ursi 
(L.) Spreng.). Stems from dormant 
chokecherry (Prunus virgin iana L.) 
were also tested. 

The plant species selected are 
representative of several major groups 
of fall foods eaten by deer in the 
ponderosa pine (Pinus ponderosa 
Laws.) habitat type. Cream peavine is 
a highly palatable legume while 
western yarrow is an important forb in 
the deer diet. Roughleaf ricegrass 
remains green throughout the fall and 
winter as does the evergreen prostrate 
shrub -kinnikinnick-both staple 
dietary items. Chokecherry twigs are a 
favorite food of white-tailed deer on 
the area. 

The plant material was air dried, 
then ground in a Wiley mill to pass 
through a l-mm screen mesh size. A 
0.5-g sample was placed into a lOO-ml 
centrifuge tube. Each plant species was 
tested in duplicate, and a minimum of 
five controls (tubes with no plant 
material added, but subjected to the 
complete in vitro procedure) were 
included in each digestion run. 

The six test solutions were as 
follows: 

1. Distilled water only; 
2. Buffer solution kept at pH 

6.7-6.9 (Tilley and Terry, 
1963); 

420 

Buffer solution with the 
addition (after 48 hours) of 
isoamyl alcohol and 2.2 N 
hydrochloric acid (HCl); 
Buffer plus the addition of 
pepsin after 48 hours; 
Buffer with the addition (after 
48 hours) of isoamyl alcohol, 
2.2 N HCl, and pepsin; and 
The complete solution, including 
the addition of rumen fluid 
collected from white-tailed deer 
(Odocoileus v irginianus 
da co tensis Goldman and 
Kellogg). 

All samples were maintained at 
39’C for the two 48-hour periods. 
Following incubation, all samples were 
filtered under vacuum. The filter 
containers were oven dried and 
weighed. 

The results were subjected to a 
two-way analysis of variance with 
repeated measurements (Dixon and 
Massey, 1969) and Duncan’s 
Multiple-Range Test (Woolf, 1968) 
with all tests at cy = 0.05 level. 

The weight of residue in the 
controls was subtracted from residue 
in containers, and loss of weight 
during the digestion process reported 
as dry matter disappearance, or 
apparent dry matter digestibility. 

Results and Discussion 

Duncan’s Multiple-Range Test 
separated the results from the six 
solutions into three groups (Table 1). 
Dry-matter disappearance for the 
lowest group (water, buffer, and 
buffer + pepsin) was 27.7-29.3%. The 
addition of isoamyl alcohol and 
hydrochloric acid to the buffer 
solution alone and to the buffer plus 
pepsin solution significantly increased 
(o = 0.05) dry matter disappearance to 
32.3 and 33.4%, respectively. There 
was no significant difference between 
the buffer + HCl and buffer + HCl + 
pepsin solutions, however, indicating 
that HCl contributes a significant 
portion to the total digestibility of 
forage, while pepsin contributes 
insignificantly. 

Pepsin, which breaks down protein, 
may have contributed insignificantly 
because of the low protein values 
generally found in dormant or dead 
plants. However, neither kinnikinnick 
nor roughleaf ricegrass (both green, 
living, and presumably higher in 
protein) showed a response with the 
addition of pepsin. 

When the forage samples were 
inoculated with rumen fluid, follow- 
ing the complete procedure of the 
in vitro technique, dry-matter loss 
increased to an average of 44.1%, an 
increase of 14.8- 16.4 percentage 
points over the first group and 
10.7- 11.8 percentage points above the 
second group. These results follow a 
trend similar to that found by Pearson 
(1970). 

Chokecherry, western yarrow, and 
roughleaf ricegrass were similar in 
dry-matter loss among treatments 
(Table 1). Cream peavine, which had a 
mean of 34.2% dry-matter loss, was 
significantly more digestible. 
Kinnikinnick, however, had the 
highest dry-matter loss, 45.6%, which 
may be partially accounted for by its 
evergreen growth habits. Kinnikinnick 
was significantly more digestible than 
all other species of plants. There were 
no significant treatment-species 
interactions. 

Of major importance is the 
relatively high dry-matter 
disappearance of all the plant groups 
in distilled water, ranging from a low 
of 21.2% for western yarrow to a high 
of 43.1% for kinnikinnick. The high 
solubility of kinnikinnick in water 
indicates a high intra-cellular 
carbohydrate and mineral content. 
This may be a reason kinnikinnick is 
one of the most important browse 
species during winter on pine sites in 
the Black Hills (Hill, 1946). Although 
kinnikinnick was the most digestible 
of the plants tested, microbial action 
only increased in vitro digestibility 
from 47.4 to 50.2 percentage points. 
In other words, the solution mixture 
of buffer + alcohol + HCl + pepsin 
accounted for 94% of the dry-matter 
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disappearance. The waxy leaf surface 
of kinnikinnick may have inhibited 
cell wall digestibility by the rumen 
microorganisms. Dry-matter 
disappearance was increased most 
from the addition of rumen fluid for 
roughleaf ricegrass and chokecherry. 
The surprising and most significant 
discovery was the negligible effect of 
pepsin on the dry-matter 
disappearance of these plant species. 
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Thiourea Solution Temperature and Bitterbrush 
Germination and Seedling Growth 
DONALD L. NEAL AND H. REED SANDERSON 

Highlight: Antelope bitterbrush (Purshia tridentata (Fursh) DC.) 
seed is commonly soaked in a solution of thiourea to break seed 
dormancy for spring planting. “Warm” thiourea solutions have been 
reported to cause seedling deformities. To determine what range of 
“warm” temperature solutions can cause deformities, four seed 
collections were treated at 18 temperatures (30°F to 200°F) in 
increments of IO” F. Normal germination and seedling growth resulted 
between 60°F and 140°F. Below 60” rate of germination declined 
slightly, but seedling growth was normal. Seedling deformities began to 
show up above 14O”F, and germination decreased rapidly. Deformities 
consisted of annular cracks around the hypocotyls and detached root 
caps. Solution temperatures between 60°F and 140°F are 
recommended. 

Antelope bitterbrush (Purshia tridentata (Pursh) DC.) is one 
of the most important browse plants for deer and livestock in 
the West. Continued overuse by deer, cattle, and sheep along 
with disease, insects, and age have damaged or destroyed many 
valuable bitterbrush stands. Studies have been conducted in 
several states to determine the best species and methods to 
replace these stands. In many areas, bitterbrush has proved to 
be the best species to replace bitterbrush. 

To improve deer ranges, land managers commonly seed 
bitterbrush. Germination of bitterbrush seed is a problem, 
however, since it has a dormant embryo. In natural 
establishment or in fall seeding, this dormancy is overcome by 
the seed overwintering in the soil (Hubbard and Sanderson, 
1961). For spring planting the dormancy must be overcome 
artificially. Hormay (1943) recommended stratifying the seed 
in wet sand for 5 to 8 weeks at 30°F to 40’F. This method 
takes time and produces wet, soft seed which is difficult to 
handle and is easily damaged. Pearson (1957) found that 
soaking bitterbrush seed in a 3% solution of thiourea for 3 to 5 
minutes would break dormancy. These seeds can be dried and 
handled easily. 

Thiourea treatment has worked out well in California-both 
in the laboratory and in the field (Hubbard and Pearson, 
1958). But, Brown and Martinsen (1959), working in 
Washington, found some seedlings deformed after dormancy 
was broken by treating with “warm” thiourea solution. Many 
of their seedlings “rolled up in a tight curl and often failed to 
emerge above the surface in sand flats.” This deformity was 
not found in bitterbrush treated with a “cold” solution. 
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Station, Forest Service, U.S. Department of Agriculture, P.O. Box 245, 
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Dep. Agr., 6816 Market Street, Upper Darby, Pennsylvania 19082, 
stationed at Morgantown, West Virginia. 
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To define solution temperatures which might cause seedling 
deformities, we treated seed from several sources at a range of 
solution temperatures extending beyond that generally 
available from domestic water supplies (about 40” to 140’F). 

Methods 

Thiourea Treatment 

Antelope bitterbrush seed was collected in four areas 
representative of its range in California. Seed from all four 
collections had been used in previous laboratory and field 
experiments and were known to be typical in germination and 
growth. 

Each collection sample was divided into 18 lots of 70 grams 
each. Four lots, one from each collection, were treated at a 
different solution temperature in 200 ml of a 3% solution of 
thiourea for 5 minutes (Hubbard, Nord, and Brown, 1959). 
Temperatures ranged from 30°F to 200’F in increments of 
1 OOF, + 1 OF. After treatment the seeds were drained and dried 
at room temperature on gauze pads. 

From each lot, 150 seeds were placed on presoaked 
germination blotters in three petri dishes with 50 seeds per 
dish. Petri dishes were watered and seeds checked daily for the 
following 15 days. The number of seeds germinated and 
abnormalities were recorded at each check. The dishes were 
maintained at 70°F, f 5’F. Seeds having a one-half inch 
hypocotyl were declared germinated. Germinated seeds were 
carefully planted in flats filled with a suitable soil material and 
allowed to grow from 64 to 172 days. Emergence and seedling 
development were observed. 

Water treatment 

To separate any thiourea-temperature interaction, we 
treated one seed collection as previously described in distilled 
water only. Afterward the seed coats were removed by hand 
after treatment to allow germination. 

Planting Position 

We felt there was a possibility that geotropism working on 
the hypocotyls of seeds planted upside down may have caused 
the curled seedlings found by Brown and Martinsen (1959). 
Therefore, we conducted a test of the effect of planting 
position on emergence. Sixty “normal” germinated seeds from 
one lot treated at 80°F were selected. Twenty were planted 
upright (hypocotyl down), 20 were planted inverted 
(hypocotyl up), and 20 were planted horizontal. Emergence 
and seedling development were observed daily. 



disappearance. The waxy leaf surface 
of kinnikinnick may have inhibited 
cell wall digestibility by the rumen 
microorganisms. Dry-matter 
disappearance was increased most 
from the addition of rumen fluid for 
roughleaf ricegrass and chokecherry. 
The surprising and most significant 
discovery was the negligible effect of 
pepsin on the dry-matter 
disappearance of these plant species. 
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Thiourea Solution Temperature and Bitterbrush 

Germination and Seedling Growth 

DONALD L. NEAL AND H. REED SANDERSON 

Highlight: Antelope bitterbrush (Purshia tridentata (Pursh) DC.) 
seed is commonly soaked in a solution of thiourea to break seed 
dormancy for spring planting. “Warm” thiourea solutions have been 
reported to cause seedling deformities. To determine what range of 
“warm” temperature solutions can cause deformities, four seed 
collections were treated at 18 temperatures (30°F to 200°F) in 
increments of 10°F. Normal germination and seedling growth resulted 
between 60°F and 140°F. Below 60” rate of germination declined 
slightly, but seedling growth was normal. Seedling deformities began to 
show up above 14O”F, and germination decreased rapidly. Deformities 
consisted of annular cracks around the hypocotyls and detached root 
caps. Solution temperatures between 60°F and 140°F are 
recommended. 

To define solution temperatures which might cause seedling 
deformities, we treated seed from several sources at a range of 
solution temperatures extending beyond that generally 
available from domestic water supplies (about 40’ to 140’F). 

Methods 

Thiourea Treatment 

Antelope bitterbrush (Purshia tridenta ta (Pursh) DC.) is one 
of the most important browse plants for deer and livestock in 
the West. Continued overuse by deer, cattle, and sheep along 
with disease, insects, and age have damaged or destroyed many 
valuable bitterbrush stands. Studies have been conducted in 
several states to determine the best species and methods to 
replace these stands. In many areas, bitterbrush has proved to 
be the best species to replace bitterbrush. 

Antelope bitterbrush seed was collected in four areas 
representative of its range in California. Seed from all four 
collections had been used in previous laboratory and field 
experiments and were known to be typical in germination and 
growth. 

To improve deer ranges, land managers commonly seed 
bitterbrush. Germination of bitterbrush seed is a problem, 
however, since it has a dormant embryo. In natural 
establishment or in fall seeding, this dormancy is overcome by 
the seed overwintering in the soil (Hubbard and Sanderson, 
1961). For spring planting the dormancy must be overcome 
artificially. Hormay (1943) recommended stratifying the seed 
in wet sand for 5 to 8 weeks at 30°F to 40’F. This method 
takes time and produces wet, soft seed which is difficult to 
handle and is easily damaged. Pearson (1957) found that 
soaking bitterbrush seed in a 3% solution of thiourea for 3 to 5 
minutes would break dormancy. These seeds can be dried and 
handled easily. 

Each collection sample was divided into 18 lots of 70 grams 
each. Four lots, one from each collection, were treated at a 
different solution temperature in 200 ml of a 3% solution of 
thiourea for 5 minutes (Hubbard, Nord, and Brown, 1959). 
Temperatures ranged from 30°F to 200’F in increments of 
lOoF, ? 1°F. After treatment the seeds were drained and dried 
at room temperature on gauze pads. 

From each lot, 150 seeds were placed on presoaked 
germination blotters in three petri dishes with 50 seeds per 
dish. Petri dishes were watered and seeds checked daily for the 
following 15 days. The number of seeds germinated and 
abnormalities were recorded at each check. The dishes were 
maintained at 70°F, + 5’F. Seeds having a one-half inch 
hypocotyl were declared germinated. Germinated seeds were 
carefully planted in flats filled with a suitable soil material and 
allowed to grow from 64 to 172 days. Emergence and seedling 
development were observed. 

Water treatment 

Thiourea treatment has worked out well in California-both 
in the laboratory and in the field (Hubbard and Pearson, 
1958). But, Brown and Martinsen (1959), working in 
Washington, found some seedlings deformed after dormancy 
was broken by treating with “warm” thiourea solution. Many 
of their seedlings “rolled up in a tight curl and often failed to 
emerge above the surface in sand flats.” This deformity was 
not found in bitterbrush treated with a “cold” solution. 

To separate any thiourea-temperature interaction, we 
treated one seed collection as previously described in distilled 
water only. Afterward the seed coats were removed by hand 
after treatment to allow germination. 

Planting Position 
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We felt there was a possibility that geotropism working on 
the hypocotyls of seeds planted upside down may have caused 
the curled seedlings found by Brown and Martinsen (1959). 
Therefore, we conducted a test of the effect of planting 
position on emergence. Sixty “normal” germinated seeds from 
one lot treated at 80°F were selected. Twenty were planted 
upright (hypocotyl down), 20 were planted inverted 
(hypocotyl up), and 20 were planted horizontal. Emergence 
and seedling development were observed daily. 
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Fig. 1. Total germination of hitterbrush seed at 15 days, by solution 
temperature. Thiourea treatments followed by the same letter do not 
differ significantly at the 5% level according to Duncan’s New 
Multiple Range Test. 

Results 
Germination 

All four seed collections responded similarly throughout 
the range of temperatures tested. They did not differ 
significantly in germination between 60°F and 140°F (Fig. 
l)-nor were there any seedling abnormalities. Germination 
decreased slightly below 60°F, but still no abnormalities 
developed. Above 140°F, germination decreased rapidly, and 
abnormalities began to show up. At 1 50°F, germination 
dropped about 15% below normal and a few germinating seeds 
had small cracks in the hypocotyl. At 160°F, germination 
dropped to about half of normal and about half of the 
germinating seeds had deep annular cracks in the hypocotyl. 
Many of the root caps were loose and separated before the 
germinating seeds died. At 170°F, only 0.4% of the seed 

All seeds planted upright or horizontal produced normal 
seedlings. All seeds planted inverted were slow to emerge. Two 
of the inverted seeds produced curled seedlings, as described 
by Brown and Martinsen (1959), and two produced seedlings 
with cotyledons in the soil and hypocotyls in the air. These 
seedlings would have died if they had been allowed to grow in 
this position. After being turned over, they grew normally. 

Conclusions 
The four seed collections used in this study showed no 

deformities after being treated with thiourea solution at 
temperatures from 30°F through 140°F. This spans the full 
range of water temperatures generally available from a 
domestic supply. Under field conditions, temperatures would 
probably be limited to an even narrower range. And under 
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Fig. 2. Heat-damaged bitterbrush seed (left) and normal seed (right). 

germinated, and they all showed the annular crack and 
detached root caps. Deep cracks in the hypocotyl were lethal 
in all cases (Fig. 2). 

Temperatures which produced lower germination 
percentages also produced slower germination rates. 

Seeds treated in thiourea and those treated in water-only at 
the same temperature did not differ significantly in 
germination. Again, the seeds treated in water had the seed 
coats removed to permit germination. 

Emergence and Seedling Development 

With few exceptions seedlings that appeared normal when 
they were moved from the petri dish to the flat emerged and 
grew normally. Of seeds treated at 30°F through 140°F, 99% 
emerged normally. Damping-off and other losses reduced this 
rate to 75% at the end of the growth period. These losses were 
not correlated with temperature treatment. 

Seedlings grown in the flats averaged 1% inches tall, with 
four whorls containing 15 true leaves. 

At 150”F, only 51% of the seeds emerged and only 50% of 
these survived the growth period. At 160”F, 14% emerged and 
14% of the emerged seedlings survived the growth period. 

All germinated seeds that were deformed but produced 
half-inch hypocotyls were planted separately and labeled 
individually in the flats. None of these emerged. 

Seeds treated with water-only, at different temperatures 
and with seed coats removed after treatment, had rates of 
emergence and survival, and germination, about equal to those 
treated with thiourea solutions. We can therefore assume little 
or no interaction between temperature and thiourea. 

Planting Position 
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“normal” conditions, temperature-induced 
deformities probably would not be a problem. 

Planting seed inverted appears to cause curling and death of 
the seedling and may be the cause of some loss in field 
planting. However, it is not practical to control seed position 
in field plantings and the problem should not be of major 
concern. 

Deformities did occur at temperatures above 140’F. Some 
seed collections might be slightly more sensitive to solution 
temperature. Furthermore, germination was reduced slightly 
below 60’F. Therefore we recommend that thiourea solution 
temperatures be kept between 60°F (15.6”C) and 140’F 
(6O’C). 

THESIS: NORTH DAKOTA STATE UNIVERSITY 

Distribution and Community and Site Relations of Bluebunch Wheatgrass in North 
Dakota, by Jerrold Lowell Dodd. PhD, 1970. 

The distribution and community and site relations of 
bluebunch wheatgrass (Agropyron spicatum) in North Dakota 
were studied in 1967, 1968, and 1969. Detailed vegetation and 
soil analyses were conducted on 44 stands of bluebunch 
wheatgrass vegetation, 20 of which were in the understory of 
ponderosa pine (Pinus ponderosa) and limber pine (P. flexilis) 
forests, while 24 were in open gassland stands. 

Bluebunch wheatgrass populations in this state were found 
to be composed entirely of caespitose plants having awned 
lemmas. The awnless and rhizomatous forms that are found 
frequently in the major portion of the species’ range in the 
Pacific Northwest apparently do not occur in North Dakota. 
Within North Dakota, bluebunch wheatgrass was found to be 
limited to the extreme southwestern corner of the state in 
northwestern Bowman, western Slope, southwestern Billings, 
and southern Golden Valley counties, and was nearly 
restricted to the steep-upper slopes of some of the 
“scoria’‘-capped hills in the Little Missouri River Badlands. 
These sites were found to be extremely high in rock content 
and low in fertility. 

Plant cover was sparse on nearly all stands examined. The 
major difference between bluebunch wheatgrass communities 
of forest understory and those of nonforested grassland 
vegetation was in density. Stands of the grassland type were 
found to have a density (individuals/2 ft2) averaging about 3 
times that of the ponderosa pine stands and about 1% times 
that of the limber pine stands. 

The principal grasses and sedges of the bluebunch 
wheatgrass communities were plains muhly (Muhlenbergia 
cuspidata), little bluestem (A ndropogon scoparius), side-oats 
grama (Bou teEoua curtipendula), prairie Junegrass (Koeleria 
cristata), and needleleaf sedge (Carex eleocharis). Based on 
presence and frequency data, bluebell (Campanula 
rotundifolia) and alkaline bladderpod (LesquereZZa alpina) 
were the most important of the 54 forbs encountered in the 
sample plots. Similarly, purple prairie clover (Petalostemum 

purpureum) and fringed sagebrush (Artemisia frigida) were the 
main half-shrubs, while skunk bush (Rhus trilobata) and wild 
rose (Rosa woodsii) were the principal shrubs. Twenty-nine 
species of half-shrubs and shrubs were recorded in the sample 
plots. 

Based on the relative densities of the major grasses and 
sedges, the bluebunch wheatgrass communities were classified 
into 6 community types. The types were bluebunch 
w h ea tgrass, bluebunchjplains muhly, muhlylbluebunch, 
bluebunchllittle bluestem, bluestemlbluebunch, and 
bluebunchlsedge. All types except the bluebunchlsedge type 
were represented in the forest stands, and all but the 
bluebunchlbluestem type were represented in the grassland 
stands examined. 

Ordination analysis, using the best possible stand-defined 
axes procedure, was employed to evaluate vegetation- 
environment relationships. Within the bluebunch vegeta- 
tion of the forest understory the main factor influencing 
species composition appeared to be tree canopy cover. 
Bluebunch was the dominant grass on sites with dense canopy 
cover and was generally secondary to plains muhly or little 
bluestem in stands under open canopy cover. Within the 
grassland group of stands, bluebunch wheatgrass was dominant 
on sites with low calcium carbonate and very low clay content, 
while plains muhly and little bluestem were dominant on sites 
with higher levels of those two soil factors. Within relatively 
uniform levels of these major site factors, the relative success 
of bluebunch wheatgrass generally increased with decreasing 
soil fertility. It is suspected that bluebunch wheatgrass has a 
tenuous existence in western North Dakota, where it is at the 
eastern edge of its distributional limits. Its importance in the 
communities in which it is now a dominant or secondary 
species could probably be greatly reduced with a few 
successive years of dry springs and wet summers that would 
result in bluebunch wheatgrass being replaced by one or more 
of the major species associated with it. 

JOURNAL OF RANGE MANAGEMENT 28151, September 1975 423 



Literature Cited 
Brown, E. R., and C. F. Martinsen. 1959. Browse planting for big game. 

Wash. StateGameDep. Biol. Bull. No. 12. 63 p. 
Hormay, A. L. 1943. Bitterbrush in California. Calif. Forest and Range 

Exp. Sta. Res. Note No. 34. 
Hubbard, R. L., E. C. Nord, and L. L. Brown. 1959. Bitterbrush 

reseeding-a tool for the game manager. Pacific Southwest Forest 
and Range Exp. Sta. Misc. Paper No. 39. 

Hubbard, R. L., and B. 0. Pearson. 1958. Germination of 
thiourea-treated bitterbrush seed in the field. Calif. Forest and 
Range Exp. Sta. Res. Note No. 138. 

Hubbard, R. L., and H. R. Sanderson. 1961. When to plant 
bitterbrush-spring or fall. Pacific Southwest Forest and Range Exp. 
Sta. Tech. Pap. No. 64. 

Pearson, B. 0. 1957. Bitterbrush seed dormancy broken with thiourea. 
J. Range Manage. 10:41-42. 

“normal” conditions, temperature-induced 
deformities probably would not be a problem. 

Planting seed inverted appears to cause curling and death of 
the seedling and may be the cause of some loss in field 
planting. However, it is not practical to control seed position 
in field plantings and the problem should not be of major 
concern, 

Deformities did occur at temperatures above 140’F. Some 
seed collections might be slightly more sensitive to solution 
temperature. Furthermore, germination was reduced slightly 
below 60’F. Therefore we recommend that thiourea solution 
temperatures be kept between 60°F (15.6’C) and 140’F 
(60°C). 

THESIS: NORTH DAKOTA STATE UNIVERSITY 

Distribution and Community and Site Relations of Bluebunch Wheatgrass in North 
Dakota, by Jerrold Lowell Dodd. PhD, 1970. 

The distribution and community and site relations of 
bluebunch wheatgrass (Agropyron spicafum) in North Dakota 
were studied in 1967, 1968, and 1969. Detailed vegetation and 
soil analyses were conducted on 44 stands of bluebunch 
wheatgrass vegetation, 20 of which were in the understory of 
ponderosa pine (Pinus ponderosa) and limber pine (P. flexilis) 
forests, while 24 were in open grassland stands. 

Bluebunch wheatgrass populations in this state were found 
to be composed entirely of caespitose plants having awned 
lemmas. The awnless and rhizomatous forms that are found 
frequently in the major portion of the species’ range in the 
Pacific Northwest apparently do not occur in North Dakota. 
Within North Dakota, bluebunch wheatgrass was found to be 
limited to the extreme southwestern corner of the state in 
northwestern Bowman, western Slope, southwestern Billings, 
and southern Golden Valley counties, and was nearly 
restricted to the steep-upper slopes of some of the 
“scoria’‘-capped hills in the Little Missouri River Badlands. 
These sites were found to be extremely high in rock content 
and low in fertility. 

Plant cover was sparse on nearly all stands examined. The 
major difference between bluebunch wheatgrass communities 
of forest understory and those of nonforested grassland 
vegetation was in density. Stands of the grassland type were 
found to have a density (individuals/2 ft*) averaging about 3 
times that of the ponderosa pine stands and about 1 M times 
that of the limber pine stands. 

The principal grasses and sedges of the bluebunch 
wheatgrass communities were plains muhly (Muhlenbergia 
cuspidata), little bluestem (A ndropogon scoparius), side-oats 
grama (Bou teEoua curtipendula), prairie Junegrass (KoeZeria 
cristata), and needleleaf sedge (Carex eleocharis). Based on 
presence and frequency data, bluebell (Campanula 
rotundifolia) and alkaline bladderpod (Lesquerella alpina) 
were the most important of the 54 forbs encountered in the 
sample plots. Similarly, purple prairie clover (Petalostemum 

purpureum) and fringed sagebrush (Artemisia frigida) were the 
main half-shrubs, while skunk bush (Rhus trilobata) and wild 
rose (Rosa woodsii) were the principal shrubs. Twenty-nine 
species of half-shrubs and shrubs were recorded in the sample 
plots. 

Based on the relative densities of the major grasses and 
sedges, the bluebunch wheatgrass communities were classified 
into 6 community types. The types were bluebunch 
w h ea tgrass, bluebunchlplainr muhly, muhlylbluebunch, 
bluebunchllittle bluestem, bZuestem/bZuebunch, and 
bluebunchlsedge. All types except the bluebunchlsedge type 
were represented in the forest stands, and all but the 
bluebunchlbluestem type were represented in the grassland 
stands examined. 

Ordination analysis, using the best possible stand-defined 
axes procedure, was employed to evaluate vegetation- 
environment relationships. Within the bluebunch vegeta- 
tion of the forest understory the main factor influencing 
species composition appeared to be tree canopy cover. 
Bluebunch was the dominant grass on sites with dense canopy 
cover and was generally secondary to plains muhly or little 
bluestem in stands under open canopy cover. Within the 
grassland group of stands, bluebunch wheatgrass was dominant 
on sites with low calcium carbonate and very low clay content, 
while plains muhly and little bluestem were dominant on sites 
with higher levels of those two soil factors. Within relatively 
uniform levels of these major site factors, the relative success 
of bluebunch wheatgrass generally increased with decreasing 
soil fertility. It is suspected that bluebunch wheatgrass has 
tenuous existence in western North Dakota, where it is at the 
eastern edge of its distributional limits. Its importance in the 
communities in which it is now a dominant or secondary 
species could probably be greatly reduced with a few 
successive years of dry springs and wet summers that would 
result in bluebunch wheatgrass being replaced by one or more 
of the major species associated with it. 
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Fire and Ecosystems. Edited by T. T. Kozlowski and C. E. 
Ahlgren. Academic Press, Inc., New York, N.Y. 542 p. 
1974. $39.95. 

This book about fire has been written by 13 authors with 
different backgrounds, viewpoints, and styles of writing. The 
chapters titled “Effects of Fire on Temperate Forests: 
Northeastern United States,” “Effects on Forests: 
Southeastern States,” and “Effects of Fire on Chaparral” are 
well written and give sound ecological interpretations of how 
fire affects plant communities in these regions. The chapter 
titled “Effects on Forests: Western States” contains 
information on Douglasfir, ponderosa pine, and redwood, but 
does not discuss the effect of fire or ecological relationships 
between western larch, lodgepole pine, aspen, western white 
pine, and the other major tree species. Shrubs and herbs are 
rarely mentioned. The other chapter on forests-“Effects of 
Fires on Temperate Forests: North Central United 
States”-discusses the effects of fire on individual trees and 
shrubs, but does not discuss the role of fire on succession of 
species in relation to site variation. 

“Effects of Fire on Birds and Mammals” is a very good 
review on how fire affects the behavior of animals. However, 
there is a lack of information on the habitat requirements of 
animals and how these habitat requirements are affected by 
fire. The author of this chapter continually stresses that “most 
birds and mammals change little in abundance after fire.” 
Some literature supports this theory, but there is also much 
literature to dispute it. I think the author has relied too 
heavily on his experience with blue grouse in developing such a 
theory. 

The chapter on “Effect of Fire on Soil Organisms” is a 
good review of population changes in response to burning for 
all soil organisms, but the significance of these changes to the 
total ecosystem is not presented. 

“Effects of Forest Fire on Soil” is a misleading chapter 
title. The effect of fire on forest soils in general, as implied by 
the title, is not mentioned. Instead, a monograph has been 
written on how to manage stunted climax spruce (Yicea abies) 
forests for a more productive pine (Pinus silvestris) forest in 
Finland. However, research on soils in that area was a major 
part of the study. Other chapters on plant communities 
outside of the United States include “Effects of Fire in the 
Mediterranean Region” and “Effects of Fire in Forest and 
Savanna Ecosystems of Sub Saharan Africa.” The former 
chapter duplicates many of the principles presented in the 
chapter on California chaparral. Nevertheless, it contains 
interesting data on some introduced perennial grasses of the 
United States. The latter chapter is very general, giving 

descriptions of major types of forests and woodlands and 
qualitative data about the effects of fire. 

The grassland chapter, “Effects of Fire on Grasslands,” 
makes a strong case for the historical role of fire in grasslands 
and presents many general ecological principles that can be 
broadly interpreted. Data for specific plant species and plant 
communities is lacking. The chapter on “Fire in Desert and 
Desert Grassland” does not include recent literature. Coverage 
of plant responses to fire for the sagebrush-grass plant 
association is especially inadequate. 

Lastly, the chapter on “Use of Fire in Land Management” 
is fair for forest communities but incomplete for grass and 
shrub communities. Specific management plans have been 
given for southeastern forests, slash, and jack pine. 
Management of grasslands has been based on research in 
Kansas, which does not apply to most grasslands. No 
information is presented on high volatile vs low volatile fuels, 
or fire behavior in general. 

In summary, this book has value as a reference book, but it 
only partially serves the need of land managers who have been 
looking for a book to give them an up-to-date story on what 
we know about the ecological effects of fire on plant 
communities in the United States.-Henry A. Wright, 
Lubbock, Texas. 

Land Use: Persuasion or Regulation. By Soil Conservation 
Society of America. Proceedings of the 29th Annual 
Meeting, Aug. 11-14, 1974. Available from Soil 
Conservation Society of America, 7515 Northeast Ankeny 
Road, Ankeny, Iowa 50021. 1974. $6.00. 

Several papers appearing in the proceedings of the 1974 
meeting of the Soil Conservation Society of America directly 
followed the overall theme of “Land Use: Persuasion or 
Regulation.” Various points-of-view regarding use of 
persuasion and regulation to achieve land management goals 
are presented. The consensus of the participants was that both 
persuasion and regulation will be required to achieve optimum 
land use. Many of the papers dealt with the closely related 
problem of land use planning as it is affected by urbanization, 
pollution, surface mining, and other nonagricultural land uses. 
Although range per se received little attention, many of these 
problem areas are so broad that it takes little imagination to 
see how they apply to rangelands. 

These proceedings will be primarily of value to those who 
are concerned with establishing management policies on 
mu1 tiple-use agricultural and wild lands.- William J. 
McGinnies, Fort Collins, Colorado. 
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