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Sheep grazing as a silvicultural tool to suppress brush 
S.H. SHABROW, W.C. LEININGER, AND B. RHODES 

The possibility of using livestock 8s 8 biologial agent to control 
unwanted ground vegetation in Picific Northwest coniltrous 
forests I188 been discu8sed for over SO ye8rs. However, little qu8n- 
titativt informrtion bat yet been pub&bed documenting the effi- 
c8cy of livestock in wppreaeing brueb 8nd other ground vcgctrtion 
in commtrci8l Dougl8s4ir (PseudWug8 mcnrksii) pl8nWions. 
Therefore, 8 study WM conducted in 19818nd 19112 to evaluate the 
pottntirl for using herded sheep to control competing vegetation in 
Dougl8sAir pbt8tions in P8cific Northwest coniferore foredts. 
Three 4- to 6-year-old plantations were grazed once e8cb yw 
during the M8y to September grazing se8son. Estim8&8 of current 
year’s growth present in October, both inside 8nd out8ide 8 live- 
stock excloeurt on e8cb study plrat8tion, were used to evaluate the 
effects of grazing. In general, utilizlition of brush by sheep ~8s 
moderate to heavy, except in tbt spring of 1982, when brush was 
lightly utilized. Sheep gr88ing effectively reduced (pCO.01) both 
tow understory pleat growth 8nd brush net current ycrv’s growth 
on 8U pl8nt8tions. Reduced brueb biomur on gr88ed 8re88 ~8s 
wsoci8ted with gre8W Doughs-fir dirmeter growth in 1981-82 
8nd 1982-83. By 1985, trees in grazed 8re8s were 5% wler (pCO.05) 
8nd 7% grerttr in diameter (pCO.01) compued to ungrrzed con- 
trols. Our d8t8 8nd observrtions suggest tbrt sheep may be tfftc- 
tively ustd aa 8 biologic81 control rgtnt for brueb control in co8st8l 
Doughs-fir foreats. 

Key Words: biologiul control, Douglas fir, forest gmzing, rgro- 
forestry 

A major problem in establishing and maintaining conifer planta- 
tions in the Pacific Northwest is the control of competing vegeta- 
tion (Newton 1964, Cleary 1978, Stewart et al. 1984). The main 
target species for brush suppression in Pacific Northwest conifer- 
ous forests include red alder (Ahus rubru), thimbleberry (Rubus 
parviforus), sahnonberry (Rubus spectabilis), and vine maple 
(Acer circinatum). Interest in controlling unwanted vegetation 
using biological agents has risen in recent years because of the 
economic and environmental benefits of such programs (Hedrick 
1975). In the past, insects have generally received the most atten- 
tion as possible biological control agents. However, prescribed 
grazing with domestic livestock has recently gained considerable 
attention (Sharrow and Mosher 1982, Kosco and Bartolome 1983, 
Wood 1987, Brock 1988) as a method of suppressing unwanted 
vegetation. Sheep grazing has been proposed as a silvicultural tool 
to suppress brush in Douglas-fir plantations in Oregon’s Coast 
Range (Sharrow and Lcininger 1983). 

An advantage of properly controlled livestock grazing over 
other mechanical or chemical control methods is that unwanted 
vegetation may be removed while simultaneously producing mar- 
ketable animal products (Sharrow and Leininger 1983). However, 
in order for livestock to be successful as biological agents, 2 condi- 
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tions must be met: (1) Livestock must utiliie unwanted target 
vegetation, but not significantly damage the commercially valua- 
ble crop, and (2) target species must not regrow substantially 
following defoliation. 

The purpose of this study was to evaluate the potential for using 
herded sheep as a biological control agent to suppress brush in 
Douglas-fir plantations. 

Methods 

The study was conducted approximately 15 km west of Alsea, 
Oregon. The maritime climate is typified by cool, moist winters 
and warm, dry summers. Most of the approximately 250 cm of 
precipitation falls as low intensity rain from October through May 
(Corliis 1973). Elevation of the study areas ranges from 75 to 450 
m. Soils are described by Corliss (1973) as slickrock gravelly loams 
(Pachic Haplumbrept). 

Three 4- to 6-year-old Douglas-fir plantations in the Alsea 
Ranger District, Siuslaw National Forest, were selected for study. 
Study sites were restricted to plantations having the vine maple 
(Acer circinatum)-sword fern (Polystichum munitum) plant 
community because it is the most extensive plant community in the 
Alsea District (Corliss and Dymess 1965). 

A band of 700 ewes with lambs and a band of 900 dry ewes 
grazed the forest in 198 1 and 1982, respectively. The grazing season 
was from May to September both years. Stocking rate averaged 5.8 
ha/band day and 6.2 ha/band day in 1981 and 1982, respectively. 
Each year, a series of plantations, ranging in size from 10 to 40 ha, 
was grazed according to a predetermined schedule. Within this 
schedule, one study plantation was grazed in May, one in July, and 
one in August. 

A 30 m by 30-m livestock exclosure was established on each 
study plantation prior to grazing. These exclosures served as refer- 
ence areas and allowed observations and comparisons to be made 
on adjacent areas which had been grazed and ungrazed by live- 
stock. Exclosures were constructed of 0.8 m high woven wire which 
allowed wildlife continued access to the exclosed areas. The effect 
of sheep-grazing on tree growth was evaluated by comparing mea- 
surements of tree height and diameter for 100 permanently 
“tagged” trees within the exclosure to those of 100 adjacent trees in 
the grazed region of each study plantation. Height and diameter 
measurements were taken using a graduated pole and caliper, 
respectively, each year immediately prior to sheep grazing in 1981 
and 1982, in summer 1982, and in fall 1985. 

Available phytomass and the amount utilized by sheep were 
determined using the “before and after”technique (Cassady 1941). 
Current year’s growth for all plant species, except vine maple, was 
estimated by plot-harvest of 10 pairs of randomly located 0.45-rn2 
quadrats in each of three 0.05-ha macro-plots per plantation. One 
quadrat of each pair was randomly selected and clipped prior to 
grazing, while the other was marked and harvested immediately 
after sheep left the plantation. Ctirrent year’s growth was separated 
by species, oven-dried for 48 hrs at 50” C, then weighed. 

Current year’s growth and utilization of vine maple were deter- 
mined using the following methods. Ten vine maple shrubs were 
randomly selected within each replication prior to grazing. Four 
branches from each plant were chosen and the available current 
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year’s growth on 2 randomly selected branches clipped, oven- 
dried, and weighed. The other 2 branches were marked and treated 
similarly following grazing. The number of branches on each defol- 
iated vine maple was determined along with the density of vine 
maple in each replication. Foliage more than 1.5 m above the soil 
surface was not sampled, as it was considered to be above the reach 
of sheep (Ingram 1931) and therefore not available for grazing. 

Above-ground current year’s phytomass present at the end of the 
growing season on grazed and ungrazed areas was used as an 
estimate of net phytomass production each year. Sixteen 0.45-mz 
randomly selected quadrats were harvested both inside and outside 
the exclosure on each study plantation. These samples were oven- 
dried for 48 hr at 500 C and weighed. 

The effect of grazing on net growth of vine maple was evaluated 
by collecting 20 randomly selected vine maple branches from inside 
and outside the exclosures in October each year. The current year’s 
growth below 1.5 m was removed from each branch, oven-dried, 
and weighed. Conversion to kg/ha was made by multiplying bio- 
mass per stem times corresponding estimates of the number of vine 
maple branches per hectare, calculated during the previous 
sampling. 

Data were analyzed as a split plot in time, with grazing as main 
plots, year as subplots, and plantations as replications in a random- 
ized block design. Differences were tested for signiiicance at the 
90% confidence level. 

Results and Discussion 
Utilization of brush by sheep varied between 1981 and 1982 

(Table 1). In 1981, brush received relatively heavy utilization 

Table 1. Current year’s growth (kg/h) of major brusk species avallablc to 
(A) and uti&d by (U) skeep on the three study phtationsl. 

Year S@cs 
Plantation 1 Plantation 2 Plantation 3 

A U A U A I! 

198 1 Acer circinatum 112 75 55 44 286 120 
Rubus parvzj7onrr 86 33 77 54 47 28 
Rubus spectabilis 14 7 26 9 0 0 
Rubus ursinus 19 17 59 38 14 0 
Subtotal 231 132 217 145 347 148 

1982 Acer circinatum 106 4 69 31 244 91 
Rubus parvQ7orus 49 6 89 13 29 13 
Rubus spectabilis 8 034 8 9 4 
Rubus ursinus 14 0 77 10 23 10 
Subtotal 117 10 269 62 305 118 

~Phntations I,2 and 3 wcn grazed in May, July and Augurt, reapcctively. 

throughout the grazing season. In 1982, sheep browsed brush 
lightly in the spring, then increased their consumption of brush 
during July and August. A possible explanation is that sheep began 
grazing in 1982 when brush species were at an earlier phenological 
state than in 1981 due to cooler temperatures and more rainfall 
during the spring of 1982. Evidently, the earlier phenological state 
of brush in 1982 resulted in brush being less preferred by sheep than 
in 1981. In addition, the 2 different bands of sheep may have 
expressed different preferences for brush based on different past 
histories and experience in grazing species similar to those found in 
the study sites (Knowles et al. 1973, Gillingham et al. 1976). 

The grazing-by-year interaction was not significant (p>o. 10) for 
any parameter tested. Therefore, discussion will be limited to the 
main effects of year and grazing. Neither total net phytomass 
production nor its components varied (PCO.10) between years 
(Table 2). Approximately 18,36, and 46% of the October phyto- 
mass standing crop was contributed by graminoids (predomi- 

Table 2. Components of current year’s phytomus (kg/b) present on 
grazed (G) and ungrazed (U) plantations in October 1981 and 1982. 

Item 

Total Biomass 
Graminoids 
Forbs 
Brush 

Year Grazing 
1981 1982 G U 

1418 1600 1096 * 1922 
242 316 299 260 
566 510 374 + 702 
610 772 422 + 960 

l ~*Ycars or grazed and ungrazcd differ, pCO.10 and pCO.05, respectively. 

nantly Agrostis spp. and Holcus lunutus), forbs (predominantly 
Senecio jacobaea and Anaphalis margaritacea), and brush, respec- 
tively. Sheep grazing reduced total net plant growth by approxi- 
mately 43% in grazed compared to ungrazed areas. While grazing 
reduced the annual net growth of forbs by 47% and brush by 56% 
on grazed compared to ungrazed areas, it had little impact upon 
graminoids. Presumably, this differential response to grazing 
reflects a higher ability of grasses to regrow following defoliation 
than was exhibited by either forbs or browse plants. Grasses on our 
plantations began to replace tissue lost to defoliation soon after 
sheep left the plantation. Forbs, which had to activate new buds to 
initiate growth, were noticeably slower to regrow than were the 
grasses. Interestingly, shrubs made little or no regrowth following 
sheep grazing. Many shrubs found in the Coastal Coniferous 
Forest contain tannins or other compounds which discourage 
herbivory (Li 1974). The growth strategy of these shrubs appears to 
be one of investment to avoid herbivory rather than in mechanisms 
to tolerate herbivory through rapid regrowth following grazing. 
Our results are in general agreement with other studies which 
indicate that both cattle (Kosco and Bartolome 1983) and sheep 
(Hall et al. 1959, McKinnell 1975) may be effectively used to 
control ground vegetation in coniferous forest plantations. 

The amount of annual net brush growth in the study plantations 
almost doubled during the 1981 to 1982 period, regardless of 
grazing treatment (Table 3). Vine maple and the early seral, erect- 

Table 3. Mean October current year’s phytomass (kg/be) of major brosk 
species present in grazed (C)and ungrued (U) plaatatiom during 1981 
and 1982. 

Item 

Acer circinatum Rubus parvijorus 
Rubus spectabilis 
Rubus ursinur 

Subtotal 

Year Grazing 
1981 1982 G U 

88 + 165 86 + 147 218 88 + :: 
13 * 88 44 57 

68 * 133 
285 l 637 

+**Yurs or grazed ami ungmed diier, pCO.10 and pCO.05, respectively. 

growing Rubus species, thimbleberry, and salmonberry each pro- 
duced approximately 70-80 kg/ ha more phytomass in 1982 than in 
198 1. Nevertheless, total net brush growth on grazed areas was less 
than half that on ungrazed areas each year. Net growth of vine 
maple, thimbleberry, and trailing blackberry (Rubus ursinus) on 
grazed areas was only 5 1,32, and 5 1% of that on ungrazed areas. 

Sheep grazing did not reduce net annual growth of salmonberry. 
However, due to the relatively small amount of salmonberry on the 
study sites, the effect of sheep grazing on this important brush 
species may not have been adequately assessed. 

Tree growth is the best single silvicultural indicator of the eff- 
cacy of brush control for commercial timber production. Reduced 
brush biomass on grazed portions of plantations was consistently 
associated with greater (KO.05) diameter growth of Douglas-fir 
trees (Table 4). However, grazing had little impact on tree height 
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Table 4. Height end dhmetcr growth during 1981-82 end 1982-83 end 
absolute belgbt end diameter (DBH) in 1985 of Doughs-fir treee from 
grezed end uugrazed phtetion* 

Height (cm) Grazed Ungrazed % Difference 

1981-82 87.7 87.3 0.4 
1982-83 96.4 95.3 1.1 
1985 591 564 4.8’ 

Diameter (mm) 
1981-82 15.7 14.2 10.6. 
1982-83 16.6 14.3 16.1,. 
1985 81.2 76.2 6.6** 

++**Grazed and uagrazed diner. p<O.IO, p<O.OS and X0.01, respectively. 

during the first 2 years of the study. The immediate positive 
response of diameter growth to grazing compared to the apparent 
unresponsiveness of height growth may be related to differences in 
the nature and timing of cambial and leader growth in Douglas-fir. 
Leader growth is initiated early in the spring and its potential is 
related to the number of cells set in the bud which was formed the 
previous growing season. Cambial growth is indeterminant and 
occurs whenever growing conditions permit. Emmingham (1977) 
reported that Douglas-fir leader elongation ended by late July in 
areas similar to our study sites. In contrast, he observed that 
cambial growth continued on until October. Light, soil moisture, 
soil nutrients, and other site resources which may become available 
for tree growth as a result of our spring-summer grazing treatments 
would likely be concentrated in the post-spring period when cam- 
biil growth is predominant. 

By 1985, three growing seasons after grazing treatments ceased, 
trees in grazed plantations were approximately 5% taller (KO.05) 
and 7% greater (X0.01) in diameter (DBH) than were trees in 
ungrazed controls. 

Our data suggest that livestock can be effective in suppressing 
brush on Douglas-fir plantations in Oregon’s Coast Range. Prop- 
erly controlled sheep grazing can be a useful silvicultural tool in 
managing young plantations and merits serious consideration in 
the future. 
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SRM Election Results 
The Elections Committee Chairman, Debra Sherman, 

along with several other Colorado Section members, counted 
the ballots for new officers on Friday, December 9,1988, at the 
Society for Range Management headquarters. Elected officers 
are: 

Second Vice President-Stan Tixier 
Directors (1989-1991)-Charles E. Jordan and Phillip L. 

SillIS 

Directors Jordan and Sims will replace retiring Directors 
Donart and Welch in February 1989. 

Ballots and tally sheets are retained in the Denver office for 
one year for review. Approximately 30% of the membership 
voted. 
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Effects of clipping and sheep grazing on dyers woad 
NEIL E. WEST AND KASSIM 0. FARAH 

AbSttWt 

Dyers woad (Is&& tktoria L.) is an iatroduced crudferous forb 
that in rapidly expanding on intermountain rangelands and is 
apparently reducing production and regeneration of more desir- 
able forage plants. Mechanical end chemical controls are expen- 
sive as well as having deleterious effects on nontarget species. 
Limitations to controlling thie noxious weed by early spring graa- 
hag were investigated with clipping experiments at 1 site in the 
Wasatcb foothills of northern Utah. These results were compared 
with actual utilization of woad by sheep at a poor condition 
example of that site. Significant mortality 8nd reduction in repro- 
ductive performance occurred when at least 60% of the above- 
ground phytomass had been removed on or after 23 May. Clipping 
twice, to remove as much as 90% of aboveground tissue before 23 
May, did not significantly affect word mortality, percent flower- 
ing, or fruit production. Sheep did not graze tti weed heavily 
enough at late enough dates to significantly affect mortality or seed 
production. Even on a poor condition range, these animals 
switched to other forages after about 15 May. Stocking rates 
rquired to restrict dyers word at our clipping site would likely 
result in further range deterioration. More host- specific biological 
control agents should be examined. 

Key Words: Is&s iinctorio, clipping, biological control, utiliza- 
tion by sheep 

Dyers woad (Isaris rincroriu L.) is an introduced cruciferous forb 
that has been rapidly spreading in the croplands and rangelands of 
northern Utah and surrounding states (Farah et al. 1988). Young 
and Evans (1977) and Evans and Chase (198 1) concur that dense 
infestations can substantially reduce forage production and regen- 
eration of more desirable species. Chemical and mechanical con- 
trols exist for croplands (Evans and Gunnel1 1982, King and Evans 
1983). Damage to nontarget, desirable forage plants, steepness and 
rockiness of most range sites where woad occurs, and questionable 
economic feasibility limit use of these chemical and mechanical 
controls on rangelands. Development of a biological control 
would thus be desirable. Others have obtained some success with 
livestock as control agents of other noxious rangeland weeds (Sci- 
fres 1981, Brock 1988). 

Limitations to controlling dyers woad by early spring grazing 
were investigated via clipping experiments. We sought combina- 
tions of intensity, frequency, and timing of clipping that could 
cause significant mortality and reduction in flowering and seed 
production of dyers woad. These results were compared with 
actual patterns of dyers woad utilization by sheep and correspond- 
ing impacts on its mortality, percent flowering, and seed produc- 
tion. 
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Materials and Methods 

study sites 
Our experiments were conducted at 2 foothill locations on the 

western slope of the Wellsville Mountains, Box Elder Co., Utah. 
Elevations averaged about 1,500 m. Soils there belong to the 
Sterling Series, a well-drained loamy skeletal, mixed mesic Typic 
Calcixeroll (Soil Conservation Service 1975). Estimated average 
precipitation is about 40 cm/ yr. Average annual air temperature is 
9” C (Soil Conservation Service 1985). Potential natural vegeta- 
tion is dominated by big sagebrush (Arremisiu rridenruru Nutt.) 
and bluebunch wheatgrass [Agropyron spicurum (Pursh) Scribn. 
& Smith]. 

Both clipping and utilization studies were located on a “moun- 
tain shallow” range site (Soil Conservation Service 1985). The 
clipping studies were located in an area that had not been grazed by 
livestock for at least 20 years. Vegetation there was in late seral or 
“good” condition for livestock use. Utilization studies of woad 
were conducted in a sheep pasture about 3 km to the north of the 
locale of the clipping studies. Although elevation, slope, exposure, 
soils and potential vegetation were similar at the sites used for 
clipping studies, a long history of early spring through fall grazing 
had caused retrogression to early seral or “poor” conditions for 
livestock use (Soil Conservation Service 1975). The major plant 
species there were big sagebrush, cheatgrass (Bromus rectorurn L.), 
bulbous bluegrass (2%~ bulbosu L.), broom snake weed [Gurieve- 
ziu surorhrue (Pursh) Brit. & Rusby], gumweed [Grindelia squur- 
rosu (Pursh) Dunal], and dyers woad. 

Clipping Study Procedures 
A 30 by 50-m macroplot with a dense population of dyers woad 

was selected. The plot was divided into 30 rows, each 1 by 30 m, 
perpendicular to the contour. Ten random locations within each 
row were selected and the dyers woad plant nearest to this location 
was marked during October, 1983, and a 1 meter tall wooden stake 
placed 50 cm to the north. Selected plants had a basal rosette of at 
least 3 leaves that spanned at least 4 cm. Such plants (1): could be 
positively identified as dyers woad; (2) could be utilized by sheep; 
and (3) were likely to live to maturity (Farah et al. 1988). 

The clipping regimes were of 2 intensities, 60% or 90% removal 
of aboveground tissue, found at the time of each clipping plus an 
unclipped control. The percent aboveground phytomass removed 
was based on rosette radius, collective leaf mid-rib lengths or stalk 
height, existing on the plant at the time of clipping. Concurrent 
studies (Farah 1987) showed strong relationships between these 
dimensional variables and aboveground biomass of dyers woad. 

The plants were also subjected to varying frequencies of clipping 
at several dates during the growing season: (1) only once on 16 
April 1984, (2) twice on 16 April and again on 7 May 1984; (3) three 
times on 16 April, 7 May, and 23 May 1984; and (4) four times on 
16 April, 7 May, 23 May, and 11 June 1984. Each frequency- 
intensity treatment combination was replicated 30 times. Plants for 
eachtreatmentwerechosenatrandomfromtheentiremarkedpopulation. 

At each clipping date, a separate set of previously unclipped 
plants (intermingled with the other plants) was clipped only once at 
90% intensity to determine if dyers woad was susceptible to a 
single, severe clipping at a certain time. Data from this treatment 
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also helped to separate the interactions of frequency of clipping 
with time of clipping. 

Data taken just before clipping included phenophase (Farah et 
al. 1988), rosette diameter, number of rosette leaves, and basal 
diameter just beneath the rosette leaves. Other data collected at 
later dates were stalk height, number of stalks bearing flowers, and 
fruit number per plant. Since clipping often retarded development, 
plants clipped in 1984 were observed again during the 1985 grow- 
ing season. The effects observed during 1984 and cumulatively 
from 1984 and 1985 were analyzed separately. 

The statistical design consisted of a (2 X 4) + 1 modified factorial 
with experimental units (individual plants) and treatments arranged 
completely at random. 

A binomial chi-square analysis was used to test the effect of 
clipping on mortality and percent flowering of dyers woad (Coch- 
ran and Cox 1957). Ninety-five percent confidence intervals were 
used to detect differences in seed production and number of flower- 
ing stalks produced between treatments. A square root transforma- 
tion was required to homogenize variances among treatments. For 
purposes of presentation, means and confidence intervals were 
back-transformed to the original scale (Sokal and Rohlf 1981). The 
multiple and single time clipping treatments were analyzed together 
and separately. The latter analysis made it possible to determine 
how much a single clipping at a given time contributed to the total 
effect. 

too 
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Utilization Study Procedures 7-May II-June 6-Ott 
A site physically similar to the area of the clipping study was 

located in March of 1984 near the center of a sheep-grazed pad- 
dock. Ten transects, each 50 m long, were chosen so that they ran 
parallel to sheep trails (to minimize trampling impacts). These 
transects were marked with iron pins, driven in close to the ground 
surface at 5-m intervals. 

Six hundred plants (rosette diameter >6 cm) were chosen in 
early April, 1985. Random distances along the transects were 
selected and then the nearest plant to that point located. Plants 
were further identified by colored toothpicks placed upright in the 
soil 5 cm to their north. Half the selected plants were protected 
from sheep grazing that season by l-m3 wire exclusion cages. These 
plants served as controls. 

(b) 

On 27 April about 150 sheep were turned into the pasture by the 
owner. The following observations were made biweekly (if appli- 
cable): (1) whether the woad plant was grazed; (2) lengths and 
widths of leaves remaining on the grazed plants (including peti- 
oles); (3) rosette diameter; (4) basal diameter; (5) number of rosette 
leaves; (6) number of fruits per plant; (7) fruit weight per 100 fruits; 
(8) mortality of individuals; and (9) phenophase. 

With the exception of phenology, mortality, and reproductive 
variables (6 through 9), measurements of all other variables were 
discontinued after 20 May 1984 due to cessation of grazing by 
sheep on dyers woad. 

A random set of 30 control plants was destructively sampled on 
18 May 1984 to establish regression relationships between leaf area 
and leaf weight, and stalk height to stalk weight at the end of the 
utilization period. Regression analysis was also used to evaluate 
the relationship between degree of sheep utilization and various 
size characteristics of dyers woad. A chi-square test of independ- 
ence (Steel and Torrie 1980) was used to determine the effect of 
grazing on mortality and percent flowering of dyers woad. 

27-April 15-June 12-act 

18-May I3-Aug 

Dm.- Dormancy L.G. -Leaf Growth 

S.G.-Stem Growth FI.- Flowering 

S.D.-Seed Development D.- Death 

Phenology 

Results 

Fig. 1. Percentages of marked, unclipped dyers woadpopulations, at the 
site of the clipping study (a) and at the site of the utilization study (b), in 
variousphenological stages during spring, summer andfall of 1984. n = 
30 in both cases. 

Figure 1 shows that while overall phenological development of 
dyers woad during 1984 was similar at both the clipping and 
utilization study sites, unutilized controls began flowering earlier 

in the sheep pasture. Since it required a week to record data at each 
site, data collection at the utilization study site lagged by 1 week. 
These phenological progressions were also similar to earlier multi- 
year responses presented in Farah et al. (1988). Dyers woad plants 
had started vegetative growth by 16 April 1984, less than 1 week 
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Table 1. Fruit production by dyers woad pbntr clipped during the spring of 1984 at varying intcmitia and freqncncia. 

Treatment Intensity 

Control 
60% 
60% 
609% 
6% 
90% 
90% 
90% 
90% 

Number of 
Clippings 

0 
1 
2 
3 
4 

: 
3 
4 

Original Sample Number of Plants Mean Fruit 

(# o&nts) 
that Production per 

Fruited Plant 

30 
31 

; 237 
223 

31 18 128 
31 9 97 
30 5 139 

zl 20 15 174 121 
30 3 94 
30 1 164 

95% Confidence % of 
Limits Control 

175,318 100 
1671286 
83,184 
40,179 
39,301 
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72,181 
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Effects of Time of Clipping 

1984 
A set of previously unclipped plants was clipped only once at 

90% intensity to determine if there was a time at which dyers woad 
was susceptible to a single, severe clipping. In order to achieve 
significant mortality over those of the controls, plants had to be 
clipped at 90% intensity no earlier than 23 May (Fig. 5). Single 90% 
clippings prior to this time did not significantly affect mortality of 

a q  Control 

2 3 4 

100 

90 

80 

2 70 .- - 
g 60 

= 50 
C 

Number of Times Clipped 

1984 t 1985 

A q  control 

Control I 2 3 4 

Number of Times Clipped 

r 
1984 + 1985 

b 

I I- June 

I6-Apri I 23-May 

Clipping Date 

Fig. 5. Effect of time of chppbtg on mean cumulative percent mortality of 
dyers wood during 1984 (a) and during 1984 and 1985 combined (b). 
Plants were clipped to remove 90% of abovegroundphytomoss. n = 30 
plants. Bars with different letters are signafkantly different at an Q level 
of 0.05. 

dyers woad. A single heavy clipping also resulted in signifkant 
reductions in percent flowering only when plants were clipped on 
or after 23 May (Fig. 6). A contrast between Figures 6a and b 
shows that clipping after 7 May delayed flowering of some plants 
by 1 year. 

Pig. 4. Effect of multiple clipping at 2 intensities (60% = low; 90% = high) Date of clipping affected total fruit production of treated plants. 
on mean comtdativepercentflowering of dyers woad during 1984 (c)and Fruit production of plants clipped on 7 May and those clipped on 
during 1984 and 1985 combined(b). n = 3Oplantsat the beginning of the 
experiment. Bars with different letters are significantly dfferent at an a 

23 May were, respectively, 42% and 23% of the controls. As in the 

level of 0.05. 
multiple clipping treatment, fruit production did not significantly 

8 JOURNAL OF RANGE MANAGEMENT 42(l), January 1989 



90 T 

80 la) 
I 

90 

80 

70 

.; 60 

: 50 

g 40 

g CL 30 

20 

1984 

a 

I, b b 

Control 7-May I I -June 
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Fig. 6. Effect of time of clipping on mean cumularivepercentji’owering of 
dyers woad during 1984 (a) and during 1984 and 198.5 combined. (b). 
Intensity of clipping and sample size are the same as in Fig. 5. Bars with 
di/ferenr letters are sign@anrly dgferent at an Q level of 0.05. 

decline on a per plant basis (data not shown) and fruit weights were 
not affected by the time of clipping (data not shown). We have 
shown elsewhere (Farah et al. 1988) that achieving reductions in 
seed production of woad are crucial for its control since seed 
dormancy is minimal and only about 3% of the seedlings reach 
maturity. 

A combined analysis (data not shown) of multiple and single 
clipping showed that a single late clipping at 90% intensity resulted 
in similar mortality and flowering responses as multiple clipping. 
Most importantly, the effects associated with clipping 4 times 
could not be distinguished from clipping once in mid June. 

Utilization Study 
To determine whether the timing and intensity of clippings were 

realistic, we monitored utilization of dyers woad by sheep on a 
nearby pasture. From 27 April until 18 May, only 48 out of 300 
marked dyers woad plants (16%) showed signs of utilization. Utili- 
zation of individually grazed plants ranged from 18 to 2970, with an 
average of 39% of the above-ground tissue removed. This level of 
utilization did not significantly affect mortality, percent flowering, 
mean fruit production, or fruit weights (Table 2). The basal diame- 
ters and rosette diameters of grazed plants were greater than those 
of ungrazed plants (Table 2), which indicates that animals were 
selecting larger plants. The utilization study ended after 18 May, 
before the end of the growing season, because sheep switched their 
preferences to other forages entirely. Avoidance of dyers woad 
occurs at the time of maximum flowering stalk growth. 

Discussion 

As with many other cool-season range plant species in the tem- 
perate zones (Jameson 1963, Caldwell 1984), clipping damaged 
dyers woad more severely when it occurred later in the spring. In a 
single, aboveground clipping in a previous study conducted near 
our site (Fuller 1985), mortality increased and flowering decreased 
when a single above-ground clipping occurred on 25 June instead 
of 1 May 1982. Results from the treatments involving multiple and 
single clippings reported here indicate that clipping plants on or 
after 23 May (time of peak bloom) increased mortality and reduced 
flowering. Before this date, clipping 90% of aboveground phyto- 
mass twice, at bi-weekly intervals, did not affect survivorship or 
reproductive capacity. Fuller (1985) found that to significantly 
reduce flowering capacity and increase mortality before 23 May, 
dyers woads had to be clipped 5 cm below the ground surface. This 
suggests dyers woad damaged by clipping or grazing regenerates by 
activation of buds on the root crown and upper roots beyond the 
reach of sheep. 

Casually managed sheep had little affect on mortality or seed 
production of dyers woad in the instance we monitored. Sheep 
there did not voluntarily utilize great amounts of dyers woad, even 
though the range was in poor condition. 

The intensity and timing of grazing needed to significantly affect 
the mortality and reproductive capacity of dyers woad at our 
clipping site in good condition would probably result in substantial 
range deterioration because livestock prefer other, more desirable 
native forage species during the same period, and these other 
species are very susceptible to grazing damage at that time (West 
1983). 

More host-specific biological agents should be examined for use 
in controlling dyers woad. Unless there are some successes in using 
the rust (Puccinia rhluspeos) (Daines 1988), dyers woad will prob- 
ably continue to increase in density on infested sites and spread 
more widely in the Intermountain West. 
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Table 2. Percent mortality, percent flower& mean fruit production per plant, fruit wdghtr at the end of the 1984 vowing eeeeon (n40). Mean bwl 
diuneter, mean roeette diemeter for grazed end ungrezed dym word plate on 18 May 1984 (~22). Stenderd errors or 9596 confidence limite, where 
8pproprirte, ue rbown III p8renthes. 

Treatments 

Ungraxed 
Grazed 
95% confidence 

intervals 

Percent 
Mortality 

25 
19 

Percent 
Flowering 

49 
51 

Fruit Fruit Weight 
Number (g/ 100 fruits) 

215 .334 

240 .351 
(143, 311) (.311, .391) 

Basal Diameter Rosette Diameter 
(cm) (cm) 

.34(.02) 8.71(.42) 

.47(.04) 11.03(.52) 
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Animal performance and diet quality as influenced by burn- 
ing on tallgrass prairie 
TONY J. SVEJCAR 

AbStlWt 

Burning on good to excellent condition t8llgr8sr pr8iric in ten- 
tr8l Okl8honu yielded reeulta which visu8lly 8ppe8red much 
gre8ter th8n would be expected from previous burning reaeuch. 
Therefore, 8 study WM daigned to qu8ntify the effect of burning 
on plurt md livestock responsea During 1984_1986,8venge d8ily 
g8Ins of stocker c8ttle were monitored from We May to mid- 
October in replierted burned lad unburned p8stures. Stocking 
r8tes vuied f’rom 0.8 to 1.5 h8 per 8nim8l depending on iniW 
8IIim8l Weight& l%tul8ted c8ttle were used to monitor diet qu8lity 
on the p88tUre& St8nding crop8 were me8sUred it the end Of the 
growing se8son (e8rly October) in exclosures, md rt the end of the 
gr88ing period (We October) in the p8etures. Animrl perfommnce 
wu improved by burning during the curly p8rt of the gwing 
se8son, 8nd over the se8eon 8nim8l prodUetiOa per h8 8ver8ged 
11.2 kg higher on burned compued to unburned p8eturer. Dietuy 
crude protein tended to be higher on unburned comp8red to 
burned p8sture8, but the oppodte w8s true for In vitro org8nic 
m8tter digeetibillty. St8nding crop rem8ining 8fter the gwlng 
period 8veamged 4,304 8nd 2,539 kg/h8 for burned 8nd unburned 
putures, respectively. St8ruUng crop ~8s 57% higher in burned 
COIIIpored to unburned ex&eures. Burning uuaed 8 shift in spe- 

cies composition to f8vor wlpur rpecia md lower production of 
weedy forbe in both excloeuree 8nd gr8xed p8stures. 

The wc of prescribed burning for manipulation of range vcgeta- 
tion has gained wider acceptance in recent years. Vegetation 
changes associated with burning have been documented in a 
number of ecosystems (Wright and Bailey 1982). Responses tend to 
be ecosystem-specific and are further influenced by timing of the 
bum, nature of the fire, environmental conditions (especially pre- 
cipitation) during the year of burning, management after burning, 
site, and species composition. Considerably less information exists 
on the influence of burning on livestock performance. However, 
research from the Flint Hills of Kansas (Launchbaugh and 
Owensby 1978), timbered range in the southeastern U.S. (Hilman 
and Hughes 1965), the Edwards Plateau in Texas (McGinty et al. 
1983), and the Texas Coastal Prairie (Angel1 et al. 1986) all show 
that burning can improve livestock performance. 

The majority of research on burning response of tallgrass prairie 
has been conducted in Kansas. Generally, late spring (about 1 
May) burning has yielded the most desirable results compared to 
other bum dates in terms of forage production and species compo- 
sition. However, late spring burning has been shown to decrease 
(Aldous 1934), have no effect on (Launchbaugh and Owensby 
1978), or increase (Towne and Owensby 1984; Knapp 1984,1985) 
production of tallgrass prairie species. Burning has been studied in 
Oklahoma; however, the bums were generally not timed to obtain 
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maximum forage production (e.g., Adams et al. 1982, Rice and 
Parenti 1978, Kelting 1957), or burning was intended to improve 
poor to fair condition tallgrass prairie (Graves and McMurphy 
1969). Results from management burns conducted on good to 
excellent condition tallgrass prairie in central Oklahoma suggested 
that positive response to fire was greater than might be expected. 
Burning of tallgrass prairie is used as a management tool in some 
parts of Oklahoma, especially the northcentral portion of the state, 
but data detailing the response of livestock to these prescribed 
bums are not available in the literature. This study was conducted 
to assess the impact of burning on seasonal trends in diet quality 
and livestock performance on native tallgrass prairie in central 
Oklahoma. 

Study Site 
The study was conducted from 1984 to 1986 at the USDA/ ARS 

Forage and Livestock Research Laboratory near El Reno, Okla- 
homa. Vegetation on the study site was typical of good condition 
tallgrass prairie, with big bluestem (Andropogon gerardii Vitman 
var. gerardii), Indiangrass (Sorghastrum nutans L.), and little 
bluestem (Schizachyrium xoparium [Michx.] Nash) as domi- 
nants. Soils were silt loams classified as either Udic Paleustolls or 
Pachic Arguistolls, tended to be well drained, relatively deep (150 
cm), and had high available water capacity (Fisher and Swafford 
1976). Mean annual precipitation is 762 mm, of which 68% (520 
mm) occurs during the April through September growing season. 
Precipitation was below average during 1984, when yearly and 
growing season totals were 724 and 349 mm, respectively. Precipi- 
tation was above average in 1985 (annual = 969 mm, growing 
season = 602 mm) and 1986 (annual = 1,108 mm, growing season = 
8 17 mm). Mean annual temperature is 15.6” C. The site has had a 
history of moderate grazing, but had not been burned for at least 15 
years prior to the initiation of the study. 

M8terhlm 8nd Methods 

Two adjacent pastures, 37 and 53 ha in size, were used in the 
study. Each pasture was split, and at random half was assigned to 
either burning or control treatments. Pastures were treated as 
blocks, and treatment/ block combinations will subsequently be 
referred to as paddocks. Burning was conducted on 23 April 1984; 
10 April 1985; and 7 April 1986. Paddocks were burned when big 
bluestem had 2 to 4 cm of leaf growth. This criteria was selected 
because it ensured that ambient conditions would support growth 
of tallgrass species immediately following burning. At the begin- 
ning of the grazing period sward height was about 15 to 22 cm. 
Each paddock was stocked at 1.5 ha/animal from 13 June to 11 
October 1984 and 19 May to 16 October 1985. Heifers with initial 
average weights of 425 and 460 kg were used in 1984 and 1985, 
respectively. Steers averaging 190 kg were stocked at 1.2 ha/ animal 
from 19 May to 1 July, and 0.8 ha/animal from 2 July to 18 
September 1986. Average daily gain (ADG) was calculated on the 
steers initially placed in the paddocks; the additional animals were 
used to adjust the stocking rate to more nearly match available 
forage. Animals were penned during late afternoon and weighed 
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1984 1985 1988 

Fig. 1. Average daily gains (kg)of stocker cattlegrazing burned (solid bar)or unburned (striped bar) tallgrassprairie. Weigh periods averaged 14 days in 
1984, and 21 days in 1985 and 1986. Asterisks indicate treatments were diflerent at the p-CO.05 level. 

the following morning to provide a 16hr shrink period. Weights 
were taken at 14day intervals in 1984 and about 21day intervals in 
1985 and 1986. During the 30 days preceding the study period both 
heifers and steers grazed unburned native range and were supple- 
mented with Old World bluestem (Bothriochloa sp.) hay at about 
0.7% of body weight per day. 

Esophageally fistulated heifers were used to assess forage quality 
of the paddocks. Sampling was conducted in the early morning, 
with 4 heifers grazing one treatment and then the other within a 
block on a given sampling date. The second block was sampled in 
the same manner the following day. Order of sampling for treat- 
ments and blocks was random. Extrusa samples were frozen at 
-20” C, freeze-dried, and ground to pass through a 2-mm screen in 
a cyclone mill (U-D Corp., Ft. Collins, Colorado)‘. Samples were 
analyzed for crude protein (CP) with a micro-Kjeldahl system, and 
for in vitro organic matter digestibility (IVOMD) using a modified 
Tilley and Terry (1963) procedure. Incubation periods were 48 h in 
rumen fluid and 24 h in pepsin. 

within each sampling date. Standing crop remaining after grazing 
was analyzed using one-way analysis of variance with 2 blocks, and 
data from the exclosures were analyzed with one-way analysis of 
variance using exclosures as blocks. All analyses were conducted 
using the Statistical Analysis System (SAS). Unless otherwise 
designated, statistical differences refer to the 60.05 level of 
probability. 

Results 

Paddocks were assessed for standing crop at the end of each 
grazing period. Forty randomly located .25-mr quadrats per pad- 
dock were clipped to ground level and samples grouped into the 
following categories: (1) tallgrasses, big bluestem and Indiangrass; 
(2) midgrasses, little bluestem and tall dropseed (S’orobolus usper 
[Michx.] Kunth); (3) weedy forbs, western ragweed (Ambrosiu 
psilostachya DC.) and Louisiana sagewort (Artemisia ludoviciana 
Nutt.); and (4) other species. Samples were dried at 55” C for 72 h 
and weighed. Three exclosures (10 X 60 m) were constructed along 
the burned/unburned fenceline within each block. Standing crop 
was also assessed in these exclosures. Four quadrats per treatment/ 
exclosure combination were sampled during 1984, and 6 quadrats 
per treatment/exclosure combination were sampled in 1985. Phy- 
tomass within each quadrat was clipped to ground level and separ- 
ated into big bluestem, little bluestem, Indiangrass, western rag- 
weed, sagewort, and other. Samples were dried at 55” C for 62 hr 
and weighed. 

Average daily gain was generally higher on burned compared to 
unburned pastures during late-May to early-July, although treat- 
ments were statistically different for only 2 weigh periods (Fig. 1). 
From mid-July to the end of the grazing period, results were 
variable, but when averaged over this period, ADG for the 2 
treatments was similar. Total gain per head and total gain per ha 
over the grazing season averaged 15.2 and 11.2 kg higher, respec- 
tively, on burned compared to unburned pastures (Table 1). There 
were significant treatment by year interactions for total gain per 
head. The interaction apparently resulted from the greater treat- 
ment response in 1985 compared to 1984 and 1986. Total gain per 
hectare was not analyzed statistically because only 1 value per 
pasture was generated, resulting in a very small actual sample size 
and no estimate of variation within a pasture. 

There was a significant treatment by sampling date interaction 

Table 1. Total gain per head (kg) ad total grin per hectare (kg/ha) on 
burned and unburned trllgrass pralrle. Total pin per head was analyzed 
statistically (n q 24 for 1984 end 1985; n = 43 for 1986), but total gain per 
hectare was not. 

Data from the grazing study were analyzed using two-way (sam- 
pling date X treatment) analysis of variance with a randomized 
block design. Because treatment by time interactions are common 
in studies such as this, treatment comparisons were also made 

lMention of tradename does not indicate endorsement by USDA. 

3-Year 
1984 1985 1986 Average 

Total Gain/ Head 
Unburned 67.7 109.5 76.2 84.6 
Burned 17.7 136.0. 85.5 99.7 

Total Gain/ Hectare 
Unburned 45.1 73.0 76.2 64.8 
Burned 51.8 90.6 85.5 76.0 

*Indicates significance at thep-CO.05 level. 
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for both CP and IVOMD during 1984 and 1985 (Fig. 2 and 3). 
Neither interaction with time nor treatment main effect were signif- 
icant for CP or IVOMD during 1986. The trend was for IVOMD to 
be slightly higher on burned compared to unburned pastures dur- 
ing the first half of the grazing period, but treatment values were 
similar during the second half. Crude protein, on the other hand, 
tended to be higher on unburned compared to burned pastures on 
most sampling dates. 

standing crop was greater with burning, big bluestem increased 
and western ragweed and sagewort decreased in composition 
(Table 3). There was no treatment by year interaction for total 
standing crop and the treatment effect was significant @=O.OOS). 

Discussion 

The beneficial effect of burning on animal performance was 
most evident during the early portion of the grazing period (Fig. 1). 
This result is in agreement with Anderson et al. (1970) who found 
that late-spring burning of tallgrass prairie in Kansas increased 
ADG in May and June, but not in July, August, or September. 
Thus, the period of improved animal performance as a result of 
burning coincides with the time of active growth for the tallgrass 
species. The tallgrasses are generally active from April to mid-July 

There was a treatment by year interaction for total standing crop 
remaining after grazing. The interaction resulted from the fact that 
treatments were not statistically different in 1984, but were differ- 
ent in 1985 and 1986 (Table 2). The most prominent impact of 
burning on individual species classes was an increase in the tall- 
grasses and decrease in weedy species relative to the unburned 
control. The same results were evident in the exclosures; i.e., 

70 - 

60 - 
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Fig. 3. In vitro organic matter digestibility of diets in burned (solid 1ines)andunburned (dashed 1ines)pastures. Vertical bars are f 1 stadrderror of the 
mean. Asterisks indicate treatments were drerent at the p-CO.05 level. 
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TabIe 2. Standing crop (I&ha) remaining In bumcd 9) and unburned (U) paddocks at the end of the grazing period (-gOlo). 

1984 1985 1986 

B U P’ B U P R TT P _ 
Tallgrasses 2648 1304 .I0 3884 744 .05 3546 1072 .07 
Midgrasses 498 1224 .20 460 688 .08 I221 1031 80 
weeds 2:: 240 .19 48 368 .29 90 417 .I2 
Other 208 .75 108 .19 84 174 .I8 
Total 3470 2976 .35 4500 .05 4941 2694 809 
‘Prohahiity >F that the treatments are diiercnt. 

at which point soil moisture is usually depleted and ambient 
temperatures often reach 3Y C or higher (Svejcar and Browning 
1988, Knapp 1984). Wright and Bailey (1982) suggested that bum- 
ing in the southern Great Plains results in earlier growth of forage 
and improved palatability and utilization by livestock. But as 
active growth ceases, the potential of these effects to maintain the 
advantage in burned pastures declines. The grazing initiation dates 
used in this study were conservative, i.e., grazing did not com- 
mence as early as it might have. Because burning improves ADG 
more early compared to late in the season, the difference between 
treatments would probably have been greater if grazing was 
initiated earlier. 

importance of forbs to diet quality at the various sites. 

Table 3. Speciea and total standing cropr (kg/ha) from burned and 
unburned tallgnsr prsirk cxcloauren (1~2-4 in 1984 n=36 in 1985). There 
was no s@Ificant treatment by year interaction for total standing crop 
QGO.05) and the tre8tment effect wu sigrdfhnt @=0.005). 

Species 

Big bluestem 
Little bluestem 
Indiangrass 
Western ragweed 
Sagcwort 
Other 

Total standing crop 

1984 
Burned Unburned 

3853 1472 

E 
411 
205 

148 445 

2 
171 
720 

4940 3424 

1985 
Burned Unburned 

3031 1390 
199 I16 

1242 637 
50 I45 
3 116 

445 492 

4968 28% 

In the present study, there tended to be an improvement in diet 
digestibility with burning during the first half of the grazing period 
(Fig. 3). Although treatment differences were seldom significant on 
a given date, and treatments interacted with time, the slight 
improvement in digestibility early in the grazing period may have 
been sufficient to improve animal performance. Prior research 
indicates that diet digestibility is either unaffected (Woolfolk et al. 
1975), or improved (McGinty et al. 1983, Smith et al. 1960) by 
burning grasslands in the southern Great Plains. When entire 
plants were clipped to ground level and analyzed, both big and 
little bluestem had higher apparent digestibility under burned 
compared to unburned conditions (Allen et al. 1976). Another 
potentially important factor is the proportion of live to dead 
phytomass in the diet. Burning removes residual dead material that 
cattle are not able to selectively exclude in unburned pastures. 
McGinty et al. (1983) found that early in the grazing period diets 
from unburned pastures were higher in dead phytomass than those 
from burned pastures, but as $ dead phytomass increased over the 
season, treatment differences became very small. Digestibility 
responses to burning may be positive or neutral, depending on the 
year and/or specific grassland in question. Potential factors 
influencing diet digestibility are similar to those influencing dietary 
CP and include: (1) impact of burning on the quality of dominant 
species, (2) shifts in diet resulting from burning, and (3) influence of 
burning on sward structure, in particular removal of dead material. 

Cattle grazing burned pastures tended to have lower dietary CP 
compared to those grazing unburned pasture, in spite of the fact 
that early growth big bluestem leaves had higher CP under burned 
relative to unburned condition (Svejcar and Browning 1988). Fis- 
tula sampling wasn’t conducted earlier than mid-June, and thus the 
period during which burning would improve the level of dietary CP 
may have been missed. However, McGinty et al. (1983) found that 
dietary CP was similar among burned and unburned treatments 
early in the grazing season, but lower in burned pastures during the 
latter part of the grazing period, in spite of the fact that hand 
clipped samples from burned pastures had higher CP levels than 
samples from unburned pastures. They attributed the higher die- 
tary CP in unburned pastures to higher use of forbs relative to 
burned pastures. There were 2 sharp peaks in level of dietary CP in 
control pastures during 1985 (Fig. 2). These probably were caused 
by a shift in diet composition, since a sudden increase in CP of the 
dominant tallgrasses would be very unlikely. Woolfolk et al. (1975) 
measured slightly higher dietary CP in burned relative to unburned 
tallgrass prairie in Kansas, and Allen et al. (1976) found that 
burning resulted in increased CP content of big and little bluestem. 
Thus, it appears that burning initially causes increased CP content 
of the grasses, but may lower dietary CP because intake of forbs is 
reduced. Variation in results across locations may depend on the 

Animal production over the grazing season was 11.2 kg/ ha or 
17% higher on burned compared to unburned paddocks (Table 1). 
The improvement in gain per ha is similar to the 11.8 kg/ ha 
improvement with late spring burning reported in Kansas (Launch- 
baugh and Owensby 1978). Gain per ha is influenced by stocking 
rate, time and duration of grazing, and class of livestock; thus, 
comparisons of cattle gains can be difficult to interpret. Launch- 
baugh and Owensby (1978) reported that forage production was 
similar on late-spring burned and unburned tallgrass prairie, where- 
as during the first two years of this study, burning increased 
standing crops in exclosures 57% relative to unburned conditions 
(Table 3). In the present study, there was also considerably more 
standing crop remaining after the grazing season on burned pas- 
tures compared to the results from Kansas. Standing crop remain- 
ing after grazing on an upland tallgrass prairie site in Kansas was 
2,723 and 2,256 kg/ ha for unburned and burned pastures, respec- 
tively (Anderson et al. 1970), as opposed to 2,539 and 4,394 kg/ ha, 
for unburned and burned prairie, respectively, in the present study. 
Thus, tallgrass prairie in central Oklahoma exhibited a more posi- 
tive response to burning than did tallgrass prairie in Kansas. How- 
ever, the study site has higher production potential than many 
tallgrass prairie sites in Oklahoma (Bob Gillen, personal commun- 
ication), and could have higher production potential than the sites 
studied in Kansas. Two additional points should be considered in 
interpreting these results: (1) the tallgrass prairie in the present 
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study was initially in good to excellent condition, and (2) 2 of 3 
study years were above average in precipitation. Further research 
will be necessary to determine the impact of burning on poor to fair 
condition prairie or during dry years. 

The economics of burning are quite favorable under the condi- 
tions of this study. The cost of burning on tallgrass prairie in 
central Oklahoma is about U/ha (Dale Rollins, personal com- 
munication), and in thii study, the average increase in animal 
production from burning was 11.2 kg/ ha. Thus, if cattle were sold 
at the end of the grazing period for $1.32 per kg ($0.60 per pound), 
the increased revenue from burning would be about $15 per ha. 
The net return from burning would be S 10 per ha. This calculation 
is very simplistic and does not account for the extra forage remain- 
ing at the end of the grazing season on burned pastures. The extra 
forage could be used to winter cows or could be consumed during 
the grazing period if stocking rates were increased on burned 
paddocks. Bernard0 et al. (1988) analyzed the economics of bum- 
ing on tallgrass prairie infested with eastern red cedar (Junipenrs 
virginiano L.); they also concluded that prescribed burning was 
economically favorable. Thus, burning proved to be an effective 
management tool on good condition tallgrass prairie in central 
Oklahoma. Burning improved production of tallgrass species and 
livestock, and calculations indicate a positive return on stocker 
operations. 
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Observations on vegetation responses to improved grazing 
systems in Somalia- 
THOMAS L. THUROW AND ABDULLAHI J. HUSSEIN 

AbStnct 
Vegetation community response ls an important factor deter- 

mining the potential for improvement of rangeland dormant serr- 
son forage avaiiabiiity through implementation of grazing systems. 
Heavy continuous grazing (HCC) (5 ha AU”) of communal range- 
lands in coastal southern Somalia has reaulted in a herbaceous 
vegetation community dominated by short-lived annual forbs of 
low palatability that provide little forage during the dormant sea- 
son. Changes in the plant community resulting from implementa- 
tion of 2 grazing systema were compared: complete livestock defer- 
ral (LEX) and moderately stocked shortduration grazing (MSDG) 
(10-l; 3~30 day, stocked at 10 ha AU”). After 2 years, the LEX 
pasture was dominated by palatable forba (primarily Comm&e 
forsku&d and I’moea garckeana), which formed a vine mat that 
overtopped other herhaceous species. These vines died and decom- 
posed soon after the rainy season ended and thus were not a useful 
source of dry season forage. The periodic grazing in the MSDG 
opened the vine mat and enabled grasses to establish, thus grass 
cover became significantly greater on the MSDG pasture com- 
pared to either the LEX or HCG pastures and provided forage for 
livestock in the dry season. 

Key Words: standing phytomass, species composition, short- 
duration grazing, communal grazing, deferred grazing, Somalia 
vegetation. 

Little is known of successional dynamics and community struc- 
ture of grasslands in Somalia. Heavy livestock grazing on commu- 
nally used rangeland has eliminated communities that where in 
advanced successional stages. No information is available on rate 
of recovery and type of response that could be expected if there was 
a reduction or deferral of livestock grazing. Several studies have 
recently been conducted on species composition shifts along live- 
stock use intensity gradients radiating from isolated water points 
(Herlocker and Ahmed 1986; Herlocker et al. 1987, 1988). Such 
studies provide information on retrogression of the vegetation 
community as grazing intensity increases and gives an indication of 
the plant composition that could be expected for a particular 
grazing intensity. However, such studies do not provide insight 
into the rate and pattern of plant succession when there is a 
reduction in grazing intensity. 

The research objective was to document the vegetation recovery 
of a heavily grazed site when there was a reduction or complete 
deferral of livestock density. The resultant rate and magnitude of 
change in species composition and standing crop would give man- 
agers an indication of the type of results that could be obtained 
with these treatments. Increasing dry season forage availability isa 
primary objective of range management programs in Somalia. 
Prior general observation indicated that, where rainy seasons are 
brief but intense, short-lived annual forbs quickly dominate graz- 
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ing deferred sites of fair or poor condition. The vine growth form of 
several of the dominant forbs rapidly overtop and outcompete 
other vegetation. Such forbs are of little use for dry season forage 
since they die and decompose soon after the rain stops. We sought 
to test the hypothesis that moderately stocked short-duration use 
of the site during the growing season would facilitate more rapid 
grass establishment than would complete livestock deferral. This 
hypothesis was based on the supposition that moderately stocked 
short-duration use would graze back the initial surge of vines, 
enabling grasses to establish more effectively. 

Study Area 

The study site was located 8 km south of Afgoi, Somalia (2O 
lO’N, 45’ 05’E) on slightly undulating rangeland with deep (<1.5 
m) soil of sand texture. Annual precipitation at the study site was 
highly variable (annual median precipitation, 1981 to 1987 = 446 
mm; range = 214 to 670 mm). Most precipitation occurred during 
the April to May and November rainy seasons. Monthly tempera- 
ture averaged 25 to 30” C. Annual precipitation was 3 to 200% of 
evaporative demand (UNSO 1984). Shrub canopy cover, domi- 
nated by Acuciu horrida. (L.) Willd. and Acacia tortillis, (Forsk) 
Hayne was maintained at about 20% by fuelwood harvest pressure. 
The rangeland was unfenced and communally used by semi- 
nomadic pastoralists for grazing livestock. 

Methods 

In October 1985 a portion of the heavily grazed (5 ha AU’) 
communal rangeland (HCG) was fenced to create a 2-ha livestock 
exclosure (LEX) and a l-ha pasture that was moderately stocked 
(10 ha AU’) using a shortduration system (MSDG) to simulate a 
10 pasture rotation grazing strategy (10-I; 330 day). The MSDG 
pasture was stocked with an standard stock unit (SSU) ratio of 
65% cattle and 35% goats. The SSU was based on estimates for 
pastoral Africa (Brown 197 1) (i.e., 1 SSU equals 1 camel, 2 cattle or 
10 sheep or goats). The HCG rangelands were stocked with a 
livestock animal unit ratio of 67% cattle, 24% goats, 5% camels, 
and 4% sheep. The size of the treatment pastures was restricted by 
pastoralist opposition to fencing and the need to keep the pastures 
small enough to maintain continuous surveillance against trespass. 
Opposition turned to support once benefits of the study became 
apparent, illustrating the utility of demonstration studies, particu- 
larly where foreign concepts of range management are viewed with 
skeptism. 

Cover, standing phytomass, and litter accumulation were sampled 
monthly from October 1985 through February 1988. During each 
sample period, 10, 0.25-m* plots were randomly placed in each 
pasture. Standing (live and dead) grass and forbs were clipped and 
litter was collected on each plot. This material was dried at 600 C, 
weighed, and reported as kg ha-‘. In addition, 10 permanent 0.25- 
mr vegetation plots were established in each pasture. A IO-point 
frame (Brown 1954) was used to measure cover on these plots each 
month. In November 1985 and 1987, 10 randomly located 30-m 
line transects were placed in each pasture. Species composition of 
foliir cover was determined at 100 points spaced at 3O-cm intervals 
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along each of the transects. 
Differences among vegetation communities and grazing strate- 

gies were not replicated; the error term in the analysis of variance 
consisted of the nested variation of the randomized sites within the 
grazing strategies (Dunn and Clark 1974). Treatment means were 
separated by Duncan’s new multiple-range test (Duncan 1955) at 
the <0.05% level. The Shannon-Weiner diversity index (Shannon 
1948) was used to provide an indices of species diversity for the 
pastures. Palatability interpretation was based on the ratings of 
Herlocker and Kuchar (1986). 

RemIts 

The seasonal rainfall pattern (Fig. 1) strongly infhrenced the 
amount of cover and above-ground phytomass. Most forbs were 

250 

1985 

- 

1986 1987 
Time (years) 

a, 
1988 

Fig. 1. Distribution of precipitation throughout the study period 

annuals which rapidly increased standing phytomass during the 
growing season but died soon after the rains ceased, resulting in 
great seasonal fluctuations. There was generally no difference in 
amount of forb standing phytomass among pastures (Fig. 2). Grass 
standing phytomass followed the same seasonal cycle as the forbs. 
In contrast, however, the amount of grass standing phytomass was 
greatest in the MSDG pasture (Fig. 3) and lowest in the HCG 
pasture. Litter phytomass also followed a seasonal cycle, lagging 
approximately 2 months behind the peak of standing phytomass. 
Litter phytomass was greatest in the LEX pasture and lowest in the 
HCG pasture (Fig. 4). Bare ground reflected these seasonal pat- 
terns in above ground phytomass, being greatest at the end of the 
dry seasons and lowest at the end of the rainy seasons (Fig. 5). 
Percentage of bare ground during the dry season was greatest in the 
HCG pasture and lowest in the LEX pasture. During the main 
growing season (April to June) there was nearly complete aerial 
cover in all pastures. 

There was a marked difference in species composition between 
the 3 pastures after 2 years (Table 1). The relative cover of forbs 
was greatest in the HCG pasture and least in the MSDG pasture. 
Species of low palatability such as the woody forb Zndigofera 
tinctoria L., and the hard, sharp-seeded Oxygonum sagittatum R. 
Grah. were dominant in the HCG pasture. Highly palatable vines 
such as Zpomoea garckeana Vatke, and Commelina forskalaei 
Vahl., were dominant in the LEX and MSDG pastures. The 
MSDG pasture had significantly greater cover of grasses; the 
dominants being of moderate palatability such as Cenchrus ciliaris 
L., and Eragrostis ciliaris (L.) R. Br. The cover of highly palatable 
grasses, Leptothrium senegalense (Knuth) W.D. Clayton, and 
Cynodon dactylon (L.) Pets., was greater in the LEX pasture. 

Teblc 1. &lathe compoeltloa and specka diver&y of the beavlly grazed 
common paeture (HCC), tbe moderately grazed abort-durrtlon peeture 
(MSDC) and the livestock excloeure p&are (LEX). Sampla collected 
from tbeae altee lo November, 1985 (2 web efter fence coaetructlon) 
were not eignifianUy different QKO.05) tbaefore tbeee d&e were 
pooled. Grezing treatment cover valur wltb tbe same letter for the same 
species l re not elgnlfkantly dtfferent (p<O.OS).l 

Species 

November 1985 November 1987 

HCG HCG MSDG LEX 

GRW? 
Eragrostis ciliaris 
Cynodon doctyion 
Dactyloctenium 

scindicum 
Cenchrus btflorus 
Cenchrus ciliaris 
Leptothrium 

senegalense 
Aristida aakcendonis 
Brachiaria obtusijlora 
Digitaria nodosa 

TOTAL GRASS 

Forbs 
Indigofera tinctoria 
Oxygonum 

sagittatum 
Commelina forskaiaei 
Psilotrichum 

tomentosum 
Ipomoea garckeana 
PeaWium murex 
Sida filepes 
Pavoniapirottae 
I-Ieliotropium 

cinerascens 
Asystasia kzticapsula 
Euphorbia grant&a 
Tephrosia subtrtflora 
Abutilon sp. 
Diodia auiacospenna 
Alysicarpus 

glumaceus 
Ocimum canum 
Ocimum tomentosum 
Digera muricata 
Hibiscus micranthus 
Aerva javanica 

TOTAL FORBS 

SEDGE 
cyperus sp. 1 
Cyperus sp. 2 

TOTAL SEDGE 

Shannon-Weiner 
Species Diveristy 

Index 

3.2b 1.8b 
0.7b 0.3b 

12.8a 4.7b 
0.3b 4.2a 

Oha 
O&l 
OSk 

0.3a 
O&l 
O.oC 

l.Oa 
OSa 

13.2a 

0.9a 
O.la 
5.4b 

O.Ob 
O.Ob 
Oh 
Oh 

4.7c 

0.2b 
O.Ob 
0.7a 
O.Oa 

3.3c 

2.lb 6.3a 
2.4a o.Ob 
1.3a 0.3a 
O.la O.Oa -- 

33.7a 21.9b 

38.7a 36Sa 2O.Ob 16.2b 

24.2a 
l2.3b 

21.4a 
7sc 

1.8b 3.1b 
12.3b 21.2a 

8.1ab 
4.4b 
1.6b 
l.Oa 
OSa 

llh 
6.8b 
5.4a 
0.8a 

0.7a 

4.2b 8Sab 
18.2a 22.2a 
0.8b 0.3b 
l.la 0.5a 
1.2a 0.3a 

Oh 
0.3a 
0.3a 
0.2b 
0.h 
O.lb 

O.Oa 
O.la 
O.Oa 
0.4b 
O.Oa 
2.6a 

o.Oa o.Oa 
0.3a 0.7a 
l.6a o.Oa 
0.4b 3.3a 
o&I o.Oa 
O.Ob O.Ob 

O.la 
O.lb 
Oh 
O.Oa 
OhI 
O.Oa 

92.Oa 

Oh 
0.7ab 
0.09 
O.Oa 
O.la 

O.Oa O.Oa 
2.5a O.Ob 
O.la O.Oa 
0.3a O.la 
O.la O.Oa 

28.a 
O.Oa 

2.8a 

O.la O.Oa O.Oa --- 
95.la 64.9~ 76.4b 

1.6a l.3a 0.8a 
O.Oa O.la 0.9a --- 
1.6a 1.4a 1.7a 

2.64 2.84 3.43 3.23 

1Botanical nomenclature follows Hubbard et al. (1981). 

Discussion 

Forb standing phytomass remained similar in all 3 pastures 
throughout the study, despite the fact that species composition in 
the pastures was different. This implies that forb standing crop was 
limited by an environmental constraint, such as water, nutrient, or 
light availability, rather than by inherent production potential 
attributable to particular forb growth forms or livestock grazing 
pressures. Grazing pressure influenced herbaceous species compo- 
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Fig. 2. Forb stonding biomass throughout the studyperiod on the heavily grazed commonpasture (HCGJ the moderately grazedshort-durotionpasture 
(MSDG) ond the livestock exelosure pasture (LEX). Grazing treotment meonz with the same letter for the some sompie date ore not significantly 
dt#Jerent (tiO.05). 
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Fig. 3. Fig. 3. Grassstonding biomass throughout thestudyperiod on the Fig. 4. Litter biomass throughout the study period on the heovily grazed 
heavily grozed common pasture fHCG), the moderately grozed short- common pasture (HCG, the moderately grozed short-durotion pasture 
durotion pasture (MSDG) ond the livestock exclosure pasture (LEX). (MSDG) and the livestock exclosurepasture (LEX). Grazing treatment 
Grozing treotment means with the some letterfor the some sample dote means with the some letterfor the some sample date ore not signt@contly 
ore not stgniftcontly different (60.05). deferent (p<O.Os). 

sition and diversity. Unpalatable species dominated the HCG pas- 
ture. Palatable vines overtopped and dominated other herbaceous 
species in the LEX pasture. Periodic grazing in the MSDG reduced 
the vine cover and allowed other species, especially grasses, to 
increase. Consequently, species diversity was highest in the MSDG. 

Most forb species quickly died, broke apart and entered the litter 

layer when the seasonal rains stopped. Herbaceous litter phyto- 
mass was quickly decomposed by termites and other microfauna 
(94% decomposition within 1 year) (Thurow unpubl. data). There- 
fore, complete deferment over the 2-year period did not signifi- 
cantly increase dormant season forage availability. Retrogression 
studies along grazing intensity gradients (Herlocker et al. 1987, 
1988) indicate that the highly palatable bunchgrass Leptothrium 
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5 800 
r 

i 600 
-I 

400 

200 

18 JOURNAL OF RANGE MANAGEMENT 42(l), January 1989 



- LEX 
. . . . . . . SDG 
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Fig. 5. Percent bare ground throughout the study period on the heavily 
grazed common pasture (HCG), the moderately grazed short-duration 
pasture (MSDG). and the livestock exclosure pasture (LEX). Grasing 
treatment means with the same letterfor the same sample data are not 
significantly different (p<O.OS). 

senegalense dominates lightly grazed sites and sites that are grazed 
only during the growing season. This species had become the most 
common grass species in the LEX pasture and, based upon the 
retrogession studies, probably would increase its cover as defer- 
ment continued. Leptothrium senegalense is of marginal manage- 
ment use for increasing dormant season forage, however, since it 
would be expected to decrease if moderate livestock use of the site 
was initiated (the high crowns being susceptable to damage by 

selective grazing which would take place in the dormant season). 
Bunchgrasses which increased under the MSDG system, such as 
Cenchw ciliuris, are more realistic management goals for provid- 
ing a sustainable source of dormant season forage. An additional 
benefit of the MSDG system was that it allowed livestock to use 
some of the short-lived forb phytomass during the growing season 
when it was available and palatable. 
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Standing crop patterns under short duration grazing in 
northern Mexico 
SERCIO SOLTERO, FRED C. BRYANT, AND A. MELCOZA 

AbStrret 

Patterns of end-of-season standing crop were evaluated during a 
4-year period on an oak-bunchgrass range site under short- 
duration grazing in northern Mexico. Patterns weredetermined as 
a function of reduction of tinding crop biomass of grease8 witbin 
strata (300 m e8cb) from 8 central watering point. Signifhnt 
differences in endslae8son standing crop (KO.05) were found 
among the strata. Four-year average standing crop biomass was 
383 kg/br witbin 300 m from the central watering point; wherea% 
standing crop biomass was 53% 691,855, and 805 kg/ha within 
strata 300-600,600-900,~1,200, and 1,200-1,500 m from the 
centnl watering point, respectively. 

Key Words: standing crop biomass, Mexico, short duration 
g-ing 

Recently, intensive grazing schemes were introduced to the Uni- 
ted States and Mexico as a means to increase secondary productiv- 
ity. One of these intensive schemes, shortduration grazing (SDG), 
recommends a wagon-wheel design with pastures radiating from a 
central watering point (Savory 1979a). One concept of SDG is to 
increase animal numbers, up to 2 times the normal stocking rate, to 
produce the desired effect on the range. Reportedly, this manage- 
ment practice prevents overgrazing on any range type near stock 
concentration points (Savory and Parsons 1980). Evidence exists 
that cell pasture arrangements on west Texas ranges with high 
density stocking provide excellent animal distribution (Dahl1986). 
However, other studies have found no improvement in grazing 
distribution (Kirby et al. 1986). Evidence is still needed on the 
effect of wagon wheel designs on standing crop distribution under 
various range types. Therefore, the objective of this study was to 
evaluate short-duration grazing effects on standing crop distribu- 
tion on an oak-bunchgrass range type. The hypothesis being tested 
was: short-duration grazing, by promoting an even distribution of 
grazing and utilization of forage, will improve standing crop dis- 
tribution over time. 

Study Area and Methods 

The study was conducted at the La Campana Experimental 
Station of the National Institute for Forestry, Agriculture, and 
LivestockResearch (INIFAP-SARH). La Campana is located in 
the central region of the State of Chihuahua, Mexico, 82 km north 
of the capital city of Chihuahua. The geographical coordinates are 
200 20’ N latitude and 106” 20’ W longitude. 

The study area has a semiarid, temperate climate. Average 
annual temperature is 16.3” C with extreme temperatures reaching 
40’ C during summer and -9O C during winter, with an average 
frost-free period of 199 days. Average annual precipitation is 355 
mm, occurring mostly during July, August, and September. 
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associate professor, Department of Range and Wiiie Management, Texas Tech 
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The study site was on foothill range with slopes greater than 3% 
at 1,540 m elevation and was representative of the oak-bunchgrass 
range type of northern Mexico. Soils were sedimentary with strong 
regional metamorphism, gravel-rich and rocky. Soils were sandy 
loams and had a pH between 5.2 and 6.5 

The dominant grass genera were: Bouteloua, Lycurus, Lepto- 
loma, Digitaria, Aristida, Schyzachyrium, Muhknbergia, and 
Elyonurus associated with oak trees (Quercus spp.) and juniper 
(Juniper-us monosperma). Numerous forb species were present in 
the area. Sacahuiste (Nolina texana) also was abundant in this 
plant community (Ranch0 Experimental La Campana 1982). 
Also, shrubs such as Acacia spp., Eysenhardtia spinosa, Mimosa 
spp., Condalia ericoides, and Prosopis glandulosa were present. 

The oak-bunchgrass site on which the SDG system was estab- 
lished had been deferred from grazing during the spring, summer, 
and fall and grazed at a light to moderate rate during the winter for 
18 years before this study was initiated. 

The study area consisted of 259 ha subdivided into 8 triangular 
shaped pastures of equal size. On this area, a SDG cell was estab- 
lished in August 1982 and standing crop distribution was studied 
over a 4-year period through September 1986. The SDG cell was 
designed according to the guidelines of Savory (1979a,b,c) with a 
central watering point and management area. Supplements (pro- 
tein and minerals) were provided in the center of the cell-type 
system. 

The SDG cell was stocked with mature Brangus cows from 1982 
to 1983 and with mature Hereford cows from 1984 to 1986. Anim- 
als were rotated on the basis of 4-day grazing periods in the eastern 
4 pastures and 3day grazing periods in the western 4 pastures. This 
modification was based on previous observations of cattle behav- 
ior and grazing distribution in these pastures. 

Stocking rates on the SDG system were adjusted each year 
depending upon vegetation and/or livestock response. Recom- 
mended stocking rate for this range type was 14 ha/ AU (COTEC- 
OCA 1978). In August 1982, at study initiation, stocking rate was 9 
ha/ AU because of recommendations that stocking rates should be 
higher than recommended levels (Savory and Parsons 1980). In 
August 1983, stocking rate was lowered to 14 ha/AU because of 
drought conditions and depressed cattle weights. Stocking rates 
were returned to the original rate of 9 ha/AU in August 1984. 
Stocking rates were adjusted to 8 ha/AU in August 1985, and to 7 
ha/ AU in August 1986 because of greater precipitation and subse- 
quent forage production. 

Standing crop biomass of grasses (kg/ ha) was determined at 5 
strata (300 m each) from the central watering point in 4 of the 8 
pastures. Standing crop biomass of grasses was determined by 
hand-clipping l-m square quadrats randomly located within each 
strata. Quadrats were clipped at the end of each growing season 
from 1983 through 1986. Sample size of 20 randomly placed quad- 
rats per strata was determined by the n formula derived from the t 
distribution, with a 95% confidence level within 10% of the mean 
(Pieper 1978). All samples were oven dried at 55“ C for dry matter 
weight determination. 

Standing crop biomass of grasses was analyzed using the 
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General Linear Model of SAS in a split-plot design to detect 
differences in standing crop biomass among distances from the 
watering point and between years sampled. LSD tests were per- 
formed to detect differences among means (Steel and Torrie 1980). 

The size and nature of this study precluded replication of the 
SDG system. Thus, pastures within the SDG cell were used as 
replicates. This approach is considered valid under such circum- 
stances (Guthery 1987). 

Results and Discussion 
Differences (X0.05) were found in biomass of grasses among 

strata at progressive distances from the central watering facility in 
the 4 SDG paddocks (Table 1). The lowest standing crop occurred 

Table 1. Stuiing crop biomass of ~saea (kg/ha) at different dhtancea 
from the w&ring point unda SDG in northern Mexico. 

Distance (m) 1983 1984 1985 1986 MeNl’ 

O-300 251 484 373 419 383’ 
300-6tm 414 675 451 613 538b 
600-900 526 752 609 876 691’ 
900-1200 580 849 965 1027 855* 

1200-1500 546 778 870 1026 805” 
Meant 465’ 707” 6549 792’ 

1Meaus within the same row or column with the same superscript BTC not signiticantly 
different (KO.05). 

between 0 and 300 m from the central point of the cell, whereas the 
greatest biomass production occurred in the 2 strata farthest from 
the watering point (900 to 1,500 m). Mean standing crop biomass 
increased from 40 to 123% when comparing the biomass data 
within 300 m of the cell center with the other 4 strata. When 
averaged over 4 years, strata O-300 and 300-600 m were 45 and 
30% lower, respectively, in standing crop biomass than the other 
strata sampled (Table 1). 

The uneven use of the first 2 strata was greater when stocking 
rate was increased in 1985 and 1986. Standing crop biomass of 
grasses within O-300 and 300600 m from the watering point 
during these 2 years averaged 55 and 45% lower, respectively, than 
the 600-900,900-l ,200, and 1,200-l ,500 m strata. Thus, increasing 
the stocking rate did not promote more even distribution of stand- 

ing crop biomass. We suggest that these results were due to cattle 
over-utilizing strata near the center of the cell. Further studies 
addressing graxing distribution under SDG on this range type are 
recommended. 

Although some reduction in standing crop biomass near the 
watering point may have existed when thii study was initiated, the 
purpose of this study was to determine if a cell-type SDG system 
promoted more even utilization of the forage over time, regardless 
of the previous production within the various strata of the pas- 
tures. Thus, on an oak-bunchgrass range site in northern Mexico, 
short duration grazing did not improve standing crop distribution 
over a 4-year period. 
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Cattle preferences for a hybrid grass: chemical and morpho- 
logicairelationships - 

DOREEN R. TRUSCOTT AM) PAT 0. CURBIE 

AbStnCt 

Forty-six clonal lines of a hybrid croati between Pseudoroegneria 
spicata [pursb.] Scrfbn. and Smith X Efyrrfg& reptws [L.] Bcauv. 
were umed to evaluate the hrfluence of various chemical and mor- 
phological characteristics on cattle preference. Variables exrmhred 
included total carbohydrates as well as several individual sugars, 
silica, nitrogen, moisture, leaf and growth form, phenology and 
plant height. In 3 of 4 trials, over 60% of the variation in preference 
aa measured by bite counts was accounted for in the analyses. 
However, dominant facton controlling preference varied from 
trial to trial. Predictive equation6 developed for each trial (N=46) 
produced R? values which ranged from 0.53 to 0.81. Common 
variables that influenced predictions included basal area, phenol- 
ogy, nitrogen, leaf score, and digestibility. Basal area was the most 
important single variable positively related to preference with an 
RS value of 0.70 over all trials. Individual sugar analyses were not 
significantly (p>O.OS) related to bit- for most triala but became 
important from mid-June to mid-July. Kquations which included 
sugar analyses (u=20), accounted for 73 to 87% of the variation in 
bites. However, baaal area and phenology were the dominant 
variables in these equations. Therefore no single equation could be 
used to accurately predict preferences. 

Key Words: bluebunch wheatgram, quackgrass, forage, animal 
preference hybrid grass 

To make rapid progress in forage breeding programs, plant 
geneticists need techniques to measure not only intake and digesti- 
bility but also animal preference for plants since preference may be 
important in assuring animals will accept new plant selections. 
Several techniques have been developed to measure preference 
(Krueger 1972). However, little work has been done on the predic- 
tion of livestock preference for forage plants. 

Avoidance or rejection of plants by animals is often caused by 
the presence of certain secondary chemical constituents or adver- 
sive surface characteristics (Martin 1969). Identification of other 
factors which contribute to overall desirability is difficult because 
of: (1) inconsistencies in grazing trials resulting from animal and 
plant variation, (2) limited knowledge of the mechanisms involved 
in plant selection by livestock, and (3) poor correlations between 
standard chemical assays and observations on selections. 

Most studies of relationships between chemical constitution of a 
plant and animal preference have focused on general analyses or 
large chemical groups such as protein, fiber, in vitro digestibility, 
etc. Little attention has been paid to the individual chemicals in a 
plant or to their constituent compositions. For example, a change 
in the basic structural form of a chemical compound altered insect 
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taste response (Chapman and Blaney 1979). Arnold (1980, how- 
ever, questioned the value of any attempt to identify “palatability 
factors” due to the complexity of the matrix of plant and animal 
factors involved. Thus, there is not uniform agreement on solving 
the chemical-animal preference factor, but it is worthy of further 
investigations. 

This study examined factors that could possibly predict live- 
stock preferences and some component chemical compounds 
which comprise the larger chemical groups. It was hypothesized 
that individual sugar proportions would be more closely related 
with preference than gross carbohydrate assays examined in pre- 
vious research. Comparisons of animal response to the plants’ 
chemical and physical composition were made to determine ifthese 
factors could be used alone or in combination to predict selective 
preferences. 

Materials aud Methods 

A study was initiated in the spring of 198 1 to determine prefer- 
ence differences between 46 clonal lines of bluebunch wheatgrass 
(Pseudoroegneriaspicata [Pursh] and Scribn and Smith) X quack- 
grass (Elytrigia repens [L.] Beauv.)‘, referred to as the RS hybrid, 
(Asay and Dewey 198 1) and to evaluate chemical or morphological 
factors contributing to those differences. Single plant plots of the 
46 lines were arranged within each of 10 replications on 1.0-m 
centers in 2 rows of 23 plants each in a randomized complete block 
design. Eight gentle yearling Hereford steers with an average initial 
weight of 200 kg were used to evaluate relative preferences for the 
46 cloned RS hybrid plants (Truscott and Currie 1987). 

Replications 1 to 5 were fenced separately from replications 6 to 
10 and are hereafter referred to as pastures 1 and 2, respectively. 
Four trials were conducted in each pasture beginning 15 May 198 1 
in pasture 1 and continued at 2-week intervals in alternate pastures 
through 28 August. 

Two days prior to each grazing trial, randomly selected tillers 
within each line were clipped to a IO-cm stubble height. This 
sample (approximately 60 g DM), cornposited across replications, 
was divided into 3 independent samples immediately after clipping. 
One subsample was immediately frozen on site using dry ice, 
lyophilized, and ground to pass a l&mm screen in a cyclone mill. 
It was then stored in a desiccator until analyzed. A second subsam- 
ple was transported at near 0’ C until weighed, and dried at 100° C 
for l/2 hour followed by 70° C for 24 hours and reweighed for 
determination of moisture content. The third subsample was dried 
similar to the second and used for other analyses. Dry matter 
digestibilities were determined by both rumen inoculum (Tilley 
and Terry 1963) and bacterial cellulase techniques (Goto and Min- 
son 1977). Total nonstructural carbohydrates (TNC), total soluble 
carbohydrates (TSC), nitrogen, and phosphorus were colorimetri- 

lNomenclature follows that proposed by Dr. D.R. Dewey (1984), Crops Research 
Laboratory, Logan, Utah. Previous nomenclature was Agropyron spic~rum for blue- 
bunch wheatgrass and Agropyron repem for quackgrass. 
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tally determined using a Technicon Autoanalyxerr (Technicon 
1977a,b). Total silica was measured calorimetrically following 
procedures described by Fox et al. (1969). Ash was determined as 
the residue remaining after heating at 5500 C for 12 hours. Total 
reducing sugars (Somogyi 1952) of both water and .2N H&O4 
hydrolysates (Smith et al. 1964) were measured using freeze-dried 
samples. Hydrolysis curves were made for both extractions to 
establish maximum yield times and appropriate acid concentra- 
tions. Fructose and glucose concentrations were determined from 
these hydrolysates using trimethylsilyl (TMS) ester derivatives on a 
gas chromatograph (Sweeley et al. 1963). Supelco’s HTP Sylonr 
was used to silylate. Inositol was the internal standard added to 
each sample (508 pg/ml) prior to silylation. Glucose and fructose 
standard solutions were used to check completeness of derivitixa- 
tion. Alditol acetate derivatives of the acid hydrolysate were used 
to determine quantities of other sugars present in addition to the 
glucose and fructose (Bittner et al. 1980). The method was modi- 
fied and an excess of acetic anhydride was used, 1.5 ml rather than 
0.25 ml, to eliminate the need for repeated evaporations over 
methanol. Inositol was the internal standard, and derivitization 
precision was determined using a 7-sugar standard solution 
(rhamnose, fucose, arabinose, xylose, mannose, galactose, glu- 
cose). These gas chromatograph assays were done on the 10 most 
preferred and 10 least preferred clonal lines from each trial as 
established by relative preference rankings in the grazing trials 
(Truscott & Currie 1987). 

to 0.9) for the proportion of the plant at that stage was included. 
Leaf score was based on a g-point scale, 1 = limp, droopy leaves and 
9 = stiff, erect leaves. Growth form was rated on a g-point scale, 1 = 
bunchy growth form and 9 = rhixomatous, low spreading form. 

Physical measurements and rated observations of the plants 
were also made prior to grazing trials. Included were plant height, 
basal area, phenology, leaf type, and growth form. Phenology was 
scored from 1 to 15, as follows: l-3, early to late leaf; 46, early to 
late boot; 7-8, early to late anthesis; 9-l 1, early to late dough; and 
12-15, seed ripe to dormancy. An added percentage estimate (0.5 

Table 1. TrlaI and pastare muns of arorpI~oIogkaI, pbendogIaI, aad 
dluatcaI data. 19g1 trtab. 

Plant and Trial 1 Trial 2 Trial 3 Trial 4 
Chemical Pastme Pasture Pastun PaSttlrt 

Mau=ments 1 2 1 2 I 2 I 2 

Height, cm 66 88 50 48 59 40 37 34 
Width, cm 49 52 47 56 55 57 51 54 
J_ength,cm 57 59 56 57 61 56 52 61 
Phenology, 

IlcOrC’ 4.7 7.1 4.3 3.6 3.9 4.2 3.7 4.6 
Leaf Scot+ 6.0 5.6 5.3 5.6 5.8 5.5 5.4 5.2 
Growth form, 

8cOl.C’ 5.4 5.6 5.4 5.6 5.6 5.7 5.4 6.0 

TNc*, % 30 28 25 24 26 30 29 28 
TSC3, % 10 8.3 9.3 9.4 8.3 8.5 8.7 10 
Nitrogen, % 3.1 2.3 3.2 3.4 2.8 2.8 2.2 2.6 
Phosphorus,% 0.29 0.24 0.26 0.26 0.25 0.23 0.20 0.22 
Silica, % 2.5 2.7 3.8 4.2 2.9 3.2 4.6 6.2 
Cellulasc in 

vitro digcsti- 
bility, % 74 57 73 74 65 68 61 57 

Rumen in vitro 
digesti- 
bility, % 80 72 81 80 72 75 67 66 

Ash, % 10 10 11 12 11 10 12 14 
Moisture. % 75 73 72 58 64 66 60 62 
Reducing sugar, 

acid. % 9.0 9.7 8.6 7.2 7.6 6.5 8.7 6.5 

‘Phenology score #c-ale was I to IS and I to 9 for leaf and growth form. 
*TNC = total nonstructural carbohydrate. 
TSC q  total soluble carbohydrate. 

a result of not being previously grazed. Phenology scores were also 
inihrenced by the clipping and grazing treatments. Scores for leaf 
and plant growth form showed little variability throughout the 
study. 

statistical Analysis 
Individual bite count data were summed over animals and repli- 

cations to obtain total bites/clonal hybrid line. Individual plant 
line data, which included phenology, basal areas and the various 
scores, were handled in a similar manner. Chemical data were 
collected from composite samples of lines over replications and 
thus it was compatible with the bite count and plant data. Percent 
fructose was calculated from the TMS assay. The amount of 
fructose was divided by the sum of fructose and glucose and then 
multiplied by 100. Absolute amounts of the other sugars were used 
in the analyses. A one-way analysis of variance for sugars used 
rank (top 10 = 1, bottom 10 = 2) as the main effect. 

Rank-order correlation coefficients (Spearman’s Rho) were 
used to measure relationships of the various measurements to bite 
count and utilization data (Siegel 1956). Multiple regression ana- 
lyses were used to develop potential prediction equations for 
animal preferences; i.e., the all-possible-subsets regression analysis 
employed Mallow’s Cp values to select the “best” equations 
(Daniel and Wood 1971). 

Results and Discussion 
PIant Morphology and Phonology 

Mean plant widths and lengths varied between trials in a random 
fashion (Table 1). Mean plant heights reflected the influence of the 
clipping and grazing treatments. In trial 1, the means of 66 and 88 
cm were greater than the mean ofx = 45 cm for subsequent trials as 

*Mention of a trade name does not constitute endorsement by USDA-AR& but is 
provided for the convenience of the reader. 
3Supelco Inc., Supclco Park, Bcllefontc, Pennsylvania. 

Cbemic8l Compition 
Percent nitrogen ranged from 2.2 to 3.4% (Table 1). Mean 

digestibility (Nmen in vitro) of the hybrids ranged from 81% in 
mid-June to a low of 66% in trial 4 (August 13-28). Generally, 
differences between the plants with respect to most of the mea- 
surements taken were greatly reduced during trial 2 (15 June to 15 
July) because of the ideal growth conditions which existed at that 
time. NonstNctural carbohydrates showed a characteristic drop 
during the early season then a rise again as the season progressed 
(McIlvanie 1942). Reducing sugar assay measures a similar com- 
ponent as the nonstructural carbohydrate assay but is a much 
milder extraction procedure and thus extracts fewer cell wall sug- 
ars and resulted in correspondingly lower values. Percent reducing 
sugars, moisture, and percent phosphorus generally decreased with 
advancing season. 

Chemical and MorpltologicaI ReIatlonshIps 
Rank-order correlations between bite counts and all 198 1 chem- 

ical, morphological, and phenological data showed several signitl- 
cant (KO.05) positive and negative relationships (Table 2). How- 
ever, few were considered large enough to be biologically important 
(rX.60 or <-0.60). These relationships were observed to change 
substantially from trial to trial. Changes reflected seasonality. 
Significant relationships in trial 1 were different from those in 
other trials. Consequently, these plants were grazed at a more 
advanced stage phenologically and were able to attain greater 
height than plants in subsequent trials. 

Correlations between plant basal area and bites were consist- 
ently strong and ranged from 0.61 to 0.77 during trials l(l5 
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Table 2. Speuman’r correlation coeftktenta of bite countr wttb selected cbemlcal and morpbologkal variablea duriq tbc 1981 trhlm, 1~46.~ 

Bites With: 

Height, CHI 
Area2 
CIUD’ 
RIUD’ 

Leaf score 

Nitrogen, % 
Phosphorus, $ 
Silica, % 
Phenology scorn 
l-NC5 

l-S@ 
Nonsignificant 

Ash 
Nonsignificant 

Moisture 
Nonsignificant 

I-I l-2 

-.4P -.23+ 
.61+ .65* 

.42+ .63* 

.28 .65+ 

-.35* -.I7 

.43* .lO 

.17 .08 

.OO -46, 
-.33* -.I7 
-.43* -26 

2-1 

.4Q* 

.27 

.30+ 

.20 

.06 

.ll 

-:z 
.08 

-.17 

Trial-Pasture 
2-2 3-1 

.47’ .Q8 

.06 .70+ 

.29 .40+ 

.21 .32* 

-.52* -.30* 

.05 .38* 

.16 .09 
-.21 -.08 

-.06 
-:& -.I6 

3-2 4-l 4-2 

.36+ .36* .38* 

.77= .68* .74+ 

.21 .36* .36+ 

.I1 -.I3 .32* 

-.07 .21 -.23 
.38* .# .37+ 
.06 .34* .47* 
.13 34’ .03 

-.32+ -.07 -.37’ 
-.36* -.48’ -.23 

Gxrclation cocffiients X.60 or <-O&J were considcrcd biologically important. 
ZAnx q  width (cm) X length (cm) of plant base or crown. 
JCIUD = cellulaac in vitro digestibility. 
‘RIUD = rumen in vitro digestibility. 
JTNC = total non-structural carbohydrates. 
6TSC = total soluble carbohydrates. 
l Signikant, X0.05. 

May-15 June), 3(15-28 July), and 4(13-28 August). In the 2 later 
trials, steers selected herbage from spreading, rhizomatous plants 
rather than the more caespitose plant. The most preferred plant 
was a very rhizomatous, low growing form (Truscott and Currie 
1987). This growth form had a greater proportion of leaves to 
stems than did the more caespitose type plants. Also, the rhizom- 
atous plants had fewer culms and less culm stubble. The smaller 
basal area plants consisted of very tight clumps of grass which had 
many tall, erect seed culms. After culms were grazed and clipped, 
residual crowns had an area in the center of plants with dry, stiff 
stubble which tended to limit growth of new material to the 
periphery of the plant. Cattle avoided grazing too closely to this 
stubble during the trials. Also, the steers avoided grazing within 
plants which had many, tall seedheads even though there were 
fresh, green leaves below. Murray (1984) reported that sheep also 
avoided plants as the number of seedstalks increased. His research 
covered 14 different grasses, including an RS hybrid selection. 
Because of this avoidance, “‘wolfplants”are formed in many of the 
bunchgrass species (Stoddart et al. 1975). Consequently, in our 

trials, the “‘type” of plant available to steers in later trials, when dry 
and fresh herbage were intermixed, appeared important in the 
selective grazing process on the hybrids and may have been 
reflected in the relationship between basal area, height variables, 
and bite counts. 

Generally, correlations were low between most of the gross 
carbohydrate assays and bite count. Total nonstructural carbohy- 
drates (TNC) were negatively correlated with bite counts over all 
trials. The majority of the relationships for TNC, total soluble 
carbohydrates (TSC), and reducing sugar extracts with bite counts 
were negative. These observations are opposite the findings of 
Bland and Dent (1964), but were comparable to those of Burton et 
al. (1964). Burton et al. (1964) encountered little variation among 
plants in TNC and TSC but substantial differences in animal 
preferences. Arnold and Dudzinski (1978) suggested several prob- 
lems associated with the use of a gross indicator such as soluble 
carbohydrates. Depending upon the variety of forage and its car- 
bohydrate make-up, these analyses produce a wide range of mono- 
and polysaccharides and their derivatives, all of which vary in taste 

Table 3. Mean percent hctose In water and acid extracts, mean amounb of total extract sugar and cell mll rupn &g/ml) in bigb and Ior ranked bite 
groupa of RS hybrida, trhb 1 to 4. 

Rank 
Group’ 

Fructose, % of Total Sugars 
Acid Water Total extract* sugars, pg/ml Cell Wall Sugars3 pg/ml 

High Low High LOW High LOW High LOW 

Trial-Pasture: 
1-l 
1-2 
2-l 
2-2 
3-1 
3-2 
4-l 
4-2 

4: 22 28 23 

22 23 :ie 
24 26 29 
31’ 40b 
2P 38b :s 
45 48 29 
41 42 28 

19 
15 
29b .I5 
27 .w 
30 .76’ 
24 .98 
31 1.13 
26 .84 

.69 

.64 

.81 

.65b 

.98b 

.% 
1.29 
.87 

.31 

.45 

.34 

.32 

.38 

:Z 
.21 

.39 

.35 

.40 

.42 

.28 

.24 

.21 

.26 

Pmfercnce rank for high (n=lO) and low (n=lO) plants. 
%cludcs mavose, glucose, arabmosc, xyloac, rhamnolrc. 
~Jn$ud~ arabmose, xylosc, rhamnose. 

Itbm rovm and categoncs, rank group mean with unlike superscripts significantly differ (KO.05). 
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Table 4. Spmrmen’e correhtion coeffkkote ot bite count wltb free-eogu ind other eekcted variabks from 1981 trkk, 1~20. 

Trial-Pasture 
Bites With: l-l 1-2 2-l 2-2 3-l 3-2 4-l 4-2 

Height, cm 
Basal area’ 
Phenology score 
Percent fructose, acid 
Total sugar 
TNc2 
Nitrogen, % 
silica, $ 
RUIP’ 
Leaf score 

-.36 
.67+ 

-.44* 
-.37 
-.33 
-.62+ 

.45+ 
-.02 

.27 
-.69+ 

-.31 
.85+ 

-.83. 
-.Ol 

.22 
-.35 

.06 
-.40+ 

.66* 
-.59+ 

.61+ .65* 

.16 .11 

.I7 -.61* 
-.27 .I8 

.09 -.53* 
-.43+ -.54* 

.21 -.05 
-.38 -.54+ 

.54+ .47* 

.I7 -.71’ 

.I7 

.82’ 
-.23 

-:z* 
.14 
.52* 

-.22 
.39 

-.36 

.85* .41+ 

.88. .82+ 
-.56* .OO 
.02 .OO 

-.42* .05 
-.68* -.37 

ho* .32 
.20 .43* 
.25 .08 

-.I7 -.09 

g: 
-.49+ 

.48+ 

.03 
-.43* 

-:E 
.46* 

-.56* 

%ssal area = width (cm) X len@h (cm) of plant baac or crown. 
mC = total nonstructural carbohydmtcs. 
‘RIUD = rumen in vitro dipstibiity. 
l Significant, p<O.OS. 

from bitter to quite sweet. Another problem was differences inher- 
ent in stereoisomers of the same compound and the effect they have 
on taste characteristics. 

Relationships of cellulase and rumen in vitro digestibilities to 
bite counts were considered important (rX.60) in trial 1, pasture 2, 
but not in other trials (Table 2). This was the only trial where plant 
phenology reached an advanced stage (Table 1) and indicated that 
digestibility could be an important influence on the consumption 
of these plants as they mature. However, rank-order correlations 
of cellulase and rumen digestibilities were significant (KO.01) 
between the 2 methods over the 4 trials. Values ranged from 0.54 to 
0.74, n=46. The cell&se technique consistently had a better corre- 
lation with bites than the rumen in vitro method. 

Sugar Relationships 

Percent fructose from the acid extract tended to increase from 
trial 1 to trial 4 but the percent fructose in water extract did not 
show a distinct trend (Table 3). The only significant differences 
between the 2 preference rank groups were from trial 3, pastures 1 
and 2 (KO.05). The lower ranked plants (~10) had a significantly 
higher percentage of fructose in water extract (KO.05) than the 
top ranked plants (n=lO). Because of the sweetness of fructose, the 
opposite would have been expected. In trial 2, pasture 1, the lower 
bite count group also had a higher percentage fructose (KO.05) in 
the water extract. Cattle have been shown to prefer and be quite 
sensitive to sweet tastes (Goatcher and Church 1970) and would 
have been expected to select for fructose if indeed a relationship 
existed. This was not the case. 

As shown in Table 3, most of the sugars present other than 
fructose, glucose, and sucrose are cell wall sugars. The total sugar 
category includes glucose, mannose, and the cell wall sugars. For 
total sugars, trial 3, pasture 1 and trial 2, pasture 2 were the only 
cases where a significant (X0.05) difference was found between 
ranked groups. Total sugars were greater in the low preference 
group than in the high preference group. These results of higher 
sugar concentrations in the less preferred plants support findings 
for TNC and TSC but were not consistent enough across trials to 
be valuable in predicting bites. In general, detailed analysis of the 
carbohydrates to their individual component sugars did not sub- 
stantially increase our understanding of how carbohydrates affect 
palatability of RS hybrid plants. However, the analysis did indi- 
cate that a higher percentage of fructose, which is perceived as a 
very sweet sugar, had a negligible and in fact negative impact on 
cattle preference for the hybrid grasses. 

Rank-order correlations of bites and several variables on the 
same 20 plants from each trial that were analyzed with the sugar 

data are shown in Table 4. The highest correlations were with the 
basalareaduringthelast2trialsandonbothpasWre.swere0.82,0.88, 
0.82, and 0.86, respectively. Other variables whose correlations 
were considered biologically important were nitrogen, height, 
phenology, leaf score, and rumen digestibility. However, the rela- 
tionships of these variables over trials and pastures were inconsist- 
ent and did not appear to be important factors in influencing bites. 

Regrewion Prediction Equations 
Subsets analyses were conducted on chemical, morphological 

and bite counts to develop the best prediction equations for each 
trial using all possible subset combinations. Variables from the 2 
“best” equations based on Mallow’s Cp values for each trial are 
shown in Table 5. Basal area was the dominant contributor in a 
majority of the equations and had consistently signi&nt “t” 
values. Other major contributors were height, phenology, and leaf 

Table 5. Multipk rcgradon vukbka and Mallow’s Cp velua from all 
poedble eubeetr enalyek for “bat” fit equations; trkk 1 to 4, pastwee 1 
and 2,1981, II=46 

Trial/ Pasture Euuation = Variablds~ subset s Mallow’s CD 

l/l 

312 

411 

412 

A=Areal, height, leaf2 
B=A+TNC), silica, RUID(, 

phcnology 
A=Arca phenology, RUID 
B=A+silica 
A=Hcight, RUID, ash, area 
B=A+silica 
A=Area, height, ash, leaf 
B=A+lXC, silica, rumen 

A=Nitrogen, area, RUID. 
phosphorus 

B=A+leaf 
A=Nitrogen, area, height, 

leaf 
B=A+phenology, TSCY 
A=Nitrogen, area. silica 
B=A+c&dad 
A=Arca, height, phenology, 

moisture 
B=A+TSC+kaf 

0.63 12.5 
0.71 5.08 

0.65 0.23 
0.65 0.79 

0.43 3.46 
0.46 2.57 

0.47 8.07 
0.53 5.08 

0.61 1.83 

0.61 2.35 

0.74 5.20 

0.76 4.50 

0.60 -0.32 
0.61 -0.10 

0.79 7.48 

0.81 5.12 

‘arcs q  basal arca. calculate4 as the twoduct of width and lenah mcaaurcs. 
‘Leaf q  leaf score, -1-9 scale, droopy io erect structurr, respcctivcly. 
‘l-NC = total non-structural carbohvdratcs. 
‘RUID = in vitro rumen digestibility. 
‘TSC = total soluble carbohydrates. 
KMhllase q  in vitro lAhd&lc digestibity. 
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score. The coefficients of determination (I22) of 0.43 and 0.47 in 
trial2werelowerthaninothertrials(~O.6OtoO.81).Thesedifferences 
were likely caused by small differences in animal preferences 
between plants as was illustrated by the reduced range in bite 
counts between the most and least preferred plants at this time 
(Truscott and Currie 1987). Trials 3 and 4, for both pastures, were 
fairly uniform with regard to the variables which occurred in the 
“best” prediction equations. Basal area of the plant was the most 
important variable in the prediction equations and had an ZDO.70 
over all 46 clonal lines. 

A regression analysis was also made on the high and low ranked 
plants from each trial (~~20) with the individual sugar data (Table 
6). Trial 2 again had the lowest R2 values, but individual sugars 

Tabie 6. Multiple regrewion vuiabien and Maiior’r Cp vahwa from ail 
powibic sub6et!3 l uiyBi# for-best fit” quatiow triab 1 to 4, pastwed 1 
8nd 2,1981, fF20. 

Trial/ Pasture Variable (“t” vaiuc) 

l/i TSC’ (-1.95). height (-2.19) 

subset R2 Mallow’s cp 

l/2 

2/l 

212 

3/i 

312 

4/l 

area2 (4.04), phcnology (- 1.86), 
IcaF (-3.10) 
RUIIT (1.95), arca (3.21), 

phenoiogy (-1.91). kaf(1.65) 
PFRUAS (-2.74). RUID (4.35) 

moisturc (3.62), arc-a (1.69). 
phenoiogy (-3.02) 

PFRUA (-3.20). TSUGS 
(-2.50) 

TN0 (-2.72), silica (-3.07), 
phenology (- 1.41) 

TSUG (-3.99), TNC (-2&t), 
RUID (1.70), arca (4.73) 

Nitrogen (1.52). arca (6.41), 
phcnology (-4.10), leaf (1.98) 

Phosphorus (2.96). silica (2.86), 
moisture (-1.70), area (6.47), 
phenology (-2.83), 
icaf(-1.84) 

0.79 -0.74 

0.81 1.30 

0.73 0.77 

0.75 2.96 

0.81 -0.97 

0.87 1.87 

0.85 2.01 

‘TSC = total soluble carbohydrate,. 
tArea = bad area calculated from length and width mcasummcnts. 
fLesf = kaf score, 1-9 scale, droopy to erect atructurc, rcqcctively. 
‘RUID = in vitro nmcn diptibiity. 
‘PFRUA = percent fructose in acid extract. 
6TSUG = total sugar in acid extnct. 
mC = total non-structural carbohydratea. 

accounted for 70% of the variation in bite counts. The best equa- 
tions for each trial from this data set and the associated “t” values 
for each variable are presented in Table 6. Basal area alone often 
had an Rz of 0.70 or greater. Except for phenology and basal area, 
variables most dominant in these equations were unique and did 
not frequently appear elsewhere. 

The importance of basal area may be explained by 2 lines of 
thought. The first assumes that basal area is a measure of the 
amount of available herbage. This was the situation in later trials 
where quantity of herbage available for consumption could have 
been the limiting factor in the determination of bites much more 
than some qualitative aspect of the grass plants. This appears 
reasonable in view of the fact that regrowth in these later trials was 
much reduced with an average of 35 cm compared to earlier trials 
averaging 42 cm. Although this may explain some of the impor- 
tance of area as a prediction variable, it cannot be the only explana- 
tion. Observations and bite count data indicate some plant lines 
were relatively untouched at the completion of grazing trials and 
required clipping to lower their height to 10 cm. Grazing did not 
occur to the point where the animals physically could not obtain 
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additional plant material. 
A second explanation for the importance of basal area in the 

regression equation involves the presentation of a favorable plant 
canopy to the animal for grazing. Typically, preferred plants were 
of a similar growth form. A close correlation existed between 
growth scores and width and length measurements. Preferred 
plants tended to be those of low stature (<50 cm), loosely bunched, 
and of a rhizomatous “type” that matured more slowly than the 
other plants. These plants also tended to have fewer seed cults 
which after several clippings became somewhat of a physical 
obstacle to grazing. 

A multiple regression analysis was conducted with 6 of the 
variables which occurred most often in the subsets analysis in an 
effort to develop 1 equation that could alone be used to account for 
selective preference differences. Trials 1 and 2 were substantially 
different from 3 and 4 for the reasons described previously. Thus, 
the regression used data from only trials 3 and 4. The variables 
plant basal area, nitrogen, phenology, leaf score, height, and 
rumen digestibility produced the regression equation: 

Y = 326.9 + 67.6x1- 1.6x1+ 44~s -6.9x( - 1.3~5 -4.4x,3 

where: x1 = nitrogen, xs = phenological score, xg = basal area, 
x4 = leaf score, 
xa = height and xs = rumen digestibility. 
Y = estimated number of bites. 

In this analysis, basal area accounted for 54% of the complete 
model’s R2 of 0.72 and must be considered the primary variable 
affecting the number of bites taken per plant. 

conclusion 

It was impractical to develop one prediction equation to explain 
animal preferences for hybrids over the entire growing season. 
Variables important in the animal preference selection process for 
the RS hybrid plants early in the grazing season (Trial 1) included 
basal area, height, phenology score, leaf score, silica content, and 
rumen digestibility. Relevant relationships in trial 2 (June 15 to 
July 15) were unique and many of the significant correlations 
measured earlier disappeared. At thii time, differences between 
clonal hybrid lines were minimal both chemically and morphologi- 
cally and when differences were minimal, individual sugar compo- 
sition became a dominant variable with respect to bite counts. 
Greater fructose content in the individual hybrid plants had a 
negative effect on the number of bites taken, and percent fructose 
in an acid extract and phenology were the only variables that 
consistently appeared in a prediction equation at this time. The 
most dominant factors affecting bites on both pastures in trials 3 
and 4 (n=184) were incorporated into a general prediction qua- 
tion. An Rz of 0.52 was produced and the importance of the 
relationships between factors such as basal ama, height, nitrogen, leaf 
score and the carbohydrates were defined. These results showed 
selection should be made for plants of a specific growth “type” 
which allows easy access to green plant material by the animals and 
remains favorable to be grazed for an extended period of time. 
Additionally, management of plants by season of growth and the 
associated chemical status of these plants were shown to have a 
profound influence on selection preferences. These factors need to 
be considered in a breeding program used to select forages for 
livestock grazing. 

Literature Cited 
Arnold, C.W. 1981.Grazingbchavior. p. 79-104. In:F.H.W. Moricy(cd.), 

Grazing animals. World animal science, Bi. Amsterdam, Elscvier. 
Arnold, G.W., and M.L. Dudzimki. 1978. Ethology of frceranging domes- 

tic animals. Eiscvicr Scientific Pubi. Co., Amsterdam. The Netherlands. 



Asay, K.H., and D.R. Dewey. 1981. Registration of Agropyron repens X 
A. spicatum gcrmplasms RS-I and RS-2. Crop Sci. 21:351. 

Bittner, A.S., L.E. Harris, rad W.F. CnmpbeII. 1980. Rapid N-Methy- 
limidixole-catalyxed acetylation of plant cell wall sugars. J. Agr. Food 
Chem. 28:1242-1245. 

Bland, B.F., and J.W. Dent. 1964. Animal preferences in relation to the 
chemical comoosition and diacstibility of varieties of cocksfoot. J. Brit. 
Grassl. sot. 193306-314. - - 

Burton, C.W., F.E. Knox, and D.W. Bcrudsley. 1964. Effect of age on the 
chemical composition, palatability and digestibility of grass ~VCS. 
Agron. J. 56160-162. 

Cba~man, R.F., and W.M. Blaney. 1979. How animals perceive secondary 
comoounds. o. 161-198. In: G.A. Rosenthal and D.H. Janxen fed.), 
Herbivores. iheir Interaction with Secondary Plant Metabolitcs. A& 
demic Press, New York. 

Daniel, C., and F.S. Wood. 1971. Fitting equations to data. p. 86-115. 
Wiley-Interscience, Div. of Wiley & Sons, New York. 

Dewey, D.R. 1984. The genomic system of classification as a guide to 
intergeneric hybridization with the perennial Triticcac. p. 204-279. In: 
J.P. Gustafson fed.), Gem manipulation in plant improvement. Plenum 
Publ. Corp., Niw York. _ 

Fox. R.L.. J.A. She. D.L. Plunk&t. and D.Y. Teranlshl. 1969. Soluble 
and total silicon in sugar cane. Plant and Soil 30:81-92. 

Guatcber, W.D., end D.C. Church. 1970. Taste responses in ruminants. I. 
Reactions of sheep to sugars, saccharin, ethanol and salts. J. Anim. Sci. 
30:777-780. 

Goto, I., end D.C. Mhson. 1977. Prediction of the dry matter digestibility 
of tropical grasses using the pcpsin-cellulase assay. Anim. Feed Sci. and 
Tech. 2247-253. 

Krueger, W.C. 1972. Evaluating animal forage preferences. J. Range Man- 
agt. 25~471475. 

Mutln, C.C. 1969. Measurement and significance of forage palatability. 
Proc. Nat. Conf. on Forage Qual. Eval. and Util., Nebraska Center for 
Continuing Education, p. Dl-D55. 

McIIvanIe, S.K. 1942. Carbohydrate and nitrogen trends in bluebunch 
wheatgrass, Agropyron spicutum, with special reference to graxing influ- 
ences. Plant Physiol. 17540-556. 

Murray, R.B. 1984. Yields, nutrient quality, and palatability to sheep of 14 
grass accessions for potential use on sagebrush-grass range in southeast- 
em Idaho. J. Range Manage. 37:343-348. 

Siegel, S.S. 1956. Nonparametric statistics for the behavioral sciences. 
McGraw-Hill Book Co., Inc., New York. 

Smith, D., GM. Paulson, and C.A. Rape. 1964. Extraction of total 
available carbohydrates from grass and legume tissue. Plant Physiol. 
39%&%2. 

Somogyi, M. 1952. Notes on sugar determination. J. Biol. Chcm. 
195:19-23. 

Stoddut, L.A., A.D. Smith, and T.W. Box. 1975. Range management. 3rd 
cd., McGraw-Hill Book Co., New York. 

Sweeley, C.C., R. Bentley, M. Makite, and W.W. WeIIs. 1963. Gas-liquid 
chromatography of trimethylsilyl derivatives of sugar and related sub- 
stances. J. Amer. Chcm. Sot. 852497-2507. 

Teclmlcon Autoanalyzer II Methodology. 1977a. Digestion and sample 
preparation for the analysis of total Kjcldahl nitrogen/phosphorus using 
the Technicon BP20 block digestor. Industrial Method No. 369-75A/B. 

Technicon Autoenelyur II Methudology. 1977b. Starch in whole broth/ BD. 
Industrial Method No. 364-75A. D/IV/ b/3. 

TIIIey, J.M.A., and R.A. Terry. 1963. A two-stage technique for the in vitro 
digestion of forage crops. J. Brit. Grassl. Sot. 18: 104-l 11. 

Truscott, D.R., and P.O. Currle. 1987. Factors affecting dietary prcfemn- 
cc% for genotypes of a hybrid wheatgrass. J. Range Manage. 40509-513. 

Statement 01 Ownerhip, Management, end Circulation 

:: 
3. 
4. 

5. 
6. 

7. 

8. 

(Act. of August 12, 1970, See. 3685, Title 39, United States Code) 
7We of Publication: Journal of Range Management 
Date of Filing: September 9, 1988 
Frequency of Issue: Bimonthly 
Location of OJjice of Publication: 1839 York Street, Denver 

Colo. 80206 
Location of General Z3usiness o/fice: Same 
Name and Address of 
Publisher: Society for Range Management, 1839 York Street 

Denver, Colo. 80206 
Editor: Patricia Smith 1839 York Street, 
Denver, Colo. 80206 

Managing kditor: Peter V. Jackson III 1839 York Street, 
Denver, Colo. 80206 

Owner: Society for Range Management, 1839 York Street, 
Denver, Colo. 80206 

Known Bondholders, Mortgagees, etc.: Wyatt Company, 1850 
M St NW, #700, Washington, DC 20036 
9. For Completion by Nonprofit Organizations Authorized to Mail 

at Special Rotes: The purpose. function, and nonprofit status of 
this organization and the exempt status for Federal income tax 
purposes have not changed during preceding 12 months. 

10. Extent and Nature of Circulation 

A. Total copies printed 
B. Paid Circuhztion 

1. Lkalfm, counter sales 
2. Mail subscriptions 

C. Total paid circubnion 
D. Free distribution 
E. Total dutribution 
F. Copies not distributed 
G. Total 

Actual for 
Avg. for issue nearest 

12 months filing date 
5,786 5,322 

0 0 
4,996 5,108 
4,996 5,108 

5,d 5.11: 
782 206 

5,786 5,322 

I certify that the statements made by me above are correct and 
complete.-Peter V. Jo&on, Managing Editor. 

JOURNAL OF RANGE MANAGEMENT 42(l), January 1999 27 



Nutrient utilization of acacia, haloxylon, and atriplex spe- 
cies by Najdi sheep 
ASHOK N. BHATTACHARYA 

AbShCt 
Two digestibility and nitrogen balance studies were conducted 

to evaimte nutrient utiiiaation of 3 commonly browsed range 
plants by the desert sheep & Northern Saudi Arabia. In experiment 
1, 15 Najdi wether iambs (40 kg) divided in 3 lots of 5 were 
randomly allotted to 3 diets of 200 g ground barley (ffora&u~ 
vu&are L.) grain and 800 g either 8Iffr hay (&fe&ugo saliva L.), 
dried Acacia cynophylla Lind., or Huloxylonpersicum Bge. ciip- 
pings. In experiment 2,g Najdi wethers were randomly alloted to 
treatments of 2 kg green 8If8If8 or 2 kg green Atripkx hdnus L. 
ciippin~ per dry. Salt content of the soil and salt bush, Atr@kx 
sp., were 8lso determined. The org8nic m8tter (OM), crude protein 
(CP), and crude fiber (CF) on dry matter basis @MB) were, 
respectively, 90,15,31% for rIf8IfK 90,13,30% for 8e8ei8 for8ge; 
and 87,10,37% for haiosyion shrub. In experiment 1, the OM 
digestibility was 66,56,5% CP digeatibiiity was 73,68, and 5% 
and CF digestibility was 44,33, and 16%, respectively, for 8lf8If8, 
baloxyion, and 8a& diets. Tbe daily nitrogen balance was +4 g 
for both alfalfa and nerd8 groups. The baloxyion group had 8 
negative nitrogen balance (-1.9%), showing no 8pparent retention 
of absorbed nitrogen. In experiment 2, the itriplex clippings con- 
tained 73% OM, lg% CP, and 24% CF on DMB, the respective 
digestibility values being 61,79, and 39%. Even thougb the digesti- 
bility of as well as percent retention of absorbed nitrogen in atri- 
plex group were markedly higher than those in alfalfa group, the 
digestibility of CF was lower (F<.Ol) in the former (39%) as 
compared to that in latter group (34%). The sodium, pot8usium, 
urd chloride concentntion of soils of high and low salinity had no 
influence on their contents in atriplex for8ge, with 8venge values 
being 10,2.5, and 16.5% respectively. 

Key Words: Me&ago sativa, Acadu cynophylla, Haiixykbnper- 
sicum, Atr@kx habnus, shrubs, dtaert sheep, Northern Saudi 
Arabia, salinity, digeatibiiity, nitrogen rettntion 

Rangelands cover more than 90% of the area of northern Saudi 
Arabia and are of major importance for the livestock industry in 
the kingdom. The land units consist principally of sand dunes, 
wadis, gravel plains, and stone hills. Best soils are found in the large 
wadis and around oases where silt and clays have been deposited as 
a result of occasional floods. Usually vegetation is restricted to 
drainages and depressions, leaving the rest of the land bare with a 
few annuals. Dwarf shrubs and annual forbs form the best part of 
vegetation. Bedouins raise most of the livestock in the desert 
ranges. Native fat-tailed sheep which are dominant in the area 
make chief use of the rangeland resources along with goats and 
camels. 

Systematic studies for nutritional evaluation of desert range 
shrubs of Saudi Arabia by in vivo or in vitro techniques are 
lacking. Feed values calculated from standard chemical analysis 
using prediction equations derived from conventional feeds are not 
applicable for desert shrubs. Further, native sheep adapted to dry, 
hot and saline desert conditions might have different nutrient 

Author is an FAO animal production specialist, AGAP, FAO, Rome, Italy. Con- 
tribution from Range and Animal Development Research Center, Al-jot& Ministry 
of Agriculture and Water, Saudia Arabia. 

Manuscript accepted 9 June 1988. 
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utilization efficiency than other breeds in different environments. 
There is a great need to determine the nutrient availability of forage 
shrubs to assess their deficiencies and contribution towards the 
requirements of the range-based livestock. The objective of this 
study was to evaluate nutrient utilization of 3 commonly grazed 
browse species of the range by the native sheep of northern Saudi 
Arabia. 

Materials and Methods 

Experiment 1 
A digestion and nitrogen balance trial was conducted with 15 

Najdi wether lambs with an average initial body weight of 40 kg. 
The treatment design consisted of 3 groups of 5 wethers each with 
similar average body weights. Three diets of 200 g ground barley 
grain (Ho&urn vulgare L.) and 800 g of either ground alfalfa 
(Medicago sativa L.) hay, sun-cured Acacia cynophylla Lind. 
foliage, or dried clippings of Haloxylon persicum Bge. were ran- 
domly allotted to 3 groups of sheep. The ingredients and chemical 
composition of the experimental diets are in Table 1. The alfalfa 
forage grown in Tabarjal, Al-jouf was harvested at a mid-bloom 
stage and was sun-cured. The foliages of Acacia sp. consisting of 
green leaves and tender twigs in a vegetative stage were harvested in 
early autumn and were sun dried. The clippings of Haloxylon sp. 
were collected from sand dune areas of the Wadi Sirhan range of 
Al-jouf province in northern Saudi Arabia and were suncured. 
The area is arid with a very erratic annual rainfall of 30-70 mm, the 
range of high temperature being 40-4Y C in summers and 2-4’ C 
in winters. All dry forages were coarsely ground in a hammer mill 
with a screen of .64 m mesh size. Diet ingredients were mixed by 
hand just before feeding twice daily. Iodized salt was fed with the 
diet at the rate 10 g per head per day. Daily samples of feed were 
composited for future analysis. Water was available at all times. 

After a 3-week adjustment period in the digestion and metabo- 
lism stalls, the trial consisted of a lOday preliminary period fol- 
lowed by a ‘I-day total collection of feces and urine. The daily feces 
were dried for 24 hours at 55’ C and composited for later analysis. 
Urine was collected in plastic jars containing 20 ml of dil. sulfuric 
acid (1: 1 by weight) and 500 ml of water. Each 24-hour collection 
was diluted to a definite volume with water and a 2% sample by 
volume was taken; the daily samples were composited in tightly 
covered jars under refrigeration. Urine was analysed for nitrogen 
and feed and feces for proximate components according to 
A.O.A.C. (1980) methods. Calcium was determined by using an 
atomic absorption spcctrophotometer while phosphorus determi- 
nation was according to Fiske and Subbarow method (1925). All 
digestible energy (DE) and metaboliible energy (ME) values of 
the forages were calculated from their digestible organic matter 
contents (DOM) using the following equation (NRC 1981): 1 kg 
DOM = 4.62 Meal DE = 3.77 Meal ME. The DOM of the forages 
were calculated by difference from the values of the respective diets 
(Lloyd et al. 1978). The standard errors of data were calculated 
according to Steel and Torrie (1980). Relevant data were subjected 
to analysis of variance and the difference between treatment means 
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Table 1. Ingredient and cbemiul compodtion of dlete (Experimcnte 1 and 2). 

Experiment no. I II 
Ration no. 1 3 1 1 2 

Ingredients, gm 
Barley grain 
AIfaIfa hay 
Dry acacia foliage 
Dry haloxylon shrub 
Green alfalfa 
Green atriplex clippings 

Chemical composition 
Dry matter, % 

Percent composition of dry matter 

Organic matter 
Crude protein 
Ether extract 
Crude fiber 
NFE 
Calcium 
Phosphorus 

200 200 200 
800 - - 
- 800 
- - 800 

2000 
2wl 

91 91 91 20 28 

92 91 89 91 73 
14 13 10 22 18 

1.4 1.3 1.4 5.6 7.6 
26 31 31 24 
50 47 47 :; 23 

1.1 2.0 0.55 2.0 0.85 
0.25 0.23 .16 0.21 0.17 

Table 2. Cbemlcel compodtion of alfalfa hey, acacia foliage end l triplex 
clipping (Experiment 1). 

Dry matter, % 
Percent composition of 

dry matter 
Organic matter 
Crude protein 
Ether extract 
Crude fiber 
NFE 
Calcium 
Phosphorus 

Alfalfa Acacia Haloxylon 

91.3 91.6 92 

90.4 89.5 87.3 
15.1 13.3 9.9 

1.34 1.20 1.30 
31.0 29.6 37.4 
50.5 46.0 38.7 

1.35 2.5 0.66 
0.25 0.22 0.14 

Table 3. Apparent digeetlon coeffldente of nutrknte lo dletr (Experimente 1 end 2). 

were tested by multiple range test (Duncan 1955). 

Experiment II. 
A digestion and metabolism trial was conducted with 8 Najdi 

yearling wethers divided into 2 groups 4 each with similar body 
weights; 2 diets of either 2 kg green alfalfa or green atriplex 
clippings (Table 1) were randomly allotted to the 2 groups of sheep. 

A perennial salt bush, Atriplex halimus prevalent in the drainage 
basin area and around Wadi Sirhan range of northern Saudi 
Arabia was collected every other day during spring (May), when 
regrowth was abundant. The clippings collected from atriplex 
plants represented parts consisting of leaves and tender twigs that 
are mostly annual regrowth and are usually browsed by grazing 
sheep. Samples of soils at depths of 0,25, and 50 cm from the area 
with visually apparent surface salt deposits as well as of atriplex 
plants grown on it were collected at random and compared with 

Experiment no. I S.E. 
Diet no. 1 2 3 
Kind of roughage Alfalfa Acacia Haloxylon 

Apparent digestibility (o/o) 
Dry matter 64’ 52b 54b f0.75 

53b 55: Organic matter 65’ M.75 
Crude protein . 

;. 
55E 

Crude f&r 16’ fib 
fl.64 
fl.19 

•*b%iea~ on the same line of each experiment with different superscripts arc significantly dierent (K.05) 

II SE. 
1 2 

Alfalfa Atriplcx 

60b 65’ fl.00 
65’ 61b fl.25 
7lb iO.50 
54’ fl.50 

Table 4. Nitrogen otillxatlon of diete (Experiment 1 end 2).1 

Experiment no. I II 
Diet no. 1 2 3 1 2 
King of roughage Alfalfa Acacia Haloxylon Alfalfa Atriplex 

Nitrogen consumed, g/d 20.5 18.2 13.4 14.0 15.9 
Nitrogen excreted, g/d 

Ftcal 5.6 8.1 4.3 
Urinary 10.5 6.2 10.9 

Nitrogen retention, g/d 4.4. 3.9b -l.8c 
Percent of intake 21.3’ 21.5. - 
Percent of absorbed 29.3’ 38.8b - 

‘*bCh4eans on the same tine of each experiment with diierent superscripta are significantly diiercnt (K.05). 

4.0 3.3 
7.1 8.0 
2.9’ 4.6b 

20.7’ 28.8b 
29.0’ 36.0b 
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salinity of soils and the plants from areas without any visible Table 5. 
surface deposits of salt. 

Feed v&m of aifaifa, auda, atripks and imioxylon foragea for 
Najdi sheep (on dry matter baak). 

The green alfalfa harvested simultaneously as a control forage 
was at the late vegetative stage of growth and was grown under 
irrigation at the experimental farm at Tabarjal along the range 
tract. Both the green alfalfa and green atriplex were cut in small 
pieces (3-5 cm) and fed twice daily in equal amounts; samples were 
taken at each feeding to determine dry matter. All experimental 
procedures followed in this digestion and metabolism trial includ- 
ing collection and analysis of biological samples, calculation of 
energy values and statistical interpretation were similar to those 
described in experiment 1; sodium, potassium in soils as well as in 
plant samples were analysed with the help of a Perkin & Elmer 403 
Atomic Absorption Spectrophotometer, after wet ashing the sam- 
ples (Sandel 1950). Chloride was analyzed according to Bradsley 
and Lancaster (1%5). 

Forages 

Digestible Digestible Metabolizable 
protein energy energy 

(%I -------(Mcai/ Kg)---- 

Experiment I’ 
Alfalfa bay, sun-cured 
Acacia foliage, sun-cured 
ffaloxylon clippings, 

10.8 2.55 2.08 
7.3 1.90 1.55 

sun-cud 6.7 1.96 1.60 
Experiment II 

Alfalfa, green 17.3 2.73 2.23 
Atriplex clippings 14.2 2.05 1.67 

Results and Discussion 
Experiment 2. 

Experiment I. 
Crude protein content of haloxylon (1%) was markedly lower 

than that of alfalfa (IS%), with acacia at an intermediate level 
(13%) (Table 2). Similar values have been reported previously from 
this area (Bhattacharya 1987) and elsewhere (ILCA 1980, NRC 
197 1). Both the calcium and phosphorus content of haloxylon were 
lower than those of the other 2 forages studied here. 

The composition and digestibilities of the dietary nutrients are 
given in Tables 1 and 3. Crude protein digestibility decreased 
(K.01) from 73% for alfalfa, to 68% for haloxylon, and to 55% for 
the acacia diet; the same trend was observed in the digestibilities of 
dietary organic matter and crude fiber, respective values being 66 
and 44% for alfalfa, 56 and 33% for haloxylon, and 53 and 160/, for 
acacia. Wilson (1977) in Australia reported digestibilities of 14% 
and 63% for fiber and crude protein respectively for acacia forage 
fed to sheep. Calculated digestibilitiea from the prediction qua- 
tion (digestible protein = 0.897 cr. protein - 3.43) reported by IF1 
(1979), however, were 76% for acacia and 66% for haloxylon 
forages. Daily nitrogen retention for both the alfalfa and halox- 
ylon diets was 4 g, or 21% of nitrogen intake (Table 4). Nitrogen 
balance in the group fed haloxylon, however, was negative (-1.9 
g/day). Thus, even though the percent nitrogen absorbed out of 
intake was higher in haloxylon group (67%) than in the acacia-fed 
group (55%), there seemed to be no retention of the absorbed 
nitrogen in the former group. The digestible protein, digestible 
energy, and metabolizable energy values of acacia and haloxylon 
forages were not markedly different from each other (Table 5), the 
average values being 7%, 2 Meal/ kg and 1.6 Meal/ kg, respectively. 
The protein quality of haloxylon forage was questionable and 
requires further studies. The metabolizable energy value of acacia 
leaves reported by Economides and Hadjidemetrion (1964) was 1.1 
Meal/ kg. Thus, acacia and haloxylon forage can be compared to 
poor quality roughages such as cereal straw as a feed for livestock. 

Sodium, potassium, and chloride contents of the soil surface in 
the saline area of 5.52,O. 18, and 8.7%, respectively, were signifi- 
cantly higher than the respective values of 0.74,0.03 and 1.64% for 
the normal soil surface on the same range (Table 6). However, the 
soil-sait content of both areas was similar at the 25 and 50 cm 
depths. The atriplex clippings collected from both areas were not 
different in their salt contents, the average values being 10.2% 
sodium, 2.5% potassium, and 16.6% chloride, on a dry matter basis 
(Table 6). Wilson (1965) reported values of 8.2% sodium, 2.7% 
potassium, and 7.1% chloride in Atriplex nummukwia in Austra- 
lia; the leaf of Atriplex vesicuriu in their study was as high as 9.6% 
sodium, 2.8 potassium, and 13.4% chloride. The Middle East feed 
data (IFI 1979), however, showed 4.41% sodium and 1.35% potas- 
sium for Atriplex hdimus, on a dry matter basis. The chemical 
composition of the atriplex clippings analyzed (Table 1) had high 
crude protein (18.5%) yet low crude fiber (23.7%) for a forage, on a 
dry matter basis. Crude protein was similar to the 18.8% reported 
by Wilson (1966) for Atriplex nummularia. Organic matter con- 
tent of atriplex was low (73%). Organic matter digestibility of 
atriplex was 4.8 percentage units lower than that of alfalfa hay 
(Table 3). Crude fiber digestibility of atriplex was lower (X.01) 
than that of alfalfa (39 vs 54%). Crude protein digestibility, how- 
ever, was higher in atriplex (79%) than in alfalfa (71%). Wilson 
(1966) reported that Atriplex nummularia in semi-arid Australia 
had organic matter digestibility of 55% and crude protein digesti- 
bility of 78%, which are not markedly different from the data 
reported here. Nitrogen utilization values in Table 4 show that not 
only the nitrogen absorption from atriplex was higher than that 
from alfalfa, but both nitrogen retention, as well as percent nitro- 
gen retained out of that consumed or absorbed, were also higher 
than those of alfalfa reflecting the superior quality of atriplex crude 
protein. Energy and protein values of atriplex presented in Table 5 
show that the shrub, even though low in energy value, its digestible 
protein content approaching that of a legume forage. 

Table 6. Sodtum, potassium and chloride contenta (dry matter bask) of wii at various depths md of salt buab (A triprc* irodlmus) in Wadi Sirban Range of 
Northern Saudi Arabk. 

Minerals Surface 

Normal soil’ site 
Soil depth 

25 cm 50 cm 
Azripkx 
hfzlimus 

Saline soil2 site 
Soil depth 

Surface 24 cm 50 cm 
Arriplex 
halimus 

Sodium, % 
Potassium, % 
Chloride, % 

*Soil surfa~ without any salt deposit. 
*Soil atuface with salt deposit. 

0.74 0.68 10.66 5.52 0.87 0.75 9.76 
0.03 0.05 2.56 0.18 0.06 0.05 2.56 
1.64 1.33 16.98 8.70 1.38 1.11 16.21 
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Investigation of maternal and embryo/fetal toxicity of 
Ephedra viridis and Ephedra nevadensis in sheep and 
cattle 
RICHARD F. KEELXR 

AbStUCt 

Ephe&a vMdi& and Ephe&a nevadknh were gw8ged at high 
doea to pregnant livestock to determine whether there existed any 
maternal or embryo/letal toxicity. E. viricls was tested in both 
sheep and cows and waa toxic, and generally induced rumhl 
impaction, diarrhea, vomition or anorexia. E. m!va&nsis WY 
tested only in sheep, but wry devoid of toxicity. Neither plant 
induced apparent adverse effecta in unboro offiprhg of animal8 
paged. They were normal at birth. 

Keywordsz Epheth spp., poiaonour planta 
Many plant genera contain compounds that are substituted 

/I-phenethylamines. The phenethylamines are very active com- 
pounds biologically. Many are potent vasoconstrictors (pressor 
amines) and thereby greatly elevate blood pressure. In addition, 
they may exert a variety of physiologic effects including accelera- 
tion of heart rate, increased cardiac output, increased respiratory 
volume, increased central vasomotor activity, and mydriasis. They 
are useful medicinally because of those as well as vasoconstriction 
effects (Goodman and Gilman 1960). Of course, phenethylamines 
are considered toxic at elevated doses as is the case with all physio- 
logically active compounds. 

Some Ephedro species contain substituted /I-phenethylamines. 

The author h with USDA/ ARSI Poisonow Plant Research Laboratow, 1 I50 East 
1400 North, L.qan, Utah 8&l. 
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The pressor amines in Qhedra include (-)-ephedrine, (+)-pseudo- 
ephedrine, (-)-norephedrine, (-)-N-methylpseudoephedrine, and 
(+)-norpseudoephedrine, (+)-N-methylpseudoephedrine (Brossi and 
Pecherer 1970). They are very close in pressor amine activity and in 
structure to the adrenal hormones epinephrine (adrenalin) and 
norepinephrine (noradrenalin) in which, contrary to the &hedra 
amines, there are hydroxyl groups on the phenyl moiety. Both 
adrenalin and noradrenalin have been found to induce birth 
defects (teratogenic effects) in rabbits, rats, and chicks (Jost et al. 
1969, Jost 1953, Gatling 1962, Hodach et al. 1974, Pitel and Ler- 
man 1%2). 

Because of the widespread ingestion of species of the @hedra 
genus by livestock on western ranges in the U.S., and because of the 
use of these same species in preparation of herbal teas, I investi- 
gated the toxicity and teratogenicity in sheep and cattle of 2 of the 
more common Great Basin species-@&e&a neva&nsir S. Wats. 
and Ephedka viridis Coville an”d compared toxicoses induced to 
levels of suspect toxins. This report describes the results of those 
investigations. 

Materials and Methods 

phnt MaterhI 
Composite samples from several dozen &hedra nevaaimti 

plants were collected at an elevation of about 1,460 m on the Lake 
Bonneville benches of the Hogup and Terrace Mountains in Box 
Elder County, Utah, in August of 1981 (collections 8122,350 lb 
dry weight total) and August of 1982 (collection 82-15,470 lb dry 
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weight total). The collections included above-ground parts, excluding 
woody material. Composite samples from several dozen &he&u 
viridis plants were collected at an elevation of about 2,130 m on the 
Eagle Bench of the Henry Mountains in Garfield County, Utah, in 
September of those same years (collections 81-25540 lb dry weight 
total, and 82-23,425 lb dry weight total). Those collections also 
included above-ground plant parts, excluding woody material. All 
4 collections were returned to the laboratory and air dried for 
several days. They were then ground to a fine consistency (to pass a 
15mesh screen) and stored at ambient temperatures for later gav- 
age. Portions subjected to chemical analysis were ground further in 
a Wiley Mill to pass a 40-mesh screen. 

Chemkal Analysis 
E. viridis and E. nevadensis plant collections were subjected to 

tannin analysis by the Folin-Denis modification method of Bums 
(1963) using gallotanic acid as the standard to yield values for 
‘Yannic acid equivalents.” Values were-obtained at 700 rather than 
725 nm. Samples were also analyzed for ephedrine, pseudoephed- 
rine, norephedrine, and norpseudoephedrine by gas chromato- 
graphy (GC) analysis of the purified total basic fraction of the plant 
prepared as follows. Twenty g of plant material was moistened 
with 20 ml 2% Nas CGs and extracted for 2 days with 300 ml 
benzene. The benzene was removed by filtration, pooled with an 
additional 100 ml benzene wash, evaporated to 10 ml, and parti- 
tioned against 75 ml of 1% HCl(2X). The separated acid phase was 
then neutralized to pH 10 with 5% N&OH and partitioned against 
100 ml benzene (2X). The pooled benzene was dried and the residue 
taken up in ethanol for gas chromatography on an OV-17 column 
isothermally at 1200 C, and by temperature programming at lu)o - 
170” C. Standards of ephedrine, pseudoephedrine, norephedrine, 
and norpseudoephedrine were compared to plant extracts by GC 
analysis. 

Animal Care and Administration of Plant Materials 
Experimental animals were Hereford cows weighing an average 

of 410 kg and crossbred ewes weighing an average of 56 kg. 
Ephedru plant material was administered by gavage in a water 
slurry at the dosage, stage of gestation, and for numbers of days 
indicated in Table 1. Dosages listed in Table 1 were the average 
dosages. There were some slight dosage adjustments (f20%) in 
some animals in order to arrive at a maintenance dose that elicited 
toxicity signs but did not result in death. Animals were provided 
alfalfa hay, water, and salt ad libitum. 

Experimental cows were bred to Hereford bulls and ewes to 
Suffolk or Columbia rams with date of breeding considered as the 
beginning of day zero of gestation. Animals were observed for 
clinical signs of toxicoses throughout the gavaging period and for a 
few days thereafter. Offspring were examined at birth for congeni- 
tal deformities. Thorough necropsies were performed on 2 of the 
ewes that died from toxicoses. They were selected because tissues 
were still reasonably fresh after death. 

For measurement of blood parameters, venous blood samples 
from each experimental animal so tested (ewes # 3501,3590,2741, 
2832,3433,3436,3434,3449, 3403, and 2204, and cows # 3782, 
3325,3753,3754, and 3825) were drawn 2 days prior to gavaging, 
and then periodically during the period of gavaging and at 14 days 
after gavaging ended. Blood parameters measured singly by stand- 
ard automated procedures (Abbott ABA 200 analyzer) in ewes 
were red blood cell count (RBC), white blood cell count (WBC!), 
packed cell volume (PCV), hemoglobin (HGB), glutamic-oxa- 
loactic transaminase (SGOT), glutamic pyruvic transaminase 
(SGPT), lactic dehydrogenase (LDH), urea nitrogen (BUN), 
gamma glutamyl transpeptidase (GGTP). Similar measurements 
were made for cows except that LDH, SGPT, and HGB were not 
measured. 

Results 

Ephedra viridis and Ephedra nevadensis differed markedly in 
toxicity at dosages gavaged (Table 1). E. nevadknsis was without 
toxicity whereas E. viridis was quite toxic at all levels gavaged. In 
sheep, both of the E. viridis collections, 81-25 and 82-23, induced 
ultimate clinical signs of ruminal impaction at all levels tested 
(7-2lg/ kg/day) and in as little as 3 days at high doses. A few ewes 
had evidence of diarrhea before impaction developed. In contrast, 
E. nevaaknsis gavaged to sheep at 17.5g/kg/day for 30 days 
induced no clinical signs of toxicity. Only E. viridis was gavaged to 
cows and induced at doses of 4-581 kg/day clinical signs of toxicity 
that included severe diarrhea, vomition, fecal mucus, and anorexia. 

Six ewes gavaged E. viridis died during the course of the experi- 
ments (Table 1). Two (3419 and 3498) died from among the group 
gavaged collection 81-25 at 2lg/kg/day, one following 4 days of 
gavage and one following only 3 days. The other 3 (3416,3103, and 
3555) were gavaged Zig/kg for only 5 days each at which time 
ruminal impaction became too severe to continue. In the group 
gavaged collection 81-25 at 12g/kg/day, one died (2832) 46 days 
after gavage began and another died (3433) 48 days after. Necropsy 
established that both had impaction of rumen/ abomasal contents. 
There were no other consistent gross pathologic signs in these 2 
animals on thorough necropsy examination. The other 3 ewes 
(3501, 3590 and 2741) in thii group, gavaged collection 81-25 at 
12g/ kg/day, survived but had signs of rumen impaction the latter 
3/ 4 of the gavaging period. In a third group, 2 ewes (3653 and 3678) 
died from rumen impaction as a result of gavaging 7g/ kg/ day, but 
they received a different E. viridis collection (82-23). No deaths 
were induced by E. nevad2n.G in sheep nor by E. viridis in cows. 

There was a very marked weight loss as judged from appearance 
in both sheep and cows during the course of gavaging E. viridis as a 
consequence of anorexia. But careful measurements were made 
only on cows 3782 and 3325. These 2 animals lost 57 and 20 kg 
respectively. Cows and sheep gavaged E. nevadensis, however, 
continued to eat normally and appeared to gain weight during the 
gavaging period. 

There were no marked trends (e.g., clinically significant declines 
in RBC or WBC or elevations in the other parameters) in the 10 
sheep tested in mean concentrations of any of the blood parameters 
measured (RBC, WBC, PCV, HGB, SGOT, SGPT, LDH, BUN, 
nor GGTP) during the course of gavaging either E. viridis or E. 
nevudensis (Table 2). Individual animal variations in these para- 
meters during the dosing period fell within about f 35% beyond 
the pretreatment range values except for a rise in WBC and lower- 
ing RBC in ewe # 2204 ascribable to a respiratory infection. How- 
ever, marked elevations of SGGT and LDH did occur in ewe 2832 
and in LDH in ewe 3433 (Table 2) after those ewes were removed 
from treatment. They had been removed from gavaging at a little 
over l/2 the expected gavaging duration (Table 1) because of 
severe ruminal impaction. Values for SGOT and LDH were 128 
and 1092 respectively in ewe 3433 and 181 and 1174 in ewe 2832. 
These values were obtained after gavaging had ended but a few 
days before their deaths. SGGT and LDH values did not elevate 
similarly in any of the other 8 ewes tested. Values measured 14 days 
after termination of dosing were essentially within pretreatment 
ranges for surviving ewes. 

There were no marked trends in the 5 cows tested in mean 
concentrations of any of the blood parameters measured (RBC, 
WBC, PCV, SGOT, BUN, nor GGTP) during the course of gavag- 
ing E. viridis (Table 3). Individual animal variations in those 
parameters during the dosing period fell within about f35% 
beyond the pretreatment range values except for one low BUN 
values of 10.2 on animal 3782 ten days after dosing began. On 
neither the 3 nor 24 day assays was the BUN for this animal outside 
the pretreatment range. 

All lambs and calves born to ewes or cows gavaged either E. 
viridis or E. nevadensis were grossly normal and without notice- 
able birth deformities regardless of gestational period during which 
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Table 1. Bffeets of @he&a spp. on corn and cwe~ and their offqwlng. 

Plant Animal 
material number 

Gestation Daily 
period average Birth 

aW?ed dosage (g/kg) Toxicity signs in the dam Pregnancy outcome wt (kg) 

Cows gavaged 
E. viridis 

81-25 

82-23 

Ewes gavaged 
E. viridis 

81-25 

82-23 3650 

3653 

3678 

3661 

Ewes gavaged 
E. nevadensis 

81-22 

82-15 3692 

3684 

3662 

3695 

3704 

3782 

3325 

3753 

3754 

3825 

3416 

3103 
3555 

3419 

3498 

3501 

3590 

2741 

2832 

3433 

3656 

3687 

3681 

3436 

3434 
3449 

3403 

2204 

10-36 

lo-36 

40-70 

40-70 

40-70 

10-15 

lo-15 
10-14 

lo-15 

10-13 

1040 

1040 

10-40 

10-26 

10-28 

30-60 

30-35 

30-33 

30-60 

30-60 

30-60 

30-60 

IO-40 

lo-40 
IO-40 

10-40 

1040 

30-60 

30-60 

30-60 

30-60 

30-68 

4.9 

4.9 

3.9 

3.9 

3.9 

21 

21 
21 

21 

21 

12 

12 

12 

12 

12 

5.3 

7 

7 

5.3 

5.3 

5.3 

5.3 

17.5 

17.5 
17.5 

17.5 

17.5 

17.5 

17.5 

17.5 

17.5 

17.5 

Diarrhea, vomition, 
anorexia, fecal mucus 
Diarrhea, vomition 
anorexia, fecal mucus 
Anorexia. vomition, 
bloaty 
Anorexia, vomition, 
bloaty 
Anorexia, vomition, 
bloaty 

Ruminal impaction 

Ruminal impaction 
Ruminal impaction (died 
at 14 days gestation) 
Ruminal impaction 

Ruminal impaction (died 
at 13 days gestation) 
Ruminal impaction 

Ruminal impaction 

Ruminal impaction 

Ruminal impaction (died at 
56 days gestation) 
Ruminal impaction (died at 
58 days gestation) 
Ruminal impaction 

Ruminal impaction (died 
at 36 days gestation) 
Ruminal impaction (died 
at 34 days gestation) 
Ruminal impaction 

Ruminal impaction 

Ruminal impaction 

Ruminal impaction 

No toxic signs 

No toxic signs 
No toxic signs 

No toxic signs 

No toxic signs 

No toxic signs 

No toxic signs 

No toxic signs 

No toxic signs 

No toxic signs 

Delivered normal single at 
term 
Delivered normal single 
at term 
Delivered normal single 
at term 
Non-pregnant 

Non-pregnant 

Delivered normal twins at 
at term 
Non-pregnant 

Delivered normal single 
at term 

Delivered normal single 
at term 
Delivered normal twins 
at term 
Delivered normal twins 
at term 

Delivered normal single at 
term 

Delivered normal twins 
at term (one had equivocal 
forelimb bowing) 
Delivered normal twins 
at term 
Delivered normal twins 
at term 
Delivered normal twins 
at term 

Delivered normal twins 
at term 
Delivered normal twins 
Delivered normal single 
at term 
Delivered normal twins 
at term 
Delivered normal twins 
at term 
Delivered normal twins 
at term 
Delivered normal twins 
at term 
Delivered normal single 
at term 
Delivered normal single 
at term 
Delivered normal twins 
at term 

24.5 

27.7 

29.1 

4.5.5.0 

5.9 

5.5 

3.6,2.7 

4.5,4.1 

5.9 

3.2,3.2 

3.6.3.2 

4.5,5.0 

4.3,4.5 

4.5,5.0 

4.5,5.5 
5.9 

4.5,5.5 

5.0,5.5 

5.0, 5.3 

2.7,2.7 

6.4 

5.0 

3.0.3.2 



Table 2. Blood parsmeter muna and ranges from ewes1 during gwaging of Ephe&a spp. 8nd 14 days after g8~8ging bad ended. 

RBC WBC PCV HGB SGOT SGP? LDH GGTP 
(N/mm2) N/nut+) (%) (a/dl) (u/l) (u/l) (u/l) (u/l) 

2 days 
before 11.0 8860 15.4 
Eavaging [8.3-13.21 [5780-MOO] [3&, [14.6-16.81 [35%2, [l l.ifi4.1, [3:%9] [14.:;5.4] [44.?:3.9, 

3 days El nevademis 11.2 16.4 
after [10.7-13.11 [702:?kO, [3::3] [15.7-16.91 [82%8] [12.::7.7] [31z3, [12.:;7.1, c49.Ez8.7, 
waging 
ban E. viridis r8.6-9ii.6, 9520 40 15.3 94 17.3 r33??58, 18.8 59.3 

r6990_126OO] r35-431 113.8-16.61 r48-1241 r9.1-23.91 r14.O-24.31 r49.6-75.51 
10 days E. nevademis 10.3 No Data 14.5 282 19.5 
after [9.3-l 1.61 [762E6o, [4t?42] [5cz34, [14.4-14.61 [266-3141 [12.9-26.7 [49.::9.1] 
wa@w 
Man E. vin’dis r7.1%.3i 7700 43 No Data r42%9i 7.8 337 11.2 59.2 

14770-i loooi r36-w r4.4-12.21 1283-4351 r6.o-15.11 r52.2-74.71 
17 days E. nevademis 12.0 319 18.5 58.6 
sftcr 

1959i80.5, [688:g70, [3&] 15.0 f637-51, 
[14.4-16.01 [9.5-14.41 [286-3621 [13.3-21.21 [51.9-63.6] 

gavaging 
began E. vin’dir 9.0 7120 40 14.4 84 10.1 370 13.1 No Data 

f8.1-9.81 f7010-103001 r35-461 rl2.9-17.21 r43-1391 rll.2-12.91 w-3091 rlzo-14.11 
24 days E. nevademis No Data 13.0 312 
after [5.0!;70.2, [62Ot?l!&O, [37%, [71?12, [9.9-15.81 [252-3601 [17.?;2.4, No Data 
gsvs&g 
began E. viridis 8.5 7860 38 No Data No Data 11.3 297 18.9 58.6 

f7.1-10.11 f6880-89701 f35411 r4.9-17.71 r260-3381 117.620.91 145.2~65.21 
30 days E. nevademis 
after 

[3.:;5] [63~3?&30, [3”37401 13.9 [7tP97j 13.0 335 
112.414.51 [8.7-14.41 [274-426] [21.:;8.2, No Data 

gavaghrg 
began E. viridis 8.5 8210 36 13.8 52 7.6 314 18.3 62.5 

r7.2-lo.41 r5630-124001 r32-421 rl2.4-la.01 r42-621 yo-10.61 1266-3701 114.621.27 r49.8-72.61 
14 days E nevademb 
sftcr 

[6.::9] [633230, [3;2, 14.3 12572, 11.0 289 27.8 
[13/t-15.8] [8.7-12.81 [238-3351 [18.3-28.81 [47.::2.9, 

rd$ng E. viridis 
[7.59;.2] [65w??900, [33:7, [40?81] 

11.9 639 18.9 70.8 
[8.2-15.21 [271-l 1701 [10.8-26.41 [48.2-l lo] 

Then were 5 cwcs gavagcd E. nc~dorr~l~ (# 3436,3434,3449,3403 & 2204), and 5 ewes gavagcd E viridis (# 3505 3590,2741,2832 & 3433). However, 2 on 4 viridh (f 2832 B 
3433) were not gavaged beyond 16 and 18 days respectively. E viridis data for the 24 and 30day periods does not mcludc those 2 WCS. Data from all ewes are mcluded in the 14 
days after gavaging period, however. 

Table 3. Blood parameter meann amI ranges from COWSI during pvaging of Ephedw viriws. 

RBC WBC PCV SGOT BUN GGPT 
(N/m@ (N/mm21 (o/o) (u/l) @g/ 1oocc) (u/l) 

2 days before 7.3 6470 71 20.5 16.1 
gavaging f6.48.11 r5700-69701 

r3?5Oi 
rss-911 rl7.2-23.01 rll.0-27.91 

3 days after 7.4 7080 
r37”-zsoi 

74 21.5 16.4 
gsvazing began r7.0-7.71 f6580-78401 161-951 rl5.9-25.n rl2.3-25.41 
10 days after 7.7 7810 43 78 17.1 14.8 
gsvazina bearm r7.3-7.91 17 120-86901 f39-481 145-931 rlo.2-24.21 12.3-19.81 
24 days after 

[6.;<.9] 
6710 

[37:2, $679, 
19.8 14.3 

gavaging began [5510-82401 [ 16.0-24.61 [12.6-17.01 

These data arc from 5 cows, 2 of which (# 3782 & 3325) weregavapd E. viridiscollection 81-25 and 3 of which (# 3753.3754 B 38251 were gavascd E. tdddfs~~Uection 82-23. 

the animals were gavaged. Neither were there any trends in birth 
weight (Table 1) nor thriftiness in experimental offspring. 

A comparison of the “tannic acid equivalent” values for E. 
nevaahsis and E. viridis showed marked differences, although 
both were very high. E. nevadensis and E. viridis averaged 7.77% 
and 28.5% “‘tannic acid equivalents,” respectively, on a plant dry 
weight basis. GC analysis of plant samples for ephedrine, pseu- 
doephedrine, norephedrine, and norpseudoephedrine revealed 
that neither species had measurable levels of these components 

on that detection limit, neither plant could have had more than 
1 X 10” percent of any of the 4 compounds. 

Discussion 
The Ephedra spp. of the Great Basin are generally considered by 

ranchers as suitable forage, particularly, for sheep. E. vitidis, E. 
nevademis and other species found in the region generally show 
evidence of having been grazed. In fact, E. nevadensis is usually 
grazed heavily. These rancher observations are supported by the 
literature. For example, Welsh et al. (1987) report that E. nevadensis 
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H . . . . is consistently hedged back by sheep, to whom it is a valuable 
source of browse,” while E. viridis “. . . . . is not so severely hedged 
by browsing animals as some of the other species, but is still of 
considerable importance.” 

Teas brewed from branchlets of several of the E@hedru species 
including E. nevadensis and E. viridis have been popular for medic- 
inal and recreational purposes for centuries (Dobelis 1986, Har- 
rington 1967). These teas were utilized by early white settlers in the 
Great Basin and were called by a variety of names including 
Brigham or Mormon tea. American Indians of the region, even 
earlier, used such teas or ground seed or plant material for colds, 
fever, or diuretics, as decongestants and for several other purposes 
(Dobelis 1986). But unlike some of the l@hedrus from other parts 
of the world, the compound ephedrine and other B-phenethylamines 
were not found in E. viridis or E. nevaaksis by investigators 50-60 
years ago (Terry 1927, Read and Feng 1927, Nielsen and McCaus- 
land 1928, and Nielsen et al. 1927). This is somewhat surprising in 
view of the described medicinal uses. These uses suggest the pres- 

I ence of one or more of the group even if at lower concentration. 
Tannins were reported to be present at high levels in one of those 
early studies (Terry 1927). 

The toxicity signs elicited by E. virkfis in sheep and cattle in the 
studies reported here were consistent with presence of a high tannin 
content. Ruminal impaction, diarrhea, anorexia and fecal mucus 
are found in livestock from ingestion of other plants of high tannin 
content. These signs are common, for example, with the various 
oaks (James et al. 1980, Panciera 1978, Kingsbury 1964). Certain 
toxicity signs in livestock characteristic of phenethylamine com- 
pounds were not observed. There was no ataxia or prostration as in 
guajillo wobbles from the N-methyl-/3-phenethylamine from Acu- 
cia berlandieri Benth. (Kingsbury 1964). There was no cardiovas- 
cular collapse as with /3-phenethylamines from Phorodendron or 
Yiscum genera (Kingsbury 1964). However, the characteristic 
action of ephedrine on smooth musculature could readily account 
for the ruminal impaction wherein gastrointestinal tract muscula- 
ture is relaxed thereby slowing peristalsis (Goodman and Gihnan 
1960). Van Liere et al. (1936) showed stomach emptying time to be 
considerably delayed upon oral administration of ephedrine in 
man. Even if /3-phenethylamine compounds were resent in the 
plants at the detection limit of the methods (1X10 t o), the resul- 
tant sheep or cow doses would not have exceeded 1125th the 
therapeutic human oral dose of ephedrine for asthma relief (50 mg 
orally). The ruminal impaction in sheep from Ephedru gavage is 
most likely due to tannins rather than 8-phenethylamine com- 
pounds based on the analytical results reported here. And this is 
surprising since there were no marked elevations (doubling or 
more) in BUN levels in our experimental animals expected from 
tannin toxicosis as are characteristic of oak poisoning due to the 
resultant renal damage from contained tannins (Panciera 1978, 
Householder and Dollahite 1963). Other deviations in individual 
or mean values for blood parameters measured during the course 
of gavaging Ephedra to sheep or cows are considered to be of no 
clinical significance. The elevations in SGOT and LDH in ewes 
3433 and 2832 after removal from treatment, and prior to death, 
were clinically significant and represent active lesion processes, but 
it remains to be seen whether they represent primary or secondary 
effects from Ephedru toxicity. 

The lack of congenital deformities in offspring from sheep or 
cows gavaged very high dosages of E. viridis or in offspring from 
sheep gavaged high dosages of E. nevadensk suggests a degree of 
safety exists for concepti of pregnant animals ingesting these 

plants. This despite severe toxicity from E. viridis in cows and 
ewes. Further experiments at lower dosages for extended gesta- 
tional periods with additional animals seem unwarranted, unless 
field reports at some future time suggest otherwise. 

On the basis of these experiments, &he&a nevadknsb seems to 
be perfectly safe for grazing livestock since it induces neither 
toxicity in ewes or cows gavaged the plant, nor congenital deformi- 
ties in lambs. E. viridis, on the other hand, has obvious potential to 
cause toxicosis in grazing sheep or cattle but not birth defects in 
offspring. Ranchers and land management personnel should be 
aware that toxicosis masquerading superficially as oak brush poi- 
soning may actually be due to @hedra viridk Amounts used by 
humans for brewing tea are orders of magnitude lower than the 
levels gavaged these experimental animals. It seems unlikely that 
serious short-term toxicoses would result therefrom. 
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Seed germination characteristics of selected native plants of 
the lower Rio Grande Valley, Texas 
ROBIN S. VORA 

Experhnents were conducted to identity treatments that increased 
emergence of seeds of 24 woody plant species native to the lower 
Rio Grande Valley of southern Texas. Sulfuric acid (18.4M 
H&04) scarification significantly hnxeased emergence of buisachc 
(A cud& smul&i), bui~ebillo (A. scwm?ri), Texas ebony (Pithecel- 
lobiumflexicmde), tenam (P.palkns), tepeguaje (Leucaenapuhv- 
r&da), retama (porkinson& rrcrrlcou), and western soapberry 
(Sapiudus &wnmlo II@); treatments such as soakhrg in disHBed 
water, gibberellic acid (0.3 or 1.4 mMol), or other scari5cation 
techniques were not as effective as add. Fresh guajillo (A. be&n- 
died’) seedr required no treatment, but g-month-old seeds had 
higher emergence with add scarification. Texas ebony emergence 
was higher from lO-month-old seed treated with acid than from 
fresh seeds. No pre-treatment seemed necessary for seeds of coral 
bean (&ythrina he&cur), Texas persimmon (Dio~yruv texana), 
sugarberry (Celt& kvigata), granjeno (C. pal&da), pigeon-berry 
(l?iv&ra hum&), Texas baby-bonnets (Coursetia uxillariv), gua- 
jillo (A. bedmdkri), and lotebush (Zixiphus obtu#ol&). Results 
with blackbrush (A. rigid&), Wright’s acacia (A. wright& rattle- 
bush (Sesbania drummondii), guayran (t&aiacum angust@- 
Hum), brad1 (Condi& hooker& elbowbush (Forestiera angust#o- 
Ho), and anacua (E1srctfcr anacua) seeds were inconclusive. Plants 
of 16 woody species achieved mean heights of 25 cm in 45 to 150 
days. 
Keywords: seed treatments, scaritication, brush 

Less than 5% of the lower Rio Grande Valley of Texas remains in 
native brushland (U.S. Fish and Wildlife Service 1983). These 
brush communities provide critical habitat for numerous animal 
species. For this reason, the Texas Parks and Wildlife Department 
and the U.S. Fish and Wildlife Service are restoring native brush 
by planting native seeds and seedlings in formerly cultivated fields. 

Propagation of native plants requires the development of proper 
handling methods for seeds and seedlings. Previous research on 
native plants of the lower Rio Grande Valley has been conducted in 
laboratory growth chambers, for example, fresh seeds of persim- 
mon (Diospyros texunu) germinated best (33 to 90%) without any 
treatment (Plowman and Munson 1983, Ever&t 1984). Everitt 
(1983a) reported germination rates of 87 to 92% for guayacan 
(Guaiacum angus~ifolium)and 66 to 77% with fresh seed of guajillo 
(Acacia berlandieri). Many other legume species have hard seed 
coats, and acid treatments have been used to increase germination 
of these species. Alaniz and Everitt (1978) obtained best results 
with Texas ebony (Pithecellobiumjlexicaule) by soaking seed in 
concentrated sulfuric acid (hereafter acid) for 30 to 45 minutes to 
get 80% germination. Maximum germination for huisache (Acuciu 
smallit’) was 65% with acid treatment from 45 to 60 minutes (S&es 
1974). Everitt (1983a, b) obtained 86% germination by soaking 
fresh blackbrush (Acacia rigidula) seeds in acid for 20 minutes, 
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58% with 45 minutes acid treatment of huisachillo (Acacia schaf- 
fwri) seeds, and 87% with acid treatment for 15 to 90 minutes of 
retama (Purkinsoniu uculeutu) seeds. Similarly, germination of 
rattlebush (Sesbania drummondii) seeds was improved by soaking 
in acid for up to 4 hours (Easton 1984). Acid scarification for 60 to 
90 minutes followed by cold scarification for 90 days produced best 
results with western soapberry (Sapindus drummondii) seeds 
(Munson 1984). Seeds of other species, such as sugarberry (Celtis 
luevigata), might undergo periods of dormancy that can be broken 
by prechilling (Bonner 1974,1984). Fulbright et al. (1986a, b) used 
a combination of mechanical scarification, gibberellic acid, and 
heat/ chill treatments to obtain 62% germination of granjeno (Cel- 
tis p&da) seeds; and gibberellic acid, moist prechilling for 2 
weeks, and storage for 8 months as methods of improving germina- 
tion of anacua (Ehretia anacua) seeds. Alaniz and Everitt (1980) 
obtained 40 to 60% germination of anacua seeds by soaking them 
in acid for 2 hours. The results, however, have not been tested in 
greenhouse and field structures. 

My objective was to develop or improve greenhouse germina- 
tion techniques for 24 native woody plant species (Table 1). Treat- 
ments were based on known germination characteristics for seeds 
of different taxanomic groups. For example, seeds from families 
known for hard seed coats, such as Mimosaceae and Fabaceae, 
were subjected to scarification treatments. A secondary objective 
was to document the length of time needed for the seedlings to 
reach 25 cm in height, which is desired for field planting. 

Methods 

Tests were conducted to determine if greenhouse emergence 
could be increased for these species (Table 1) using the following 
types of pre-sowing treatments: soaking in distilled water, soaking 
in gibberellic acid (0.3 or 1.4 mMol), or in acid ( 18.4M HaSOd), and 
other scarification techniques such as hot water, sandpaper and 
rock tumblers. I also tested the combined effects of seed ripeness 
and acid treatment on Texas ebony emergence. Experiments were 
done with seeds of various ages. 

Seed Collection and Processing 
Seeds were collected from local stands of native brush, primarily 

the Santa Ana National Wildlife Refuge near Alamo, Texas, 
between 1984 and 1985. They were collected directly from plants 
with the exception of anacua and cedar elm (Ulmus crassifolia). 
which were swept off the ground. Seeds of leguminous species were 
extracted manually. Fruits of granjeno, sugarberry, bras& anaca- 
huita (Cordia boisseri), and elbow bush (Forestiera angustifolia) 
were depulped for some treatments by rubbing manually against a 
wire mesh. Western soapberry seeds were removed from shells 
(pericarps). Seeds were stored in paper sacks on shelves at room 
temperature until 10 January 1985 and were stored in a refrigerator 
at 4O C after that date. 

Experimental Design, Treatments, and Propagation Procedures 
A randomized block design was used. Basic treatment types are 

listed in Table 2. Cedar elm fruits were planted in mulch collected 
from under the tree. Several unsuccessful exploratory treatments 
are not described in detail for sake of brevity. With the exception of 
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Table 1. Speciea selected for seed germination exparbnentr. 

Family Scientific name Common name 

Ulmaccae 

Phytolaccaceae 
Mimosaceae 

Caesalpinaceae 
Fabacutc 

Zygophyllaceac 
Sapindaceac 
Rhamnaceae 

EbelU_C 
OleaCeaC 
Boraginaceae 

Celtis pallida 
Celtis laevigata 
Ulmus crassvolia 
Rivina humilis 
Acacia rig&&da 
Acacio berlandien’ 
Acacia smallii 
Acacia schaffneri 
Pithecellobium pallens 
Pithecellobium jlexicaule 
Luecaem pulverulenta 
Acacia wrightii 
Parkinsonia aculeata 
Erythrim herbacea 
Sesbania drummondii 
CourSeria axilkaris 
Guaiocum angustifolium 
Sapindus drummondii 
Condolia hooken’ 
Zisiphus obtusifolia 
Diospyros texam 
Forestiera angustifolia 
Cordia boisseri 
Ehretia amcua 

Granjeno 
Sugarberry 
Gzdar elm 
Pigeon-berry 
Blackbrush 
Guajillo 
Huisache 
Huisachillo 
TCnaZa 
Texas ebony 
Tepcguaje 
Wright’s acacia 
Retama 
Coral bean 
Rattlebush 
Texas baby-bonnets 
Guayacan 
Western soapberry 
Brasil 
Lotebush 
Texas persimmon 
Elbowbush 
Anacahuita 

granjeno, additional treatments were not tried if emergence 
exceeded 75% with no treatment. Emergence counts were made 
once or twice weekly. 

In 1985, three replications of each treatment were located ran- 
domly in seedling trays (blocks) filled to 4 cm with a commercial 
potting mix which consisted of 85% peat moss and 15% vermicu- 
lite. There were 50 seeds in each replication. When seedlings were 1 
to 10 cm tall, they were transplanted into a 3.8 by 3.8 by 25sm 
cardboard tube filled with the same Dotting mix. Light intensity 
over the planting trays was 170 ~molm-2s-’ (PAR) at 1530 hr on 27 
June 1985 (10% of external conditions). The seedlings were trans- 
planted to an area with light intensity of 450 pmolm-‘s-‘(27% of 
external). Seedling height was measured weekly in 1985 and also 

Table 2. Bask treatments. 

1. 

2. 
3. 

4. 
5. 

6. 

No treatment. 
Soaking in distilled water 3 to 7 hours or 47 to 49 hours. 
Soaking in 100 mg/l or 500 mg/ 1 gibberellic acid for 3 to 7 hours or 47 to 
49 hours with an aerator. 
Soaking in acid (18.4M HsSO4) for 1 to 120 minutes. 
Soaking inacid (18.4M HaSO4)for 1 to 12Ominutesfollowe.d by soaking 
in distilled water 3 to 7 hours. 
Other scarification methods such as rubbing lightly with coarse sand- 
paper for 2 minutes, placing in boiling water and letting cool 5 to 6 hours 
(or 47 to 49 hours), or placing seeds in a tumbler with crushed rock for 1 
to 60 minutes. 

weekly in 1986 for seedlings of granjeno, huisache, huisachillo, and 
western soapberry until mean heights were 20 to 30 cm. 

Based on results in 1985, calculations of minimum sample size 
for a = 0.5 and B = 0.20 (Kirk 1982) suggested that 5 to 10 
replications of each treatment would be necessary. In 1986, there- 
fore, procedures were changed so that there were 8 replications of 
each treatment, and each replication placed on a separate table 
(block) in the greenhouse. There were 32 seeds in each replication. 
Seeds were sown directly into the cardboard tubes, one seed per 
tube, and the same potting mix used. A 75% shade cloth over the 
exterior of one portion of the greenhouse was replaced with a 50% 
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shade cloth, light intensity varied at each table, and ran 
Yd 

from 
about 300 pmolm-*s-‘(18% of external) to 600 ~mohn”i (36% of 
external at mid-afternoon during several measurements in June 
1986. 

During both years, the plants were watered once every other day 
for 5 minutes with overhead spray stick sprinklers. Sodium and 
calcium concentrations in samples of the water supply (March 
1985, July and August 1986) varied from 265 to 281 mg/ 1, and 45 to 
97 mg/l, respectively, with total salts estimated at 1,128 to 1,289 
mg/l. Two grams of slow-release fertilizer (18-7-10 + 1% Fe) were 
placed on the soil surface when seedlings were about 5 cm tall. 

Data Analyses 
Analyses of variance (ANOVA) and Tukey’s HSD multiple 

comparison tests were used to identify significantly different 
(m.05) treatment means, unless emergence was highest under no 
treatment. Multiple comparison tests were not used to compare 
graded levels of acid treatment (Petersen 1977). 

Results 

Germination of Fandlies 
Ulmaceae 

Highest emergence of sugarberry occurred with pretreatment of 
depulped seeds (Table 3). With granjeno, emergence was higher if 
the pulp was not removed (Table 3). There was no enhancement of 
emergence from soaking seeds of these 2 species in 1.4 mMo1 
gibberellic acid for 5 hours. 

Emergence rates of cedar elm were low (<lo%). Planting seeds 
in mulch from under the tree significantly (m.05) increased 
emergence from 3 to 9%. 

Phytolaccaceae 
Emergence from 5-month-old pigeon-berry (Rivina hum&) 

seed planted in May 1985 was 7% after 43 days. No pre- 
germination treatment of seeds was necessary. No emergence was 
obtained from 3-year-old seeds. 

Mimosaceae 
Scarification of Texas ebony seeds increased emergence (Tables 

3 and 4). Emergence was 78% after acid treatment for 60 minutes. 
The best alternative scarification method was with crushed rock 
for 5 minutes (2% emergence). It was superior (m.05) to boiling 
water (3%) or placing in water in an oven at 38” C for 6 hours (6%). 
Emergence was higher (m.05) for IO-month-old Texas ebony 
seed that had been soaked in acid for 30 minutes (88%) than for 
seeds from green pods, either with or without scarification (48% 
and 35% respectively) (Table 5). 

Emergence was similar among treatments for lO-month-old seed 
of tenaza (Pirhecellobium pallens) (Table 3). Seed from the same 
collection planted a year later had 45% emergence with acid treat- 
ment for 10 minutes, but no emergence without treatment; the 
threshold for acid treatment was about 5 minutes (Table 4). 

Scarification of the seed coat improved emergence of several 
Acacia species. Huisache and huisachillo seeds both required scari- 
fication (Table 3), and highest emergence (97 and 73%, respec- 
tively) was with 120 minutes of acid treatment for both species. The 
threshold for acid scarification was 60 minutes for huisache. Scari- 
fication in acid (1 minute) or by sandpaper (2 minutes) doubled 
emergence of 8-month-old seeds of Wright’s acacia (Acacia 
wrightii) (Table 3). No scarilication was needed with fresh guajillo 
seeds, while those planted 7 months after collection had higher 
emergence with 1 minute of acid treatment (Table 3). Treating seed 
of blackbrush with acid for 15 minutes followed by soaking in 
distilled water for 5 hours produced 33% emergence, similar to 
emergence (24%) without treatment (Table 3). 

Tepeguaje seeds also required scarification for optimum results 



Table 3. Emergenec (86) In respome to presowiq trdumts. 

SDccieS COB. 
seed Days after Dist. water Gibb. acid (mMo1) Acid 

SOW sow’ Control soak 0.3 1.4 SCUifiC.~ Other 

days Emergence (%) 
16b(135m) 
27( Urn) 

AtUlCUa 
Blackbrush 

7-86 173 22b 
s-85 23 24 19 

62 50 29 

27ab(4h) 
24 

37 

14b(6h) 

11 
8b(4h) 

12 

58b(5h) 63ab(Sh) 
2Oa(‘lh) 28(7h) 

37b(6h) 34b(6h) 

12 11 
6bf6h) Sb(4h) . I 

72a(5Oh) 22bc(49h) 
F) 33(3h) 

3WW 
33(acid lSm+water 
5h)’ 

Wm) Coral bean 
Granjeno with 

PdP 
Guajillo 
Guajillo 
Huisache 
Huisachiio 
Battlebush 
Retama 
Sugarberry 

depmptd 
TCtUZa 
Tellam 
Tepeguaje 
Tepeguaje 
Tepeguaje 
T. baby-bonnet 
T. ebony 
T. ebony 
T. persimmon 
T. persimmon 
W. acacia 

7-84 6-85 

8-86 8-86 
6-85 6-85 

11-85 6-86 
7-85 5-86 

10-85 7-86 
7-84 6-85 
7-86 10-86 

7-86 8-86 
7-84 6-85 
7-84 10-86 
7-84 3-85 
7-85 10-85 
7-85 
5-85 z 
8-85 11-85 
8-85 6-86 
7-84 3-85 
7-84 6-86 
7-84 3-85 

19 77a 
13 96 
13 29b 
46 llb 
42 2b 
34 12 
7 8b 

79a(5h) 

38ab(5h) 

63ab(Sh) 

4b(4h) 

<33b(depulped) 
Wm) 
fi(lm) 
95a(9Om) 
73412Om) 
14(2m) 
51a(45m) 

lOb(boil water) 

1 l(sandpaper 2m) 

73a 
25a 
Ob 
5b 

33b 
26b 
25 
3b 

64b 
55ab 
36 
13 

a9b(with pulp) 
24a(samh.vr 2m) 

28a(boil water) 
5Ob(boil water) 
84 (acid 15m) 

29ab(rock 5m) 

77a(saudpaper 2m) 
28(boii water) 
29(sandpaper 2m) 

42a(2m) 
45a( IOm) 
13ab(2m) 
82a(lonQ 
73a(lOm) 

78avOm) 
88a(3Om) 
7Oa(lm) 
34(lm) 
27( lm) 

INumber of dsys after sowing that cumulative eme 
*h = hours; m = minutes; treatment mcsns followed Y? 

nce data are presented. 
y the same letter (within row) wcm not &niticanUy different (p>o.Os). 

~Emergcnce less when followed by soaking in di&llcd water, except blackbruah aa noted. 
‘Blackbrush 8ecds rubbed lightly with coarse aandpapcr for 2 minutea had 25% emergence. 

Table 4. Emergence (%) In response to pre-sowiug a&l (ISAM (HOSOS) treatment of seeds. 

Sp&S 
seed Days 

after 
Concentrated sulfuric acid (minutes) 

Coll. Sown sowt 0 1 2 5 10 15 20 30 45 60 75 90 105 120 135 180 

days 
7-85 5-86 46 

l&85 7-86 42 
7-86 10-86 7 
7-84 6-85 23 
7-84 IO-86 10 
7-84 3-85 81 
7-85 l&85 90 
7-85 6-86 41 
8-85 11-85 40 
8-85 6-86 66 
7-84 3-85 68 
7-84 6-86 34 

IO-85 6-86 57 

I1 
2 

2: 

0 

3: 
26 
3 

64 

:: 
17 

1 

24 

70 34 

% emergence 
26 44 92 80 95 94 97 
4 58 73 

35 :: z 40 42 

4 39 45 32 

:: 72 82 
56 73 84 78 73 74 

67 71 78 
88 

27 25 19 
67 70 47 71 69 

Huisache 
Huisachiio 
Retama 
TCtUXa 
TenaZa 
Tepeguajc 
Tcpcguaje 
Tepeguaje 
T. ebony 
T. ebony 
T. persimmon 
T. persimmon 
w. soapberry 

‘Number of days after sowing that cumulative emergence data arc prcacnted. 

(Table 3). Soaking 9-month-old tepeguaje (Luecuenu pulveru- 
Zenfu)seeds in water brought to boiling temperature and cooled for 
48 hours, increased emergence from 5% for the control to 28%. In a 
subsequent experiment, soaking 3-month-old seeds in acid for 10 
minutes increased emergence from 33% for the control to 82%. 
This treatment produced better results than boiling water or 2 
minutes in acid (KO.01) (Tables 3,4). In a later experiment with 
1 l-month-old seeds, best results were with acid treatment for 15 
minutes (Table 4). 

Caesalpinaceae 
Emergence of retama seedlings was higher (KO.05) with acid 

treatment of 45 minutes (51% instead of 8%for the control) (Tables 
3 and 4). 

Fabaceae 
Acid scarification did not significantly (KO.05) increase emer- 

gence of seeds tested of this legume family. Emergence from 
untreated seed was 25% for Texas baby-bonnets (Coursetia axilla- 
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Table 5. Effect of wed-ripenew and add treatment on Tcru ebony Table 6. Time (day) till mean wedlhg height of 5.10 and 25 cm1 for 16 
emergence. speck (- iadkates not measured). 

Seed age Pod color Treatment Mean cmergenal 

10 months 
10 months 
<1 month 
Cl month 

Brown 
Brown 
Green 
Green 

Acid 30 min 
No treatment 
No treatment 
Acid 30 min 

% 

: 
48 
35 

‘Treatment means were all significantly different (KO.05) from other treatment 
means. 

ris). 12% for rattlebush, and 50% for coral bean (Eryrhrina herba- 
ceo) (Table 3). 

Zygophyllaceae 
Soaking IO-month-old seeds of guayacan in distilled water for 

3.5 hours produced twice the number of seedlings compared to 
untreated seeds. Emergence was low (6 to 12%). Emergence was 
34% with 250 untreated 2-month-old seed planted in September 
1986. 

Sapindaceae 
Acid scarification for 45 minutes or more significantly (m.05) 

increased emergence of western soapberry (Table 4). Highest 
emergence (71%) was with acid scarification for 120 minutes. Cold 
stratification for 90 days (Munson 1984) did not increase emer- 
gence (e.g., 60 minutes acid-70%, with pre-stratification-57%). 

Rhamanaceae 
Mean emergence was 95% in 3 trials with fresh, depulped seed of 

lotebush (Ziziphus obtusifolia). Results were poor (emergence 
<a%) with S-month-old seed of brasil. 

Oleaceae 
Results were also poor (emergence <5%) with I-month-old seed 

of elbowbush. Emergence was 1 to 3% better with whole fruit than 
depulped seeds. A few thousand untreated seeds of elbowbush 
from the same collection were scattered on a mist table (1 / 2 peat 
moss, l/ 2 perlite) in late June 1985 (not part of an experiment); 
hundreds of seedlings emerged in September and October. 

Ebenaceae 
Emergence obtained with IO-month-old seeds of Texas persim- 

mon that had been scarified with coarse sandpaper for 2 minutes 
was 77% compared to 55% for the control (Table 3). Emergence 
was highest (36%) with no treatment in a second experiment 14 
months later with seed from the same collection (Table 3). Emer- 
gence decreased with increasing length of acid treatment (Table 4). 

Boraginaceae 
Anacua seeds soaked in 1.4 mMo1 gibberellic acid had highest 

emergence (Table 3). Anacahuita seeds that were 11 months of age 
produced 21 plants from 30 seeds. 

Seedling Height Growth 
Seedling height growth was variable (Table 6). Seedlings gener- 

ally required 45 to 150 days to achieve 25 cm height. Some species 
such as guajillo, tenaxa, and rattlebush had fast initial growth. 
Rattlebush continued with rapid growth, reaching 25 cm in 45 
days, and eventually 2.5 m. Other species, such as tepeguaje, 
increased growth dramatically once daytime temperatures stayed 
above 30’ C (photoperiod also increased). Other plants, such as 
Texas baby-bonnets, guayacan, and Texas persimmon grew 
slowly. Height growth measurements indicated that most seeds 
need to be sown in the greenhouse at least 90 days, and in some 
cases 150 days, before field planting. 

Species 
Date 
planted 

Height (cm) 
5 10 25 

Blackbrush 
Coral bean 
Granjeno 
Guajillo 

Jun 85 
Jun 85 
Aug 86 
Jun 85 

Guaiacan May 85 
Huisache May 86 
Huisachillo Jul86 
Rattlebush Jun 85 
Sugarberry Jun 85 
Tenaza Jun 85 
Tepeguaje Mar 85 
T. baby bonnets Jun 85 
Texas ebony Aug 85 
T. persimmon Mar 85 
W.-soapberry Jun 86 
Wright’s acacia Mar 85 

-aai 40 
- 18 73 
- - 70 

8 18 !I0 
10 - - 
- - 52 
- - 80 

TI 
20 45 

- 702 
15 

z 
90 

45 80 
25 40 150 
- - 90 
80 100 150 
- - 80 
18 40 70 

lEstimated by interpolation bccatue aceding heights were not measured daily. 
*S&a sown m August 1986 produced plants with mean height of 40 cm in 77 days. 

Discussion 
No treatment seemed necessary for fresh seeds of sugarberry 

(depulped), granjeno (whole fruit), lotebush (depulped), pigeon- 
berry (whole fruit), or IO-month-old coral bean seeds. The first 4 
drupe-producing species are thought to be some of the most impor- 
tant wildlife food plants. Results with depulped granjeno seeds 
(33% emergence) were similar to those obtained by Fulbright et al. 
(1986b). Retaining the pulp when planting fresh granjeno seeds 
appears to be beneficial, and the complex set of pre-sowing treat- 
ments recommended by Fulbright et al. (1986b) unnecessary. 

Leguminous species, especially of the family Mimosaceae, 
required scarification for high emergence rates. These included 
Texas ebony, tenaxa, huisache, huisachillo, Wright’s acacia, tepe- 
guaje, and retama. Hard seed coats seem to be the major impedi- 
ment to rapid germination. I obtained higher emergence with 
soaking seeds in acid for longer periods than recommended pre- 
viously for 3 of these species. Alanix and Everitt (1978) obtained 
maximum germination (8%) for Texas ebony after soaking seeds 
in acid for 30 to 45 minutes. Emergence increased up to 78% after 
90 minutes soaking in my experiment, the longest period I tried 
with that species (Table 4). Similarly, with huisache Sciires (1974) 
obtained highest germination after 45 to 68 minutes of acid soak- 
ing, and with huisachillo Eve&t (1983b) had best results after 45 
minutes of this treatment, while emergence continued to increase 
up to 120 minutes in my experiments with these species, the longest 
period evaluated (Table 4). Results with retama were similar to 
those of Everitt (1983b). 

Nokes (1986) suggested that early harvest of seeds that were 
mature, but had not completely hardened their seed coats, might be 
a way of avoiding scarification treatment. This was not advantage- 
ous with Texas ebony because emergence was higher with lO- 
month-old acid-scarified seeds (Table 5). Nokes also noted that 
immature seeds often produced weak and spindly seedlings or 
failed to germinate altogether. 

Results of seed scarification and soaking in water were mixed 
with other legumes. Age of the seed (10 months) may have been a 
reason for low emergence of blackbrush and rattlebush in my 
experiments. I did not obtain significantly higher emergence of 
blackbrush with 15 minutes of acid treatment as Eve&t (1983a) 
had with fresh seed of that species. Acid treatment for 2 minutes 
did not improve emergence of rattlebush (Table 4), but a much 
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lengthier soak of 4 hours recommended by Easton (1984) was not 
evaluated. Results with fresh guajillo seeds were similar to those of 
Everitt (1983a) (no treatment was necessary), but acid treatment 
for 1 minute increased emergence (KO.05) of 5-month-old seed. 
This suggested that the seed coat of guajillo might harden with 
time. Emergence of Texas baby bonnets was low (25%) and further 
experimentation is needed with that species, especially since it is 
considered a rare plant (Lonard et al. 1989). 

was obtained with Texas ebony, huisache, huisachillo, tepeguaje, 
coral bean, western soapberry, Texas persimmon, and anacahuita. 
Storage techniques must be developed for other species if seeds are 
to be collected in the summer and not planted in fields until fall and 
winter during cooler and wetter conditions. 

Literature Cited 

Everitt (1984) stated that fresh seeds of Texas persimmon germi- 
nated well without treatment, and viability was not reduced after 
storage under room conditions for 2 years. Mild scarification and 
soaking in distilled water had positive effects on emergence of 
I-month-old seeds, and no treatment was necessary with 23- 
month-old seeds (Tables 3 and 4). Emergence of untreated seeds 
dropped by 35% over that period suggesting loss of viability. 

Alaniz, M.A., and J.H. Eve&t. 1978. Germination of Texas ebony seeds. J. 
Rio Grande Valley Hortic. Sot. 32~95-100. 

Ahniz, M.A., 8nd J.H. Eve&t. 19M). Germination of anacua seeds. J. Rio 
Grande Valley Hortic. Sot. 3475-80. 

BOMW, F.T. 1974. Celtis L. Hackberry. p. 411-416. In: Seeds of woody 
plants in the United States. USDA Agr. Handb. No. 450. Washington. 

Low emergence was obtained for cedar elm, guayacan, anacua, 
bras& and elbowbush, and further experimentation is needed with 
these species. Emergence results with guayacan and anacua were 
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Temperature responses and calculated heat units for germi- 
nation of several range grasses and shrubs 
GILBERT L. JORDAN AND MARSHALL R. HAFERKAMP 

Quantitative effects of temperature on germination were deter- 
mined for 17 cool-season grasses, 19 warm-season grasses, and 18 
miscellaneous forbs and shrubs associated with semiarid range- 
lands. These effects, expressed as the reciprocal of days to 50% 
germination, were used in lincu regression analyses to predict the 
temperature at which the germination rate approaches zero from 
which heat units to 50% germination and germination indexes were 
derived. The regression relationships appeared to be linear lfdata 
were restricted to the lower range of germination temperatures. 
The germination rate approached zero at temperatures ranging 
from 3.7 to 6.3” C for cool-season and from 7.8 to 13.70 C for 
warm-season grasses. No particular trend was evident among the 
forbs and shrubs. The reciprocal of the slope of the regression 
equation was a constant expressing heat units to 50% germbtion. 
It was characteristic of each accession. The product of heat units 
and the zero rate temperature was used to calculate a germination 
index. This index compared well with selected germination 
responses observed in the field. 

Key Words: germination rates, base temperature, germination 
indices, semiarid rangelands 

Germination, a critical stage in establishment of seedlings on 
semiarid rangelands, is often limited by temperature even when 
moisture conditions are favorable. Quantitative temperature ef- 
fects on germination may be useful to evaluate germination charac- 
teristics or establishment potential among range species. Derived 
variables such as heat units to 50% germination, temperatures 
coinciding with minimum germination rates, and products of the 2 
germination indices should be helpful for explaining variations in 
seedling establishment observed in field plantings. 

The heat unit concept relates a unique total of periodic tempera- 
tures summed above a minimum temperature. This is then related 
to a specific growth stage (Wang 1960), provided no other factors 
are limiting growth (Kish and Ogle 1980). Arnold (1959) stated the 
most critical factor in using heat units was the accurate determina- 
tion of the minimum or base temperatures, and he discussed the use 
of linear regression equations for their prediction. He further 
indicated that the purpose of these minimum temperatures was to 
develop heat units, an expression of effective temperature, usually 
on a daily basis. 

Schimpf et al. (1977) indicated germination rates are a more 
sensitive indicator of temperature effects on germination than are 
total germination percentages. Maguire (1962) and Czabator 
(1962) stated that species having similar total germination percen- 
tages may vary widely in rate of germination and consequent 
seeding value. Jordan (1983) illustrated that within a seed lot, 
establishment typically occurs on semiarid sites from seeds having 
the earliest germination. Methods used to express germination 
rates vary widely (Kotowski 1926, Czabator 1962, Tucker and 
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Wright 1965, Evetts and Bumside 1972). Therefore, published 
rates among species are not always related and easily compared. 
However, the germination rate index of Evetts and Bumside 
(1972), Pollack and Roos (1972), and the corrected germination 
rate of Hsu et al. (1985) are equivalent. Moreover, the data of Hsu 
et al. (1985) showed that dividing 100 by their corrected germina- 
tion rate gave an approximation of time to 50% germination. 
Hegarty (1975) and Garcia-Huidobro et al. (1982a) showed a linear 
relationship between the reciprocal of time to 50% germination 
and certain optimum or lower germination temperatures. Angus et 
al. (1981) and Hsu et al. (1985) indicated this relationship was not 
linear, but it still gave the best estimate of the temperatures corres- 
ponding with minimum germination rate used to develop heat 
units and to characterize germination (Garcia-Huidobro et al. 
1982a, Davidson and Campbell 1983). 

It appears that quantitative temperature effects can he deter- 
mined to characterize temperature-responsive germination rates. 
This paper reports on the determination of projected minimum 
temperatures, heat units, and germination rates for several range- 
land species. 

Materials and Methods 

Seeds were obtained from commercial sources, from USDA Soil 
Conservation Service, Tucson Plant Materials Center, and from 
range sites identified by county and state. All seed lots were hand 
thrashed when necessary and further processed by air flotation to 
remove trash and poorly filled seeds. 

Germination was conducted at constant temperatures in a ger- 
minator having forced-draft circulation. Light was not controlled, 
but was allowed to enter through the glass doors of the germinator. 
Three series of studies were conducted: cool-season grasses with 4 
replications, warm-season grasses with 3 replications, and selected 
forbs and shrubs with 4 replications. Germination temperatures 
were 7,14, and 21° C for cool-season grasses; 15,20, and 30“ C for 
warm-season grasses; and 5,10,20, and 30’ C for forbs and shrubs. 
Replications for each species were completely randomized within 
the germinator for each temperature. For each replication 100 
seeds were sprinkled into a 9cm petri dish on Whatman* No. 3 
filter paper moistened with tap water. 

Rapidly germinating seeds were observed for germination every 
6 hours during the first week after imbibition began. Otherwise, 
seeds were observed every 12 hours for the first week, every day for 
the second week, and every 2 days thereafter up to a total of 60 days 
at low temperatures. Germinated seeds were counted, recorded, 
discarded, and water added when necessary. Seeds were considered 
germinated when the radicle was at least l-mm long. Germination 
was considered complete when no further germination occurred in 
2 successive days. 

Starting from the time imbibition began, the number of seeds 
germinated at each count was tabulated with the corresponding 
accumulated time. After each germination trial was completed, 

‘Mention of a trademark or proprietary product does not constitute a guarantee or 
warranty of the product by U.S. Department of Agticulturc or the University of 
Arizona and does not imply approval to the exclusion of other products that may also 
be suitable. 
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Fig. 1. (a) The h’nearportion of the S-shapedfunction of thegermination 
curve used in equation (I) and(b) illustration of regression anaIysis and 
extrapolation used to determine temperature at which germination rate 
approached zero. 

total percent germination was determined and each count was 
converted to percent germinable seed. Rate determinations were 
based on the equivalence of 100 germinable seeds for each acces- 
sion. Time to 50% germination was calculated by equation (1) 
which restricts calculations to the linear portion of the S-shaped 
function of the germination curve (Fig. la). 

Fig. 2. laze relationsh$ of germination to temperatures for a, Atriplex 
canescens; o, Bromus inermis; A, Panicum antidotale; and A, Ephedra 
viridis. Solid lines fittedfrom linear regression equations; dashed lines 
follow actual dara where inhibitory high temperatures affected l andA . 

the linear regression equation and solving for x (Fig. lb). Heat 
units/ day, a measure of effective daily temperature (Arnold 1959), 
was calculated by equation (2). 

Heats units/day q  Mean daily temperature - Minimum temperatun[t] 

A heat unit index was calculated by equation (3). 

Time to 50% germination = TI + - 50+G1 T _T 2 I 
Ga-GI 

[13 Heat unit index q  (Heat units/day) X (Days to 50% germination) [3] 

where GI = cumulative % germination between 20 and 50% at TI 
and Gs = cumulative % germination between 50 and 80% at Tz 

Regression analyses, both linear and quadratic, were conducted on 
each ecotype or species using the reciprocal of time to 50% germi- 
nation as the dependent (y) variable and temperature as the inde- 
pendent (x) variable (Fig. 1 b). If the quadratic function was signifi- 
cant, graphs were constructed and inspected to determine if some 
portion of the curve was sufficiently linear for further use (Fig. 2). 
Analyses of variance were also conducted on the linear and quad- 
ratic functions to determine which expressed the best relationship 
between temperatures and germination rates within species. When 
both linear and quadratic functions were significant (P = 0.05 to 
O.Ol), the percentage of total sums of squares contributing to each 
function was determined to further clarify this relationship (kdecor 
1956). Linear relationships are important for calculating the pro- 
jected minimum temperature at which the germination rate is equal 
to zero. The minimum temperature was estimated by setting y = 0 in 

The heat unit index is a constant for each species within favorable 
temperatures above the zero germination rate. It expresses heat 
units required to attain 50% germination, the reciprocal of which is 
used to determine the slope of the linear regression equation. 

Results and Discussion 
Coefficients of linear regression and levels of significance of the 

linear and quadratic regression analyses are presented in Table 1 
for cool-season grasses, in Table 2 for warm-season grasses, and in 
Table 3 for forbs and shrubs. The linear component of regression 
was highly significant (p = 0.01) for all species. The quadratic 
component was generally not significant for various cultivars of 
grasses, but was generally highly significant @ = 0.01) for shrub 
ecotypes. 

Even though Figure 2 illustrates a “worst case scenario”, for 
certain species having a highly significant (p = 0.01) quadratic 
function (Tables 1, 2 and 3), visual inspection indicated linearity 
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T8bk 1. Llne8r coeffkknts of detcrmhution, qwhtic rcgreulon slgnlfi- T8ble 2. 
c8ncc, minimum germin8tior1 r8te temper8tur~ be8t units to 50% ger- 

Line8r coeffkkntsof determlnrtlon, qwhtk regression signifl- 

mirmtion 8nd germhutlon lndlca for sekcted coo-n r8nge gr8sses. 
uncc, mlnlmmn germhtlon r8te tempw8turex, be8t units to 50% ger- 

Llneu regressions were of the form y = 8 + bx where y = l/d8ys to 50% 
mirutlon 8nd germhtion lndlca for selected w8rm-twaeon range 

germhmtion, 8 = intercept, b = slope, 8nd x = tempmture. 
gr8eeee. Llneu regressions were of tbe form y = 8 + bx where y = l/d8ys to 
50% germhutlon, 8 q  intercept, b = slope, 8nd x q  temper8ture. 

Species 

Quadratic 
significance 9% Min. Heat Germ. 

rr level ss’ temp. units indices 

Agropyron elongatum 0.995 
‘LUrgO’ 

Agropyron elongatum 0.980 
‘JOSe’ 

Bromus inermis 0.985 
‘Lincoln’ 

Elymus cinereus 0.984 
‘Coconio Co. AZ. 

Agropyron tricophonan 0.983 
‘Luna’ 

Agropyron intermediun 0.954 
‘Tegmar’ 

Agropyron intermedium 0.943 
‘Green& 

Agropyron 0.958 
dasystachyum 
‘CritallZX’ 

Agropyron riparium 0.997 
‘Sod& 

Agropyron inerme 0.878 
‘Whitmar’ 

Poa ampla 0.989 
‘Sherman* 

Agropyron desertorum 0.97 1 
‘Nordan’ 

Agropyron cristatum 0.943 
‘Fairway’ 

Elymus junceus 0.970 
‘Vinall 

Agropyron smithii 0.955 
commercial 

Orysopsis hymenoides 0.848 
commercial 

Elymus junceus 0.960 
commercial 

n.s. 4.3 30.2 130 

n.s. 4.7 30.5 143 

0.01 0.8 4.9 31.0 152 

n.s. 5.3 29.6 157 

0.05 0.9 5.5 29.6 163 

n.8. 4.4 37.4 164 

n.8. 5.0 33.2 166 

n.s 4.5 41.3 186 

0.01 1.6 4.5 46.5 209 

0.01 7.5 6.3 42.7 269 

n.s. 3.7 72.9 269 

n.s. 4.8 60.9 292 

n.s. 5.0 62.9 314 

n.s. 5.8 58.6 340 

n.s. 4.5 85.5 384 

n.8. 4.7 87.5 411 

n.s. 5.0 90.6 453 

1Perccntage sum of squares attributed to quadratic component of regression P= 0.05 
to 0.01. 

was not strongly affected until over 5 to 10% of the regression sum 
of squares was contributed by the quadratic function. The quad- 
ratic contribution was 0.8% for Bromus inermis, 7.0% for Atriplex 
canescens, 9.0% for Panicum antidotale, and 19.0% for Ephedra 
viridis. Linearity was deemed acceptable for the Bromus and Pani- 
cum selections, but not acceptable for Atriplex accessions because 
of obvious inhibition of rates above 20“ C. For Ephedra. linearity 
up to 200 C was not acceptable. Thus, rates for the latter 2 species, 
reported here for purposes of illustration, should be recalculated 
from germination studies conducted at a lower temperature range. 

Aside from the few exceptions illustrated in Figure 2, relation- 
ships between the reciprocal of time to 5% germination and 
germination temperature were sufficiently linear over a wide array 
of species and ecotypes to allow calculation of projected times to 
5% germination and temperatures associated with minimum 
germination rates. When heat units are included, the general 
requirements for germination of an accession can be characterized 
as for Poa amplu var. Sherman at loo C (Table 1). The minimum 
temperature 3.7’ C is subtracted from 10.O” C to obtain heat 
units/day, i.e., 6.3. When heat units to 50% germination (recipro- 
cal of the slope b) are divided by heat units/day the quotient is 
equal to days to 5% germination at 10.O” C (72.9/ 6.3 = 11.5 days). 
Alternatively, regression coefficients -0.0507(a) and 0.0137(b) can 
be used to solve for y, the reciprocal of time to 50% germination 
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Species 

Quadratic 
significance 90 Min. Heat Germ. 

P level ssl temp. units indices 

Cenchrus ciliaris 
P-156252 

Pennisetum setaceum 
commercial 

Bouteloua curtipendula 
NM-28 

Bouteloua eriopoda 
‘Sonora’ 

Leptochloa dubia 
A-14254 

Setaria macrostachya 
commercial 

bbthriochloa ischaemum 
P-15626 

Bouteloua gracilis 
‘Hachita’ 

bkagrostis lehmanniana 
X E. tricophora, 
‘Cochise’ 

Eragrostis intermedio 
A-19189 

fiagrostis lehmanniana 
Ad8 (lot 6101) 

Digitaria calijomica 
A-16154 

Eragrostis curvula var. 
conferta, ‘Catalina’ 

Eragrostis lehmanniana 
A-68 (lot 6092) 

Sporobolus airoides 
NM-184 

Eragrostis lehmanniana 
L-19 

Panicum coloratum 
commercial 

Panicum antidotale 
A-130 

Eragrostis curvula var. 
conferta, A-84 

0.999 n.s. 12.5 5.9 74 

0.999 n.s. 11.0 6.7 74 

0.993 0.05 0.5 8.9 8.5 76 

0.992 0.01 0.5 13.0 5.9 77 

0.964 0.05 3.0 13.0 6.9 90 

0.879 0.01 11.8 11.1 8.3 92 

0.996 n.s. 13.7 7.4 101 

0.975 n.8. 10.6 10.0 106 

0.998 n.s. 10.2 10.6 108 

0.938 n.s. 8.8 15.5 136 

0.994 n.s. 10.8 12.8 138 

0.987 0.01 1.0 13.5 11.6 157 

0.998 n.s. 10.8 14.8 160 

0.937 n.s. 13.4 12.4 166 

0.999 n.s. 12.0 16.0 192 

0.993 n.s. 12.4 16.9 210 

0.993 n.s. 9.7 29.5 286 

0.989 0.01 9.1 7.8 38.3 299 

0.998 n.s. 11.2 39.7 445 

lPercentagc sum of squares attributed to quadratic component of regression, P= 0.05 
to 0.01. 
2Numbcn are accession numbers assigned by USDA, SCS, Plant Materials Center. 

(Table 1). Quantitative evaluations of temperature have shown 
that 11.5 days at 100 Care required for germination of this species, 
but emergence would obviously require additional time. It is rec- 
ognized, however, that these germination values are relative 
because field and laboratory responses will probably differ from 
one another. 

Inhibition of germination rates by comparatively high tempera- 
ture is considered to be the major cause of non-linearity in our 
study (Arnold 1959). When a highly significant quadratic compo- 
nent @ = 0.01) was present (Tables 1, 2, 3), higher germination 
temperatures demonstrated a higher requirement for heat units/ 
day than predicted by the use of the linear regression equation 
(Arnold 1959, Garcia-Huidobro et al. 1982a). Angus et al. (1981) 
used a similar heat unit study to estimate time to emergence for 
various field crops. They obtained non-linear relationships for 
some crops, but they could not improve on their estimates by 
non-linear models. Hsu et al. (1984) indicated that minimum ger- 
mination temperatures, as used for determining germination rates 
in our study, were best estimated from linear regression analyses. 
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Table 3. Linear coefficients of determination, quedratic regression siyifi- 
cencc, minimum germinetion rete temperetures, beat units to 50% ger- 
mination and germination indices for s&&cl forbs end shrubs. Linear 
regressions were of tbe form y = a + bx where y q  l/days to !%% 
germination, 8 = intercept, b q  slope, and x = temperature. 

Species 

Quadratic 
significance % Min. Heat Germ. 

r2 level ssl temp. units indices 
Ceratoides lanata 

Cochise Co., AZ. 
Ceratoides lanata 

Cochise Co., AZ. 
Baccharis sarothroides 

Pima Co., AZ. 
Atriplex canescens 

Millard Co., Utah 
Ceratoides lanata 

Garfield Co., Utah 
Mimosa biuncifea 

Gila Co., AZ. 
Cowania stansburiana 

Coconino Co., AZ. 
Atriplex canescens 

Rio Arriha Co., N.M. 
&hedra viridis 

Sevier Co., Utah 
Atriplex semibaccata 

‘Colt0 
Prosopsis jultifora 

Pima Co., AZ. 
Cowania stansburiana 

Yavapai Co., AZ. 
Fallugia paradoxa 

Yavapai Co., AZ. 
Acacia greggii 

Pinai Co., AZ. 
Larrea tridentata 

Greenlee Co., AZ. 
Atriplex canescens 

Pima Co., AZ. 
Ephedra viridis 

Sanpete Co., Utah 
Linum lewisii 

‘Appar’ 

0.882 0.01 10.7 0.5 ii.9 6 

0.970 0.01 10.7 1.2 17.3 21 

0.983 0.01 1.0 3.5 14.3 50 

0.885 0.01 7.1 1.5 38.5 58 

0.938 n.s. 3.3 18.7 62 

0.784 n.s. 1.4 71.5 100 

0.985 0.05 0.5 1.5 85.1 128 

0.843 0.01 9.7 2.6 55.2 144 

0.764 0.01 19.0 1.2 119.9 144 

0.924 0.01 5.4 1.8 86.2 155 

0.948 0.01 4.0 10.3 17.4 179 

0.987 0.01 0.9 1.1 172.2 182 

0.989 0.01 0.8 4.4 46.0 207 

0.985 n.s. 7.2 29.3 211 

0.950 0.01 4.0 6.8 40.6 276 

0.984 n.s. 9.0 34.9 314 

0.773 0.01 8.6 2.2 201.0 442 

0.828 0.01 15.0 3.2 174.3 558 

‘Percentage sum of squares attributed to quadratic component of regression P q  0.05 
to 0.01. 

This approach proved valid even though some non-linearity was 
evident. 

Application of Projected Minimum Temperatures 
The projected minimum temperature is where the germination 

rate equals zero. Whether or not this projected temperature coin- 
cides with the physiological minimum temperature does not 
detract from the thesis that heat units can be used to characterize 
germination. The primary function of using base temperatures is to 
give the least variation among heat unit summations (Arnold 
1959). Generally prediction of minimum temperatures and heat 
units will be more accurate when obtained from lower temperature 
ranges. Our studies also confirmed this trend. Moreover, when the 
minimum germination temperature was closely approached, time 
to accomplish germination increased. This may be critical in the 
field, particularly if germination time greatly exceeds the time that 
soil moisture is normally available. Data for P. ampla illustrates 
the principle. If the mean germination temperature was changed to 
5’ C, the time to 50% germination would be 56 days, and at 4O C it 
would be 243 days. Projection of values beyond data used to 
establish the linear regression is obviously not valid. However, the 
general trend for long germination periods as minimum tempera- 
tures are approached is clearly established, 
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The apparent variation in minimum germination temperatures 
as reported in the literature is often due to differences in methodol- 
ogy or research objectives. Young and Evans (1982), for example, 
reported germination percentages of several cool-season grasses at 
lower temperatures than we measured (Table 1). Similarly, Coff- 
man (1923) found wheat (Triticum aesfivum) and other small 
grains would germinate at the temperature of melting ice. These 
endpoint temperatures differ from those determined as the germi- 
nation rate equals zero. The germination rate of wheat approaches 
zero at 4.6O C (Davidson and Campbell 1983). Hsu et al. (1985) and 
Garcia-Huidobro et al. (1982a) reported temperatures associated 
with minimum germination rates for warm-season grasses that 
were within the range that we found (Table 2). 

A marked trend occurred within plant classifications. Minimum 
temperatures were lower for cool- (Table 1) than for warm-season 
species (Table 2). Values ranged from 3.7 to 7.8“ C for cool-season 
and from 7.8 to 13.7’ C for warm-season species. This trend was 
not associated with the shrubs (Table 3). The species Lorrea t&en- 
tata and Mimosa biunctfera had minimum temperatures of 6.8 and 
1.4“ C, respectively. Both are warm-season shrubs. Moreoever, 
minimum temperatures for ecotypes of Atriplex canescens were 
1.5, 2.6, and 9.0’ C (Table 3), depending on location of seed 
collection sites. In contrast to the more uniform characteristics of 
released varieties, a wide variation in minimum temperatures may 
exist for wildland ecotypes. 

Further research is needed to integrate the various factors affect- 
ing germination rates. Several examples of variations in tempera- 
ture reponse are reported in the literature. Cluff et al. (1983) 
demonstrated that Distichlis spicata var. stricta would not germi- 
nate unless exposed to at least a 20’ C diurnal temperature fluctua- 
tion. Young and Evans (1982), however, found maximum germi- 
nation percentages could be obtained in constant temperatures for 
most of the cool-season grasses they studied. Finally, germination 
percentages and rates may vary among seed lots as well as plant 
ecotypes (Weaver and Jordan 1985). 

Heat Units and Germination Indexes 
Arnold (1959) defined the heat unit as a biologically effective 

temperature. Therefore, heat units are accumulated only during 
temperatures above a minimum (Holmes and Robertson 1958) and 
below a maximum that allow for growth processes of the target 
species (Garcia-Huidobro et al. 1982b). During a IO-year period, 
successful seedling emergence was observed from fall seeding on 
Artemisia tridentata sites only when mean monthly temperatures 
during the fall, winter and spring were above O” C, and 76 to 102 
mm of effective precipitation occurred over the winter (Jordan 
1983). Some species and cultivars consistently established more 
dependably than others. For example, in order of increasing estab- 
lishment difficulty were Agropyron tricophorum var. Luna, A. 
desertorum var. Nordan, Elymus junceus var. Vinall, Oryzopsis 
hymenoides and E. junceus common. The trend for ease of estab- 
lishment (Jordan 1981) was associated with low values of heat units 
required to attain 50% germination (Table 1). In addition, Arnold 
(1959) indicated the lower the minimum germination temperature 
the higher the germination efficiency. The cumulative effect of low 
heat unit values and low minimum temperature can be expressed as 
a germination index, equation (4). 

Germination index = (Heat unit index) X 
(Minimum germination rate temperature) M 

For these 5 species, the respective heat unit indices were 163,292, 
340,411, and 453. 

Without knowledge of seedling drought tolerance, germination 
indices may not be as helpful for warm- as for cool-season grasses. 
Low indices, indicating high germination rates, may be a disadvan- 
tage on semiarid sites for establishment of selected species without 



high seedling drought tolerance. For example, P. antidotale and 
Eragrostis lehmanniana X E. tricophora var. Cochise have been 
established on sites too arid for Bouteloua curtipendula (Jordan 
1981), but their respective indexes were 299,108, and 76. Frasier et 
al. (1984) and Simanton and Jordan (1986) showed B. curtipendula 
seeds germinated rapidly. However, Frasier et al. (1984) found a 
high percentage of seedlings succumbed during the following dry 
period, whereas Cochise seeds germinated more slowly but had 
fewer dying during the dry period. The-se examples suggest seedling 
drought tolerance may be a necessary complement to high germi- 
nation rates for successful establishment of selected grass species 
on rangelands where the amounts and timing of precipitation are 
sporadic. 

In summary, heat units, germination indices, and germination 
rates can provide selection criteria among accessions within semi- 
arid environments. These factors can be derived through regres- 
sion analyses provided that the temperature range is restricted to 
an estimated 15 to 20’ C above the temperature associated with the 
minimum germination rate. Observations made during this study 
indicate to obtain uniformity in reporting germination rates in the 
literature requires that germination temperatures must be deter- 
mined accurately, equivalent end points of germination rates must 
be presented, and rates must be expressed only on basis of germi- 
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Growth regulators’ effect on crested wheatgrass forage yield 
and quality 
LARRY M. WHITE 

AbSdCt 

If crested wheatgrass [Agropyron dcscrorum (Fisch.) Schult.] 
could be maintained in an immature growth stage, it would 
improve forage quality and thus extend the grazing season. In 1981 
and 1982, plant growth regulators were applied to crested wheat- 
grass 0,2,4, and 6 weeks after first floral primordium initiation to 
determine which compound, date, and rate of application would 
maximize forage quality yet minimize reduction of forage yield 
when harvested at seed ripe stage. Mefluidide [N-(Z&dhnethyl-S- 
([(trifluoromethyl~sulfonyl]rmino)phenyl)amide] at 4 rates 
[O.O, 0.28, 0.56, and 0.84 kg/ha active ingredient (a.i.)j, mrleic 
hydrazide (MI-I) (l&dihydro_3,6_pyridazinedione) at 4.5 kg/ha 
&~~(336kg/h=Qphs9 -(me@+-- 
xyfluorenc9-carboxylate) at 1.12 kg/ha r.i. were applied to 
crested wheatgrass growing on a Shambo loam (Typic Haplobo- 
rolls) in northeast Montana. Application of MH or MH plus 
chlorflurenol generally gave a similar response in heading, forage 
yield, CP, and in vitro organic matter digestibility on a dry matter 
basis (IVDOMD) as did melfluidide at 0.56 kg/ha. Mefluidide 
(0.56 kg/ha) applied 2 weeks after fiit floral prhnordhim initiation 
decreased heading 80 md 95%, decreased forage yield 20 and 30%, 
increased CP 1.7 and 2.3 percentage units, and increased IVDOMD 
1.8 to 4.2 percentage units compared to untreated, depending upon 
year. 

Key Words: Agropyron desertorum, heading, crude protein, in 
vitro digestibility, melfhddide, mrleic bydruide, chloflurenol, 
floral prhnordium, growth stage, application rates 

Crested wheatgrass [Agropyron desertorum (Fisch.) Schult.] 
provides high quality forage during early spring, but forage quality 
(White and Wight 1981) and livestock weight gains decrease as the 
growing season progresses (Campbell 1961). If crested wheatgrass 
could be maintained in an immature growth stage, it would 
improve forage quality and thus extend the grazing season. 

Haferkamp et al. (1987) found that application of melfluidide 
[N~2,4dimethy1-5-([(trifluoromethyl)-sulfonylJamino}pheny1) ace- 
tamide] to crested wheatgrass near flora1 differentiation increased 
crude protein (CP) 1.8 to 1.9 percentage units and in vitro digesti- 
ble organic matter by 3.0 to 4.0 percentage units. However, this 
decreased forage production by 20 to 60% depending upon rate. 
The effect of timing of melfluidide application was not determined. 
Field and Whitford (1982) found that date of melfluidide applica- 
tion affected reductions in dry matter production of perennial 
ryegrass (Lolium perenne L.) depending upon plant growth stage. 
Other growth regulators such as maleic hydrazide (MH) (1,2- 
dihydro-3,6_pyridazinedione) and MH plus chlorflurenol (methyl- 
2_chloro-9-hydroxyfluorene-9carboxylate) have effectively reduced 
heading of grasses along roadsides (Wakefield and Dore 1973), and 
may, therefore, be effective in increasing forage quality. 

The study objective was to determine the effects of growth 
regulators [melfluidide (4 rates), MH, and MH plus chlorflurenoll 
and application date on heading, forage yield, CP, and in vitro 
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2000-18th St., Woodward, Okla. 73801. At the time of research, author was a range 
scientist, USDA-ARS, Northern Plains Soil and Water Research Center, Sidney, 
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Manuscript accepted 4 August 1988. 

digestibility of crested wheatgrass when harvested at seed ripe stage 
during early August. 

Materials and Methods 

The study was conducted during 1981 and 1982 on a stand of 
standard crested wheatgrass seeded in the early 1960s. The study 
site was 25 km north of Sidney, Mont., at an elevation of 640 m 
(2,100 ft) on a silty range site. The soil is a Shambo loam (fine- 
loamy, mixed, Typic Haploborolls). A single application of 
ammonium nitrate was made in early December 1980 at 54 kg 
N/ha. Average annual precipitation is 350 mm, with 21% received 
from October through March, 44% from April through June, and 
35% from July through September. Precipitation from October 
1980 through May 1981 averaged 40% of normal each month, 
while June 1981 was twice normal. Precipitation from October 
through December 1981, January through March 1982, April 
through May, and June through September was 99,232,13, and 
96% of normal, respectively. January and July long-term mean 
temperatures are -13 and 20’ C, respectively, and the average 
frost-free period is 122 days. 

Mefluidide (0.0,0.28,0.56, and 0.84 kg/ ha of active ingredient 
[a.i.]), MH alone (4.5 kg/ha a.i.), and MH (3.36 kg/ha a.i.) plus 
chlorflurenol(1.12 kg/ ha a.i.) were applied to a new set of plots on 
3 dates in 198 1 in a 3 X 6 factorial arrangement of treatments (plots 
1.5 by 3 m) in 4 randomized complete blocks. Crested wheatgrass 
had not reached the early boot stage by the third application date 
so a fourth application was made on a set of plots adjacent to the 
first set. In 1982, the treatment area was expanded on the same site 
to include a 4 X 6 factorial arrangement of treatments. The first 
application of growth regulators each year was applied within the 
same week that the flora1 primordia were initiated as determined 
by weekly examination of nearby plants. Growth regulators were 
applied to a new set of plots every 2 weeks thereafter. The fourth 
application was made when crested wheatgrass was 1 and 20% 
headed in 1981 and 1982, respectively. Application dates were 7 
April, 22 April, 4 May, and 18 May 1981; and 28 April, 12 May, 25 
May, and 10 June 1982. Growth regulators were applied in water 
using 3 flat-fan nozzles (8004) mounted on a bicycle sprayer pres- 
surized with CO2 at 207 kPa (30 psi) moving at 3.2 km/hr (2 
miles/ hr) and delivering 469 and 425 L/ha during 1981 and 1982. 
Bromoxyni1(3,5dibromo4hydroxybenzonitrile) was applied in 
water on 7 May 1982 at 0.5 kg/ ha a.i. with flat-fan nozzles (80015) 
delivering 210 L/ha to control yellow sweetclover (Melilotus offi- 
cinulis Lam.) in the plots. 

Crested wheatgrass seed heads were counted each year in 2 
quadrats (0.5 by 0.63 m) within each plot when seed was ripe during 
early August. Forage was then harvested from a 1.0 by 2.0-m 
sample area to a 5-cm stubble height. Forage from the remainder of 
the plot was removed a few days later. Plant material was dried at 
600 C and ground to pass a I-mm screen before analysis. Nitrogen 
concentration was determined by the macro-Kjeldahl method and 
multiplied by 6.25 to estimate CP. In vitro organic matter digesti- 
bility on a dry matter basis (IVDOMD) was determined by a 
modification of the Tilley and Terry two-stage method (White et al. 
1981). 
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Table 1. Probability of F teet for Ijlleer, quadratic, end cubic interaction 
lor 3 and 4 application dates in 1981814 1982 with 4 rater of mefluididc 
(0,0.28,0.56, end 0.84 kg/he) application on number of be8ds, forage 
yield, CP, and IVDOMD of crested wbeatgraee grown near Sidney, 
Montana. 

Forage 
Heads yield CP IVDOMD 

Interaction 81 82 81 82 81 82 81 82 

Date x rate <.Ol .Ol <.Ol .06 <.Ol <.Ol .07 c.01 

DI X RI’ c.01 <.Ol <.Ol .85 <.Ol .06 c.01 c.01 
DI X R, .54 .20 .53 .47 .64 .68 .55 c.01 
DIXR, .23 .96 .06 .88 60 .80 .74 .31 

D,XRI .04 .75 .14 c.01 <.Ol c.01 .06 .64 
DqX% <.Ol .09 .79 .lO .74 .86 .39 .60 
Dp X R, .03 .22 .90 .68 .23 .36 .80 .08 

D,Xk - .99 -- .05 - .66 -- .18 
DCXR, -- .03 -- .11 - -21 -- <.Ol 
DCXR, -- .28 - .60 - .04 -- .05 

II= linear, ., = quadratic, E = cubic response 

Precipitation was measured daily at the site from April through 
October in a standard 2O-cm recording rain gauge. Precipitation 
data from November through March and daily air temperatures 
from February through June were obtained from an official 
weather station located at Sidney, Mont. Degree days (accumu- 
lated daily mean air temperature above 3’ C threshold) accumu- 
lated from the first of February through June were calculated to 
determine if there was a difference between years when growth 
regulators were applied. 

The data were first analyzed with a 3 date by 6 treatment and 4 X 
6 factorial analysis of variance the first and second years, respec- 
tively, using a randomized complete block design to determine if 
different kinds of growth regulators had a significant effect on 
heading, forage yield, CP, and IVDOMD. The analysis showed a 
significant or highly significant date by treatment interaction for 
all variables measured. Since F test was significant, the least signif- 
icant difference (LSD) test at 0.05% was used to determine: (1) if 
the response from application of 0.56 kg/ ha of mefluidide differed 
from that of MH, and (2) if MH differed from that of MH plus 
chlorflurenol. The data from the fourth application in 1981 were 
analyzed separately since they were not included in the same blocks 
as the first 3 dates. All treatment differences reported are signifi- 
cant at the EO.05 probability level unless otherwise stated. 

The response surface showing date and rate changes for meflui- 
dide was determined using a 3 X 4 and 4 X 4 factorial analysis of 
variance the first and second years, respectively. The interaction 
treatment sum of squares was partitioned into linear, quadratic, 
and cubic components with orthogonal polynomials for all possi- 
ble combinations of interactions of dates and rates (Table 1). 
Multiple regression was used to determine the coefficients for the 
appropriate terms in the interaction, e.g., date quadratic by rate 
cubic. Data from all 4 applications dates for both years were used 
to draw the 3dimensional graphs to display the response surface. 
Adding data from the fourth application date in 1981 only slightly 
decreased the R2 values and the response surface for the first 3 
dates remained nearly the same. 

Polynomial equations did not adequately represent the data 
when there was a significant interaction between date and rate even 
though Rz values ranged from 0.77 to 0.97. The 3dimensional 
graphs showed a response across application dates for the zero 
mefluidide rates when there should have been no response. Log 
and log-log transformations were tested but did not adequately 
represent the data between the zero and 0.28 kg rates. 

Results and Discussion 

Comparison of Chemicals 
The licensed rates of MH (4.5 kg/ ha a.i.) and MH (3.36 kg/ha) 

plus chlorflurenol(l.12 kg/ ha) were used in this study to compare 
with various rates of mefluidide. The licensed rate of MH plus 
chlorflurenol was determined by extensive testing on various grass 
species in both the United States and Canada (Anderson 1970). 
With one exception, there was no significant difference between 
MH alone and MH plus chlorflurenol on heading, forage yield, 
CP, and IVDOMD of crested wheatgrass when applied on 4appli- 
cation dates in 1981 and 1982 (Table 2). This exception was when 
MH plus chlorflurenol decreased forage yield more than MH alone 
on the first application date in 198 1. Stich et al. (1978) also found 
that application of 5.6 kg/ha of MH decreased heading of red 
fescue (Fesruca rubra L.) similar to application of 3.36 kg/ha of 
MH plus 1.12 kg/ha of chlorflurenol. However, Jagschitz et al. 
(1978) found that addition of chlorflurenol with MH was better 
than MH alone in reducing heading in Kentucky bluegrass (Poe 
pratensb L.) and about equal for the other 4 cool-season grasses. 

There were some differences between application of mefluidide 
at 0.56 kg/ ha and MH in 198 1 and 1982 on heading, forage yield, 
CP, and IVDOMD of crested wheatgrass (Table 2). These differ- 
ences were not consistent across all application dates and may have 
resulted from sampling error. For example, mefluidide decreased 

Table 2. Effect of mefluldlde (0.56 kg/be) (MF), maleic hydrazlde (4.5 kg/ha) (MI-I) end MH (3.36 kg/be) plus cblorfluerenol(l.12 kg/ha) (MH+C) on 
number of he8ds, forage yield, CP, and IVDOMD of created wheetgraee grown near Sidney, Montana during 1981 end 1982. 

Appl. date 

7 Apr. 
22 Apr. 
4 May 

LSD& 
18 May 
LSD.m 

28 Apr. 
12 May 

Heads/m2 Forage, T/ha CP, % IVDOMD, % 
MF MH MH+C MF MH MH+C MF MH MH+C MF MH MH+C 

1981 
168 363 288 1.78 1.82 1.50 6.6 6.9 6.6 56.4 56.0 54.7 
15 97 99 1.33 1.62 1.39 8.6 8.1 8.6 57.2 57.8 56.3 
55 7 4 1.04 1.25 1.18 8.3 8.0 8.2 55.3 54.6 54.1 

122 0.25 0.9 1.9 
372 107 55 1.27 1.26 1.32 7.4 7.4 7.7 53.3 51.4 52.6 

166 0.19 0.7 1.5 
1982 

52 87 54 1.55 1.15 0.95 5.2 6.5 6.7 59.7 59.2 58.1 
16 23 12 1.13 0.94 0.83 6.2 6.9 7.3 59.7 54.9 56.3 

25 May 170 102 104 1.07 1.10 1.08 6.3 6.1 6.4 56.8 57.2 59.0 
10 June 313 228 240 1.64 1.61 1.59 4.7 4.8 4.7 54.3 57.1 56.1 
LSD.& 95 0.22 nfl 1.9 

*LSD of interaction 
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Fig. 1. Effects of date (weeks afterjloralprimordium initiation) and rate of mefuidide application on heads, forage yield, CP, and IVDOMD of crested 

wheatgrassgrown near Sidney, Mont., during 1981 and 1982. Zhe interaction terms used inplottingeuch response surfocare listed on thegraph, e.g., 
Dq-Rq. D=date. R=rate, Hinear, q=quadratic, and cxubic. 
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heading more than MI-I the first application date and less the last 
date in 1981 but no difference was noted the next year. Mefluidide 
reduced forage yield more than MH the second application date in 
1981 but less than MH the fist date in 1982. Mefluidide increased 
CP less than MH the first and second application dates in 1982 but 
not in. 1981. Mefluidide also increased IVDOMD more than MH 
the last date in 1981 but less than MH the last date in 1982. 
Jagschitz et al. (1978) also found that mefluidide and MH were 
similar in reducing heading of 5 cool-season grasses. Stich et al. 
(1978) found that MH at 5.6 kg/ha was similar to 0.42 kg/ ha of 
mefl~dide in controlling heading of red fescue. 

Date of Mefhidide Application 
There was a significant date by rate interaction for mefluidide 

both years (Table 1). Application of mefluidide 2 to 4 weeks after 
floral primordium initiation in 1981 was most effective in reducing 
heading of crested wheatgrass but in 1982 it was most effective 2 
weeks earlier (Fig. 1). 

Why growth regulators were more effective reducing crested 
wheatgrass heading on the first application date in 1982 than in 
1981 is unclear. Growth regulators were applied both years within 
the same week that the first floral primordium was initiated; at that 
time, leaf height was about 10 cm. Mefluidide was applied the first, 
second, third, and fourth application dates when 126,229,357, and 
493 degree days had been accumulated the first year, and when 132, 
237,373, and 551 degree days had been accumulated the second 
year, respectively. Accumulated degree days were more nearly the 
same both years for the first 2 dates than the last 2 dates. The fourth 
application of mefluidide was made when crested wheatgrass was 
1% and 20% headed the fust and second years, respectively. 

It does not appear that precipitation following application of 
growth regulators affected their effectiveness. During the first year, 
precipitation was received 5 (2 mm), 5 (2 mm), 4 (2 mm), and 5 (5 
mm) days after application of growth regulators when applied 0,2, 
4, and 6 weeks after floral primordium initiation, respectively. 
During the second year, precipitation was received 10 (2 mm), 3 (13 
mm), 2 (25 mm), and 17 (23 mm) days after application of growth 
regulators when applied 0, 2,4, and 6 weeks after floral primor- 
dium initiation, respectively. The mefluidide label states that opti- 
mum results may not be obtained if precipitation occurs within 8 hr 
following application and this did not happen. 

Others have found that date of mefluidide application on peren- 
nial ryegrass (Field and Whitford 1982), annual bluegrass [Pou 
clllnua var. reptans (Hauskins) Tim.] (Danneberger et al. 1987, 
Jagschitz 1985), tall fescue (Fesrucu arundinaceu Schreb.) (Gerrish 
and Dougherty 1983), and foxtail barley (Hordeurn jubutum L.) 
(White 1984) had a significant effect on head control. However, 
most researchers have applied mefluidide a few days after mowing 
of turf grasses (Hield et al. 1979), Field and Whitford 1980, Jack- 
son et al. 1980) or on some calendar date with no measure of plant 
growth stage (Fales et al. 1976, Jagschitz et al. 1978, Robb et al. 
1983, Glenn et al. 1987). However, White (1984) found that meflui- 
dide was most effective in controlling heading of foxtail barley 
when applied near initiation of floral primordia. It appears from 
thii study that mefluidide was most effective in reducing heading of 
crested wheatgrass when applied from 0 to 2 weeks after initiation 
of floral primordia. This would be 4 to 6 weeks before appearance 
of the seed heads. The optimum time for application of mefluidide 
to crested wheatgrass is less than that suggested on the mefluidide 
label. Label instructions state that maximum benefits can be 
attained by applying mefluidide at any time between uniform green 
up in the spring until 2 weeks before seed head appearance. 

Mefluidide reduced August forage yield (Fig. 1) most when 
applied 2 to 6 weeks after floral primordium initiation in 198 1 and 
2 to 4 weeks after initiation in 1982. This was 2 weeks later than the 
most effective date for reducing heading. Mefluidide was most 

effective in increasing CP (Fig. 1) both years when applied 2 to 4 
weeks after floral primordium initiation. In contrast mefluidide 
was most effective in increasing IVDOMD (Fig. 1) both years 
when applied 0 to 2 weeks after flora initiation. 

Indices other than the initiation date of crested wheatgrass floral 
primordia could be used to determine when to apply mefluidide. 
For example, in both years Hood’s phlox (Phlox /ZOO& Richard- 
son) first flowered the same week that crested wheatgrass floral 
primordium was initiated. Common dandelion (Turuxucum offic- 
inuk Weber) first flowered a week later. 

Rate of Mefluidide Application 
Mefluidide rates from 0 to 0.84 kg/ ha decreased heads quadrati- 

cally and forage yield linearly both years (Fig. 1). Mefluidide 
increased CP and IVDOMD linearly the first year but cubicly the 
second year (Fig. 1). 

In 1982, application of only 0.28 kg/ ha of mefluidide within 0 to 
2 weeks after floral primordium initiation reduced crested wheat- 
grass seed heads by over 9% and increased forage quality. How- 
ever, in 198 1, a similar response required application of 0.56 kg/ ha 
of mefluidide. Application of 0.56 kg/ha of mefluidide 2 weeks 
after floral primordium initiation decreased heading 80 and 95%, 
decreased forage yield 22 and 31%, increased CP 1.7 and 2.3 
percentage units, and increased IVDOMD 1.8 and 4.2 percentage 
units in 1981 and 1982, respectively. 

Morre and Tautvydas (1986) also found that application of 
successively higher rates of mefluidide to tall fescue caused a 
curvilinear decrease in heads. The response surface and magnitude 
of various rates of mefluidide on heading, forage yield, CP, and 
IVDOMD of crested wheatgrass was very simiir to that reported 
by Haferkamp et al. (1987). They also found that heading, yield, 
and quality response varied from linear to curvilinear depending 
upon the year. 

The effects of mefluidide might have been more consistent if a 
nonionic surfactant had been applied with it. Jackson et al. (1980) 
and Morre and Tautvydas (1986) found that application of a 
nonionic surfactant at 0.25 to 0.5% V/V with mefluidide enhanced 
its effectiveness, while Jagschitz et al. (1978) found no such effect. 
The mefluidide label originally prohibited additions of adjuvants 
such as surfactants, spreaders, stickers, etc. The label now states 
that nonionic surfactant be used at 0.25 to 0.5% volume/volume of 
tank mixture. If surfactant addition was as effective as reported by 
Morm and Tautvydas (1986), the 0.28 kg/ ha mefluidide rate could 
have provided over 9% control of heading in 1981. This would 
reduce chemical cost by half. 

Conclusions 
Future research on improving forage quality with growth regu- 

lators should be concentrated on mefltidide. Mefluidide will be 
licensed for use on tall fescue in 1989, and thii license may later be 
extended to crested wheatgrass. Maleic hydrazide or MH plus 
chlorllurenol will probably not be licensed for such use because of 
residue problems. The application of 4.5 kg/ ha of MH had no 
consistent benefit over application of 0.56 kg/ ha of mefluidide at 4 
growth stages. Application of 3.36 kg/ha of MH plus 1.12 kg/ha of 
chlorflurenol at 4 growth stages had no beneficial effects on forage 
yield or quality in comparison with MH alone. 

Mefluidide was more effective in decreasing heading and 
increasing CP and IVDOMD when applied 0 to 2 weeks after 
inititation of first floral primordium. The accumulation of degree 
days or initiation of first floral primordium can be used to deter- 
mine when to apply mefluidide most effectively to crested wheat- 
grass. Application of 0.56 kg/ ha of mefluidide 0 to 2 weeks after 
floral primordium initiation was the most effective treatment in 
reducing heading and increasing forage quality. Further research is 
needed to determine what date and rate mefluidide should be 
applied to crested wheatgrass to optimize beef gains per hectare. In 

JOURNAL OF RANGE MANAGEMENT 42(l), January 1989 49 



order to increase beef gains per hectare mefluidide needs to be 
applied when it will maximize IVDOMD increases and minimize 
forage yield decreases. 
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Characterization and germination of chasmogamous and 
basal axillary cleistogamous florets of Texas -tintergrass 
C.A. CALL AND B.O. SPOONTS 

AbSh8Ct 
Tes8s wintergur (St&a k&cot&ha Trin. & Rupr.) is 8n impor- 

tint cool-serron, perennl8l for8ge gr8ss in Tcur. Seed kndling 
problems urd 8 limited knowledge of germination 8nd est8blish- 
ment requirements have severely lhnited its use in reveget8tioa 
progmms. This study ~8s designed to chrrclcterize floret morphoi- 
ogy urd investigate the effects of different temperature X w8ter 
potenti8l regimes on germin8tion responses of ch8smog8mous 8nd 
b8s8l8xill8ry cieistog8mous florets from 2 Tests rrintergriss pop- 
ul8tions in central Text. Germination responses were evrluated 8t 
polyethylene glycol-inducsd w8ter potenti8ls of 0, -0.25, -0.50, 
-0.75, 8nd -1.0 MP8 under 8ltenuting temper8ture regimes of 
10/20,15/25, and 201300 C in controlled environment ch8mbers. 
Awns contributed most to the weight of ch8smog8mous florets, 
while cuyopsss contributed most to the weight of cleistog8mous 
florets. Cieistog8mous florets generally hrd higher cumulrtive 
germhutioo percent8gee 8nd slower germh18tioo nta th8n ch8s- 
mog8mous florets in the vuious temperature X water potentkl 
reghnes. Cumul8tive germhutioo percentrgen of both floret types 
were greatest 8t substrate w8ter poteoti8ls of 0 8nd -0.25 MPa in 
the lo/200 C temper&we reghne, 8nd me8n germhution times 
were most npid 8t the 0 MPa subante water potenti in the 
lS/250 C temperature regime. Bued upon se8son8l temperrture 
md moisture conditions in centrrl Teur, germhmtion from n8tu- 
r8l seed b8nks or 8rtifici81 seedings should occur prhn8rily between 
l8te September urd mid-November, 8nd occasion8lly from De- 
cemba through Febru8ry during mild winters. 

Key Words: St& &ucotr&hu, regenmtive stmtegy, tempenture 
stress, wrrter stress, vi8bility 

Texas wintergrass (Sripa leucotricha Trin. and Rupr.) is an 
important cool-season grass on rangelands in the Blackland 
Prairie, Rolling Plains, Edwards Plateau, Rio Grande Plains, and 
Coastal Plains regions of Texas (Gould 1975). Seed handling prob- 
lems (associated with awn length) and a limited knowledge of 
germination and establishment requirements have severely limited 
its use in revegetation programs (Cardwell 1949, Herrero 1955). 
This species is one of the few native perennial grasses providing 
palatable, nutritious forage during winter months, and it has the 
ability to persist under conditions of disturbance and frequent 
defoliation (Cardwell 1949, Dyksterhuis 1945). Persistence bas 
been attributed to the production of basal axiilary cleistogamous 
florets (closed, obligately self-fertilized flowers) enclosed in leaf 
sheaths at the base of the culm (Dyksterhuis 1945). Advantages of 
this type of cleistogamy include: early floret production under 
periods of stress or before early termination of plant growth; the 
protection afforded by the plant base against environmental catas- 
trophes or herbivory; and the placement of florets in the microhab- 
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itat of the parent plant, providing protection from the risks of 
random dispersal and seedling establishment (Campbell et al. 
1983). Under heavy grazing, chasmogamous florets (open, poten- 
tially outcrossed flowers) on aerial panicles may be eaten or dam- 
aged, thus subterranean cleistogamous florets would be the prim- 
ary means of providing progeny for stand maintenance. 

Limited information is available on the germination require- 
ments of chasmogamous florets of Texas wintergrass, and no 
germination information has been reported for basal axillary cleis- 
togamous florets of thii amphicarpic species. Herrero (1955) used 
several pre-imbibition treatments to try to overcome mechanical 
and/ or physiological dormancy mechanisms associated with chas- 
mogamous florets. Andersen (1963) enhanced germination by 
removing the lemma and palea from the caryopses of chasmogam- 
ous florets. More recently, Fowler (1986) partially characterized 
microsite requirements for germination of chasmogamous florets 
in field+zollected soil in a greenhouse under different watering 
regimes and soil surface conditions. These germination studies, 
however, have not simulated the range of temperature and mois- 
ture conditions to which florets are exposed throughout the grow- 
ing season in central Texas. 

The objectives of this study were to characterize floret morphol- 
ogy and investigate the effects of different temperature X water 
potential regimes on germination responses of chasmogamous and 
basal axillary cleistogamous florets from different populations of 
Texas wintergrass in the Blackland Prairie region of Texas. 

M8teri& urd Methods 

While chasmogamy and cieistogamy properly refer to flowers, 
these terms have been applied to spikelets and florets and by 
descent to caryopses (Campbell et al. 1983). Propagules used in 
other studies have been referred to as spikelets. Propaguies used in 
this study will be referred to as florets (lemma and palea with 
enclosed flower or caryopsis) because solitary, basal axillary, cleis- 
togamous “spikelets” of Texas wintergrass do not have @umes 
(Hitchcock 1971), and one-flowered, chasmogamous “spikelets” 
on aerial panicles separate above the glumes at maturity (Andersen 
1963). 

Chasmogamous and basal axillary cleistogamous florets of 
Texas wintergrass were collected from 2 populations on native 
Blackland Prairie sites near Caidweli and McGregor, Texas in 
May and June 1985. The Caldwell site is a heavily grazed pasture 
on a 3% slope with Texas wintergrass dispersed throughout low 
areas. The soil is a Dimebox clay (fine, montmorillonitic, thermic 
Udic Pellustert) with a pH of 7.0 and low N (1 .O mg kg-‘) and P (1 .O 
mg kg-‘) levels. Average annual precipitation is 977 mm, which 
occurs in a bimodal pattern with peaks in April through June and 
September through October. The McGregor site (130 km north of 
the Caldwell site) is a heavily grazed pasture on bottomland. The 
soil is a Houston black clay (fine, montmorilionitic, thermic Udic 
Pellustert) with a pH of 8.2 and higher N(2.0 mg kg-‘) and P (12 mg 
kg-‘) levels than the Caldwell site. Average annual precipitation is 
844 mm with peaks in April through May and September through 
November. 
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Table 1. Length, weight, and percent by welgltt of etructoral components of chaemogunoun (CH) and cldetopmow (CL) florestr from populations of 
Texae wintergram near Caldwell and Mcpcjor, Tesu. 

Population 

Caldwell 

McGregor 

Ploret component 

Lcmma/palea/callus 
Caryopsis 
AWn 
FlOltTt 

Le.mma/palea/callus 
Caryopsis 
Awn 
FlOl-Ct 

Length (-1 weight (lng) Plorct wt. (%) 
CH CL CH CL CH CL 

10.1 f 0.8 6.5 f 0.9 3.3 f 0.3 0.6 f 0.1 21.8 15.4 
(8.5 f O.Sy (5.8 f 0.5)* 4.8 f 1.2 3.0 f 0.5 31.8 76.9 
63.8 f 6.8 3.5 f 1.8 7.0 f 2.0 0.3 f 0.1 46.4 7.7 
73.9 f 7.0 10.0 f 2.2 15.1 f 3.0 3.9 f 0.5 

9.7 f 0.9 6.1 f 0.7 2.9 f 0.3 0.5 f 0.1 21.0 19.5 
(8.3 f 0.7)2 (5.4 f 0.5)2 4.1 f 0.9 2.6 f 0.5 29.8 72.2 
56.5 f 5.3 3.2 f 1.3 6.8 f 1.7 0.3 f 0.1 49.2 8.3 
66.2 f 5.8 9.3 f 1.9 13.8 f 2.8 3.6 f 0.4 

1Mcan value f SD. 
Xeagth of cmyopsis extwtcd from Icmma/palea/cah complex. 

Chasmogamous florets were collected from both sites by hand 
stripping aerial panicles on individual plants. The same plants were 
then excavated from the sites and taken to the laboratory where 
cleistogamous florets were extracted from culm bases after remov- 
ing leaf sheaths. The long awns on chasmogamous florets were 
removed by hand, and both types of florets were stored for 3 
months at 200 C and 40% relative humidity before germination 
trials. Caryopses were extracted from 200 chasmogamous florets 
and 200 cleistogamous florets from each population, soaked in 
distilled water for 24 hours, and placed in a 1% solution of tri- 
phenyl tetraxolium chloride in the dark at 25’ C for 24 hours to 
determine viability. Component structures (lemma/pales/callus 
complex, awn, and caryopsis) of 50 chasmogamous and 50 cleisto- 
gamous florets from each population were measured for length and 
weight. The number of leaf sheaths and culms surrounding cleisto- 
gamous florets was quantified by cross-sectioning 25 excavated 
plants from each population at the base of the crown. Plants were 
immersed in paraffin before cutting to maintain the integrity of the 
leaf sheaths and culms. 

Lots of 100 chasmogamous florets and 100 cleistogamous florets 
from each population were placed on one piece of Whatman No. 1 
chromatography paper in separate 13 X 13.5 X 3.5-cm plastic 
trays. The chromatography paper was supported by a 5-mm thick 
piece of polyurethane foam with 5 cotton wicks which extended 
into a 200-ml reservoir of solution. Solutions had water potentials 
of 0, -0.25, -0.50, and -0.75, and -1 .O MPa, which were derived by 
mixing 20,000 MW polyethylene glycol (PEG) with distilled water. 
Solution water potentials were measured by saturating chromato- 
graphy paper discs Q-mm diam) and placing them into a Wescor 
Model C-52 psychrometer sample chamber. Readings were recorded 
with a Wescor HR 33-T microvoltmeter following a I-min equili- 
bration period and a 5-see cooling period. Solution water poten- 
tials were measured the day following initial mixing and the day 
following any adjustments in PEG concentrations to achieve 
desired water potentials. Trays were wrapped with clear polyethy- 
lene film to reduce evaporation and stabilize relative humidity. 

Trays were placed in controlled environment chambers with 
night/day temperature regimes of 10/20,15/25, and 20/30° C and 
12-hour photoperiods. During the day period, a light intensity of 
450 ~1 mol m-* set-’ was maintained at tray level. Germination was 
evaluated every other day over a 29day period. The caryopsis, 
enclosed in the lemma and palea of the floret, was considered to 
have germinated when the coleoptile had emerged and radicle 
length was greater than or equal to 5 mm (Copeland 1978). Germi- 
nation rates were estimated by calculating the mean time in days 
taken for nondormant viable caryopses to germinate (Ellis and 
Roberts 1978). The mean germination time (MGT) was calculated 
as follows: 

52 

MGT q  x_ VW 
t n 

where n is the number of caryopses which germinate on day D, and 
D is the number of days counted from the beginning of the germi- 
nation test. 

The germination experiment was arranged in a completely 
randomized design with 3 replications (trays) per treatment. The 
entire experiment was repeated, and data from both trials were 
combined and analyzed by analysis of variance and quadratic 
response surface procedures (KO.05) (Evans et al. 1982, Ray 
1982). Germination data were transformed with an arcsin trans- 
formation before statistical analysis. 

RetUlttl 

Floret Characterization 
Basal axillary cleistogamous florets, found in 92% of the cross- 

sectioned culms for the Caldwell population and 85% of the culms 
from the McGregor population, were enveloped by 1 to 4 leaf 
sheaths at the base of the culm and surrounded by 1 to as many as 7 
cuhns of the same parent plant. Component structures of cleisto- 
gamous florets were greatly reduced in length and weight relative 
to those of chasmogamous florets for both populations (Table 1). 
Cleistogamous caryopses were smaller than chasmogamous car- 
yopses, but when compared on a relative weight basis, cleistogam- 
ous caryopses comprised 42 to 45% more of the total floret weight 
for the 2 populations. Awns accounted for greater than 45% of the 
total weight of chasmogamous florets for both populations. 

Germination Responses 
Caryopses from chasmogamous florets of both populations had 

a mean viability of 60% while caryopses from cleistogamous 
florets of the Caldwell and McGregor populations had mean via- 
bihties of 75 and 72%, respectively. 

Cumulative germination of chasmogamous and cleistogamous 
florets for both populations was greatest at the 0 MPa water 
potential in the 10/20° C temperature regime, and generally 
decreased as substrate water potential decreased and temperature 
increased (Table 1). With the exception of chasmogamous florets 
from the McGregor population, germination was reduced signifi- 
cantly (KO.05) when substrate water potentials decreased from 
-0.50 to -0.75 MPa and from -0.75 to -1.0 MPa in the 10120 and 
15125” C temperature regimes. Cumulative germination of chas- 
mogamous florets from the McGregor population was signifi- 
cantly (KO.05) lower than that of chasmogamous florets from the 
Caldwell population at more favorable water potentials in the 
IO/ 20 and 15/ 25O C temperature regimes. Similarly, germination 
of cleistogamous florets from the McGregor population was 
slightly lower than that of cleistogamous florets from the Caldwell 
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Table 2. Estimated cumuWve germination (%I) for cheemogamoue (CH) and ckietogemoue (CL) florests from populatione of Texas wintergram near 
Caldwell and McGregor, Texas in rehtion to veriour rub&rate water potentials and aknating temperature regbn~r 

Population 
Florct Temperature 
QQe regime (” C)2 0 

Water potential (MPa) 
a.25 -0.50 -0.75 -1.0 

Caldwell 

McGregor 

CH 

CL 

CH 

CL 

lo/20 59(10) 
15/25 390) 
20130 12(10) 

lo/20 63(9) 
15125 52(9) 
20130 23(9) 
10120 21(12) 
15125 2o(lO) 
20130 15(12) 

10120 57(10) 
15/25 4l(9) 
20130 l g(9) 

56(7) 
GerminaiyqyT 

6(10) 
42(7) 29(7) 6(g) 

2; u(7) l2(7) 000) 

57(h) 44@) 26(e) 3(g) 
49(5) 4l(@ 28(5) g(7) 
25(b) 21(6) 11(a) l(g) 

2l(7) 19(g) 14(g) 6(ll) 
210 20(g) l6(7) NO) 
17(g) 14(g) l2(7) g(l1) 

54(7) 38(6) 22(7) 
436) 36(7) 21(e) 2:; 
2l(5) la(a) 9@) l(9) 

Gxmination estimates derived by quadratic response surface analysis; values in parentheses following means arc one-half the calculated confidence intervals (KO.05). 
*I2 hour night/ 12 hour day temperatures. 

population at water potentials of 0 to -0.75 MPa in all 3 tempera- 
ture regimes. Cleistogamous florets from both populations had 
higher cumulative germination percentages than chasmogamous 
florets in most of the temperature regime X water potential 
combinations. 

Mean germination time was shortest for chasmogamous and 
cleistogamous florets from both populations at the 0 and -0.25 
MPa levels in the 15/25 and 20/ 30” C temperature regimes, and 
increased by 1 to 6 days (depending on water potential level) as 
temperatures declined from 15/25 to lo/ZOO C (Table 3). With the 
exception of chasmogamous florets from the McGregor popula- 
tion, mean germination time increased 5 to 9 days as substrate 
water potentials decreased from 0 to -1 .O MPa in all 3 temperature 
regimes. Mean germination time of cleistogamous florets from the 
McGregor population was 1 to 2 days longer than that of cleisto- 
gamous florets from the Caldwell population at the various water 
potential X temperature regime combinations. Mean germination 
time values for cleistogamous florets from both populations were 1 
to 5 days longer than those of chasmogamous florets at most of the 
water potential X temperature regime combinations. 

Discussion 

Floret Cb8r8eterizrtion 
Reductions in the size of caryopsis, lemma/paIea/callus com- 

plex, and awn of cleistogamous florets from the 2 populations may 
be attributable to adaptations for enclosure in basal leaf sheaths 
and to relaxed selection for dispersal mechanisms of chasmogam- 
ous florets (Campbell et al. 1983). Long awns facilitate the move- 
ment of chasmogamous florets across the soil surface to more 
distant, favorable microsites (i.e., soil cracks or litter) (Peart 1979), 
whereas short-awned cleistogamous florets remain in the favorable 
microenvironment of the parent plant. Long, hygroscopic awns 
may drill chasmogamous florets into the soil by twisting and 
straightening when exposed to cycles of dehydration and hydra- 
tion (Simpson 1952). Retorsely scabrous hairs on the callus end 
anchor the chasmogamous floret in the soil and counter the force 
produced by the radicle as it penetrates into the soil (Peart 1979). 

The relative allocation of resources to chasmogamous and cleis- 
togamous florets of Texas wintergrass and other amphicarpic grass 
species is influenced by several interacting environmental factors, 
including available soil moisture, temperature, nutrient availabil- 

Table 3. Estimated germbution time (days) for chasmogunous (CH) and cleistopmous (CL) floreats from populations of Texas wintergrass near 
Caldwell end McGregor, Texas in relation to various substrate water potentials and ak~~ting temperature regbnes.1 

Ploret Temperature Water potential (MPa) 
Population type regime (OCF 0 -0.25 -0.50 -0.75 -1.0 

Mean germination time (days 
Caldwell CH 10/20 l7(2) 17(l) l8(2) -200 

15125 15(2) 15(l) 16(2) 18(l) 22(2) 
20130 15(2) 15(l) 16(2) l8(2) 3 

CL IO/20 19(l) 18(l) 19(l) 22(l) 26(l) 
15125 15(l) 15(l) la(l) 19(l) 240) 
20130 16(l) 15(l) 17(l) 20(l) 25(l) 

McGregor CH 10/20 24(4) 21(3) lg(3) 18(3) 23(4) 
15125 l8(3) 16(3) l6(3) l7(2) 20(4) 
20130 17(4) 17(3) lg(3) 20(4) 2~4) 

CL 10/20 20(2) 20(l) 21(2) 23(2) 26(l) 
15125 17(l) la(l) 17(l) 19(l) 23(l) 
20130 17(2) 17(l) 18(l) 21(2) 26(2) 

;EEg 
rmination time estimates derived by quadratic response surface analysis; values in parentheses following means arc one-half the calculated confidence intervals 

*12 hour &ht/ 12 hour day temperatures. 
~NO germination observed during 29day trial. 
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ity, photoperiod, light intensity, plant density, and frequency and 
intensity of defoliation (Bell and Quinn 1987, Brown 1952, Clay 
1983). Under suboptimal growing conditions, a higher proportion 
of cleistogamous florets may be produced because they have 
reduced floral parts and presumably cost less to produce than 
chasmogamous florets (Campbell et al. 1983). In addition to allo- 
cating a greater proportion of resources to caryopses than acces- 
sory structures, cleistogamous florets of Texas wintergrass are also 
produced before chasmogamous florets (Dyksterhuis 1945) and 
thus have earlier access to available resources. Peanutgrass 
(Amphicarpum purshii), an amphicarpic annual adapted to dis- 
turbed areas in the Coastal Plain of eastern North America, has 
also been shown to allocate resources earlier to subterranean cleis- 
togamous florets than to aerial chasmogamous florets (Cheplick 
and Quinn 1982). 

Diiferential germination responses of chasmogamous and cleis- 
togamous florets from the 2 populations of Texas wintergrass can 
be explained, in part, by site environmental conditions and 
mechanical and physiological dormancy mechanisms. Chasmo- 
gamous and cleistogamous florets from the Caldwell population 
developed under a more favorable moisture regime before collec- 
tion in late May and early June 1985. The Caldwell and McGregor 
sites received 1,003 mm and 777 mm, respectively, during 1984, and 
290 mm and 261 mm, respectively, from January through May 
1985. Even under optimal temperature and moisture conditions in 
the controlled environment, chasmogamous florets from the 
McGregor population had the lowest cumulative germination in 
relation to potential viability and the slowest mean germination 
time of any floret type from the 2 populations. Fowler (1986) 
observed a similar germination response for chasmogamous florets 
from a population of Texas wintergrass in the Edwards Plateau 
region of central Texas where precipitation averages 890 mm 
annually. Only 25% of the viable caryopses germinated in a 16/ 21” 
C alternating temperature regime in a controlled environment. 
Fowler (1986) also observed that stratification (florets wet for 14 
days at 5’ C) lowered germination slightly, and that scarification 
(method not indicated) and after-ripening (time length not indi- 
cated) did not improve germination, indicating the absence of 
physiological and/ or mechanical dormancy mechanisms for chasmo- 
gamous florets. However, Andersen (1963) removed the lemma 
and palea from chasmogamous florets of Texas wintergrass and 
increased cumulative germination to 94% and hastened germina- 
tion rate in a IS/ 25O C alternating temperature regime in a con- 
trolled environment. Significant reductions in cumulative germi- 
nation in both floret types from the Caldwell and McGregor 
populations in the 20/300 C temperature regime support the 
hypothesis that physiological dormancy mechanisms may reduce 
early germination of Stipa florets during the hot, dry summer 
months following dispersal (McAliiter 1943, Rogler 1944, Fulo- 
right et al. 1983). Germination in the 20/ 30’ C temperature regime 
in the controlled environment may have been higher than that 
which would occur under field conditions with the same tempera- 
ture regime, since florets in germination trays were always in 
contact with a moist substrate and a high relative humidity. Dyk- 
sterhuis (1945) observed that Texas wintergrass plants several 
years of age, such as those used in this study, could have basal 
axillary cleistogamous florets ranging in age from 1 to 3 years. 
Therefore, in addition to having priority in resource allocation 
during development, cleistogamous florets used in this study may 
have developed under a variety of environmental conditions, and 
may have had sufficient time to overcome any physiologically 
imposed dormancy. Chasmogamous florets, especially those from 
the McGregor population, developed under one set of suboptimal 
conditions which may have intensified the effect of mechanical 
and/or physiological dormancy mechanisms. 

Germination studies with other amphicarpic species show that 
chasmogamous and cleistogamous spikelets behave differently. 
McNamara and Quinn (1977) investigated the germination of 
aerial chasmogamous spikelets and subterranean cleistogamous 
spikelets from the same population of peanutgrass in controlled 
environments with 15/ 25,20/ 30, and 20/ 35’ C alternating temper- 
ature regimes. Cumulative germination after 2 1 days ranged from 1 
to 43% for caryopses from chasmogamous spikelets and from 34 to 
87% for caryopses from cleistogamous spikelets. Dobrenz and 
Beetle (1966) observed no difference in cumulative germination 
between chasmogamous and cleistogamous spikelets of one-spike 
oatgrass (Danthonia unispicata) and Caliiomia oatgrass (D. cali- 
fomica), but found cleistogamous spikelets to have a higher 
cumulative germination (70%) than chasmogamous spikelets (33%) 
in poverty oatgrass (0. spicata). Clay (1983) planted both types of 
spikelets of poverty oatgrass at a depth of 0.5 cm in a greenhouse 
environment (26.6O C), and observed 35% germination after 10 
days for cleistogamous spikelets compared to 2% germination 
after 27 days for chasmogamous spikelets. 

Based upon optimum germination responses (greatest cumula- 
tive germination and most rapid mean germination time) and 
seasonal temperature and moisture availability in the Blackland 
Prairie region of central Texas (National Oceanographic Atmos- 
pheric Administration 1984), germination from natural seedbanks 
or artificial seedings should occur between late September and 
mid-November. Relatively high cumulative germination percen- 
tages in the IO/200 C temperature regime indicate that germination 
could occur December through February during mild winters. 
Fowler (1986) observed germination of chasmogamous florets in 
the Edwards Plateau region of central Texas in October and 
November, and indicated from controlled environment studies 
that germination could occur in February or March. Dyksterhuis 
(1945) fiit observed seedlings from chasmogamous florets and 
cleistogamous florets in late September and mid-October, respec- 
tively, in the northern portion of the Blackland Prairie region. 
Slower mean germination times for cleistogamous llorets may not 
be detrimental to germination and seedling establishment under 
field conditions, because of their location in a relatively favorable 
microenvironment created by the parent plant. When compared to 
chasmogamous floret germination in an exposed soil environment, 
the cleistogamous floret in the residue of the parent plant may have 
more favorable temperature and moisture conditions over a longer 
period of time. 

This study of the component structures, viability, and germina- 
tion responses of chasmogamous and basal axillary cleistogamous 
florets from 2 populations of Texas wintergrass in the Blackland 
Prairie region of central Texas gives an indication of the relative 
importance of the 2 types of propagules in the maintenance of 
Texas wintergrass stands under field conditions. Since cleistogam- 
ous florets allocate fewer resources to accessory structures and 
have higher viability and germination percentages than chasmo- 
gamous florets, and remain in the favorable microhabitat of the 
parent plant, seedlings arising from these florets may have a better 
chance of survival to reproductive age. Self-fertilization and cleis- 
togamy may be largely responsible for the ability of Texas winter- 
grass to regenerate under continuous heavy grazing pressure. 
While cleistogamous florets provide for a high probability of local 
reproductive success, chasmogamous florets, with greater genetic 
variability and morphological adaptations for dispersal, provide 
an opportunity for more distant reproductive success. 
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Effects of organic amendments on soil biota on a degraded 
rangeland 
WALTER G. WHITFORD, EARL F. ALDON, DIANA W. FRECKMAN, YOSEF STEINRERGER, AND LAWRENCE W. PARKER 

AbShYet 
Rehabilitation of degraded rangeland requires rebuilding the 

soil, including soil biota. In this study wheat straw, bark and wood 
chips, md dried municipal sludge were phced on native range plots 
in northcentral New Mexico. 

Organic amendments bad little or no effects on decomposition 
of straw, litter respiration, soil respiration, biomass of soil micro- 
flora, and populations of most of the soil biota in the second year of 
the study. The differences in soil nematode and microarthropod 
population densities and straw decomposition occurred only in the 
bark and wood chip mulched plots in year 1. The absence of 
differences in year 2 may have been the result of below-average 
rainfall. The wood chip bark mulch was visibily present at tbe end 
of year 2 but the otber mulches were not. There may be long-term 
benefits from application of recalcitrant mulches iike wood chips 
and bark, but the less recalcitrant mulching materials iike straw 
and low application rates of sludge produce no measurable benefit. 

Key Words: organic amendments, rmngelands microarthropods, 
soil nematodes, soil microflora 

Decomposition and mineralization are essential processes in 
nutrient cycles in ecosystems. The rates of these processes are 
regulated by the activity of soil animals that feed on the soil 
microflora (Ingham et al. 1985, Parker et al. 1984a). In arid and 
semiarid ecosystems, the activity of the soil biota is often limited by 
moisture availability and available organic matter (Steinberger et 
al. 1984). Added organic matter may effect soil biota activity more 
than soil moisture (Steinberger et al. 1984, Parker et al. 1984b). 
Since semiarid ecosystems are nitrogen- (West and Skujins (1978) 
as well as water-limited, manipulations that stimulate increased 
rates of N availability should increase productivity of the system. 
Degraded rangelands subject to soil erosion are characterized by 
decreased rainfall infiltration, reduced buffering of soil tempera- 
tures (Johnston et al. 1971), and changes in the soil biota. 

Regeneration of the perennial grasses on degraded ranges may 
require rebuilding the soil, including soil biota. We hypothesized 
that addition of organic materials to degraded rangeland soils 
would (a) stimulate activity of the soil biota and (b) increase soil 
organic matter and soil nutrients, especially nitrogen, by providing 
an energy source for free living nitrogen fixers. This in turn would 
modify the physical environment, i.e., infiltration and soil temper- 
atures. This study was designed to examine soil ecosystem changes 
resulting from addition of organic materials to degraded blue 
grama (Bouteloua gracilis) grass rangeland on the Rio Puerto 
watershed in northcentral New Mexico. The Rio Puerto Water- 
shed is a semiarid basin in northcentral New Mexico. The 
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watershed has a long history of settlement, heavy livestock grazing, 
and site degradation which began in the mid-to late 1700’s (Calkins 
1937, Dortignac 1960, Vincent 1984). 

Material and Methods 

Field L.ayout 
The study design was a completely randomized block in which 

the 4 blocks were perpendicular to the slight (3%) slope of the 
terrain. Bach block contained four 30 X 40-m plots assigned at 
random within the block to one of the following treatments: no 
organic mulch (control), wheat straw mulch at 2 Mg ha-‘, bark and 
wood chip mulch at 2 Mg ha-‘, and dried Albuquerque municipal 
sewage sludge at 1 Mg ha-‘. The C:N ratios of the mulches were: 
straw-143, wood chips and bark-327, sewage sludge-8.8. Mulches 
were applied to the surface covering 60-70% of the surface area. 
There was limited redistribution of the straw mulch with some 
accumulation around shrubs. By May of year 2 the only visible 
mulch was the wood-bark amendment. The plots were sampled 
twice initially, once in mid-September (1980) 5 days prior to mulch 
application, and in late September, 5 days after application, and 
then at 30-to 40day intervals following treatment during the first 
year (1981) except when roads were impassable. During the second 
year (1982) plots were sampled in winter, early dry season (May), 
twice in the summer wet growing season, and once in early winter. 
Rainfall data were obtained from a storage rain gauge installed 
prior to the installation of the study. 

On each sampling date, soil cores 6 cm in diameter were taken 15 
cm deep within 3 hours after sunrise. Paired cores were sampled for 
extraction of microarthropod and nematodes with 3 replicate sets 
of cores (2 soil cores per set) from each plot. The sampling loca- 
tions were determined by selecting random coordinates from a l-m 
grid of each plot. At the sample site location, the mulch was gently 
moved from the soil surface before cores were taken. A small 
subsample was removed at 6 cm from each core site and placed in a 
tared soil tin for gravimetric water content and organic matter. 

Sample Processing-Soil Biota 
The soil cores were transported to the laboratory in insulated 

containers. One core for each sample site was placed in a Tullgren 
funnel extractor; microarthorpods were extracted onto water and 
counted (Santos and Whitford 1981). This provided 3 counts of 
microarthropods per block. The second core was mixed and sub- 
jected to sugar flotation-sieving technique to extract the nema- 
todes (Freckman et al. 1977). Nematodes were identified, counted, 
and placed in 1 of 4 trophic groups: fungivores, bacterivores, plant 
feeders, or omnivore-predators. Soil and litter respiration were 
measured by absorbing CO2 into jars of NaOH placed under 
inverted coffee cans (Parker et al. 1984b). 

Every third month an additional soil core was taken at each 
sample site for the estimation of soil microflora and protozoa 
biomass. Total soil nitrogen was measured from these samples by 
micro-Kjeldahl digestion (Bremner 1965, Thomas et al. 1967). 
Protozoan populations were estimated by the most probable 
number method described by Singh (1946). Bacterial numbers 
were estimated by fluorescein isothiocyanate direct counts (Babiuk 
and Paul 1970) and fungi by direct count and hyphal vohune 
estimates that were converted to biomass using the conversions in 
Jones and Mollison (1948). 
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Vegetation 
Aboveground plant biomass was harvested on twelve 0.25-m* 

quadrats on each plot in September of each year to obtain esti- 
mates of biomass production for the previous growing season. 
Quadrat locations were randomly based on the grid system des- 
cribed previously. 

Decomposition Rates 
Rates of decomposition were compared by placing fiberglass- 

mesh litter bags containing wheat straw on the soil surface plots 
(Crossley and Hogland 1962). Five bags from each treatment were 
collected in the first year after 3 months, 6 months, and 9 months in 
the field. Decomposition was measured by oven-dry weight loss of 
litter bag contents. In the second year, 40 litter bags were buried at 
5 cm deep on each plot on one block. The bags were removed at the 
end of this second year. Mass loss from the litter bags was mea- 
sured using the soil infiltration correction method (Elkins and 
Whitford 1982). 

An analysis of variance and Duncan’s multiple range test were 
used for determining individual treatment differences @ = 0.05 or 
0.01 level) on each of the 14 sampling dates during the study period. 

Results 

Differences in total and seasonal rainfall in the 2 years of the 
study may have had some effect on the results. The seasonal 
rainfall was as follows: winter 1980 to 1981-88.1 mm; summer 
1981-312.9 mm, winter 1981 to 1982-141.5 mm; and summer 
1982-199.9 mm, providing a much drier second year growing 
season. The long-term (18 years) average rainfall during the grow- 
ing season is 177 mm and 87 mm in the winter (Aldon and Garcia 
1973). 

Initial statistical analysis showed no significant block effects for 
any of the parameters measured, therefore, data from all blocks 
were pooled for subsequent analyses. 

The bark and straw mulch treatment reduced the loss of soil 

moisture, resulting in higher soil moisture contents during most of 
the study period (Fig. 1). The sludge amendment treatment 
resulted in significantly higher soil moisture content only during 
the cooler months. There were no significant differences in soil 
organic matter due to the mulches and amendments. The mean 
organic matter content for all soils was 3.81% f 0.2%. 

The organic amendments had slight effects on the rates of 
decomposition. Straw in the litter bags placed on the surface lost 
significantly more mass on the bark and wood chip mulched plots 
than on plots mulched with straw @<O.Ol), although this differ- 
ence was present only in June and December (Fig. 2). Decomposi- 
tion of straw placed on the surface at the end of the first year 
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Fig. 1. Comparisons of gravimetric soil moisture on plots subjected to 
mulching with organic materials. Values separated more than Q are 
significantly drferem (6.05). 

Fig. 2. Effects of organic mulches on straw decomposition. Values separ- 
ated more than Q are significantly dflerent (pC.05). 

exhibited no significant differences attributable to the mulches. 
Mass losses averaged 12.9% f 7.0% during the second year. There 
were significantly lower rates of mass loss under the straw mulch 
than under the bark mulch. The following percent mass losses were 
found: unamended, 18.2 f 5.1; straw mulch, 11 .O f 3.2; bark and 
wood chip mulch, 17.7 f 4.1; and sludge mulch, 21.2 f 5.0 
KO.01). 

The organic amendments had no effect on litter respiration 
@X.3). Respiration of microbes and soil fauna in the litter ranged 
from 4 mg to 9 mg COs m-‘h“. The litter respiration was orders of 
magnitude lower than soil respiration (Fig. 3). Straw and bark 
amendments affected soil respiration during the first year, but with 
inconsistent patterns (Fig. 3). In addition the amendments pro- 
duced greater variability during the first year when the coefficients 
of variation on the amended plots averaged 52.590 for litter respira- 
tion and 97.9% for soil respiration. On the unamended plots the 
coefficients of variation during the first year averaged 5.3% and 
38% respectively. During the second year coefficients of variation 
were low for both litter and soil respiration; 4.4% and 33.1% 
respectively. 

The organic mulches had no effect on the soil microflora bio- 
mass or on soil protozoan populations. There were no statistically 
significant differences in these parameters through time (Table 1). 

Organic mulches resulted in increases in soil nematode fauna 
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Table 1. Average numbcn plus or minus one standard devtatm of protozoans and biomass of microflora on tbe plots mnended with the organic mulches 
indicated. 

E;zzrg”c”. _q-’ dry spil _k dry sod 
Fungi mg C g dry soil 
Yeast C 8-l dry mg soil 

straw Bark 

41,334 39.1 f f 9.0 15,183 46,354 41.8 f f 16,267 15.2 
201.2 f 153.3 154.9 f loo.3 
107.7 f 76.5 108.2 f 36.8 

Control 

43,125 46.0 f f 16,064 16.3 
214~6 f 149.6 
111.5 f 38.0 

Sludge 

47,723 48.0 f f 23,189 31.6 
234.8 f 167 
103.3 f 48.8 

Protozoans 
Bacteria 
Fungi 
Yeast 

Fsp = 1.37~ > 0.31 
Fa,n = 0.85 p > 0.50 
FS,B = 0.88 p > 0.49 
Far = 1.30~ > 0.33 

populations during the first growing season (Fig. 4) @<O.Ol), but 
there were no sign&ant differences in nematode populations on 
treatment plots during the second growing season @>.5). Before 
the application of organic mulches, the nematode trophic structure 
was 5.6% fungal feeders, 48.0% bacterial feeders, 3.3% omnivore 
predators, and 22.9% plant parasitic nematodes. There were no 
changes in percent composition of the soil nematode populations 
attributable to the organic mulches. The average and range of 
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Fig. 3. Eflects of organic mulches on soil respiration. Values separated 
more than Q are signijicclntly dtflerent (6.05). 

percentages of each trophic group of soil nematodes during the 2 
treatment years were as follows: fungal feeders, E = 9.5%, 2.3-l 8%; 
bacterial feeders, 5 = 45.2%, 35.0-59.3%, omnivore-predators, E = 
15.3%, 9.5-32.346 plant parasites, K = 22.40/o, 12.1-29.5%. Nema- 
todes already dead or damaged during extraction made up part of 
each sample; hence the summed proportions do not equal 100%. 
The plant parasitic nematode taxa were extremely diverse for this 
habitat. The following genera of plant parasitic nematodes were 
associated with Bouteloua gracilis on the site: Criconemoides 
sensu lato, Ditylenchus spp., Helicotylenchus spp., Merlinius spp., 
Nothotyknchus spp., Quinisukius spp., Tyknchus spp., and 
Xiphinema spp. All of these genera are obligate ectoparasitic nem- 
atodes except for Dityknchus, Nothotyknchus, and lj4enchus, 

1980-11981 -‘S82----/ 

Fig. 4. meets of organic mulches on free living nematode populations. 
Values separated more than Q are significtrntly dilfent (pC.05). 

which are considered to be faculative plant parasites/fungivore. 
The organic mulches had few effects on the soil microarthropod 

populations (Figs. 5 and 6). On a few dates in the first summer, 
total numbers of microarthropods were significantly higher in bark 
and wood chip mulched soils compared with other treatments but 
not higher than the controls. Microarthropod populations in 
December 1981 were significantly greater in the bark and wood 
chip mulched soils. 

The significant differences in microarthropod populations were 
due to responses of several groups of prostigmatid mites (Fig. 6). 
The Prostigmata responding to the organic amendments during 
the first growing season were pygmephorids, tarsonemids, and 
tydeids. There were no effects of the mulches on cryptostigmatid or 
mesostigmatid mites; however, there were seasonal patterns of 
abundance. 

During the first growing season the Prostigmata were domi- 
nated by small fungus-feeding or omnivorous mites; approxi- 
mately 30% tydeids and 60% fungus-feeding tarsonemids and 
pygmephorids. During the second growing season tydeids and 
tarsonemids made up approximately 50% of the Prostigmata, with 
nanorchestids accounting for about 20% and pygmephorids less 
than 5%. 
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Fig. 5. Effects of organic mulches on total microarthropods. Values separ- 
ated more than Q are significantly di/ferent (pC.05). 

I I I I I I I I I I I ! I 

OFAJAODFAJ A 0 0 

Mg. 6. Effects of organic mulches onprostigmatidmites. Values separated 
more than Q are significantly different (pC.05). 

The pretreatment soil nitrogen was 1.75 f 0.53 mg 8-l dry soil 
with a range among plots of 1.4 f 2.1 mg g-’ dry soil. There were 
not signiticant differences in soil nitrogen among treatments fol- 
lowing amendments. 

There was a significant increase in net blue grama grass produc- 
tion on the bark and wood chip plots at the end of the first growing 

season. There were no significant differences in blue grama pro- 
duction at the end of the second year (Table 2). Net production in 
the second year was considerably lower than year one, probably 
due to the lower rainfall during the second growing season. 

Table 2. Comparison of net prcductlor~ ofBontelouagmciiis and fork on 
the m&bed plots and control at the perled of peak standings crop (gm 
m“). 

1981 
B. gracilis Forbs 

straw 60.0 43.1 
Bark 109.9. 46.5 
Sludge 46.7 85.8’ 
Control 68.5 50.0 

*Indicates signilicant diEennce at pCO.05. 

1982 
B. gracilis Forbs 

14.4 2.1 
15.7 
12.3 ::: 
14.8 5.3 

Discussion 

The most important result this study found was the short dura- 
tion of changes in soil biota resulting from the addition of low 
levels of organic mulches. In a study on the effects of organic 
amendments on soil biota and decomposition in strip-mined 
spoils, Elkins et al. (1984) found dramatic effects from the addition 
of wood chip and bark on decomposition and soil microfauna. The 
study by Elkins et al. (1984) was conducted during one growing 
season on sites that had been amended with organic mulches 2 
years prior to their study. The results of the first year of this study 
were consistent with those obtained by Elkins et al. (1984) with 
respect to the efficacy of recalcitrant organ& in affecting decom- 
position rates, some taxa or microarthropods, and net production. 
The second growing season of this study was drier than the first, 
with 100 mm less rainfall than in the first year. The drier conditions 
may have affected the soil microflora and microfauna populations 
more than the organic mulches. An alternate explanation is that in 
this study, the organic mulches were applied to the soil surface in 
an area with preexisting vegetation and presumably a reduced but 
viable microflora and microfauna population. Initially, the organic 
mulches may have added a pulse of substrate for these organisms, 
hence increasing soil respiration. 

The fact that the microfloral biomass appeared unaffected by the 
mulches despite increased soil respiration was probably due to 
grazing by nematodes (Santos et al. 198 1, Ingham et al. 1985) and 
fungal-grazing pygmephorid and tarsonemid mites (Parker et al. 
1984a), which did increase after the first year. Fungal graxing by 
these mites has been shown to be important in nitrogen mineraliza- 
tion (Parker et al. 1984a). The relationship between soil respiration 
and microbial biomass indicates high microbial biomass turnover 
stimulated by the mulch addition. The activity of the soil biota is 
more important than the population densities for decomposition 
and mineralization. The increases in microfloral grazers, increased 
soil respiration, and stable microfloral biomass is consistent with 
the idea that grazing by populations of nemotodes or mites may 
stimulate the activity of microbial populations and stimulate min- 
eralization (Ingham et al. 1985). The lack of detectable change in 
soil nitrogen does not mean that there were no changes in plant 
available N. Total N is a measure of standing stock and does not 
indicate the rate of N mineralization. Current methods for examin- 
ing rates of N mineralization are indirect laboratory incubations 
that are not applicable to tield experiments, hence were not used in 
this study. In the absence of direct measures, soil respiration as an 
index of microbial activity can also be viewed as an index of N 
mineralization. 

Bartolome et al. (1980) found that natural mulch stimulated 
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forage production on some sites in a California annual rangeland 
but did not influence standing crop in regions receiving less than 
250 mm of mean annual precipitation. The data of Bartolome et al. 
(1980) suggest that the lack of continued effect of mulches in this 
study conducted on the rangelands near Cuba, N. Mex., may have 
been due to the drier conditions during the second year. 

We anticipated that the addition of sewage sludge would pro- 
duce an immediate increase in available N, thereby stimulating 
both net production and activity of soil microflora (Magdoff and 
Amadon 1980). The small effect of sludge on the soil biota suggests 
that nitrogen losses may have equaled the nitrogen inputs from the 
sludge. The general increase in nematode numbers on the plots in 
year 2 reflects the increased resources resulting from the wet 
summer in year 1. The lack of significant differences in the relative 
proportions of the nematode trophic groups over time and treat- 
ment indicates an increase in resources for all the nematodes. The 
trophic structure differed from other arid sites (Freckman and 
Mankau 1986, Steinberger et al. 1984) by having lower numbers of 
omnivore predators and greater densities of plant parasites. The 
densities of nematodes recovered from this study were an order of 
magnitude lower than those reported by Stanton et al. (1984) in 
blue grama grasslands in Colorado, although the percentage of 
plant parasitic nematodes falls within the range they reported. The 
diversity of plant parasitic nematode species and their densities are 
considerably higher than seen in Larrea-dominated rangelands in 
southern New Mexico (Steinberger et al. 1984, Freckman et al. 
1987). 

The maximum densities of microarthropod found in these stu- 
dies were equivalent to the average densities reported on burned 
sites in tallgrass prairie (Seastedt 1984). The average densities were 
closer to those reported in deserts (Steinberger et al. 1984, Wall- 
work et al. 1985, Kamill et al. 1985), and the taxonomic composi- 
tion, i.e., dominance of prostimatid mites, were more like desert 
than grassland. The greater number of small fungal-feeding acari 
such as tarsonemids, especially in the wood and straw mulched 
soils, was probably attributable to the increased activity of fungi 
and the more moist soil conditions. 

In order for a mulch to serve as a stimulant for soil biotic 
activity, the material should slowly release organic particles that 
can serve as an energy source for the microflora and modify the soil 
physical environment which can benefit the microfauna. Bark and 
wood chips were still present as a visible mulch at the end of 2 years 
providing physical modification as well as chemical modification 
to the soil. Unlike cultivated agricultural environments where N 
immobilization by high C:N ratio materials is undesirable, in semi- 
arid rangelands where moisture availability affects both N immo- 
bolization and mineralization, high C:N ratio mulches can be 
beneficial. This is largely due to the graxing of fungi by microar- 
thropods whose activity is independent of soil moisture (Stein- 
berger et al. 1984). This grazing activity will result in mineral N that 
is available to plants (Parker et al. 1982a). 
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Revegetation of a salt water blowout site 
GARY A. HALVORSON AND KENT J. LANG 

A s8lt water blowout 8t 8n oil drilling rite in 1982 in 8 bodhmds 
UCI of western North D8kot8 aused l~vere d8nuge to the native 
vegeMion. A study WM initkd to me88ure the effect of reclrm8- 
tion on soils 8nd reveget8tion of the 8ffected 8re8. Burl cover 8nd 
pl8nt density were me88ured on 8 portion Of the COnt8miMted ue8 
followhag the blowout md in 1984 following recl8m8tk-m of the 
site. The contamin8ted soil ~8s rCel8hned by rdding C8CI? to 
irrig8tion wrter which ~86 u8ed to le8ch the upper 15 cm of the soil 
profile. In July 1982, 8fter the blowout, D&tichifs stricta WM 
essent&lly the only species growing 8t the site. In July 1984, follow- 
ing re&nutlon, speck with the higheet percent b8s81 cover on the 
reelrimed bilf were Agropyron sm&hU(Rydb.), Boutebua gmdlis 
(H.E.K. L8g.), 8nd D&t&h& stdctu (Torr.) Rydb. On the unre- 
clrimed half Agropyron smithii, Dist&hli$stricta, L~pidiuw &ni~- 
floras Schnd., 8nd OpunHcr poipmtha HOW. h8d the highat 
percent baral cover. In 1984, b8881 cover of the gr88sa? on the 
reelrimed rite ~8s two-third8 of th8t on 8 Site with no visible 
d8m8ge from the 88lt water. The percent bue ground w8a still 25% 
on the reclaimed half of the contaminated site in 1984, but h8d 
incre88ed on the unreclrimed b8lf to 43% laving the surfrce open 
to potenti8lly serious erosion. Soil d8t8 indic8ted th8t recl8m8tion 
h8d successfully reduced eodium adsorption ntio (SAR) v8h1ea in 
the rurf8ce 15 cm to more 8cceptrble levele for veget8tion recovery-. 

Key Wor& re&m8tion, oil well, gr8seeq forbe, cover 

A blowout of an oil well being drilled in western North Dakota 
occurred on 6 April 1982. Water containing concentrated sodium 
chloride under pressure from nitrogen gas was forced into the air. 
The concentrated brine flowed at a rate of more than 3,800 l/mm. 
until 14 April, when the flow was shut off. The surrounding area, 
about 30 ha in size, was contaminated by the brine. The native 
vegetation within this area was almost completely killed by the 
brine. 

Salt-affected soil can reduce the growth of vegetation by decreas- 
ing the ability of the roots to take up water or by specific sodium 
(Na) toxicity to some species. A high percentage of exchangeable 
Na may also adversely affect soil structure. Plant species differ in 
their tolerance to salts. Among the grasses with high salt tolerance 
are inland saltgrass (Distichlis stricta)’ and western wheatgrass 
(Agropyron smithii)(Bemstein 1958). Blue grama (Boutelouagra- 
cilis) is considered moderately tolerant to salt. 

Percent germination of forage grasses has been shown to depend 
on total salt concentration (Miller and Chapman 1978, Ryan et al. 
1975) and the type of salt (Ries and Hofmann 1983). Aerial deposi- 
tion of chloride salts has also been shown to cause injury to 
growing plants at rates of deposition of 1.1 kg of salt per ha or less 
(Francis and Curtis 1979, Petolino and Leone 1980). 

A common practice used to reclaim sodium-affected soils is to 
add a source of calcium to the soil (US Salinity Laboratory staff 
1954). Supplemental water is then added to displace the sodium 

Authora arc associate soil scientist and former research assistant, Land Rcclama- 
tion Rcacarch Center, P.O. Box 459, Mandan, North Dakota 58554. 

A special thanks is extended to Ron Rics for helpful suggestions and to Gordon 
Jensen for his help in the plant identification. This research would not have been 
possible without a grant from Gulf Oii Company (now Chevron USA, Inc.). 

Manuscn 
P 

t accepted 8 August 1988. 
‘Authority or species can be found in Tables 1 and 2. 

JOURNAL OF RANGE MANAGEMENT 42(l), January 1999 

and leach it downward through the profile. Calcium chloride 
(CaCls) is a highly soluble form of calcium that can readily be 
added to the water in a sprinkler irrigation system. A major disad- 
vantage of CaCls is its high cost (Doering and Willis 1975). Cal- 
cium chloride is readily available in areas of oil exploration since it 
is commonly used in drilling muds. 

Contamination of land from salt spills is fairly common in areas 
of oil development, although a salt water blowout is fairly unusual. 
The occurrence of a salt water blowout provided an opportunity to 
study vegetation recovery following extreme sodium chloride con- 
tamination. The objectives of thii study were to: (1) measure the 
effectiveness of the applied reclamation practices by comparing the 
kind and quantity of each plant species found at the site on 
reclaimed and unreclaimed areas: (2) study the changes in sodium 
adsorption ratio (SAR) and electrical conductivity (ECe) as a 
measure of reclamation effectiveness. 

Methods and Materirls 

The site was located on the boundary between Dunn County and 
McKenzie County, North Dakota, in an area of badlands topo- 
graphy consisting of slide slopes, cliffs, buttes, fans, slump blocks, 
and terraces which originated from Tertiary Period deposits of soft 
shale, soft sandstone, volcanic ash, and lignite. The average annual 
precipitation is about 43 cm. Vegetation was relatively diverse with 
an abundance of Rocky Mountain juniper (Juniperusscopulorum) 
and a large variety of grasses, forbs, and shrubs on and around 
more developed soils. Most common grasses were western wheat- 
grass, sedges (Carex spp.), blue grama, side oats grama (B. curti- 
pendula), inland saltgrass, green needlegrass (Stipa virkiula), and 
needle and thread (S. comata). Common shrubs included sage- 
brush (Artemisia spp) and buckbrush (Symphoricarpos occiden- 
talk). 

Reclamation of this site was conducted by a consulting firm 
specializing in the reclamation of brine spills. Soil contaminated by 
the blowout was reclaimed using calcium chloride (CaCls). Cal- 
cium chloride was added in irrigation water at the rate of 1,200 kg 
CaClz/ ha to replace the sodium in the surface 15 cm of the study 
site. Following the application of CaCls, the contaminated area 
was sprinkler irrigated with sufficient water to leach the Na at least 
15 cm below the surface. Soil samples taken periodically from the 
site by the reclamation consulting firm were used to determine if 
additional leaching was necessary. 

An area approximately 1 ha in size on a south-facing slope 
directly west of the well was chosen for a detailed analysis of 
vegetation. A pre-treatment vegetation survey was conducted at 
thii site in July, 1982, and the site was then split into 2 halves. The 
soil in the west half was not reclaimed. The soil in the east half was 
reclaimed according to the procedure given above. Following irri- 
gation, both halves of the area were broadcast seeded in the fall of 
1982 with a mix of native grasses including 7 kg/ ha western wheat- 
grass, 3 kg/ ha blue grama, 8 kg/ ha sideoats grama, 12 kg/ha green 
needlegrass, and 18 kg/ ha needle and thread. A reference site with 
similar slope, aspect and soil about 1 ha in size was selected about 
100 m further west where no visible damage had occurred as a 
result of the blowout. The vegetation growing on the reclaimed, 
unreclaimed, and reference sites was analyzed again in July 1984. 
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Table 1. Percent hl cover on the nalt water contamhu ted site and nearby reference area ia 1982 and 1984. 

Species* 

1982 1984 
Contaminated site Reference site Contaminated Site 

Not reclaimed Reclaimed Reference site 

% Basal Cover 

Agropyron smithii Rydb. 
Carex e&o&ark Bailey 
&n&oua graciik (H.B.K.) Lag. 
Bouteloua curtipendula (Michx.) Torr. 
Distichlis stricta (Torr.) Rydb. 
Stipa viridula Trin. 
Stipa comata Trin. & Rupr. 
Koekria cristota (L.) Pcrs. 
Calamovifi Iongifolia (Hook.) Scribn. 
Muhknbergio cuspia%zto (Torr.) Rydb. 
Stipa spwka Trin. 
Schendonnardusponiculatus (Nutt.) Trel. 
Bromus japonicus Thunb. 

Hellknthus annuus L. 
Lepidium deluiflorum Schrad. 
TFagopogon dubius Stop. 
Opuntia polycantha Haw. 
Luppula echinata Gilib. 
Luctuco serriola L. 
Desnrrainia sophia (L.) Webb. 
spp. (unknown) 

Artemisia frigida Willd. 0.2 
Artemisia tridentato Nutt. 0.2 
Atr@Iex nutulli S. Wats. 0.1 
Symphoricorpos occidentolk Hook. 0.2 

standing dead plant material 
Dead shrubs 
Litter 
Rock 

0.8 

0.2 

Grass& and Sedges 
2.9 

0.8 

4.8 
1.4 
4.4 
0.6 
0.2 
0.2 
0.8 
0.2 
0.4 
0.4 
0.2 

0.2 

0.6 

E 
5.2 

64:1 69.4 
0.2 2.0 

Forbs 

2.2 

0.8 
0.4 

Woody Plants 
0.4 

other 
2.2 
1.0 

45.5 
0.4 

2.0 5.0 
4.2 

4.8 8.2 

fi 
0:s 
1.4 
0.6 

0.4 

0.2 

0.2 
0.2 

0.4 
0.2 
0.2 

0.2 

0.2 

0.4 

0.8 1.8 
0.2 

58.0 70.6 
0.0 0.0 

Bare ground 25.2 8.4 43.1 25.2 5.2 

*Stevens, I%3 was the source wed for species names and authority. 

The vegetation analysis consisted of counts of plant density and 
estimates of basal cover of different plant species. Basal cover was 
estimated from basal hits using a vertical ten-point frame quadrat 
with points spaced 5 cm apart. Fifty randomly located frames (n = 
500) were measured on the contaminated site in 1982 and 50 frames 
on each of the reclaimed and unreclaimed halves of this site in 1984. 
Twenty-five frames (n = 250) were measured on the reference area 
in 1982 and 1984. Plant density was estimated by counting the 
number of plants by species in an area of 0.09 m*. Plant density 
measurements were made at 25 randomly selected spots on the 
reference area in 1982 and 1984 and at 25 spots on the reclaimed 
and at 25 spots on the unreclaimed halves of the contaminated site 
in 1984. No live plants were measured in the density counts on the 
contaminated site in 1982. 

recent alluvium. Soil samples to a depth of 15 cm were obtained in 
July 1982 prior to soil treatment and in July 1984 following soil 
treatment and revegetation. 

Three of the soil sampling sites were located within the contami- 
nated area where the vegetation analysis occurred. Two of these 
sites were reclaimed and the third one was not reclaimed. The 2 
sites which were reclaimed had average values for SAR and EC of 
77 f36 and 20 f17 in 1982 in the surface 15 cm. These values had 
decreased in 1984 to 12 f12 and 7 fl respectively. The site which 
was not reclaimed had SAR and EC values of 38 and 13 in 1982 and 
values of 26 and 10, respectively in 1984. 

Soil samples to a depth of 15 cm were taken from 39 sites located 
throughout the entire area contaminated by the salt water. Ofthese 
sites 27 were treated and 12 were untreated in the reclamation 
process. These 12 sites were not treated because they were set aside 
for further scientific study or were inaccessible or were not 
reclaimable. The soil was also sampled at 4 reference sites some 
distance away from where visible damage to the vegetation had 
occurred. The soils varied considerably throughout the contami- 
nated area. The predominant soil in the contaminated area includ- 
ing that portion used for the vegetation analysis was a Cherry silty 
clay loam (fine-silty, mixed, frigid Typic Ustochmpt) which is 
deep, well drained, moderately slowly permeable and formed in 

Electrical conductivity of saturation extracts (EC) was measured 
using a conductivity bridge (Bower and Wilcox 1965). Chlorides 
were measured by titration with silver nitrate (Bower and Wilcox 
1965). Soluble salts were determined on saturation extracts (Bower 
and Wilcox 1965) and soluble Ca, Mg, and Na concentrations were 
determined quantitatively using atomic absorption spectropho- 
tometry. Sodium adsorption ratio (SAR) was calculated from the 
soluble Ca, Mg, and Na concentrations. 

Data for percent basal cover and plant density were analyzed 
statistically using the Z test (for unpaired observations and 
unequal variances p. 8 1, Steel and Torrie 1960). Comparisons were 
made between the contaminated site in 1982, the reference site in 
1982, the reference site in 1984, and the reclaimed and unreclaimed 
portions of the contaminated site in 1984 for each category of 
vegetation. Soil samples were analyzed statistically using analysis 
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Tabk 2. l’kat dendty at the malt rrter c oleuauted dte aad narby reference ua in 1982 mnll984. 

1982 1984 

Contaminated site Reference site Reference Site 

So&es* Reference site Not Reclaimed Reclaimed 

plants m-s 
Grasses and Sedges 

Aaro~yron smithii Rydb. 253.3 
89.4 
79.4 

_ -- 
Carex ckochoris Bailey 
Botitelotut ~rocilis (H.B.K.) Len. 
Bouteloua &rtipe&la (hiich:) Torr. 
Distichlis stricta (Torr.) Rydb. 
St@ vi&Ma Trin. 
Stipa comato Tti. & Rupr. 
Koekria cristato (L.) Pets. 
Calamovifla kmgflolia (Hook.) Scribn. 
Muhknbernio cusvidora (Torr.) Rvdb. 
Aristida loigiseta~ . . _ 
St&so spartea Trin. 
Pou secun& PI-Ml. 
Bromus japonicus Thunb. 
other spp. 

81.2 
0.2 
0.2 32.9 

1.1 
196.6 

2.6 
0.7 

109.8 
112.4 
54.7 

2;*1 
6:s 

12.9 

20.0 
13.3 
8.3 
5.6 

SO.8 
0.2 
0.4 

4.4 
2.8 
1.3 
0.6 

0.2 0.4 

Galium bona& L. 
Sphoeralcea cocctnea (Nutt.) Rydb. 
Helianthus annuus L. 
Euphorbia serpyll#@olia PUS. 
Achilko km~oso Nutt. 
Lepidium densiflorum Schtad. 
Opuntifr polycantha Haw. 
Ratibida columnifcrcr (Nutt.) Wooten’ 

Standl. 
Commandra pollida A. DC 
Polygalo olba Nutt. 
Iappula echtnata Gilib. 
Chenopodium leptophyllum Nutt. 
Luctuca serriola L. 
Sonchus arvensis L. 
Descuratnta sophia (L.) Webb. 
Other spp. 

3.2 

ti 
0:4 
0.4 
0.1 
0.1 

2.6 

4.7 
0.4 

1.3 
1.1 
1.3 

1.9 
1.3 
1.9 
6.2 
3.6 

7.8 

1.0 1.7 

3.2 

1.3 

Artemisia ftiga?a Wiid. 2.4 
Artemish judovtckma Nutt. 1.1 
Symphoricarpos occtintalis Hook. 3.5 
Other spp. 0.2 

0.7 2.6 

6.0 
0.8 

Wc.ve~, 1963 was the source wed for speck name-a and authority. 

of variance with the site (reclaimed, unreclaimed, and reference) 
and the time of analysis (1982.1984) as the dependent variables. 
Interaction means for site+time of analysis were compared using 
Tukey’s honestly significant difference (hsd). 

Results and Discussion 

The extent of the damage to vegetation from the blowout can be 
seen from 1982 basal cover data (Table 1). Only a few specimens of 
a few species were alive in July 1982 on the contaminated areas. Of 
the grasses only infrequent small patches of inland saltgrass were 
alive. This is in comparison to the 14 different grass and sedge 
species at the nearby reference site. Reference site species with the 
highest percent basal cover were western wheatgrass, needleleaf 
sedge (Curex eleochark), blue grama, and needle and thead. A few 
prickly pear cactus (Opuntiu polycunth) were severely damaged 
by the salt water, but did survive. Isolated specimens of Nuttall 
saltbush (Atriplex nuttallii) were also measured with the point 
frame quadrat in 1982. In contrast, 5 species of woody plants were 
sampled using the point frame quadrat or in plant density counts at 
the reference site (Table 2). 

By 1984 the number of plant species had changed on the contam- 

inated site (Table 1). On the reclaimed half of the site 8 grass species 
were identified. The species with the highest percent basal cover 
and density were western wheatgrass, blue grama, and inland 
saltgrass. In the half of the contaminated site which was not 
reclaimed 8 grass species were identified, and of these only 2, 
western wheatgrass and inland saltgrass, had appreciable percent 
cover or plant density measurements (Tables 1 and 2). 

Thirteen forbs were identified on the reclaimed site in 1984. 
Species with highest plant densities were common sunflower (Heli- 
anthus annuus) and flixweed (Descurainia sophia) (Tables 1 and 
2). On the unreclaimed half of the contaminated site, 7 species of 
forbs were identified, of which pepperweed (Lepidiurn &nisjlo- 
rum) was the dominant species in terms of plant density (Table 2). 
Other important contributors to plant density on the unreclaimed 
site were common sunflower and blue stickseed (Lappula echinata) 
(Table 2). The number of forb species was higher on the reclaimed 
and unreclaimed portions of the contaminated site in 1984 than in 
1982. This was due to the appearance of invader species such as 
pepperweed which moved into the area following elimination of 
the original vegetation. Fringed sage (Artemisia frigiak) was the 
only woody species noted in either cover or plant density measure- 
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Tabk 3. Summary of % basal cover and plant denaity at the aalt water contaminated site and nearby reference aru in 1982 and 1984. 

1982 
Reference Contaminated 

Component site site 

Cover, % Basal 
Grasses and sedges 13.6 b* 0.8 d 
Forbs 0.8 b 0.2 b 
Woody species 0.6 a 0.1 a 
Dead plant material 76.2 a 73.4 a 

Bare ground, rock 8.8 c 25.2 b 

Density, plants/m2 
Grasses and sedges 479 a 
Forbs 7C 

Woody species 7 ab 

*Values in each row followed by the satne letter am not significantly different at the 5% probability level. 

198A 
Reference Contaminated site Contaminated site 

site not reclaimed reclaimed 

21.2 a 3.6 c 14.2 b 
0.4 b 3.4a 1.2 b 
0.6 a 0.4 a 0.0 a 

12.4 a 47.8 c 59.0 b 

5.2 c 42.6 a 25.2 b 

365 b 135 d 26Oc 
13 c 483a 29b 
9a 3b lb 

ments on the reclaimed or unreclaimed sites in 1984 (Tables 1 and 
2). 

Grasses and sedges contributed approximately 14% basal cover 
at the reference site in 1982 (Table 3). On the contaminated site 
only 0.8% of the basal hits were made on grass or sedge species. 
There was almost no reestablishment of sedge species on the con- 
taminated site. By 1984 the percent grass and sedge cover on the 
reclaimed site was 14.2%, about two-thirds of the 1984 value on the 
reference site. Identifiable progress, therefore, had been made in 
reestablishing a grass cover on the reclaimed area. Basal cover of 
grasses on the unreclaimed area was 3.%, which was significantly 
less than on the reclaimed area. Nevertheless, this was a significant 
increase in basal grass cover over that found at the site in 1982. 
These figures indicate that some reestablishment of desirable per- 
ennial species was also occurring on the unnclaimed site. 

The percent basal cover of forbs was not significantly higher on 
the reclaimed site than on the reference area in 1984, but was 
significantly higher on the unreclaimed site where it made up 
almost 50% of the live plant cover (Table 3). Pepperweed 
accounted for most of the high forb density on this site. Because of 
the small size of this species, however, forbs provided only 3.4% of 
the basal cover. 

The largest percentage of basal hits occurred on litter and stand- 
ing dead plant material on all sites. Despite contamination from 
the blowout, percent basal cover provided by the dead plant mate- 
rial was virtually the same on the reference and the contaminated 
sites in 1982 (Table 3). Because live vegetation was eliminated, the 
percent bare ground was 25.2% on the contaminated site compared 
to 8.8% on the reference site in 1982. Costin (1964) cited research 
which showed that about 70% cover (basal area plus litter) was the 
minimum necessary to prevent significant erosion. A bare ground 
percentage of 27 did not significantly increase soil loss in a study on 
land reclaimed following stripmining in the Northern Great Plains 
(Ries and Hofmann 1984). Therefore, at the time of this survey in 
1982, erosional losses were not expected to cause significant dam- 
age to the area. 

The vegetation analysis showed that there were not statistical 

differences between 1982 and 1984 in the percent bare ground and 
percent basal cover of dead plant material on the reference site. On 
the reclaimed site the percent basal cover of dead plant material 
was 59.0 in 1984 compared to 73.4 in 1982 on the contaminated 
area. However, this loss of litter was compensated for by increased 
cover by grasses. The percent bare ground remained at about 25%. 
Although no progress was made in reducing the percent bare 
ground, it did not increase. Assuming the vegetation cover con- 
tinues to improve, the percent bare ground should decrease in 
succeeding years. 

The basal cover of dead plant material on the unreclaimed 
portion of the contaminated site was 47.8% in 1984, a value lower 
than on the reclaimed portion. In addition, the percent basal cover 
of grasses and sedges was significantly less than on the reclaimed 
portion or on the reference site. On the unreclaimed site bare 
ground was 42.6%. At this level erosion losses could become 
important. Although the basal cover of grasses on the unreclaimed 
site was only about 25% of that on the reclaimed site, some revege- 
tation by grasses and forbs had occurred. 

The degree of contamination in soil samples following the blow- 
out was very variable. The degree of contamination generally 
decreased with distance from the well. Mean values for Na’and Cl- 
and EC in 1982 were very high compared to the reference areas 
(Table 4). By 1984 the mean values for Na’ and Cl- and EC on the 
untreated sites had decreased significantly because of leaching of 
the salts by natural precipitation. The mean values for these 
parameters on the treated sites also decreased, but these decreases 
were not significant because of the high variability between sites. 

Sodium and Cl- were also found in the reference area. Sodium is 
typically found in the soil profiles of the area, but Cl- is not since 
SOr2 is the dominant anion in these geologic formations. There- 
fore, chloride can be used as a marker of contamination from the 
blowout. Since Cl- was present in the profile of the reference areas, 
some salt water probably fell during the blowout without visibly 
affecting the vegetation. 

Since CaCls was used in the reclamation process the concentra- 
tion of Cat2, especially near the surface, increased, though not 

Table 4. Soil chemical data for all soil sampling sites before reclamation (initial) and after reckmation (tinal) to a depth of IS cm. 

Treatment 

Treated Untreated 
Reference 

hsd (.05) 

SAR CA2+ Na” cl- EC 
Initial Final Initial Final Initial Final Initial Final Initial Final 

(meq/ 1X% meq/l (mmho/cm) 

78 20 22 32 304 64 351 98 32 106 70 51 22 682 287 811 314 64 :: 
9 6 5 2 16 7 20 1 3 1 

45 37 301 438 34 
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significantly. The net result was a significant decrease in the SAR 
of the reclaimed profiles (Table 4). Some reduction in SAR on the 
untreated sites also occurred as a result of redistribution of the salts 
in the profile since 1982. The mean SAR of these reclaimed sites 
was still too high for good vegetation development. It is expected, 
however, with further leaching of the salts by natural precipitation 
events that the SAR values will continue to decrease. 

Summary and Conclusions 
Following the salt water blowout in 1982, only a few small 

patches of inland saltgrass, isolated forbs, and isolated nuttall 
saltbush plants survived on the contaminated, vegetation analysis 
site. By 1984 on the reclaimed half of the site, a relatively diverse 
plant community was reestablished. Dominant grass species 
included western wheatgrass, blue grama, and inland saltgrass. On 
the unreclaimed half of the site in 1984, western wheatgrass and 
inland saltgrass were the dominant grass species. In 1984 the 
percent basal cover of grasses on the reclaimed site was about 
two-thirds of the cover on the refemce site. In 1982, 2% of the 
basal hits using a point frame quadrat were on bare ground on the 
contaminated area. Other studies have shown that erosion is not 
significantly increased at this level. In 1984 the percent bare ground 
was unchanged on the reclaimed site, but the percent bare ground 
increased to 42.6% on the unreclaimed site, leaving it in a condition 
in which increased erosion could occur. 

The addition of CM& in irrigation water to the affected site was 
successful in reducing the SAR of the affected soils. Natural precip 
nation caused some leaching of salts from the surface 15 cm of the 
soil on the unreclaimed sites. The presence of Cl- in the profile of 
the reference area indicated that some salt water contamination 
had occurred, but did not visibly affect the established vegetation. 

Calcium chloride was found to be effective in reclaiming land 
devastated by a salt water blowout. Its utility in this situation was 
enhanced because it is more soluble than gypsum and could be 
leached into the profile and is readily available where oil drilling 
occurs. 
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Factors influencing interrill erosion from semiarid slopes in 
New Mexico 
BRADFORD P. WILCOX AND M. KARL WOOD 

AbShCt 

This r8inf8u simuhtion study evaluatal the &!cts of slope, 
vegetation, rock, and soil characteristics on interrill erosion of 
semiarid slopes of the Guadalupe Mountains of New Mexico. A 
single-nozzle reinfall simuhtor applied rainf8U 00 slope gradients 
ranging from O-7096. MulticolUaenrity in the data was corrected 
for by using partial correlation analysis. Inter&l erosion was most 
influenced by slope gradient; bowever, the effect of slope gradient 
was modified by other factors, particularly vegetation. Vegetation 
greatly leseened lnterrill erosion, especially during the initial stages 
of runoff. Sbrube decreased interrill erosion more than did either 
grasses, Utter, or forbs. Sediment concentration was greater from 
erosion pavements than from we&vegetated plots. fncrerses in 
rock cover, however, without corresponding decreases in vegetal 
cover, afforded additional protection rgalnst InterriU erosion. Soil 
texture and soil depth were the most influential soU factors, partic- 
uhrly on steep slopes. 

Key Words: raInfaU simulation, range hydrology, hUIslope hy 
drology, soil erosion, w8tershed m8nagement 

Sediment load of rivers in the western United States is derived 
mainly from semiarid watersheds (Branson et al. 1981). An under- 
standing of factors that influence erosion on semiarid watersheds is 
vital to minimizing sediment load of rivers, and to maintaining 
health and productivity of rangelands. In semiarid environments 
(if gully erosion is not active), sheet erosion is the source of most 
sediment, most of which is carried out of the basin rather than 
being deposited locally (Leopold et al. 1966). 

Vegetation is a major factor determining amount of soil erosion 
by water. Vegetation protects the soil surface from raindrop 
impact, decreases the velocity of runoff, encourages soil aggrega- 
tion, binds the soil with roots, and reduces soil compaction (Selby 
1982, Carson and Kirkby 1972). As a rule of thumb, vegetal cover 
of less than 8% does not control erosion, and vegetal cover above 
70% provides little additional protection; changes in vegetal cover 
between 8 and 70% greatly affect erosion (Schumm 1977). 

Soil characteristics such as bulk density, texture, structure, and 
moisture conditions, by virtue of their effect on amount of surface 
runoff, also influence soil erosion. Soil erodibility under a given set 
of topographic and runoff conditions depends to a large degree on 
aggregate stability (Young and Onstad 1982, De Ploey and Poesen 
1985). Soil aggregate strength, in turn, is generally correlated with 
the amount of clay, type of clay, organic matter content, and 
aggregate size (Young and Onstad 1982). Soil erodibility also 
increases as percent composition of silt-sized particles increase 
(Wischmeier and Mannering 1%9). 

Many slopes in semiarid watersheds are covered with a coarse- 
grained surface layer of erosion pavement, produced by removal of 
finer grained particles by overland flow. Rocks dissipate raindrop 
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energy, reduce the area of erodible surface, and slow the velocity of 
runoff (Simanton et al. 1984). 

One of the most important factors influencing hillslope erosion 
is slope gradient (Craddock and Pearse 1938, Hadley and Schumm 
1961, Meeuwig 1970). The relationship between erosion and slope 
gradient has been expressed as: 

E=aSb (1) 

where E is erosion, S is slope gradient (TO), and a and b are fitted 
parameters (Ziigg 1940). On agricultural lands, where most plot 
studies investigating the effect of slope steepness have been carried 
out, b has ranged from 1.35-2 (Selby 1982). McCool et al. (1987) 
suggested an equation of the following form to describe interrill 
erosion: 

E = a Sinb 0 + c (2) 

where 8 is the slope angle in degrees and a, b, and c are fitted 
constants. Although equations (1) and (2) indicate that erosion 
continues to increase as slope increases, laboratory research by 
Foster and Martin (1969) found that erosion increases with slope 
angle up to a point, after which erosion decreases with further 
increases in slope. On undisturbed rangelands in Idaho, Renner 
(1936) found that site erodibility was no longer affected by slope 
changes after slope gradients exceeded 70%. The effect of slope on 
erosion should not be as great on undisturbed forest and range- 
lands as on cultivated lands, mine spoils, or construction sites. 
Besides the positive effect of vegetal cover, the greater surface 
roughness of undisturbed sites reduces the velocity of overland 
flow (Schumm 1962, Emmett 1970). Also, rilling is not common on 
undisturbed areas (Emmett 1978). Lattanxi et al. (1974) reasoned 
that rill erosion is more strongly influenced by slope than is interrill 
erosion. 

A significant percentage of semiarid rangelands has slope gra- 
dients >25%, yet few studies evaluating interrill erosion on range- 
lands have included slopes >I%, thus the impact of slope gradient 
to interrill erosion has been little evaluated. One obvious reason for 
this is the difficulty of simulating rainfall on steep slopes. The 
objective of this research was to evaluate the relative influence of 
vegetation and soil factors, rock cover, and slope gradient on 
interrill erosion of semiarid rangeland with slope gradients up to 
7%. Included within the above objective was to determine 
whether the relative influence of the evaluated factor changed 
within a given rainfall event. 

Study Area and Methods 

The study area was in the northern Guadalupe Mountains of 
New Mexico. Average annual precipitation is about 500 mm. Soils 
are shallow (100-500 mm) and are classified as loamy-skeletal, 
carbonatic, mesic Lithic Calciustolls (Deama series) or clayey, 
mixed mesic Lithic Argiustolls (Encierro series) (USDA 1981). 
Deeper soils occur on alluvial fans and alluvial valleys, and are 
classified as fine, mixed mesic Aridic Haplustalfs (Montecito ser- 
ies). Vegetation formations are succulent desert and evergreen 
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woodland as described by Gehlbach (1967). Part of the study area 
(1,940 ha) has been grazed since 1947, primarily by 700-l ,300 
sheep during a 3 to 4-month period in the winter. The remainder of 
the area was grazed yearlong by cattle at a stocking rate of about 2 
ha per animal unit. A more detailed description of the study area 
appears in Wilcox et al. (1988). 

Simulated rainfall was applied to 88 small plots, about 1 m2 in 
size, using a single nozzle rainfall simulator suitable for use on 
steep slopes, described by Wilcox et al. (1986). Application rate 
was 103 mm h-‘. The drop sizes produced by this simulator were 
smaller than those of a natural rainfall event of the same intensity; 
thus interrill erosion rates produced were probably lower than 
interrill erosion rates would be under natural rainfall of similar 
intensity. These data, however, are applicable for an exploratory 
study such as this, where the relative impacts of slope, rock, vegeta- 
tion, and soils to interrill erosion are being evaluated. 

Rainfall was simulated on the steep slopes of the Guadalupe Rim 
(46 plots), a fault scarp with slope gradients generally greater than 
30%, and on hillslopes above the Guadalupe Rim (42 plots). Slope 
gradients above the Guadalupe Rim were generally less than 1%. 
Because of this discontinuity of slope gradient, intermediate gra- 
dients (17-3%) could not be sampled. 

Rainfall was initially applied to each plot for 45 min on dry soil 
(dry run). This was followed a day later with a 35-min application 
(wet run). Each plot was covered with plastic immediately after the 
dry run to reduce evaporation. Runoff was collected continuously 
and weighed at 5-min intervals. Three, l-liter samples were col- 
lected beginning at $25, and 45 min during the dry run and 5,20, 
and 35 min during the wet run. 

organic carbon analysis. Particle size distribution was determined 
using the hydrometer method (Bouyoucos 1962). Organic carbon 
percentage was determined by the Walkley-Black method (Allison 
1965). Intact soil cores were used for bulk density determinations 
(Blake 1965). Slope gradient for each plot was measured as the 
difference in soil surface elevation between the top and bottom of 
the plot, divided by plot length. 

Data were analyzed using Pearson and partial correlation tech- 
niques and multiple linear regression. Dependent variables were 
interrill erosion and sediment concentration. The independent var- 
iables appear in Table 1. The interrill erosion and sediment concen- 
tration data were log-transformed to meet the assumption of 
Table 1. Mean valuer (3, and associated stmdud devlatlons (SD) for 

measured plot cbuacterisiiu, Guadalupe Rim, New Mcxlco.’ 

Variable 
Low~opcs (II-17%). steep slolm (39-7wQb 

x SD X SD 

Slope gradient (%) 
Rock cover 2-13 mm (%) 
Rock cowr 13-25 mm (%) 
Rock cowr 25-75 mm (%) 
Rock cover 

5.7 
4.2 
4.1 
4.1 
1.4 

4.5 
4.5 
4.6 
4.9 
1.8 

8.0 
4.8 

z 
4:6 

The sediment concentration was determined by allowing the 
sediment in each sample to settle and decanting the water. The 
remaining water and sediment were placed in petri dishes and dried 
at 105O C for 24 h. Sediment concentration of each sample was 
expressed as g r’. Interrill erosion on each plot was calculated as 

E q  (Cl& + C&a + C&)/P 
where 

E = Total soil loss from plot (kg ha-‘) 
Cl = Sediment concentration (SC) at 5 min (kg rl) 
G = (5 min SC + 25 min SC)/2 (kg rl) 
Cs = (25 min SC + 45 min SC)/2 (kg r’) 
RI = total runoff(r) for first 5 min 
RZ = total runoff(r) from 5-25 min 
Rs = total runoff(r) from 25-45 min 
P = plot size (ha) 

(3) 

75-M mm (%) 
Rock cover 150 + mm (%) 
Forb cow (%) 
Grass cow (%) 
Shrub cover (%) 
Litter cow (%) 
Grass cow (kg ha’) 
Litter biomass (k8 ha-3 
Shrub biomass (k8 ha- ) 
Forb biomass (kg ha-‘) 
Rock cover (%) 
Organic carbon 

O-50 mm (%) 
Gqanic carbon 

50-100 mm (%) 
Bulk density (mg m-s) 
Sand O-50 mm (%) 

0.1 
1.8 

38.8 
10.0 
12.9 
758 

1337 
1648 

77 
14.0 

0.6 
2.5 

15.1 
17.1 
10.2 
431 

2386 
4139 

128 
14.3 

51.1 
6.5 
7.8 

12.2 
6.1 

. 
1.9 
1.4 

24.0 
10.7 
6.2 
875 
647 

2844 
67 

34.5 

2.7 
1.6 

13.4 
16.9 
4.7 
343 

1067 
5752 

75 
14.4 

5.3 2.0 5.3 1.4 

5.8 
0.98 

Sand 50-100 ti (%) 
Clav O-50 mm (%) 
clai 50-100 mm-&) 
Soil depth (mm) 

22.0 
19.7 
33.5 
37.1 
349 

2.3 
0.2 
3.7 

6”: 
8:0 
213 

5.3 1.2 
0.98 0.1 

23.1 4.0 
20.0 3.4 
35.3 4.8 
37.3 5.4 
265 75 

‘Slopes above the Guadalupe Rim fault warp. 
bSlopcs on the Guadalupe Riic fault scarp. 

Aerial cover of the vegetation was estimated by species using a 
point sampling method. Only one hit per pin was recorded. One 
hundred points were read per plot using a l-m wide point frame 
with 20 pins. Basal cover of the vegetation was estimated similarly 
after the vegetation was clipped. Bare ground and rock cover were 
also noted. Rocks were recorded by size class (2-12,13-25,26-75, 
76-l 50, >150 mm). Rock cover was estimated before and after the 
vegetation was clipped. Unless otherwise specified, rock cover as 
used in this paper refers to cover of rock measured before the 
vegetation was clipped. Shrubs, grasses, and forbs were each 
clipped to a 15 mm height. Plant litter was also collected. The plant 
material was dried for 48 hours at 60-70” C and weighed to 
determine biomass. 

dependent variables being normally distributed (Steel and Torrie 
1980). Partial correlation analysis was used to account for data 
multicollinearity (Thorndike 1976). Using this technique, the lin- 
ear correlations between one or more variables and another pair of 
variables can be removed. In this way causal relationships can be 
more confidently inferred. All the variables were related to inter&l 
erosion and sediment concentration as 

Antecedent soil moisture was estimated for the surface 50 mm by 
the gravimetric method (Gardner 1965) using samples collected 
adjacent to the runoff plot before the first rain application. Soil 
moisture prior to the wet run was assumed to be approximately at 
field capacity for all plot locations and thus was not determined. 
After the wet run, soil samples were collected within the plot at 
depths of O-50 mm and 50-100 mm for particle size analysis and 

LogE=b+aX (4) 

where E (kg/ha) is interrill erosion or sediment concentration 
(kg/l), X is the independent variable, and a and b are fitted 
parameters. Slope was also related to E using equations (1) and (2). 
Equation (4), however, resulted in as good or a better fit. Results 
pertaining to equations (1) and (2) are not presented because they 
were no more illuminating than results from equation (4). 

Multiple linear regression models were developed using stepwise 
regression procedures. The appropriateness of these models was 
evaluated by residual plotting (Neter et al. 1983). No curvilinearity 
was detected. Plots from which no runoff occurred were excluded 
from these analyses. 
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Results and Discussion 
Interrill erosion and sediment concentration were well corre- 

lated with slope gradient. Correlation coefficients relating sedi- 
ment concentrations to slope were around .80 for all 3 sampling 
times during the dry and wet runs. Interrill erosion was slightly less 
correlated with slope (dry run r= .6, wet run r = .73) (Fig. 1). 

LOG E=l.89+0.2(SLOPE) 

1, e: 
0 10 20 30 40 50 60 70 

SLOPE(%) 

Fig. 1. Relationship of interrill erosion (dry run) and slope gradient, 
Guadalupe Rim, New Mexico. The line represents valuesestimatedfrom 
e9. (4). 

Slope gradient was well correlated with vegetal cover (aerial and 
basal) and rock cover. To remove the effect of these variables on 
the correlation between interrill erosion and slope gradient partial 
comlation analysis was used (Table 2). Coefficients were greatest 
during the wet run, suggesting that slope has a greater impact on 
interrill erosion and sediment concentration as the soil becomes 
wetter. 

Interrill erosion is a production of both runoff and sediment 
concentration. Slope has little influence on total runoff (Wilcox et 
al. 1988); thus, the strong positive relationships between slope and 

interrill erosion is due solely to higher sediment concentration of 
runoff from the steeper slopes. 

Interrill erosion and sediment concentration were highly corre- 
lated to vegetation. Interpretation however, was difficult because 
of intercorrelations between vegetation, rock cover, and slope; 
thus, the effect of rock cover and slope were removed from the 
correlations of vegetation factors and the erosion factors (Table 2). 
One apparent trend elucidated by these data is that vegetal cover 
has the most impact on interrill erosion and sediment concentra- 
tions for dry soils, or at the beginning of runoff when loose fmes on 
the soil surface are most available (Emmett 1978). Shrubs had a 
greater impact on interrill erosion and sediment concentration 
than did gasses, forbs, or litter. Note that unlike the other vegeta- 
tion variables, litter cover was positively associated with sediment 
concentration. Possibly more loose fines are available on surfaces 
with a high litter cover. Interrill erosion and sediment concentra- 
tion were poorly coorelated to basal cover. 

Rock cover was measured by size class in an effort to determine 
the effect of rock size on interrill erosion and sediment concentra- 
tion. Rock cover is quite high in the Guadalupe Mountains (Table 
1). Partial correlation analysis was very useful in discerning the 
impact of rock cover on interrill erosion. For example, the Pearson 
correlations relating rock cover to interrill erosion were highly 
positive, suggesting that rock cover, rather than protecting against 
interrill erosion, encourages or promotes it. Partial correlation 
analysis, however, indicates that rock cover does provide some 
protection against interrill erosion as indicated by the generally 
negative correlations (Table 2). No trend in the correlation 
between rock size and sediment concentration is evident from these 
data. 

Soils in the study area were very similar and a broad range in soil 
characteristics was not encountered (Table 1). For this reason, soil 
factors were poorly correlated to interrill erosion. Signi&ant 
correlation did occur for those plots sampled on the steep slopes 
(30-70%) of the Guadalupe Rim (Table 3). Interrill erosion and 
sediment concentration were positively correlated with the amount 

Table 2. Partial correlation coeffkknb betweeneediment concentration or interrill era1011 end vegetation end rock vuhblc of the Goadahpe Rim, New 
Mexico. Only coefIkiente eigoifiantly different from 0 (p10.1) ue lbted. 

Time (min) 

Sediment concentration Interrill erosion 

Dry Wet 
5 25 45 5 20 35 Dry wet . I  

Variable 

Slope gradient (%) 

Total vegetal cover (%) 
Grass cover (%) 
Shrub cover (%) 
Litter cover (%) 

Total vegetal biomass (9 ha-‘) 
Grass biomass (kg ha j 
Shrub biomass (kg ha- ) 
Litter biomass (kg ha’) 

Total rock cow (%) 
2-12 mm (%) 

13-25 mm (%) 
26-75 mm (%) 
76-150 mm (%) 

150 mm (%) 

.42 

-.40 
NS 

-.23 
NS 

-.33 
NS 

-.35 
-.16 

NS 
.21 
NS 

-.17 
NS 
NS 

Slope gradient 
Effect of rock cover, vegetal cover and basal vegetal cow removed 

.44 .52 A4 .64 .57 31 

Vegetation 
Effect of slope gradient and rock cover removed 

-.30 -.29 -24 NS -.19 -.42 

-.:: 
NS NS NS NS NS 

-.27 -24 -.17 NS -.31 
NS .16 .I8 .18 NS 

-.28 -.YZ -.42 NS -.I6 -A0 
NS 

-.IZ 
NS .23 NS NS 

-.28 -A4 -.23 -.25 -.31 
-.17 NS -24 NS NS -.30 

Rock cover 
Effect of slope gradient and vegetal cover removed 

-.I7 -20 -.17 NS NS -.19 
NS NS -.28 -.22 NS NS 
NS NS NS NS NS 

-.I7 -.18 NS NS NS -.Z 
NS NS NS .I7 NS -.I6 
NS NS 24 NS NS NS 

.53 

-34 
NS 

-.30 
NS 

-.39 
NS 

-.42 
-.17 

NS 
NS 
NS 
NS 
NS 
NS 
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Table 3. Correlation coeUicknt~ between coil factors end sediment concentration or hterrill emdon for dry and wet runs on the steep slopea W-7046) 
of the GaudaIupe Rbu, New Meuko. GuIy coeffkknb signlfi~tly different from 0 (X0.1) ue lkted. 

Sediment concentration Intcrtill erosion 

DrY wet 
Time fminl 5 25 45 5 20 35 DN wet 

Variable 
Sand (%) 
Silt (%) 
fiY (%) 
Organic matter (%) 
Bulk density (mg m-s) 
Soil depth (mm) 

-.37 NS -.39 -.35 -.36 -.36 NS NS 
.61 .42 44 44 .43 so .55 46 

-44 -.31 NS -.26 NS -.32 -.36 NS 
NS NS NS NS NS NS -.26 NS 
NS NS NS NS NS NS NS NS 
26 .30 NS NS .28 NS NS NS 

of silt in the top SO mm of the soil profile, whereas they were 
negatively correlated with sand and clay. Wiichmeier and Manner- 
ing (1969) showed similar results. Sediment concentration of the 
runoff was higher from deeper soils. The range in soil bulk density 
was very limited, thus, it was not correlated with interrill erosion or 
sediment concentration. Organic matter differences had little 
impact on sediment concentrations as well, probably for the same 
reason. Organic matter was, however, generally higher than 2%. 
De Ploy and Poeson (1985) observed that once organic matter 
surpasses 20/o, further increases have little effect on soil erosion. 
Wischmeier and Mannering (1%9), however, indicated that ero- 
sion is negatively influenced by organic matter for organic matter 
contents up to 4%. 

Multiple linear regression (MLR) models estimating log-trans- 

Table 4. Multiple linear regression equations with log transformed (base e) 
interrill erodon or sediment concentration (dry run) M the dependent 
vukbks, Cudahpe Rim, New Mexico. 

Partial 
regression 

Variable cocfftcient F-value Rr N 

Intercept 
Interrill erosion (kg/ha) 

0.446 
2-13 mm rock cover 

(%). 0.964 4.59 .71 73 
Slope gradient (%) 0.055 95.44 
Litter biomass (kg ha-‘) -0.Ollfl5 19.52 
Silt O-50 mm (%) 0.058 8.76 
Soil moisture 

O-50 cm (%) 0.077 12.29 

5-min sediment concentration (g/r) 
Intercept -3.464 
13-25 mm rock cover 

(%)b 0.054 7.68 .80 68 
Slope gradient (%) 0.050 126.49 
Shrub biomass (kg ha-‘) -O.ooOl 7.47 
Silt O-50 mm (%) 0.053 15.69 
Soil moistutc (%) 0.033 5.58 

25-min sediment concentration (g/I) 
Intercept -2.200 
Slope gradient (%) 0.058 105.54 .71 
Grass biomass (kg ha-‘] 

69 
-9.ooO5 4.88 

Shrub biomass (kg ha- ) -01 18.35 
Silt O-50 mm (%) 0.945 9.50 
Total rock cover (o/o)’ -0.021 7.92 

45-min sediment concentration (g/I) 

Intercept 0.150 .67 .73 
Slope gradient (%) 0.040 135.91 
Sand 50-100 mm (%) -0.063 6.05 

formed interrill erosion and sediment concentration were deve- 
loped for dry and wet runs. Only the dry-run models are presented 
here because of similarity of the results (Table 4). Coefficients of 
determination (Rr) were slightly higher for the dry-run models. 
Slope gradient, as evidenced by the high associated F values, 
accounted for most of the variation in both the interrill erosion and 
sediment concentration models. Other variables included were 
components of vegetal biomass (litter, shrub, grass), rock cover, 
and soil textural class. These models indicate (assuming other 
variables remain constant) that vegetation, total rock cover, and 
sand content have a negative impact on interrill erosion and sedi- 
ment concentration, while slope gradient, silt content, antecedent 
soil moisture, and 2-25 mm-sized rock fragments are positively 
related to interrill erosion and sediment concentration. 

Application of the MLR equations illustrate that vegetation (in 
this case, litter biomass) can greatly reduce interrill erosion on 
steep slopes (Fig. 2). As vegetation increases, the impact of slope on 
- 1200 

7, LN E -0.446+0.064(X1)+0.055(X2)-0.ooO5(X3)+0.0580(4)+0.077(X5) 

400 -- 

__ 

““‘~““““~“‘~~~“““‘~~‘~~..................,....,,..,.,.,.,,.,.,,,,, ---___ 
0, 

_,,_(__(,,,, . . . . . . . 

0 500 1000 1500 2000 2500 3000 3500 4 DO 

LIUER BIOMASS (KG HA’ ) 
- 50% SLOPE - -30% SLOPE ..... 10% SLOPE 

Fig. 2. Interrillerosion (dry run), Guadalupe Rim, New Mexico, predicted 
from the multiple lineor regression equation where overoge observed 
values were usedfor silt, rock cover, ond antecedent moisture. The range 
of values usedfor litter biomass wos within the range encountered in the 
field. 

erosion decreases; the steeper the slope, the more sensitive erosion 
is to changes in vegetation. Lattanxi et al. (1974) and Meewig and 
Packer (1976) also concluded that vegetation can counter the effect 
of slope. Figure 1 also supports this conclusion. For example, the 
general increase in interrill erosion with slope gradient is evident, 
but there is also wide data scatter. Interrill erosion (dy run) on 
slopes of 50% gradient varied from 30 to 8,000 kg ha . Lowest 
interrill erosion occurred where infiltration rates were higher and 
runoff began late into the simulation event. It is the considerable 
scatter of the data that suggests to one that the effect of slope can be 
muted by other factors that encourage infiltration. ;Rock cover nualrurcd before vegetation clipped. 

Rock cover measured after vegetation clipped. 
N-sample number. 
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concluoloIls 
The objective of this study was to determine the relative impact 

of slope, vegetation, rock cover, and soil on intertill erosion from 
steep semiarid slopes. Results indicate that factors shown by other 
studies to inthtence interrill erosion on moderately sloping range- 
land are important on steep slopes, but when a wide range in slope 
gradient is evaluated, slope gradient is the major factor influencing 
interrill erosion on semiarid rangelands. This study indicates the 
following about interrill erosion from semiarid slopes. 

1. Slope gradient has a large positive impact on interrill erosion 
because sediment concentration (not runoff) is greater from steep 
slopes. Data also indicate, however, that the effect of slope can be 
greatly muted by vegetation. Interrill erosion is more affected by 
slope gradient when soil moisture is high. 

2. Intertill erosion is negatively correlated to vegetal cover and 
biomass. The greatest impact of vegetation on interrill erosion 
occurs during the beginning of runoff, particularly for dry antece- 
dent soil conditions. Basal cover of the vegetation gives a poor 
index of the protection to the soil surface provided by vegetation. 

3. Interrill erosion is higher from rock covered surfaces than 
from well-vegetated areas. Rock cover, however, does afford some 
protection against interrill erosion. Rock size has little bearing on 
interrill erosion. 
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Comparison of weight estimate and rising-plate meter 
methods to measure herbage mass of a mountain meadow 
EMIL10 A. LACA, MONTAGUE W. DEMMENT, JOY WINCKEL, AND JOHN G. KIE 

AbStlWt 

A rising plate meter (RPM) and ocular estimation of herbage 
fresh weight (OCES) were compared as double sampling methods 
to measure herbage dry weight (DWT) in a mountain meadow 
grazed by cattle (0,2.5,3.2, and 6.9 AUM/ha) and deer. On 8 dates, 
5 to 10 plots were clipped and 50 to 100 plots were estimated in 2 or 
4 pastures, each of which had 6 vegetation type+ resulting in 120 
groups of observations. Whereas 11 different calibration lines were 
neeaatary to calibrate the OCES (rs = 0.74 to 0.91), 17 lines were 
needed for the RPM (r2 = 0.04 to 0.82). Average residual standard 
deviations (Sy.x) were 653 for OCES vs. 846 kg ha-’ for RPM. The 
different calibrations for OCES were eauaed by differences in the 
%DM of the herbage (datea and meadow type), whereas RPM 
calibrations were affected by grazing treatment, date, meadow 
type, and obeerver. When the same number of clipped and esti- 
mated plots were used for both methods, OCES was 24% more 
precise than RPM. To obtain a precision of f200 kg hi’ (P= 0.05) 
OCES rquired 697 fewer clipped plots for the whole experiment 
than RPM, but OCES field costs were 3% higher. If calibrated on 
net readings (before-after clipping) RPM overestimated herbage 
mass, relative to clipped plots and OCES. The lower cost per RPM 
reading was counterbalanced by greater precision and generality of 
OCES calibrations. 
Key Wok double-sampling, biomm estimation 

Accurate and precise measurement of herbage biomass is essen- 
tial for both range research and management. Difficulties in esti- 
mation arise because of the great variability in herbage biomass in 
range situations. As a result, obtaining an adequate number of 
samples for characterization of the vegetation can be costly, time 
consuming, and if destructive, may consume significant portions of 
the vegetation within a treatment. Double sampling methods were 
developed to cope with these problems (Pechanec and Pickford 
1937) by calibrating an indirect but inexpensive method with 
another that is precise but costly (e.g., clipping). A good double 
sampling method results in calibrations that remain unchanged 
over a wide range of factors, so data can be pooled to increase 
precision and reduce total sampling cost. 

Observers can estimate fresh or dry weight per unit area. Estima- 
tion of dry weight has the advantage of incorporating the often 
substantial variability in dry matter percentage (DM%) that occurs 
under range conditions (Tadmore et al. 1975). Conversely, estima- 
tion of fresh weight allows continuous training in the field. The 
drawback of fresh weight estimates is that an estimate of %DM is 
needed to calculate DWT. If variance in %DM is large the value of 
estimated fresh weight in predicting dry weight is reduced. 

The rising plate meter (RPM, described in Earle and McGowan 
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1979) has been successfully applied to estimate herbage mass, 
particularly in intensively managed pastures of uniform botanical 
composition (Michell and Large 1983, Scrivner et al. 1986). 

In this paper we compare precision and accuracy of ocular 
estimates and a rising plate meter. The practical implications of the 
tradeoff between cost and precision are discussed. 

Methods 

Factors 
Measurements were conducted at middle Rell Meadow in Stan- 

islaus National Forest, California. The meadow was divided into 4 
pastures grazed by cattle at 0 (NG), 2.47 (LG), 3.19 (MG), and 6.92 
(HG) AUM/ha. Each pasture was stratified into 6 vegetation 
types. Date were collected on 8 dates during the summer of 1985: 
(1) 4-7 July (all pastures); (2) 18-19 July (NG, HG); (3) 25-28 July 
(LG, MG); (4) 34 August (all); (5) 15 August (NG, HG); (6) 19 
August (LG, MG); (7) 31 August (NG, MG); (8) 2 September (LG, 
HG). One of 5 observers performed both OCES and RPM on each 
site through the sampling season. 

SampUng Procedure 
Neither method required any training previous to the actual 

sampling other than a practical explanation of the basis of each 
method. Training to ocularly estimate herbage biomass was per- 
formed as samples necessary for calibration were clipped and 
weighed in the field. Ocular estimations of total fresh weight and 
initial RPM readings were recorded within the same 0.1 mr quad- 
rat (=plot). One of every 10 quadrats on which GCES and RPM 
were performed was clipped close to ground level, bagged and 
weighed, and a second RPM reading was taken on the stubble. 
Samples were dried (in the sun and later 48 h at 600 C) and 
weighed. Fifty to 100 estimations and RPM readings and 5-10 
clipped plots were collected from each meadow type within each 
pasture on each sampling date, which resulted in 120 groups of 
data points. In the mesic meadow types with high (MHCL) and low 
(MLCL) density of corn lily (Veruzrum culifomicum Durand), 
stems of corn lily were removed before estimating the remaining 
herbage. 

StatistieaI Analysis 
Separate linear regressions were developed for dry weight 

(DWT) of herbage per unit area as a function of net plate meter 
reading (before vs. after clipping) and as a function of ocular 
estimates of fresh weight. Usually a linear relationship is adequate 
for these relations (Campbell and Arnold 1973). An F-test (Steel 
and Torrie 1980~420423) was used to determine when more than 
one calibration line was necessary to predict herbage weight. 

First, regressions were calculated for all possible lines (each 
meadow type in each pasture on each sampling date), and a single 
line with all data pooled. Second, an F value was calculated to test 
whether a single line could be used instead of all possible lines. The 
third step depended on the result of the second. If the F-value was 
significant, then plots of regression coefficients (b) against inter- 
cepts (a) were examined to identify clusters of lines that were 
similar and to identify the combination of factors associated with 
the clusters. Scatterplots of raw data were also examined. The data 
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Tabk 1. Pooled regressionsrel~ting berbage mw and ocular ratimatio~~ of freab weip’. S,=: residual standard deviation. OCES and DWT are the meana 
for uck line. II: ample size. Slopa have uoitn of kg dq weight*kg freak weight- . 

Meadow Type Date 

DRY MNCL WCR-WCN 1 

Slope 

0.308 

Intempt 

kgb 

222 

r2 

0.80 817 

n GCES DWT 
kg ha-’ kg ha-’ 

94 7520 2538 
MHCL MLCL 
ALL 
ALL 
ALL 
DRY MNCL 
MHCL MLCL WCN 
WCR 
ALL 
ALL 
ALL 

0.244 144 0.74 
0.327 470 0.82 
0.337 406 0.80 
0.388 370 0.83 
0.519 36 0.91 
0.302 298 0.85 
0.394 1083 0.76 
0.471 339 0.85 
0.518 334 0.89 
0.665 120 0.81 

602 
790 
708 
753 

Zf 
986 
505 
653 
451 

52 
103 

1;: 
20 
37 
13 
80 
71 
78 

10930 
8270 
6350 
4860 

3520 
1300 

2813 
3176 
2541 
2255 

859 
1763 
4812 
1756 
2156 

984 

were then grouped according to the factor that appeared to explain 
most of the clustering. Each one of the new groups was then 
subjected to the same process, which was repeated until no sign& 
cant F-values were obtained. 

Results and Discussion 
Calibration of Ocular Estimates 

It is important to note that our sampling procedure differed 
from that used by Tadmore et al. (1975). Their observers were 
trained (i.e., plots were estimated and clipped) only at the begin- 
ning of each day or when moving into a new vegetation type. Our 
observers estimated and clipped plots continuously through the 
sampling period. Our approach has the advantage in that it does 
not rely on longer term visual memory of observers, and calibra- 
tion is based on a real subsample of the total estimations. This 
difference in ocular methods is important because evidence indi- 
cates that observers tire, resulting in a reduction of their precision. 
Regression lines developed in the morning when observers are 
fresh may overestimate precision obtained after hours of work 
(Johnson et al. 1986). 

OCES data were pooled into 11 calibration lines produced by 
the effects of date and meadow types (Table 1). Since OCES was 
based on fresh weight, slopes of the regressions of DWT on OCES 
were related to the mean %DM of herbage. Sites that had different 

mean %DM required different calibration lines. Most of the varia- 
tion in %DM was explained by different meadow types and dates. 
The rate of increase in dry matter concentration of herbage was 
0.6% to 0.8% per day, and meadow type MNCL generally exhi- 
bited higher DM concentrations. Regression coefficients (b) 
ranged from 0.244 in the moister sites on 4-7 July to 0.664 in all 
meadow types on 2 September. In this experiment rz values of 
OCES ranged from 0.74 to 0.91. These values were bracketed by 
those (0.49 to 0.92) reported elsewhere for this method (Wilmet al. 
1944, Campbell and Arnold 1973). 

Calibration lines exhibited stability over vegetation types, sites, 
and observers. This method was capable of adjusting for site 
differences, and observers could readily correct the estimates when 
uneven ground or a different sward density or composition were 
encountered. 

Calibration of Rising-Plate Meter 
A minimum of 17 calibration lines (Table 2) was necessary for 

the RPM. Regressions differed due to effects of date, stocking rate, 
meadow type, and observer. The slopes of pooled regressions 
varied from 30.6 kg ha-’ unit reading-’ for meadow type WCR in 
the HG pasture during the fiit 3 dates, to 475.4 kg ha-’ unit 
reading-’ for observer A in meadow type MNCL. Coefficients of 
determination ranged from 0.04 (meadow type WCR in pasture 
NG on dates 1,2 and 4) to 0.82 (for meadow type WCR HG dates 5 

Table 2. Pooled regre&ons rekting berbap mass and rising-plate meter net rudinga S,=: dud tindud deviation. RPM and DWT are the meam for 
each line. II: mmpk size. 

Line applies to: 
Meadow Tyjx Observer Date Pasture Slope Interccp r2 RPM 

kg ha-’ unit-’ kgb units 

DRY -• __ 62 326 0.51 250 120 3.61 549 
MHCL - - - 170 587 0.56 747 113 5.20 1472 
MNCL A 5-6 NG LG 475 -126 0.59 870 12 3.17 1379 
MNCL BCDE l-3 - 118 1426 0.42 981 49 11.76 2809 
MNCL BCDE 4-8 126 704 0.29 677 52 3.87 1190 
MLCL A 3-5 NG MG 199 1304 0.36 1039 18 6.11 2519 
MLCL CDE l-4 98 1611 0.51 z 76 13.25 2905 
MLCL BD 5-8 118 543 0.49 41 5.12 1147 
WCR - - NG 56 4811 0.16 1364 30 26.00 6270 
WCR - - LG 89 2321 893 29 19.34 4036 
WCR - - MG 47 3524 

8:: 
1261 

WCR 132,s HG 31 3613 0.04 1065 
;: 23.18 4608 

19.30 4203 
WCR 5.8 HG 221 225 0.82 513 14 10.36 2514 
WCN A 5 NG 258 1380 0.77 839 8.83 3660 
WCN BCE - NG 103 2122 0.37 1182 

2: 
14.83 3643 

WCN BD - MG 114 908 0.56 613 12.91 2377 
WCN BCDE - LG HG 186 464 0.70 747 

: 
9.51 2236 

* -indicates subdivision according to thii factor was not necessary. 
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Fig. 1. Relationshtp between herbage dry mass estimated by (a) ocular 
estimation offesh weight method (OCES), (b) ruing-plate meter cali- 
brated on net readings (RPM net), (c) rising-plate meter calibrated on 
initial readings, and herbage dry weight estimated by clippedplots used 
in the calibrations. Diagonal 1:l lines represent unbiased values, assum- 
ing that estimates based on clippedplots were unbiased. 

and 8). The regressions appeared to be sensitive to height, stiffness, 
and density of vegetation, and had rr values that were in general 
lower than rz values usually reported for RPM. Scrivner et al. 
(1986), using the identical plate meter, obtained coefficients of 
determination above 0.80 in all but 2 regressions on subclover or 
ryegrass pastures, whereas Michell (1982) obtained correlation 
coefficients consistently above 0.80 (rz = 0.64) on rotationally 
grazed perennial ryegrass-white clover pastures. 

The lowest r2 and slopes were obtained, together with the highest 
intercepts, on sites of highest herbage masses dominated by tall 
Curex rostruta Stokes (Table 2). Remarkably, the highest r2 value 
was obtained in the same vegetation type but later in the season 
when canopy structure had changed because of grazing. Coeff- 
cients and precision of calibration lines appeared to be affected by 
height and total herbage mass of the WCR meadow type. Whereas 
dominant in terms of area, this meadow type was not preferred and 
remained practically ungrazed until late in the season, except in the 
HG pasture where the other meadow types were depleted earlier. A 
reduction in height and herbage mass from ca. 4,200 to 2,500 kg 
ha-’ due to grazing greatly improved the RPM calibration in WCR 
on the HG pasture (Table 2). These results were consistent with the 
poor performance of the meter on tall and senescent swards 
observed by Michell and Large (1983), and with the significantly 
higher slopes and lower intercepts obtained by Michell(l982) for 
heavily grazed ryegrass (L&urn perenne L.) as opposed to 
ungrazed and regrowth ryegrass or prairie grass (Bromus catharti- 
cus Vahl.), a more erect species. 

The relationship between RPM reading and DWT also was 
affected by the way the meter was used by different observers; an 
effect described by Earle and McGowan (1979). One observer 
showed a consistent tendency to generate higher slopes due to 
lower RPM readings, likely caused by more gentle placement of 
the meter than the rest of the observers. 

In many plots irregular ground surface caused the RPM reading 
after clipping to be equal to or greater than the initial reading. This 
resulted in a great number of 0 net readings paired with various 
positive DWT’s, particularly when herbage biomass was low (neg- 
ative net readings were corrected to 0). 

Similar to ocular estimation, linear relationships between meter 
reading and herbage weight have usually been reported (Earle and 
McGowan 1979, Michelll982, Michell and Large 1983, Scrivner et 
al. 1986). Differences in calibration lines have been attributed to 
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differences in botanical composition, season or phenological state 
(Scrivner et al. 1986), observer (Earle and McGowan 1979), and 
management (Scrivner et al. 1986). 

Comparison of Precision of Methods 
In spite of observers not having previous experience with the 

method, GCES was more precise and required fewer calibration 
lines than RPM. The r2 values obtained with OCES were consider- 
ably higher than with the RPM method. Average residual standard 
deviations (Sy.x) were 653 for OCES vs. 846 kg ha-’ for RPM. 

Precision of estimates is a function of both precision of calibra- 
tions and sample size. In theory, any degree of precision could be 
achieved by taking enough samples. Thus, the objective compari- 
son of RPM and OCES must be based on a constant level of 
sample size, cost, or precision. The best method is the one which 
yields tighter CI’s for a given cost, or that requires less sampling 
effort to obtain a given precision. OCES and RPM were compared 
in 2 ways. First, we compared the precision obtained with the 
methods as actually used in the field: with equal sample size and a 
clipped:estimated ratio of 1: 10. Second, we estimated the number 
of samples and field cost required to obtain a precision of f200 kg 
ha-’ with 95% confidence if methods were applied using the opti- 
mum clipped:estimated ratio. 

Ocular estimation was 24% more precise than rising-plate meter 
when compared at the same number of clipped and estimated plots. 
Averap 95% CI half widths for the 120 sitedates were 235 vs. 292 
kg ha for OCES and RPM, respectively. 

Because the precision of methods might be affected by the ratio 
of clipped to estimated plots, and the ratio 1: 10 used in the experi- 
ment might have favored one of them, methods were further com- 
pared at the optimum clipped:estimated ratio for each line. The 
optimum ratio of clipped to estimated plots was calculated using 
equation 2 (Table 3), which takes into account that each calibra- 
tion line was used to obtain more than one estimate of herbage 
mass (e.g., OCES line for date 2 was used to estimate herbage mass 
in all pastures and meadow types). Based on our field experience, 
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Table 3. JCquatio~ ad nourcea used in comparison of precision of 
methods. 

Equation 

1) S, = S$=,,/ n + bzS&/ m 
2) k q  [(S2,.=/b2S23 (c&&s 

SOUICC 

Michell(1982) 
modifii from Francis et al. 
(1979) 

3) n = t2 (SYX+bWx. k)/(1/2 CI)z derived from Steel & Torrie 
(1980) and cq. I & 2 

Symbols: 
s ,. . . . . . . . . . . . . . . approximate sample variance of the estimates 

obtained with the calibration equation. 
S IX . . . . . . . . . . . . . . . residual standard deviation of the calibration 

equation. 
sr x . . . . . . . . . . . . . . . . sample variance of the indirect measures (ocular 

estimations or RPM readings). 
n . . . . . . . . . . . . . . . number of points used to develop the calibration 

line. 
m . . . . . . . . . . . . . . . number of indirect measures taken to estimate the 

herbage mass in a given experimental unit or 
stratum (site). 

b . . . . . . . . . . . . . . . slope of the calibration line. 
k . . . . . . . . . . . . . . . optimum ratio of clipped to estimated plots that 

minimizes the variance for a given sampling cost. 
l&/C,. . . . . . . . . . . . . . . cost ratio of the indirect to the direct measure. 

r . . . . . . . . . . . . . . . number of sites encompassed by one calibration 
line. 

CL.. . . . . . . . . . . . . desired width of the contidence interval. 

20 RPM readings or 12 ocular estimates can be performed in the 
time necessary to clip one 0.1-m* plot (ca. 6 min). Number of 
clipped plots per regression line to obtain a precision of f200 kg 
ha-’ was calculated for each line using equation 3 (Table 3). 

OCES required 62% (1,123 vs. 1,820) fewer clipped plots than 
RPM, but RPM needed 24% fewer estimations (readings) than 
OCES to estimate mean DWT f200 kg ha-’ (BO.05) for the whole 
experiment. This result translated into a total field cost 2.7% (7 
man hours) lower for RPM (Table 4). Thus, when methods were 

Table 4. EiMhuted sample sizer and field coata to obtain a precbion of 
f200 kg ha-’ (P=O.OS). 

OCES RPM 

sample cost sample cost 
sire (man l h) size (man l h) 

clipped 
aces/readings 
Total 

1123 112 1820 183 
17942 14444 72 

2 255 

used at the optimum ratio clippedestimated plots, the higher 
precision and generality of OCES calibration lines were counter- 
balanced by the lower field cost of RPM readings. 

Although our analysis of field costs would appear to indicate 
that the methods are practically not different, we feel most con& 
dent in the qualitative results of the comparison. First, the 12:2O 
cost ratio used for RPM:OCES was central to the quantitative 
comparison of costs, and this ratio is likely to vary depending upon 
the distance between plots and speed of the observer. In our study 
we walked only 2-4 steps between plots. As the distance increases, 
the ratio will favor the ocular method. Second, the laboratory costs 
associated with the extra 697 clipped samples required by RPM 
would more than counteract its slightly lower field cost. Third, if 
destruction of the vegetation is a limiting factor the advantage of 

OCES becomes greater. Finally, the ability to estimate herbage 
mass at a site visually can be combined with other aspects of field 
studies to provide additional perspectives relating sward to grax- 
ing. For example, we were able to record estimations of herbage 
available at feeding sites of cattle at the same time that we recorded 
biting and movement while grazing. 

Accuracy of Methods 
Herbage masses estimated using both methods were compared 

to the mean DWT obtained from the clipped plots in order to 
detect any possible bias (Fig. la, b). Estimations based on regres- 
sions of DWT on OCES were closer to clipped DWT, and showed 
no pattern of bias. On the other hand, estimations based on the 
regression of DWT on RPM consistently overestimated clipped 
DWT. Overestimation was observed both when using one regres- 
sion per site and pooled regressions from Table 2. On average, 
estimates based on RPM were 13% higher than those based on 
clipped plots, while for the weight-estimate method the average 
deviation was 1%. 

This overestimation was explained by 2 consequences of clipped 
DWT being regressed on net RPM reading (i.e., on the difference 
between readings before and after clipping). First, RPM estimated 
total herbage mass as opposed to clipped mass estimated by OCES. 
Second, numerous net readings were 0 or even <0, yet we clipped 
the plots close to ground level leaving barely any herbage. It is 
likely that most of the overestimation occurred because calibration 
lines were shifted to the left as a result of subtracting a second 
reading on irregular or soft soil (mulch). This indicated that the 
results of RPM would be improved by taking only preclipping 
readings and clipping to ground level in some consistent manner. 
Calibrations on initial RPM readings proved to be marginally 
more precise than regressions on net readings, and did not overes- 
timate herbage mass relative to clipped plots (Fig. Ic). 

Conclusions and Practical Implications 
An examination of the efftciency of the methods indicated, for 

the specific conditions of this study, that the time to complete a 
given level of sampling precision was similar for the 2 methods. 
However, differences between the methods are apparent and 
important. OCES calibration lines were more precise and general 
than RPM ones. Compared at the same number of plots clipped 
and estimated for the whole experiemnt, OCES showed an average 
precision 24% better than RPM. Compared at the same level of 
precision of estimates, OCES required 697 fewer clipped plots for 
the whole experiment than RPM, and consequently, was less 
destructive. 

RMP calibrations were affected by meadow type, observer, 
date, and grazing treatment, whereas OCES required new calibra- 
tions for different dates and meadow types. RPM was inadequate 
for sites dominated by tall Curex rortr(12u Stokes and, if calibrated 
on net readings, it overestimated the herbage mass relative to the 
OCES and clipping methods. In complex plant communities where 
species have different structural characteristics that produce spe- 
cies specific relationships between biomass and resistance to the 
plate, RPM will show higher variability and lower efficiency. The 
advantage of OCES over RPM should increase as experiments 
include more factors or vegetation heterogeneity that require pro- 
portionally more calibration lines for RPM. The ability of 
observers to compensate for structural differences at sampling sites 
would appear to be a major factor increasing the efftciency of this 
method for use in rangelands. 
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Estimating production and utilization of jojoba 
BRUCE A. ROUNDY, C.B. RUYL.E, AND JANE ARD 

AbShCt 

Jojoba (Simmondsia ch&sens&) is a major evergreen browse 
species for livestock and wildlife throughout its range from central 
Arizona to northwest Mexico and Baja California. Current guide- 
lines for grazing management are based on utilization levels as 
estimited from determining the percentage of twigs grazed. Utlll- 
zation can be estim8ted more 8ccurately from twig diameter ma- 
surements. On 3 sites in southern Arizona, leaf weight, stem weight 
and total weight were correlated witb tbe quare of twig internode 
diameter, h8ving average P values of 0.81,0.73, and 0.83, respec- 
tively, for small diameter twigs (I 3mm) most frequently browsed. 
Estimates of twig weight from regression quations for the 3 sites 
varied less than 0.3 g and low standard errors of estimate (10.33) 
indicate twig diameter measurements can give precise estimates of 
twig weight. Percent utilization of current yerr’s growth can be 
calculated from estimates of twig weight remaining and twig 
weight removed by grazing from diameter measurements at initia- 
tion of current year’s growtk and at the point of grazing, respec- 
tively. On 2 sites, mean grazed twigs and mean weight utilization 
were similar for skruks moderately grazed by cattle. However, 
regressions of weigkt utiliz8tion on percent twigl grazed indicated 
tbrt percent twigs grazed could overestimate weight utilization of 
total twigs and underestimate weight utilization of current year’s 
twigs, especially when utilization ia bigb. An alternative to basing 
management of jojob on time-consuming utilization measure- 
ments and 8rbitrary utilization limits is to monitor size of marked 
shrubs and manage for stable or gradually increasing shrub size. 
Key Words: browsing, Sonoran Desert, shrubs, Sinunond?ia 
Ch&IWL& 

Jojoba (Simmondsia chinensis) is a drought-tolerant, long-lived 
evergreen shrub of the Sonoran desert in northwestern Mexico and 
the southwestern United States. It grows best on well-drained, 
well-aerated, coarse soils associated with desert foothills and 
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washes from 600 to 1,200 m (Gentry 1958). The high content and 
desirable properties of wax esters in jojoba seed (Scarlett 1978) 
have led to extensive research on the chemistry, use, and cultiva- 
tion of this desert shrub (Elias-Cesnik 1982). Jojoba is also the best 
browse species for wildlife and livestock within its range (Keamey 
and Peebles 1964). Jojoba has historically been used by goats, 
sheep and cattle and provides food for rodents and birds (Gentry 
1958, Sherbrooke 1976, Thomson 1976, Martin et,al. 1951), javel- 
ina (Pecari zujuco) (Knipe 1956), desert bighorn sheep (OvP cunu- 
densis) (Russo 1956), and mule deer (Odocoileus hemionus) (Judd 
1962, McCulloch and Umess 1973, Umess et al. 1977). 

Management guidelines for use of jojoba are those followed for 
other shrubs (Garrison 1971), including limits of 40% utilization 
under continuous grazing and 50% utilization under a rest rotation 
grazing system (USDA Forest Service 1979). Utilization is gener- 
ally estimated by determining the percentage of current year’s twigs 
that have been browsed (USDA Forest Service 1979). This method 
may overestimate actual weight utilization, epecially where use is 
high (Stickney 1966, Jensen and Scatter 1977, Ruyle et al. 1983). A 
more accurate but more tedious method of estimating utilization is 
that of using least squares regression analysis to determine the 
relationship between twig weight and twig length or diameter 
(Rutherford 1979). Diameters of length of browsed and unbrowsed 
current year’s twigs can than be measured to estimate the weight 
left and weight removed to calculate utilization. The purpose of 
this research was to examine methods of estimating jojoba utiliza- 
tion. Specific objectives were to compare the relationship of stem 
diameter to twig weight of jojoba growing on different sites and to 
determine the relationship of percent browsed twigs to percent 
weight removed by grazing. 

Methods 
Three sites were selected for initial jojoba sampling to develop 

diameter-weight relationships for jojoba. The sites were located 
on the eastern slope of the Tucson Mountains, the southern foot- 
hills of the Santa Catalina Mountains, and in the area of the 
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Table 1. InterceiWah regcroion coeSficients(b), coefficients of determination (ti), and standard errors of estinute (S.E.E.) for jojoba twig on 3 sites h 
southern Arizona of the fom: Y = 8 + bx*, where y k oven-dried wet&t(g) and x h ovendried mtd-hternode stem diameter (mm). 

Site 

Roosevelt 
Tucson 
Santa Catalina 
Sites comb&d 

Number Leaf weight Stem weight Total weight 
observations a+ b* r2 S.E.E. a b r2 S.E.E. a b P S.E.E. 

Stem diameter I5 mm 
180 +M2b 0.48a 0.85 0.84 -0.29a 0.25a 0.91 0.34 -0.72b 0.72a 0.89 1.09 
162 -0.47a 0.42b 0.90 0.61 -0.36b 0.24a 0.92 0.31 -0.83a O&b 0.92 0.88 
178 -0.28a 0.34c 0.85 0.63 -0.3Ob 0.21b 0.92 0.28 -0.59a 0.55~ 0.90 0.82 
510 -0.43 0.42 0.85 0.75 -0.33 0.24 0.91 0.31 -0.75 0.66 0.89 0.99 

Rooscvclt 153 
Tucson 141 
Santa Catalina 157 
Sites combined 451 

Stem diameter 9 mm 
-0.12b 0.3Oa 0.82 0.19 -0.07a 0.12a 0.56 0.14 -0.17a 0.41a 0.81 0.27 
-0.08a 0.24b 0.84 0.20 -0.i2a 0.13a 0.73 0.14 -0.2Ob 0.37a 0.83 0.32 
-0.2Oa 0.28a 0.83 0.25 -0.13a 0.13a 0.82 0.12 -0.32b 0.41a 0.85 0.33 
-0.12 0.27 0.81 0.22 -0.10 0.13 0.73 0.14 -0.22 0.39 0.83 0.31 

*Intercepts and rcgrcrraion coefficients for different sites followed by the same ktter are not signilhntly diiennt ~.OK) according to the elevation and elope t&a of 
Snedecor and Co&ran (1971). 

Horrell exclosure on the northern foothills of Two Bar Mountain 
south of Roosevelt Lake, all in southern Arizona. Associated soils 
are gravelly clay loams and principal vegetation includes Frunseriu 
dumosa, Larrea tridentata and Acacia constricta at the Tucson and 
Santa Catalina sites, Encilia farinosa at the Santa Catalina site, 

and Cercidium microphyllum, Lycium pallidurn, and Larrea tri- 
dentutu at the Roosevelt site in addition to jojoba. 

During the summer of 1984, branches were sampled from 20 
ungrazed shrubs at each of the 3 sites. To determine the relation- 
ship between fresh and oven-dried twig diameter, the mid- 
internode diameter of 150 twigs ranging in water content from 9 to 
52% was measured before and after drying in an oven at 700 C for 
24 hours. Thereafter, all samples were ovendried and minimum 
mid-internode diameter and leaf, stem, and total weight measured. 
Measurements for branches from each site included a minimum of 
20 branches with diameters 3.05 to 5 mm (seldom grazed by cattle) 
and a minimum of 141 twigs with diameters 13 mm. Leaf widths, 
lengths, and weight of leaf pairs were also recorded. Ovendried 
weight parameters were regressed on oven-dried mid-internode 
diameter. Regression slopes and intercepts for the different sites 
were statstically compared (~K0.05) using methods described by 
Snedecor and Co&ran (1971). 

Additionally, large branches on two moderately grazed areas 
near the Roosevelt site were sampled to determine the relationship 
between percent of twigs browsed and percent weight removed by 
grazing. The Horrell area is grazed year long and the Burnt Corral 
area was grazed 4 months prior to sampling. At each area 3 
branches having a minimum of 10 twigs of current year’s growth 
were sampled from each of 20 shrubs. Branches were oven-dried, 
numbers of grazed and ungrazed twigs were counted, and twig 
diameters were measured at the point of grazing for current and 
previous years’ twigs. All remaining current and previous years’ 
twigs with a mid-internode diameter < 3 mm were weighed. Weight 
removed by grazing was estimated using previously developed 
regression equations and divided by total weight to give an esti- 
mate of percent utilization by weight. Percent utilization by weight 
was regressed on percent browsed twigs and utilization estimates 
by number of browsed twigs and by diameter measurements were 
statistically compared (~60.05) in a nested one-way analysis of 
variance. All twig diameters were measured to the nearest 0.05 mm 
with a dial caliper and weights were measured to the nearest mg. 

Results and Discussion 
Twig weight components of jojoba were highly correlated with 

the square of oven-dried mid-internode diameter (Table 1, Fig. 1). 
Coeffkients of determination (r*) were high when twig diameters 
between 3 and 5 mm were included in the analyses than when only 
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Fig. 1. L.ea$ stem. and total oven-dried weight ofjojoba twigs in relation to 

oven-dried mid-internode diameter for twigs with d&meter 5.3 mm. 

twig diameters 13 mm were analyzed. Because of the larger sample 
size, the coefficients of determination are a better indication of twig 
weight variability with respect to mid-internode diameter for the 
smaller diameter twigs than the larger diameter twigs. Twigs 23 
mm diameter were rarely grazed so regressions for the smaller 
diameter twigs should be more useful in estimating utilization than 
those including the larger diameter branches. Regressions for the 
larger diameter branches indicate the potential of diameter-mass 
equations for estimating total biomass of jojoba. 

Regression coefficients and intercepts had greater variation 
among sites when large diameters were included in the regression 
analysis than when only smaller diameters were analyzed (Table 1). 
Regression coefficients and intercepts of equations for estimating 
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Fig. 2. Percent weight ofjojoba utilized in relation to percent twigs browsedfor moderately grazedshrubs at 2 areas in southern Arizona. 
are sigr@ant @50.05). 

leaf weights varied more among sites than those estimating stem There was a high correlation (r2 = 0.99) between fresh (x) and 
weights from small twig diameters. oven-dried mid-internode diameter (y) where: 

Leaf weight accounted for an average of 73% of the total twig 
weight for small diameter twigs and was similar for all 3 sites. Mean 
leaf weights and size were also similar for all 3 sites (Table 2). 
Estimates of total twig weight for small diameter twigs varied less 
than 0.3 g among the 3 sites sampled. Equations for estimating 
total weight will be most useful in calculating jojoba utilization by 
cattle since they tend to browse both twigs and leaves of jojoba. 

y(mm) = 0.922x (mm) - 0.142 

Table 2. Mean weights, lengthr and widttu of jojobr hf paim on 3 dtea in 
wuth?rn ArizQM. 

The coefficients of determination of twig diameter and weight 
are not quite as high for jojoba on these sites as for many large- 
leafed eastern shrubs (Telfer 1969) or for western shrubs such as 
deerbrush (Ceanothur integerrimus) (rZ = 0.97, Bartolome and 
Kosco 1982); snowberry (Symphoricarpos oreophilus) (rz = 0.90, 
Ruyle et al. 1983); blackbrush (rr = 0.94, Provenza and Umess 
1981); and bitterbrush (Purshia tridentata) (r* q  0.89, Bade and 
Hutch&s 1966). However, low standard errors of estimate (Table 
1) indicate diameter measurements can give precise esimates of 
jojoba twig weight. Percent utilization can be determined by meas- 
uring maximum diameter of browsed and unbrowsed current 
year’s twigs to determine total yield and by measuring diameters of 
browsed twigs at the point of browsing to determine weight 
removed by browsing. These measurements should be taken at the 
end of the grazing period before regrowth occurs. In developing 
and using diameter-weight relationships for jojoba it should be 

Site 

Roosevelt 
Tucson 
Santa Catalina 

No. of Leaf pair Leaf length Leaf width 
samples weight (mm) (mm) (mm) 

153 159.7a 23.8b 9Sa 
141 137A 23.Ob 9.oa 
157 146.7a 26.6a lO.oa 

Means in columns followed by the same letter have overlapping 95% confidence 
intervals. 

All regressions 
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remembered that leaf fall may occur with summer drought (Gentry 
1958). Also, flushes of vegetative growth associated with sign& 
cant precipitation may occur in the spring and summer (Haase 
1978). Jojoba utilization should be measured after significant 
growth and use periods. 

Percentage of number of twigs browsed tended to be lower than 
percent utilization by weight for current year’s twigs, but was 
slightly higher then weight utilization for total twigs on 2 moder- 
ately grazed areas (Fig. 2). Percent browsed twigs would tend to 
underestimate weight utilization of current year’s twigs and overes- 
timate utilization of total twigs, especially at high utilization levels. 
There was high variation in weight utilization among branches 
with similar percentages of twigs browsed. However, mean percent 
utilization by weight and by numbers of browsed stems was gener- 
ally statistically similar for both areas. (Table 3). A plot of the 

Garrison, G.A. 1971. Carbohydrate reserves and tesponse to use p. 271- 
278. In: CM. McKell, J.P. Blaisdell and J.R. Goodin (eds.) Wildland 
shrubs-their biology and utilization. USDA Forest Serv. Gcn. Tech. 
Rep. INT-1. Intmtn. Forest and Range Exp. Sta., Ogden, Utah. 

Gentry, H.S. 19%. The natural history of jojoba (Simmondsia chine?&) 
and its cultural aspects. Economic Botany 12261-295. 

Heeee, E.F. 1978. Phenology of some native jojoba populations in Arizona 
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Jensen, C.H., end C.W. Scatter. 1977. A comparison of twig-length and 
browsed-twig methods of determining browse utilization. J. Range 
Manage. 306467. 

Judd, B.I. 1962. Principal forage plants of southwestern ranges. USDA 
Forest Serv. Rocky Mountain Forest and Range Exp. Sta., Sta. Paper 
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Tabk 3. Percent twigs broweed end percent weigbt utilized for moderately- Keemey, T.H. end R.H. Peebke. 1964. Arizona flora. Univ. of California 
grezed jojobe on 2 ereee in southern A&zone. Press, Los Angeles. 

Utilization 
estimate 

Curnnt years All twigs with 
twigs diameter 13 mm 

Horrell Burnt Corral Horrcll Burnt Corral 

Knipe, T. 19%. The javelina in Arizona. A research and management 
study. Arizona Game and Fish Dep., Phoenix, Wildlife Bull. 2. 

Martin, A.C., H.S. Zim, end A.L. Nelson. 1951. American wildlife and 
plants. A guide to wildlife food habits: The use of ttees, shrubs, weeds 
and herbs by birds and mammals of the United States. McGraw-Hill 
Book Company, New York. 

Twigs browsed 
(%) 

Weight utilixed 
(%) 

27.2b 

39.3a 

23.8a 

29.4a 

59.la 

52.09 

54.8a 

42.7a 

Means in columns followed by the same letter are not sigalticantlydiffennt~.OS). 

variance of weight utilization in relation to sample size indicates at 
least 2 branch samples from each of at least 18 shrubs, with 10 or 
more twigs per branch, were needed to obtain a good estimate of 
utilization for those moderately grazed shrubs. 

A major problem in estimating utilization of jojoba is that of 
determining how much current year’s growth has actually been 
removed by grazing animals during a grazing period when some 
previous year’s growth has been taken. It is not possible to deter- 
mine how much current year’s growth is associated with previous 
years’stems that have been removed in the current year. Cattle may 
graze some previous years’twigs in addition to current yea&twigs. 

Estimating yield and utilization from twig diameter measure- 
ments may be more accurate but is also more time-consuming than 
estimating utilization by counting numbers of browsed twigs. 
Management based on maintaining or gradually increasing shrub 
size relative to the potential for a given site may be a practical 
alternative to managing for a given level of utilization. 
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An enhanced wheel-point method for assessing cover, struc- 
ture and heterogeneity in plant communities 
GRAHAM F. GRIFFIN 

A wheel-point apparatus aud hand-held computer are operated 
by one person for lo&g, checking, and summarizing of plnnt 
data. The point fewer method is modified to record plant eonnnun- 
ity composition by cover aud vertical structure and to derive an 
index of spatial heterogeneity of composition along a transect 
using the wheel-point in combination with the computer. 

Key Words: hand-held computer, cuwr, dructure, heterogeneity 
Aerial cover of plant species is commonly estimated to describe 

vegetation (Goodall 1952, Sykes et al. 1983). Numerous techniques 
for quantifying cover have been developed, including a frame- 
point quadrat (Goodall 1952). point-intercept using points alonga 
tape measure or line, point-intercept using a cross-hair sighting 
tube (Winkworth et al. 1962), step-point using a mark on an 
assessor’s footwear (Evans and Love 1957), and B wheel-point 
apparatus (Tidmarsh and Havenga 1955, van Broembsen 1965). 
The wheel-point was developed primarily for assessing aerial cuver 
of the herbaceous layer in vegetation with a sparse shrub and tree 
cover and is now the most widely used of the point cover techniques 
(eg., Mentis 1981, Holm et al. 1984, Friedel and Shaw 1987). A 
wheel-point apparatus is a rimlesswheel that rolls “ver the ground 
on its spokes. The position where a spoke (point) touches the 
ground or a plant vertically above a point on the ground is consi- 
dered an intercept point for data recording. Aerial cover is the sum 
of strikes on plant species as a percentage of the total number of 
points sampled on a transect. 

The frequent choice of the wheel-point over other sampling 
devices is because of a combination of preferred attributes. It 
provides an acceptable level of accuracy and repeatability, particu- 
larly if a single observer is used (Walker 1970, Sykes et al. 1983). It 
enables rapid assessment over a large area and is relatively uncom- 
plicated in its operation. Its drawback is in recognising what cun- 
stitutes a strike of the point on a plant. This is overcome by using 
the consistency of a single observer, but implies that sampled sites 
can only be compared relatively. 

The acquisition of data with a wheel-point apparatus usually 
requires 2 people. Walker (1970) suggested that 3 are need& one 
t” operate the wheel-point, one to observe the strikes, and another 
to record by writing on t” data sheets. Such data are usually 
transposed at sane later time into a computer or are otherwise 
rewritten for analysis. Original errors in the field and transferring 
errors often prove difficult t” correct because of the time between 
field recording and off%e checking. When only summary cwer 
data are recorded, it would usually not be possible to identify 
errors after field recording. 

Cover data are usually registered as cumulative sums against 
each species or category. Data of this type are used t” describe a site 
on the assumption that any heterogeneity in the distribution of 
plants will be included within the summed values for a sampled 
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site. Detection of patchiness and the description of structure in 
vegetation has not been previously attempted using point cover 
data. In must plant communities, individual plants are rarely dis- 
tributed randomly at any scale, particularly in the arid zone (And- 
erson 1970, Lanacraft et al. 1983). 

The volume of data collected for surveys, ecological studies, 
environmental impact studies, and land monitoring purposes has 
grown rapidly in recent years. This in turn has resulted in the need 
for rapid and accurate data collection techniques and means of 
rapidly analyzing the data in the field or immediately after field 
work has been completed. Light-weight, portable computers have 
yet to be. extensively incorporated into field recording ofvegetation 
data. Such devices can operate relatively large and complex prd- 
grams designed for specific or general purpose data collection and 
with a large number of in-built checking routines. The real advance 
for field work is that precise definition of the data structures and 
collection procedures are required. This enables almost all data 
checks t” be performed on site. Large complex data sets can be 
efficiently collected, checked, stored, analyzed, and subsequently 
transferred to other computers. 

This paper describes a technique for combining the wheel-point 
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Fig. 2. A sample wheel-point transect of 2Opoints to illustrate the type of akta collectedasan operator movesfrom left to right. In the codeddata TRPlJ= 
Triodia pungens, A CMA = Acacia maitlandii, EUTE= Eucalyptus terminalis, A CAD = Acacia adsurgens, NN= nopkmt in the herb or shrub layer, the 
numeric values represent the height clarses of the plants in each statum. 

apparatus with a hand-held computer so that one person can both 
collect and check cover data in the field. In addition, information 
about plant vertical structure is also recorded. The sequentially 
recorded data can be analyzed for an index of compositional and 
structural heterogeneity across the site. The enhanced wheel-point 
method is most appropriate in sparsely vegetated areas where 
plants are usually separate from one another and 2 or more plants 
rarely occur over the same point. 

Materials and Methods 

Equipment 
A wheel-point apparatus is attached to the frame of a backpack 

so that the apparatus can be pushed by the body and maneuvered 
comfortably through thick vegetation without the use of the opera- 
tor’s hands. The portable computer is held in a small box sup- 
ported by a strap around the operator’s neck (Fig. 1). In this way 
the operator has both hands free to operate the computer and when 
necessary, give additional guidance to the wheel-point. 

Data are thoroughly checked by software for structural and 
spelling inconsistencies then stored directly into the RAM memory 
of a Sharp PC1 500 portable computer (several other computers are 
similarly small, portable, and have equivalent memory). At regular 
intervals (each 100 points) the data are stored onto a portable 
cassette tape. After field sampling, the data on tape are transferred 
to a larger computer for more complex analysis, if required. The 
software has been field proven with sampling of over 100 transects, 
each transect being sampled for 1,000 points of data. The only 
limitation to data collection is that each block of 100 points be 
collected before being written to cassette tape. The number of 100 
point blocks written to tapes is unlimited. 

A program listing and detailed operating instructions are avail- 
able on request from the author. A program to read the data from 
tapes and transfer them to another computer is also available from 
the author. Further programs for microcomputer analysis of the 
data are available. 

sampling Procedure 
Transects can be sampled with any number of points in multiples 

of 100, each point a fixed distance apart. Data are collected from 
the herbage and, tree and shrub layers. At each point, potentially 4 
items of information (2 in each layer) are recorded. First, if a 
herbage species is struck with a point, a 4-letter code representing 
that species is recorded (for example TRPU for 7kiodiupungens). 
At the point of strike, the height of the plant above the point struck 
is recorded in 1 of 10 height classes, for example in .25-m intervals 
(ranging from 0 to .25 m up to >2.00 to 2.25 m and a class for all 
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plants >2.25 m). The same information is gathered for plants in the 
tree and shrub layer above the point; a strike is defined as contact 
with the canopy on a line rising vertically from the point. Data 
from both strata are concatenated and stored in the computer 
memory as a single word. Only 2 layers in the data are recorded 
since the incidence of more than 2 species over the same point ,is 
extremely low in sparse vegetation. This method differs from con- 
ventional aerial cover estimates in that it is possible to have more 
than 100% cover when 2 species are recorded frequently over each 
point, although this has not occurred in any field experience. A 
fabricated example of a short transect and the data gathered from 
it is illustrated in Figure 2. 

A measure of spatial heterogeneity is derived from the data by 
segmenting the entire transect into several equal ‘lengths’ and 
calculating the cover of all species within each ‘length.* The cover 
values for species can then be compared between all’lengths’and a 
measure of heterogeneity derived by using the algorithm of Roten- 
berry and Wiens (1980) which calculates the normalized sum of the 
differences between the maximum and minimum cover values in all 
‘lengths’ for each species. As an example, 1,000 point transects are 
treated by the author in ‘lengths’ of 200 points. The number of 
points included in a ‘length’will be a function of the total cover and 
of the scale of patchiness to be detected. The ‘length’can be altered 
in software that analyzes the data. 

Discussion 

A wheel-point strapped to the operator and a hand-held compu- 
ter proved to be both comfortable and easy to use. The maneuver- 
ability of the wheel-point was not reduced, provided the method of 
attachment to the operator was not too rigid. In several vegetation 
types, ranging from dense shrubland to open hummock grassland 
an experienced operator can sample a 1,000 point (points 1 m 
apart) transect in 1 to 3 hours depending on the cover and structu- 
ral complexity of the vegetation. 

Temperature limitations (up to 400 C) or dust in the computer 
were not serious problems even in the conditions experienced in 
central Australia. The small keys on the computer did not inhibit 
data entry, particularly if function keys were used. The comple- 
ment of function keys store the full codes of the most frequently 
encountered species and can be entered with a single keystroke. 

There are no a priori reasons for assuming an inter-point dis- 
tance for sampling, especially in relation to the dimensions of 
individual plants. However, a method for estimating the approp 
riate distance between points for cover measures has been devised 
by Davy and Jakeman (1984). 
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Compositional and structural analysis can all be performed in 
the field on the data collected with the enhanced wheel-point and 
computer method. Griffin (1984) successfully used an early version 
of the method to measure and analyze pattern and post-fire succes- 
sional trends in spinifex dune-field vegetation at Uluru National 
Park, Northern Territory, Australia. 
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Technical Notes 
Comparison of hydrometer settling times in soil particle size 

. . 
analysis 
CAROLYN C. BOHN AND KARL GEBHARDT 

Abstract 

Although soil texture is important to plant growth, cultivation, 
hydraulic conductivity, and soil strength, laboratory procedures 
for determining partick size di&ribution can be confushtg. A 
number of settling times have been proposed for the hydrometer 
method used to utalyze the fine earth fraction of soils. To separate 
sand and silt, hydrometer readings at 30 and 60 seconds, 35 
seconds, or at 40 seconds have been recommended. To distinguish 
between silt and clay, recommendations have been made for read- 
ings at 6-8 hours and 12-15 hours, 1.5 and 24 hours, 2 and 24 hours 
or at 8 hours. In this study, no significant differences in estimates of 
sand content were found between readings made at 30 and 60 
seconds and at 40 seconds. However, estimates from readings on 
both sidce of the silt-clay separation (at 6 hours and 12 hours) 
showed 8 significant variation of cky content within the sample 
probably due to an inadequate method of splitting the soil sampks 
into subsamples. Clay estimates from 21ours readings differed 
significantly from the average estimate of the split sample 6/12- 
hours readings. Numerical differences were seen among particle 
size estimates from various methods; if the soil texture is near a 
division between 2 classes, these differences may result in different 
textures being assigned. 

Key Words: particle sire distribution analysis, soil texture, soii 
analysis methods 
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Soil scientists have long recognized the importance of soil tex- 
ture to plant growth, cultivation, hydraulic conductivity and soil 
strength. However, managers preparing to determine soil texture 
are sometimes confused by conflicting procedural recommenda- 
tions. Textural classes can be determined either in the field or by a 
laboratory particle size distribution analysis. The laboratory anal- 
ysis most often available to land managers is some version of the 
hydrometer method first introduced by Bouyoucos (1927). Day 
(l%S) and the American Society for Testing and Materials 
(A.S.T.M.) (1972) have detailed the procedure generally accepted 
by land management agencies and an updated edition was recently 
released (Gee and Bauder 1986). In this method, a measured 
amount of soil is suspended in water and the suspension density is 
determined with a specialized hydrometer. As soil particles settle, 
the suspension density decreases. Because larger particles settle 
faster, the particle size and summation percent remaining for that 
size can be calculated for each measurement time using the 
observed hydrometer level, and these results are graphed. From the 
relationship on the graph, the percent of a particular particle size 
class can be estimated (Day 1965). 

The accuracy of the size class distribution estimate depends on a 
constant temperature, careful particle dispersal, and proper timing 
of the density observations. In the past, chemical dispersal has 
often been accomplished with a 5% Calgon (water softener trade 
name) solution. However, the preparation currently on the market 
may not contain phosphates, which are necessary for good disper- 
sal; the label should be examined and a dispersing agent such as 
sodium hexametaphosphate purchased from a chemical supplier, 
if necessary. Phosphates are particularly important for soils high in 
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salts or organic matter. While Day (1965) recommends soaking at 
least 10 minutes, the A.S.T.M. (1972) recommends several hours 
and the most recent laboratory procedures now specify soaking 
overnight (Gee and Bauder 1986). Likewise, the practice of using 
milkshake mixers for mechanical particle dispersal has been ques- 
tioned (Doolittle 1957, Walker and Hutka 1973), but continues in 
many labs. It is generally thought that a reciprocal shaker is slow 
and gentle but may not break up cemented soils, while the mixer is 
fast and vigorous but may break down sands affected by weather- 
ing. Some of the problem may be avoided by making plastic mixing 
paddles. Regardless of what methods are selected for particle 
dispersal, the exact procedure should be described and used 
consistently. 

152 H Soil Hydrometer at 30,40, and 60 seconds, 2,6, and 12 
hours. Thus, data were collected to test 3 methods: (1) 30 and 60 
seconds to sample either side of the sand/ silt division, and 6 and 12 
hours to sample either side of the silt/clay division (the “bracket- 
ing”method); (2) 40 seconds and 6 hours to estimate both sand and 
clay separation points; (3) 40 seconds and 2 hours to estimate both 
sand and clay separation points. All readings were adjusted for 
temperature (Day 1965) and particle sire diameters vs. summation 
percentages were graphed for each subsample to determine percen- 
tages for specific particle sire groups. 

The timing of the hydrometer readings depends on the size 
classification system being used. The separation between silt and 
clay used by the U.S.D.A. (0.002 mm), usually occurs between 8 to 
12 hours of undisturbed settling, but the exact time cannot be 
identified beforehand. Measurements of the solution density at 6-8 
hours and again at 12-l 5 hours will yield data which brackets the 
actual time at which all the silt sire particles have settled and 
therefore brackets the corresponding percent clay on the particle 
size-summation percentage graph. Similarly, the break between 
sand and silt (0.05 mm) occurs between 30 to 60 seconds of settling 
time and can be estimated from a graph showing these data points. 

In order to reduce laboratory time, researchers have proposed a 
variety of observation times which approximate the desired parti- 
cle sire and depend on extrapolation rather than surrounding the 
sire with measurements. Bouyoucos (1962) suggested that readings 
at 40 seconds and 2 hours were sufficient, but Gee and Bauder 
(1979) stated that 2 hours over-estimated the clay fraction and 
developed a method of weighted averages using 1.5 and 24 hours 
readings for the clay fraction. Patrick (1958) used 35 seconds and 8 
hours. The methodology endorsed by the A.S.T.M., and generally 
accepted by land management agencies, uses readings at 30 
seconds, 3, 10, and 30 minutes, and 1.5,4.5, and 12 hours (Day 
1965). However, A.S.T.M. (1972) also recommended 2,5,15 and 
30 minutes, and 1, 4, and 24 hours, and the 2nd edition of the 
standard methods manual (Gee and Bauder 1986) cites 30 and 60 
seconds, 3,10, and 30 minutes and 1,1.5,2, and 24 hours. To save 
lab time and expedite the analysis, some labs terminate the analysis 
at 6-8 hours. Although the best estimates would be expected from 
density observations which bracket the breakoff between size 
groups, in some cases, estimates from shorter settling times may 
suffice. It is important to identify what effect shorter settling times 
may have on soil texture estimations. We report here results from 
observations made at 30,40, and 60 seconds and 2,6, and 12 hours. 

The resulting sand and clay percentages were analyzed separ- 
ately. Using the 12 samples as replications, paired T-tests (n=l2) 
were employed to test the sand estimates between: (1) the 2 sub- 
samples each using the 30160 seconds bracket method, (2) 30/60 
seconds bracket vs. 40 seconds and 6 hours method; (3) 30/60 
seconds bracket vs. the 40 seconds and 2 hours method; (4) average 
of the two 30/ 60 seconds bracket subsamples vs. 40 seconds and 6 
hours; (5) average of the two 30/6Oseconds brackets vs. 40 seconds 
and 2 hours. Similarly, paired T-tests were employed to test the 
clay estimates between: (1) the 2 subsamples each using the 6/ 12 
hours bracket method; (2) 6/ 12 hours bracket method vs. the 6 
hours and 40 seconds method; (3) 6112 hours bracket vs. 2 hours 
and 40 seconds method; (4) average of the two 6/ 12 hours bracket 
subsamples vs. 6 hours and 40 seconds; (5) average of the two 6112 
hours brackets vs. 2 hours and 40 seconds method. 

R&WltS 

The percentages of particle size classes are displayed in Tables 1 
and 2. Percent sand estimates showed no significant differences 

Table 1. Percent sand &mates. 

Methods 

30/60 Seconds Bracketing Method 
sub- sub- Average 40 Sec. & 40 Sec. & 

sample sample of sub- 6 2 
1 2 samples hours hours 

Sample I 51.5 52.0 51.8 50.0 50.0 
Sample 2 54.5 54.3 52.5 52.5 
Sample 3 

ZK 

Sample 4 48:0 
47.5 49.0 49.5 49.5 
49.5 48.8 50.0 50.0 

Sample 5 41.0 46.5 43.8 44.5 44.5 
Sample 6 44.0 41.0 45.5 41.0 41.0 
Sample 7 50.0 55.0 52.5 55.0 55.0 
Sample 8 57.0 59.5 58.3 59.5 59.5 
Sample 9 44.0 44.5 44.3 46.5 46.5 
Sample 10 75.0 78.0 16.5 76.5 76.5 
Sample 11 45.0 41.0 43.0 42.0 42.0 
Sample- I2 43.5 44.0 43.8 44.0 44.0 

Twelve soil samples were collected from a 1,200 foot reach of 
streambank in the Independence Mountains, 50 milesnorth of 

between any groups (Table 3). Because the sand/silt separation 

Elko, Nevada. As is typically true, these riparian soils have not 
occurs within a very small time range, any reading between 30 and 

been classified to series, but are generally permeable alluvium. No 
60 seconds should be reasonably close to the actual break. Analysis 

effort was made to select a wide range of textures. A vertical cut 
of the clay groups showed a significant difference between the 2 

was made into the streambank at each sample site and the samples 
sub-samples which are both estimated by the standard 6/ 12 hours 

were collected from the freshly exposed soils. The samples were 
bracket method. This was apparently due to variability within the 

ovendried and sieved and the fraction passing the 2-mm sieve 
sample and the difficulty of adequately mixing and splitting soil 

saved for analysis by the hydrometer method (Day 1965). TWO 
samples into comparable subsamples. For these samples, the dif- 

subsamples from each sample were derived by gently inverting the 
ference in clay estimates between the standard 6/ 12 hours bracket 

original sample several times in a closed container and spooning 
method and the 6 hour method dots not appear to be greater than 

out 40 grams for each subsample. Each subsample was then uni- 
the variability encountered in splitting the sample by hand. How- 

formly dispersed by soaking in 5% Calgon solution for 12 minutes 
ever, the 2 hours clay estimate differed significantly (.Ol level) from 

followed by stirring for 5 minutes in a milkshake mixer. Each 
the average of the two 6/ 12 hours clay estimates, and from the 

subsample was poured into a Bouyoucos tube, diluted with enough 
unaveraged 6/ 12 hours estimate at a lesser level of significance 

distilled water to bring the suspensions to 1,000 ml., and mixed 
(. 10). There were some noticeable numerical differences between 

with a plunger. The suspension density was read with an A.S.T.M. 
the estimates from the 6/ 12 hours bracket method and both 
methods using shorter settling times, probably due to the distance 
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Table 1. Percent clay utimatea. 

6/ 12 Seconds Bracketing Method 
SUb- SUb- Average 40 See. & 40 Sec. & 

sample sample of sub- 6 2 
1 2 sarnDlc-3 hours hours 

Sample 1 
Sample 2 
Sample 3 
Sample 4 
Sample 5 
Sample 6 
Sample 7 
Sample 8 
Sample 9 
Sample 10 
Sample 11 
Sample 12 

8.5 6.0 7.3 2.5 2.0 
10.5 7.5 9.0 6.0 3.0 
8.5 8.0 11.5 

10.5 :I 7.8 ;: 2.0 
13.0 9:o 11.0 710 7.0 
12.0 9.0 10.5 7.5 4.5 
12.0 12.0 12.0 14.0 14.5 
10.5 9.0 9.8 19.0 6.0 
18.0 15.5 16.8 16.5 15.0 
6.0 6.0 6.0 6.0 
8.0 8.0 8.0 7.5 

10.5 9.5 10.0 7.5 

Table 3. T-values from paired comparieonr of% rurd end $ thy eetima&s 
by different metbode (df = 11). 

Particle size Methods compared 

Sand 30/60 see bracket vs. 30/60 see 
Sand 30/60 see bracket vs 40 set & 6 hours 
Sand Average bracketing vs. 40 see & 6 hours 
Sand 30160 set bracket vs. 40 see & 2 hours 
Sand Average. bracketing vs. 40 se.c & 2 hours 

Clay 6/ 12 hour bracket vs. 6/ 12 hour bracket 
ChY 6/ 12 hour bracket vs. 40 set & 6 hours 
Clay Average bracketing vs. 40 set & 6 hours 
Clay 6/ 12 hour bracket vs. 40 set & 2 hours 
Clay Average bracketing vs. 40 sec. & 2 hours 

T-value 

1.5844 
0.3978 
1.1010 
0.3978 
1.1010 

4.0000** 
0.2025 
1.0814 
2.1454. 
3.2035** 

l *Signikan~ diiercncc at .01 level 
l Sign&ant difference at .I0 level 

of extrapolation over the graph. Because readings at 6 and 12 hours 
bracket the actual silt/ clay break, that method, in theory, provides 
the more accurate estimates. Where the textural classification is 
borderline, even small numerical differences may change the class; 
this occurred with 2 samples. 

Conclusions 
Hydrometer readings anywhere between 30 and 60 seconds 

should reasonably estimate the percent sand in a soil sample. 
However, the percent sand estimate generally is not a problem for 
scientists wanting to save lab time. The silt/clay separation 
requires several hours of settling time, although opinions vary on 
the number of hours needed. Because there was no statistical 
difference between the 6112 hours method which bracketed the 
silt/clay separation and the method which terminated at 6 hours, 6 
hours of settling should be adequate, at least for some soils. How- 
ever, the numerical differences observed between the 2 methods 
could occasionally define different textural classes, and the longer 
method theoretically provides the greatest accuracy. Care should 
be taken to thoroughly mix dry samples. The level of precision 
required will depend on the intended use of the data. 
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Viewpoint: Needed research on domestic and recreational 
livestock in wilderness 
DAVID N. COLE 

The Wilderness Act of 1964 (Public Law 88-577) established a 
system of wilderness areas to be managed in such a way that 
“natural conditions” are preserved. The acreage that has been 
designated as wilderness has increased greatly since 1964 to its 
present size of almost 90 millions acres. Although more than 
one-half of this acreage is in Alaska, about 1.7% of the contermi- 
nous United States is wilderness and the system is still expanding. 

Legislation clearly permits a number of uses that conflict with 
the strict nature preservation goals of wilderness. Recreational use, 
perhaps the most generally accepted use of wilderness, inevitably 
disturbs vegetation, soil, wildlife, and water. Although much of 
this disturbance is caused by the trampling of human feet, recrea- 
tional pack and saddle stock are generally more disruptive and 
cause certain unique types of disturbance. Relatively little is known 
about the nature and severity of impacts caused by recreational 
stock or about effective means of managing such impacts short of 
drastically restricting use. 

Another controversial use of wilderness is grazing of domestic 
livestock. Legislation is explicit about such use. Where livestock 
grazing occurred prior to an area’s designation as wilderness, the 
Wilderness Act states that it “shall be permitted to continue subject 
to such reasonable regulations as are deemed necessary by the 
Secretary of Agriculture. w Confusion over the definition of “reason- 
able regulations” led Congress to develop guidelines for grazing 
that were included in the Colorado Wilderness Act of 1980 (Public 
Law 96-560) and subsequent bills establishing Forest Service and 
Bureau of Land Management wilderness. The critical paragraph 
states: 

There will be no curtailments of grazing in wilderness areas simply 
because an area is, or has been designated as wilderness, nor should 
wilderness designations be used as an excuse by administrators to 
slowly “phase out” grazing. Any adjustments in the numbers of 
livestock permitted to graze in wilderness areas should be made as a 
result of revisions in the normal grazing and land management 
planning and policy setting process, giving consideration to legal 
mandates, range condition, and the protection of the range resource 
from deterioration. 

Further, Congress stated that numbers of livestock are expected to 
remain close to current levels and that the maintenance and 
replacement of existing facilities (for example, fences, line cabins, 
water wells and lines, stock tanks) is permitted, as is occasional use 
of motorized vehicles for maintenance or emergency purposes. 
Clearly, Congress intends for domestic livestock grazing to con- 
tinue in wilderness; the challenge is to accommodate this use with 
minimal compromise of wilderness preservation values. 

The issue of domestic livestock grazing will become more con- 
troversial as wilderness areas managed by the Bureau of Land 
Management are added to the system. Many of these areas are 
likely to have little recreational use, leaving livestock grazing as the 
most serious potential threat to wilderness values. 

My intent is to point out the importance of problems related to 
livestock in wilderness and to suggest some particularly critical 
research needs. I will discuss recreational and domestic livestock 
separately, in each case giving a brief overview of existing know- 
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ledge followed by my view of important research topics and some 
possible research approaches. 

Recreational Stock in Wilderness 

Many of the impacts of recreational stock are similar to those 
caused by hikers, except that they are more pronounced and occur 
more rapidly. For example, in one experimental study, trails pro- 
duced by 1,000 horse passes were 2 to 3 times as wide and 1.5 to 7 
times as deep as trails produced by 1,000 hiker passes (Weaver and 
Dale 1978). Bulk density of soils on horse trails increased 1.5 to 2 
times as rapidly as on hiker trails. One-half of the vegetation cover 
was lost after 1,000 hiker passes and 600 horse passes in a grassland 
and after 300 hiker passes and only 50 horse passes in a forest. 
Other studies have found that while hiker use tends to stabilize trail 
surfaces, horse use loosens the soil, making it more prone to 
erosion (Whittaker 1978). McQuaid-Cook (1978) suggested that it 
is this tendency for shod hooves to loosen soil that leads to the 
more pronounced incision of equestrian trials documented by Dale 
and Weaver (1974). 

Quantitative differences in impact caused by stock parties are 
also evident on campsites. In the Bob Marshall Wilderness, Mon- 
tana, stock sites were 6 times as large as backpacker sites. They had 
more than 4 times the devegetated area, 11 times as many damaged 
trees, and 25 times as many trees with exposed roots. Stock sites 
had lost more of their organic horizons, were more compacted, had 
slower infiltration rates, and had been more extensively invaded by 
exotic plants (Cole 1983). These differences reflect both the greater 
trampling force of horse hooves and the impacts caused by con- 
finement of horses. They also reflect behavioral characteristics of 
horse parties that tend to result in more impact. Compared to 
backpackers, parties traveling with horses are larger and stay 
longer; they are more likely to use a wood fire and to visit during 
the fall (Lucas 1985). 

Although our understanding of recreational stock impacts on 
trails and campsites is incomplete, it is our understanding of 
impacts in grazing areas where stock are allowed to graze and stay 
overnight that is most fragmentary. Most of what is known about 
impacts in such places comes from range management studies 
outside of wilderness, usually involving animals other than horses 
and mules and with management objectives that place little impor- 
tance on preservation of natural conditions. Where range condi- 
tions have been studied in wilderness, it has been difficult to isolate 
the effect of recreational use because it has been superimposed on 
the effects of earlier or, in many cases, ongoing grazing by domestic 
livestock (DeBenedetti and Parsons 1979). 

Knowledge from other sources and informal observations in 
wilderness suggest some obvious problems caused by the grazing 
and confinement of recreational stock. Through adverse effects on 
plant vigor, both grazing and trampling can reduce vegetative 
cover. Loss of cover, along with the selective preference of grazing 
animals for certain species, as well as selective resistance to both 
trampling and grazing pmSSUES, leads to changes in species com- 
position. Native colonizer species may increase in importance or, 
as is often the case, alien species brought in as seed in feces, on coats 
or hooves, or in supplemental feed, may proliferate. Such changes 
represent substantial alteration of natural conditions. 

Most recreational impacts in wilderness (on trails and campsites, 
for example) affect only a small proportion of any ecosystem type. 
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In certain wilderness areas, however, some meadow and grassland 
types are limited in occurrence, and packstock grazing is widely 
dispersed. In these places, packstock grazing can alter vegetation 
types over their entire range, severely reducing the scientific value 
of wilderness as a provider of representative examples of unaltered 
ecosystems. Concern over this potential outcome led Sequoia and 
Kings Canyon National Parks to establish a network of representa- 
tive examples of each meadow association to be protected from 
stock use (DeBenedetti and Parsons 1983). 

Pronounced loss of cover and shifts in composition toward less 
palatable species reduce available forage. This creates problems of 
inadequate forage for stock users and can result in competition 
with native wildlife, although we have little idea how common or 
serious this is. Trampling can also break down streambanks and 
destabilize drainage networks. In severe cases it can lead to the 
disintegration of sod and accelerated erosion (DeBenedetti and 
Parsons 1979). 

In addition to having only a rudimentary knowledge about the 
impacts of stock use, we know little about the importance of 
factors that influence amount of impact. Clearly, the timing, fre- 
quency, periodicity, and intensity of grazing are important. So are 
environmental variables such as the resistance of constituent spe- 
cies and edaphic characteristics. Moreover, vulnerability varies 
seasonally with both the carbohydrate storage cycle of individual 
species and with environmental characteristics, particularly soil 
moisture. All of these factors are subject to varying degrees of 
control, either through establishment of management programs or 
through alteration of the behavior of stock users. If we had a better 
understanding of the importance of these factors and how they 
could be manipulated to minimize disturbance, problems could be 
kept to a minimum. 

Three lines of research that could contribute substantially to our 
ability to manage recreational stock in wilderness are: 

(1) Conduct a literature review and problem analysis. There is a 
voluminous literature and considerable body of expertise in range 
management, even if little research has been conducted in wilder- 
ness. This knowledge could be tapped to identify probable signifi- 
cant impacts, improve predictive capabilities regarding factors that 
influence amount of impact, and suggest effective management 
strategies and low-impact behaviors. From such a conceptual 
analysis, it should be possible to identify major research gaps and 
productive avenues of research. 

(2) Analyze the effects of amount, timing, and frequency of use 
on different vegetation types. Several stock management strategies 
involve limiting numbers of stock and the temporal and/ or spatial 
distribution of stock use. For such strategies to be effective, we 
need to be able to predict how manipulation of these factors will 
affect vegetation and soils. Although analysis of backcountry 
range can offer some insights, careful experimentation is probably 
the most efficient way to isolate the effects of individual variables. 

(3) Analyze the effects of alternative means of constraining and 
grazing stock. Stock can be constrained in a number of ways, 
including use of hobbles, pickets, hitch lines, and corrals. Each 
technique differs in its potential for causing ecological impact. If 
pickets are used, frequency of rotation has an important influence 
on impact. The provision of supplemental feed is also capable of 
reducing certain impacts. We need a better understanding of the 
advantages and disadvantages of these alternative techniques. 
Again, experimentation in a variety of use and environmental 
situations is needed. 

Other productive research topics include an evaluation of the 
severity of competition between stock and wildlife, a better under- 
standing of the grazing behavior of horses and mules, and a better 
perspective on the significance of recreational stock impacts in 
relation to varied wilderness values. 

Domestic Livestock in Wilderness 
Although seldom documented, the effects of domestic livestock, 

usually cattle and sheep, have been pronounced in many wilder- 
nesses, particularly in the West (Reid and others 1980, Vale 1977, 
Vankat and Major 1978). Many areas supported huge herds in the 
late 19th and early 20th centuries. Although the largest herds were 
reduced dramatically following recognition of unacceptable levels 
of deterioration, grazing of livestock still has a substantial impact 
on wilderness ecosystems. 

Although there is an extensive literature on livestock grazing, 
vegetation, and soils, most of it is prescriptive and does not apply 
directly to wilderness situations. Most prescriptions relate to 
objectives aimed at maximizing sustained production, with little 
importance attached to “naturalness” for its own sake. Because 
there is a paucity of quantitative data on how vegetation and soil 
characteristics on public lands have been altered by grazing (Bran- 
son and Miller 1981), it is difficult to evaluate with much precision 
the significance of current grazing or to suggest management pres- 
criptions that optimize both production and naturalness. 

This suggests three basic lines of needed research: 
(1) Conduct a literature review and problem analysis. We need 

to define variables and develop standards for evaluating “natural- 
ness.” Certain grazing effects, such as accelerated erosion, conflict 
with both naturalness and sustained production goals. Other 
effects, such as a shift in species composition toward more produc- 
tive species, conflict with naturalness goals, but not production or 
range condition goals. A review could evaluate the similarities and 
disparities between management for these various goals and sug- 
gest ways in which naturalness could be enhanced without unac- 
ceptable impact on grazing operations. High-priority research 
gaps related to livestock impacts, the factors that influence amount 
of impact, and potential mitigation measures could also be 
identified. 

(2) Analyze the nature and severity of livestock impacts on 
wilderness vegetation, soil, animals, and water. Although such 
impacts are obvious, it is difficult to evaluate their significance or 
prevalence. Many of the less obvious impacts have probably not 
even been identified. The nature and severity of impact undoubt- 
edly vary greatly from deserts of the Southwest, where water 
bodies and cryptogamic soils are particular concerns, to high 
mountains or less fragile environments. This research should 
involve both analysis of grazed areas and experimentation in a 
variety of wilderness ecosystems. 

(3) Develop management prescriptions designed to optimize 
both production and naturalness. Based on information about the 
effects of grazing on vegetation and soil, develop strategies that 
include a concern for maintenance of natural conditions. In wil- 
derness, this goal is added to the more traditional goals of main- 
taining range condition and sustained production. Potential 
strategies could be tried in places and monitored to evaluate effec- 
tiveness. This research could be designed in a manner similar to 
many range projects by merely shifting evaluative standards to 
reflect a new concern for maintenance of natural conditions. 

Conclusion 
Our ability to manage wilderness has not kept up with our 

interest in designating wilderness. There is much we need to learn 
before we can effectively manage wilderness, particularly given the 
inherent conflict between use and preservation built into enabling 
legislation. We have limited knowledge about the impacts of 
domestic and recreational livestock and how such impacts might 
be managed. Livestock have a particularly high potential for dis- 
rupting natural ecosystems and they are often spread over rela- 
tively rare ecosystem types; consequently, they are a critical con- 
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cem. Range science has made contributions to effective manage- 
ment of public lands. As more of our public lands are devoted to 
the objectives of wilderness, we must shift our research to provide 
answers to the new questions being asked by public land managers. 
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Book Reviews 
Wildlrnd Recreation Policy, An Introduction. By J. Doug- 

las Welltnan. 1987. John Wiley and Sons. New York. 284 p. 

The subject of the historical development of wildland recreation 
policy and management in the U.S. is an important and interesting 
one. It is surprising, therefore, to realize that until 1987 no author 
had published a reasonably comprehensive discussion and synthe- 
sis of the subject. For example, it is interesting to note that the most 
authoritative source on the subject of early wilderness policy 
remains an unpublished dissertation written in 1953 by James 
Gilligan. It is also worthy of passing mention that although some 
discussion of recreation issues is woven into the text in both 
editions, the title of the classic Forest and Range Policy by Dana 
and Fairfax, does not so much as contain the word recreation. In 
view of all this, the subject clearly deserves independent treatment 
and we should be grateful to Wellman for leaping into the breech in 
a very worthwhile and important area. 

There are at least two possible ways the topic could have been 
approached. One would be to develop an abstract discussion based 
explicitly on one or another theoretical model. Such a book would 
be satisfying for a purely scholarly audience but would very likely 
miss the mark with many practitioners and students. The other 
possible approach is that of a more straightforward chronological 
discussion set in historical context. The author chose the latter 
strategy. More specifically, his book focuses on selected key events 
in the development of recreation policy. His rationale is as follows: 

. ..I felt it would be more effective to concentrate on a few representa- 
tive events rather than to attempt to tell all. I see little lasting value in 
trying to teach my students all the details of laws, agencies, regula- 
tions, persons, and so on. The half-life of these details is exceedingly 
short, and such details as they might need at some future time can 
readily be found in any number of thorough reference books. On the 
other hand, a limited number of more complex policy stories would 
be something students would carry with them long after the class 
was over (p. V). 

Throughout the text the author places heavy emphasis on the 
biographies of key historical players such as John Muir, Robert 
Marshall, and Aldo Leopold. 

The book is organized topically. After a brief introductory chap 

ter is one concerning the philosophical underpinnings of “wise use” 
conservation followed by one which deals with the philosophical 
“roots” of preservation. Following these are respective chapters on 
the institutional origins of the U.S. Forest Service and the National 
Park Service and two chapters concerning the emergence and 
development of wilderness policy. The final two chapters concern 
recent policy issues relevant to the National Park Service and some 
important management challenges faced by public resource agen- 
cies. 

Any book of this nature runs the risk of being criticized for a lack 
of detail concerning the reviewer’s favorite subject. This reviewer 
finds the work generally well balanced (but if only the author had 
devoted some space to public recreation agency-community dynamics 
and greenlining . ..). Worthy of particular note is an excellent 
discussion in chapter 4 concerning the institutional origins of the 
U.S. Forest Service and its linkage to the rise and fall of the 
progressive conservation movement. Wellman’s decision to devote 
considerable space to the details of the lives of key historical figures 
may seem unnecessary from a scholarly stand point, but those very 
details are likely to stay with readers long after the details of the”L 
Regulations” have faded from mind. In addition, the writing style 
makes the book very accessible for an undergraduate audience. 

In conclusion, this book is highly recommended, as its title 
states, for an introduction to the history and development of 
wildland recreation policy in the U.S. Those with an interest in 
more detail or more theoretical focus can use it and its excellent list 
of references as a convenient jumping off place.--Matthew S. 
Carroll, Pullman, Washington 

Social Science in Natural Resource Management Systems. 
Edited by Mart L. Miller, Richard P. Gale, and Perry J. 
Brown. 1987. Westview Press, Inc., 5500 Central Avenue, 
Boulder, CO 80301. 265 p. $22.50. 
There are four sections in this collection of papers. First, the 

“Overview,“which is not a summary of the other papers but is used 
by the editors to present their assessment of social science in 
natural resources management systems. They illustrate how natu- 
ral resource management systems have moved from having little 
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concern for conservation to extractive conservation and to the 
present that includes aesthetic conservation. This theme of change 
is woven through a history of natural resources management sys- 
tems. The editors highlight the four elements of natural resource 
management systems as: natural resources, management bureauc- 
racies, profit-seeking industries, and diverse publics. They propose 
a research agenda pleading for social research in allocation, repres- 
tentative government, and social change. However, they wonder if 
social scientists will be accepted in natural resources management 
systems. 

“The Role of Science” section stresses applied science and a 
commitment to the science ethic with opinion papers and examples 
from the United States Forest Service, wildlife management agen- 
cies, and New Zealand. Through working together, social scientists 
and managers can identify a research agenda grounded in policy 
decisions and issue oriented. One must remember just as ecosys- 
tems are complex so is the sociology that examines these ecosys- 
tems. Natural resource management is not only limited to the 
biophysical dimension but we manage humanly for human popula- 
tions. What we are striving for is a secure, accessible, and increas- 
ingly interdisciplinary natural resource science. 

In the “Application of Social Science” section there are two 
examples from Canada: one paper explains Environment Canada, 
Park’s socioeconomic impact assessment and the other explains 
the “Visitor Activity Management Process”. An example of 
“action research” which stresses collaboration between researchers 
and managers, development of needed scientific and practical 
knowledge, and has a built-in function for promoting the use of the 
research is given. And, a paper on emotions round out this section. 

“Analysis of Institutions” is the final section. Off road vehicle 
use on Arizona’s forests, Forest Service planning, and Canada’s 
spruce budworm spraying conflict examine the institutional inter- 
actions from a social impact prospective. How hunting regulations 
have evolved is suggested as one possible model to minimize con- 
flict and bring institutions closer to agreement. 

There is one surprise. Some of the social scientist authors felt 
economists should not be included in their group. However, I liked 
Canada’s approach, which seems to blend social and economic 
science and analysis. 

Of great value is the elemental designation of natural resource 
management systems mentioned above. I can see how college 
curricula could be built around a study of these elements and their 
interactions. Possibly even management agencies staffs could be 
aligned with these elements. If you are limited to one article in this 
collection, be sure to read the “Overview” where these elements are 
discussed.-David K. Mann, Salt Lake City, Utah. 

The Last Grizzly, and Other Southwestern Bear Stories. 
1988. David E. Brown and John A. Murray (Eds.), Uni- 
versity of Arizona Press. $19.95 (cloth) 
Grizzly bear stories, both oral and written, have become part of 

western lore since the days of Lewis and Clark’s experiences in their 
cross-country exploration, and story tellers of the Southwest have 
provided some of the best. This new volume is justified as a plea for 
the reintroduction of the big bears into wilderness areas of that 
region. 

Twenty two experiences, most selected from previously pub- 
lished collections, are given, each with a brief introduction by the 
editors. They are grouped logically as well as chronologically by 
the following headings: “Hunting bears for fun and profit-The 
age of discovery, 1826 1890”; ‘Things get ugly- The age of conflict, 
1884-1925”; “Mopping up- The age of professionals, 1913-1935”; 
and “Recreations and requiems- The age of appreciation, 1920-1986”. 

The stories have been selected as being true (except for a “yam” 
that slipped in) and instructive of the bear-man relationship. They 

are told in an interesting style, usually in the words of the hunter. I 
think that people are attracted to reading bear stories much the 
same as they are to ghost stories-to experience in safety of a living 
room rocker, a proxy thrill. This book has some of the best bear 
stories I have read. They vary from “I went for a horseback ride and 
saw a grizzly” to truly grisly bite-by-bite accounts of encounters 
where the inside parts of people became clearly evident on the 
outside. But in the end the people were still there and the bears were 
not. 

There is apparently a growing desire among some people, includ- 
ing the editor-authors and organized bear hunters, to reintroduce 
the big bears into the Southwest. Some, but not all. The Epilogue 
chapter begins with the following resolution: (after several) “whe- 
reases’? “Now therefore be it resolved, that the Colorado Wildlife 
Commission hereby establishes and declares its opposition to every 
person or entity which may now or in the future suggest or plan the 
introduction of either the gray (timber) wolf or the grizzly bear as 
free-roaming populations within the State of Colorado (adopted 
January 1982)“Then the second editor becomes author and makes 
a plea, sometimes emotionally, for reintroduction. He recognizes 
the economic loss to stockmen, and the occasional threat to human 
life, but argues that retaining the wild nature of the wilderness has 
higher priority in today’s society. He groaned, “What right had the 
government to deprive me of a legacy of wolves and grizzlies on the 
public domain?“, then answers his own question. After all this, my 
own reaction is to suggest that grizzly bear lovers travel to Alaska 
once in awhile when they get lonesome, or if that isn’t enough, 
develop a free-roaming population in a nearby city park and let the 
western stockmen continue to enjoy a grizzlyless environment.- 
Grant A. Harris, Washington State University, Pullman, Wash. 

The Nutrition of Herbivores. Edited by J.B. Hacker and 
J.H. Temouth. 1987. Academic Press Australia, 30-52 
Smidmore Street, Marrickville, NSW 2204. 552 p. 
The Nutrition of Herbivores is a collection of 21 papers pre- 

sented at the Second International Symposium on the Nutrition of 
Herbivores held at the University of Queensland, July 1987. 
Realizing grazing herbivore nutrition is a complex science, the 
organizing committee chose a mechanistic approach. This pro- 
duced a comprehensive volume which touches on most aspects of 
herbivore nutrition. 

Let me illustrate. Imagine a grazing mammal in its environment. 
To study its nutrition, what are some of the questions you might 
ask? First, is it native or introduced? Hume’s paper surveys the 
native and introduced herbivores of Australia, their feral condition 
and interactions. Devendra’s papers look at the nutritional adapta- 
tions in anatomy, morphology, heat loss, feeding behavior, and 
metabolism for cattle, sheep, goats, water buffaloes, camels, and 
equines. 

You also might want to know what the environment is. 
Although the focus is mainly on the wet and dry tropics (Deven- 
dra), temperate or cold (White, Holleman, Hubbert and Staaland) 
and arid (McNaughton) environments are discussed. 

In answering questions about food resources available, Roberts 
addresses the availability of herbage or dry matter production, and 
Jones and Wilson look at the nutritive value of tropical and tem- 
perate grasses, legumes and browse. Besides these more traditional 
surveys, Barry and Blaney examine tannins, mycotoxins, oestro- 
genie substances, organo-fluorine compounds and oxalates, those 
secondary compounds in forages that affect nutrition. 

Next you probably want to know how the herbivore selects a diet 
and how intake is regulated. Malechek and Balph use optimal 
foraging theory and plant defenses to study diet selection, and 
Weston and Poppi report on the food intake regulation. 

Once the forage is in the paunch, how does digestion render it 
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usable? Mackie looks at ciliite protozoa and bacteria microbial 
digestion in ruminants. And, while it is difficult to determine the 
nutrient requirements separate from microbial digestion, Grskov 
and Kay examine the non-microbial digestion of forages by 
herbivores. 

Finally, you might want to know how the animal partitions these 
nutrients into hair growth, lactation, growth, and fattening. This is 
the subject of Thornton’s paper. 

Or, what about minor nutrients? Is there anything on minor 
nutrients? Yes, Suttle addresses minor nutrients, their adsorption, 
retention, and function. 

Is this comprehensive enough? No, of course not, what about the 
abiotic factors. How does climate effect nutrition? Young reviews 
the impact of climate on food intake and White, Holleman, Hub- 
bert and Staaland study the herbivore in cold climates. 

OK, but what about the biotic impacts? Sutherst looks at 
arthropod parasites and vector-borne diseases of ectoparasites. He 
not only examines the ectoparasite’s effect on herbivore nutrition, 
but also the effect of herbivore nutritional status on the ectopara- 
site. Sykes goes inside the animal and studies the nutritional impact 
of endoparasites. 

Suppose you want to ask some management questions? Such as, 
What is the grazing status of this herbivore? Langlands looks at 
methods developed to determine their nutrient status. And, what if 
you want to supplement? It Depends on what you have to supple- 
ment. Elliott and McMeniman consider forages as supplements 
and Doyle addresses supplements other than forages. 

Perhaps, you just want to read an interesting twist on herbivore 
nutrition. Then don’t miss Taylor and Murray’s discussion on 
genetic size-scaling and nutrition, particularly the concept of 
metabolic age. 

Realistically, The Nutrition of Herbivores is probably not as 
comprehensive as it might seem, but its review papers summarize 
many of the questions asked by students of herbivore nutrition. 
These reviews are somewhat “state of the art” papers. The editors 
seem to have controlled but not stifled. Many of the papers high- 
light areas that need more work such as McNaughton’s plea: 
“Much more research emphasis on weight loss is required for a 
fundamental understanding to emerge of the physiological and 
ecological consequences of wild animal nutrition.” 

What might be the book’s use? I see it as of most value to 
researchers in herbivore nutrition. The book focuses a great deal of 
material under one cover. Though too advanced for introductory 
range nutrition, graduate level range nutrition courses would be 
exciting using the l%e Nutrition of Herbivores-David K. Mann, 
Salt Lake City, Utah. 

Ecosystems of the World. 17B. Managed Grasslands. AM- 
lytical Studies. 1987. R.W. Snaydon editor. Elsevier, 
Amsterdam and New York. $146.25 (cloth) 285 p. 
This book is part of a projected 29 volume conspectus of the 

world’s ecosystems. So far, about half of the reputable series has 
come to light. 

The volume on analyticai studies of managed grasslands aims to 
be a synoptic reference on ecological processes in pastoral grass- 
lands. Amenity grasslands and seed farming are excluded. Brief 
expert subject reviews of up to about 10 pages, with a concluding 
summary and a generous average of about 75 references each, form 
the 26 chapters of the book. Together they cover ca 250 printed 
pages. The short glossary and extensive index make up the total of 
285 pages. Compared with the 730 pages of, e.g., the related 
volume on tropical savannas, this is a rather slim compendium. 

Stringent limitation of space is, beside from chapter length, also 
apparent from major constraints on subject matter. Firstly, cover- 
age is more or less restricted to man-made, intensively managed 

grasslands of the temperate zone, primarily in Europe and 
Australia-New Zealand. Correspondingly, authorship of the chap- 
ters is shared in about equal proportions by specialists of only 3 
nations, the United Kingdom, Australia, and New Zealand. 
Secondly, topics have been confined to 2 main themes: (a) Produc- 
tion efficiency of matter, i.e., grass leaf and animal products, and 
(b) Nutrient cycling, i.e., of nitrogen and phosphorus. Finally, 
within these confines, attention is focussed consistently on the key 
management variables for sound ecological and economic manipu- 
lation of herds and pastures. 

In accord with the above, chapters have been organized in 4 
sections entitled: I. Primary productivity, II. Secondary productiv- 
ity, III. Nutrient cycling, and IV. Systems management. Sections, 
I, II, and III start with chapters reviewing overall patterns, fol- 
lowed by more detailed treatments of isolated topics or factors like 
a.o. Modellmg pasture growth, N-fertilization, Grazing impact 
(sect. I), Intake, Mineral supplements, Reproduction (sect. II), 
Nutrient return, N-fsation, and N-losses (sect. III). Section IV 
opens with an excellent analysis of economic considerations in the 
production and utilization of herbage. The 3 remaining chapters 
deal with the 3 most powerful management options: Stocking rate, 
Fertilizer input, and Herbage conservation and supplements. Since 
these options were also identified and discussed in the previous 
sections, there is a measure of duplication that ought to have been 
avoided in a thin volume as this is. 

The deliberately narrow focus of the book, notably on manage- 
ment variables as outlined before, does suspect that it was designed 
not only to complement the descriptive studies of managed grass- 
lands in the forthcoming vol. 17A, but also the prospective vol. 8 
on natural grasslands. Presumably, these volumes will complete 
the picture with missing topics like trophic structure, energy flow, 
decomposition, diseases and predators, etc. Such would be in 
concord with the more all-around scope of the tome on tropical 
savannas published in 1983. 

The present book, by itself, will appeal to both ecologists and 
agronomists. Its principal merit is in the provision of concise and 
competent reviews of a closely circumscribed set of topics. Brevity 
has its price in substance, but this is partly offset by good bibliog- 
raphies, current up to 1983 or 1984. The book is thus most suitable 
as a quick, efficient reference guide, especially for those interested 
in the state of the art of intensive grassland agriculture as deve- 
loped in Europe by strong investigation for more than a century. 
Regrettably, the fat price attached is not likely to invite many to 
buy their own copy.-Dirk A. Kruelen, Box 128,975O AC Haren, 
Netherlands. 
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INSTRUCTIONS FOR AUTHORS (from revised 
Handbook and Style Manual) 

Although not intended as an exhaustive presentation on manu- 
script preparation, this Handbook and Style Manualwas prepared 
with the less experienced author in mind. Points of style, however, 
must be followed by all authors. Manuscripts not conforming to 
JRM style as designated here will be returned to authors for 
correction before being sent out for review. 

From time to time, this manual will be revised. The inside back 
cover of the Journal will carry brief instructions for authors and 
will advise them of style changes or a new edition of the style 
manual. 

Introduction 
Eligibility 

The Journal of Range Management is a publication for report- 
ing and documenting results of original research and selected 
invitational papers. Previously published papers are unacceptable 
and will not be considered for publication. Exceptions to this 
criterion are research results that were originally published as 
Department Research Summaries, Field Station Reports, Abstracts 
of Presentations, and other obscure and nontechnical handout 
publications. Manuscripts submitted to the JRM are the property 
of the Journal until published or released back to the author(s). 
Manuscripts may not be submitted elsewhere while they are being 
considered for thisjournal. Papers not accepted for publication are 
automatically released to the authors. 

Kinds of Manuscripts 
Journal Articles report original findings in Plant Physiology, 

Animal Nutrition, Ecology, Economics, Hydrology, Wildlife Hab- 
itat, Methodology, Taxonomy, Grazing Management, Soils, Land 
Reclamation (reseeding), and Range Improvement (fire, mechani- 
cal, chemical). Technical Notes are short articles (usually less than 
two printed pages) reporting unique apparatus and experimental 
techniques. By invitation of the Editorial Board, a Review or 
Synthesis Paper may be printed in the journal. Viewpoinr articles 
or Research Observations discussing opinion or philosophical 
concepts regarding topical material or observational data are 
acceptable. Such articles are identified by the word viewpoint or 
observations in the title. 

Manuscript Submission 
Contributions are addressed to the Editor, Journal of Range 

Management, 1839 York Street, Denver, Colorado 80206. Manu- 
scripts are to be prepared according to the instructions in this 
handbook. If the manuscript is to be one of a series, the Editor 
must be notified. Four copies of thecomplete manuscript, typed on 
paper with numbered line spaces, are required. Authors may retain 
original tables and figures until the paper is accepted, and send 
good quality photocopies for the review process. Receipt of all 
manuscripts is acknowledged at once, and authors are informed 
about subsequent steps of review, approval or release, and 
publication. 

Manuscripts that do not follow the directives and style in this 
handbook will be returned to the authors by the Editor. A manu- 
script number and submission date will be assigned when the paper 
is received in the appropriate format. 

Manuscript Review 
Manuscripts are forwarded to an Associate Editor, who usually 

obtains two or more additional reviews. Reviewers remain anon- 
ymous. These reviews have the major responsibility for critical 
evaluation to determine whether or not a manuscript meets scien- 
tific and literary standards. Where reviewers disagree, the Asso- 
ciate Editor, at his discretion, may obtain additional reviews before 
accepting or rejecting a manuscript. The Associate Editor may also 
elect to return to the author those manuscripts that require revision 

JRM HANDBOOK AND STYLE MANUAL 

to meet format criteria before the Journal review 

The Associate Editor sendsapproved manuscripts, with recommenda- 
tions for publication, to the Editor, who notifies the author of a 
projected publication date. Manuscripts found inappropriate for 
the JRM are released to the author by the Associate Editor. 
Manuscripts returned to an author for revision are returned to the 
Associate Editor for final acceptability of the revision. Revisions 
not returned within 6 months, are considered terminated. Authors 
who consider that their manuscript has received an unsatisfactory 
review may file an appeal with the Editor. The Editor will then 
determine the seriousness of the situation, and may select another 
Associate Editor to review the appeal. The Associate Editor 
reviewing the appeal will be provided with copies of all correspon- 
dence relating to the original review of the manuscript. If the 
appeal is sustained, a new review of the manuscript may be imple- 
mented at the discretion of the Editor. 

Page Proofs 

Page proofs are provided to give the author a final opportunity 
to make corrections of errors caused by editing and production. 
Authors will be charged when extensive revision is required 
because of author changes, even if page charges are not assessed for 
the article. One author per paper will receive page proofs. These are 
to be returned to the Editor within 48 hours after being received. If 
a problem arises that makes this impossible, authors or their 
designates are asked to contact the Editor immediately so that 
adjustments can be made. Unproofed articles will not appear in the 
Journal. To avoid delays in production, delayed proof articles will 
be rescheduled into later issues when space is available. 

Page Charges and Reprint Orders 
Authors are expected to pay current page charges. Since most 

research is funded for publication, it will be assumed that the 
authors are able to pay charges unless they indicate otherwise, in 
writing, when submitting a manuscript. When funds are unavaila- 
ble to an author, no page charges will be assessed. Only the Editor 
will have knowledge of fund status for pagecharges. The Associate 
Editors and reviewers will accept or reject a manuscript on content 
only. 

An order form for reprints is sent to one author with the page 
proofs or shortly thereafter. Information as to priceand procedure 
are provided at that time. The minimum order is 100; no reprints 
are provided free of charge. 

Basic Writing Style for Journal 
Articles 

Every paper should be written accurately, clearly, and concisely. 
It should lead the reader from a clear statement of purpose through 
materials and methods, results, and to discussion. The data should 
be reported in coherent sequence, with a sufficient number of 
tables, drawings, and photographs to clarify the text and to reduce 
the amount of discussion. Tables, graphs and narrative should not 
duplicate each other. 

Authors should have manuscripts thoroughly reviewed by col- 
leagues in their own institution and elsewhere before submitting 
them. Peer review before submission insures that publications will 
present significant new information or interpretation of previous 
data and will speed JRM review processes. 

Particular attention should be given to literature cited: names of 
authors, date of publication, abbreviations or names of journals, 
titles, volumes, and page numbers. It is not the task of Associate 
Editors or Journal reviewers to edit poorly prepared papers or to 
correct readily detectable errors. Papers not properly prepared will 
be returned to the author. 
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