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Evaluation of Wolf Control to Reduce Cattle Preda- 
tion in Alberta 
RONALD R. RJORGE AND JOHN R. GUNSON 

Abstract 

Results of wolf (Canis @I.@ control to reduce predation of 
cattle in northwestern Alberta are reported. Numbers of wolves 
declined from about 40 prior to control to 3 following the strych- 
nine poisoning of 26 wolves during 2 winters, 197PsO and 1980-81. 
Additional losses of wolf pack members occurred from natural 
mortality and dispersal following the removal of the majority of 
their packmates. In 3 of 6 instances where packs took baits, entire 
packs of 2,4, and 6 wolves were killed. Ingress of wolves occurred 
within 1-2 years. Total mortality of cattle declined from a mean of 
64 (3.4%) during 4 years prior to control to 36 (Xg$@during 2 years 
following control. Selectivity of strychnine poisoning was renson- 
ably good although more emphasis on preventive management is 
recommended. 

Wolf (Cam3 lupus) depredations of livestock and subsequent 
wolf removal have occurred throughout the settlement of North 
America (Young 1944, Lopez 1978) and currently occur in western 
Canada (Gunson 1983a), Ontario (Kolenosky 1983), and Minne- 
sota (Fritts 1982). Despite controversy and costs associated with 
these control programs, evaluations have been limited. 

In Alberta, wolves occur in the northern and western two-thirds 
of the province, with current numbers estimated at about 4-5,000 
(Gunson 1983b). Wolf-livestock complaints are most common 
near the forest-agricultural fringe in Alberta and other isolated 
areas of the province. The Alberta Fish and Wildlife Division 
(AFW) initiated annual livestock-related wolf control in 1972, 
consisting of complaint investigation and removal of wolves if 
predation or mauling was confirmed. During 9 years (1972-8 l), 729 
wolves were known to have been removed. 

Results of wolf control conducted during studies of wolf preda- 
tion of cattle in northwestern Alberta during 1975-81 are evalu- 
ated. This paper reports details of wolf removal, nontarget kill, 
response of wolves to vacant territories, and the impact of wolf 
removal on cattle. Results are discussed in relation to management 
of wolf-livestock conflicts. 

Study Area 

The study area, located adjacent to or near the Simonette River 
(54“ SS’N, 117O 5O’W) in northwestern Alberta, encompassed 7 
adjacent grazing leases ranging in size from 5 to 59 km*. All leases 
were located on crown lands in the vicinity of the forest- 
agricultural fringe. Total numbers of cattle pastured on all leases 
during the May through October grazing season varied from 1,558 
(1979) to 2,288 (1976). 

The area is within the boreal forest (Strong and Leggat 1981); 
trembling aspen (Populus tremuloides)is the dominant tree species 
with balsam poplar (Populus balsamifera), willow (Salix ssp.), and 
alder (Alnus spp.) also occurring. The topography is generally flat, 
but interrupted by the banks (to 120 m) of numerous creeks and the 

Ronald R. Bjorge is Regional Habitat Biologist, Alberta Fish and Wildlife Div- 
ision, Bag 900-26, Provincial Building, Peace River, Alberta. John R. Gunson is 
Carnivore Management Unit Leader, Alberta Fish and Wildlife Division, OS. 
Longman Building, 6909 - 116 Street, Edmonton, Alberta. 
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their cooperation and assistance. 
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Simonette and Latornell Rivers. During the grazing period aver- 
age water depth in the rivers varied up to 1 m, but increased 
occasionally by several meters following periods of heavy rainfall. 

Moose (Alces alces)were common; and wapiti (Cervus elaphus), 
white-tailed deer (Odocoileus virginianus), and mule deer (0. 
hemionus) occurred in some areas. Black bear (Ursus americanus) 
and coyotes (Canis latrans) were abundant throughout the area. 

Methods 

We counted and examined cattle entering and leaving grazing 
leases for signs of attacks by predators. Carcasses discovered by 
cattlemen were investigated by study personnel rapidly, usually 
within 24 hours of receiving a report, partly because of require- 
ments of a compensation program. Cattlemen checked their stock 
approximately every 2 weeks, while study personnel, travelling by 
horse and fixed-wing aircraft, occasionally inspected herds. Dead 
animals were examined to determine cause of death; only those 
cattle with definite signs of attack including subcutaneous hemor- 
rhages, blood trails, and/ or teeth and claw marks, were classified 
as predator kills. Wolf kills were easily distinguished from those of 
bear; bites were evident on wolf kills and maulings, while wounds 
from claws or heavy blows were evident on cattle killed by bears. 
Tracks and sometimes scats were observed at kills, supporting 
other data used to determine the predator responsible. 

Most of the wolves were captured in #48 and #114 Newhouse 
traps. One wolf was captured in a neck snare similar to those 
utilized by Nellis (1968) for coyotes. Captured wolves were res- 
trained with a modified hay fork or forked stick, examined for sex, 
reproductive status and general condition, radio-collared (AVM 
Instrument Company; Champaign, Illinois), and released. Radio- 
collared wolves were aerially located, usually twice/week during 
May through October, and weekly during other months. 

We travelled by fixed-wing aircraft, horse, and all terrain vehicle 
during summer and by fixed-wing aircraft and snowmobile during 
winter. Histories of wolf packs and individuals (and thus popula- 
tion estimates) were constructed from analyses of relocations of 
radioed wolves, aerial and ground observation of radioed and 
other wolves, pelage colour, carcasses, and tracks. Because this 
variety of data sources was used to estimate populations and our 
study area was relatively small (1,340 km*), we believe our esti- 
mates are reliable. Removal of 26 wolves through wolf control near 
the termination of the study revealed no surprises; all these wolves 
had been included in earlier population estimates. 

AFW predator control personnel conducted wolfcontrolduring 
the winters of 1979-80 and 1980-8 1. The placement of the 12 poison 
bait stations was determined entirely by predator control person- 
nel with no consultation with us. Control consisted of unpoisoned 
draw baits surrounded by several bite-sized portions of poisoned 
meat, each with 2 cubes of 280 mg strychnine. These were buried in 
the snow lo-30 m from the larger bait. This is the usual technique 
used for wolf control during winter in Alberta. 

Government wolf control was not conducted during the first 4 
years of the study despite documented livestock damages from 
wolves, although wolves were illegally poisoned in 1978. In lieu of 
wolf control, cattlemen received 100% of annually established 
values for confirmed kills and 80% value for cattle missing in the 
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Table 1. Results of wolf control on the Simonette cattle leases in northwestern Alberta during 1979-80 and 1980-81. 

Winter Bait Date set Date removed Wolves taken Date wolves killed Non-tare& species 

1979-80 1 10 Dec. 24 Mar. Matlock Pack 6 of 6 

2 

3 
4 
5 
6 

TOTAL 

1980-8 1 7 14 Jan. 26 Mar. 1 26 Mar. 

8 
9 

10 
I1 
12 

TOTAL 

10 Jan. 14 Mar. 

10 Dec. 
10 Jan. 
10 Jan. 
10 Jan. 

1 Apr. 
24 Mar. 
24 Mar. 
24 Mar. 

14 Jan. 26 Mar. 
30 Jan. 20 Feb. 
4 Mar. 27 Mar. 

23 Jan. 5 Feb. 
5 Feb. 25 Feb. 

Junction Pack 4 of 8 

1 
1 
2 

Muskeg Lake Pack 5 of 7 
1 
0 
0 

20 

1 
South Matlock Pack 4 of 4 
0 
0 
0 
6 

11 Feb. 

8 Feb. 

4 Jan. 
24 Mar. 
24 Jan. 

23 Feb. 

1 Feb. 
IO Feb. 

1 Coyote 
5 Magpies 
5 Ravens 
1 Hairy Woodpecker 

1 Coyote 
1 Raven 

6 Coyotes 
6 Ravens 
1 Magpie 
1 Red Fox 

1 Coyote 

fall. This compensation was available only in our study area 
through a special program of the Alberta Predator Indemnity 
Program and resulted in rapid reporting of dead or missing cattle. 

The 2 X 2 ch&test was used to determine if the incidences of 
mortality and mauling (attempted predation) among cattle dif- 
fered significantly before and after wolf control. 

Results and Discussion 

Removal of Wolves 
Seven of the 12 baits established during 1979-81 (Table 1) 

resulted in killing 26 wolves. Numbers of wolves on the study area 
dropped from 39 or 40 during fall 1979 to 3 during summer 1981 
(Table 2). The control program required 56 man-days and cost 
$8,325.00 or $320 per wolf. 

Mean number of days from bait establishment until wolves were 
killed was 48 (range 1 l-94). Wolves radio-monitored during the 
control program did not always consume bait at first encounter. 

For example, the Muskeg Lake Pack visited bait stations within its 
territory every week between first baiting on 10 December 1979 
and 25 February 1980, when 5 of the 7 wplves were poisoned. The 
Colony Pack spent at least 15 days within 1 km of a bait station 
during January 1980. Tracks indicated these wolves had fre- 
quented the site often, but bait was not consumed during that 
winter. The Matlock and Junction Packs consumed baits on the 
first known encounter. These data indicate that considerable time 
may be required to effect wolf removal, especially if baits are 
placed out in early winter. 

All 26 wolves killed at bait stations died within 150 m of the bait. 
However tracks in the snow indicated that 3 additional wolves 
staggered up to 1 km from bait sites. They were still travelling and 
apparently affected by poisoning but their eventual fate was 
unknown. Elsewhere in wolf control in northwestern Alberta most 
wolves killed at bait stations died near the baits but several wolves 
have travelled up to 1 km before dying (G. Craig, person. com- 

Table 2. Number of wolves in the vicinity of the Simonette cattle leases in northwestern Alberta before and after wolf control during winters 1979-80 and 
1980-81. 

Wolves 
Number 

(Fall) 
Poisoned 

at Bait 
Shot or 
TrauDed 

Poisoned- 
Related Other 

Estimated 
Remaining 

(Soring) _- . . 
1979-80 Muskeg Lake Pack 7 5 0 0 0 2 

Matlock Pack 6 6 0 0 0 0 
Colony Pack 6 0 2 0 0 4 
Junction Pack 10 4 3 1’ 0 2 
South Matlock Pack 4 0 0 0 0 4 
Long Lake Pair 2 2 0 0 0 0 
Swan Lake Pair 2 0 1 0 0 12 
Lone wolves 2-3 3 0 0 0 0 
TOTAL 3940 20 6 1 0 12-13 

1980-8 1 South Matlock Pack 4 4 0 0 0 0 
Colony Pack 9 5’ 2 0 0 2 
Lone wolves 3-4 2 0 0 24 I 
TOTAL 16-17 11 2 0 2 3 

I-Wolf 18 died after separation from all but one member of the Junction Pack. 
Z-This wolf could have been poisoned and classified as a single wolf. 
J-These 5 wolves were illegally poisoned. 
‘-Two radio-collared lone wolves paired during February and dispersed during March 1981. 
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Table 3. Mortality of cattle and numbers of wolves on summer grazing leases in the vicinity of tbe Simonette River, northwestern Alberta. 

Cattle Mauled Cattle Mortality Loss 

Year 

Predators’ 
Cattle on Causes Other Cattle wolves* 

Study Area Wolves Bears Wolves Bears than predation Unknown Missing Total % Present 

Before Wolf Control 
1976 2288 
1977 2023 
1978 1784 
1979 1558 

After Wolf Control 
1980 1772 
1981 1804 

6 3 I 1 123 1 50 65 2.9 23-25 
5 3 I 0 1 3 65 70 3.5 29-33 

13 2 3 1 1 1 58 64 3.6 28-3 1‘ 
19 1 8 1 2 3 43 57 3.7 39-40 

8 1 3 1 2 0 38 44 2.5 1617 
0 1 1 0 2 0 24 27 1.6 34 

I-These include only known predator kills. Other kills by wolvesand bears occurred but were not detected due to remoteness, large pasture size, dense tree cover, and completecon- 
sumption. 
*-Wolves present during early winter. 
J-Seven cattle died from bloat following escape from a grazing lease. 
‘-Six wolves were illegally removed during 1977-78 and 5 during 1980-8 1. 

mun.). Fuller and Novakowski (1955) also indicated that most 
wolves died near strychnine baits, although they reported one 
dying about 400 m away. 

Survivors of packs depleted by wolf control demonstrated vari- 
able behavior including emigration, death from starvation, and 
increased dependence on livestock. One of 2 members that sur- 
vived wolf control in the Muskeg Lake Pack during winter 1979-80 
left the area the following May. During December 1981 this wolf 
#20, an adult male, was killed with another at a government poison 
bait 248 km from the last radio-location. These wolves had been 
killing cattle in this area, indicating wolf 20 became more depend- 
ent upon cattle following removal of the majority of his pack and 
his dispersal. Prior to wolf control on our study area, his pack was 
primarily dependent on wild prey, although they did kill 1 yearling 
heifer and wounded 2 other heifers. 

Wolf 17, a black female pup, and a small grey wolf of unknown 
sex and age travelled together following the deaths of at least 4 of 
the 8 members of the Junction Pack on 8 February 1980. Following 
a radio-location on 26 March, wolf 17 was found dead. Tracks in 
the snow indicated she had been walking up a relatively steep bank, 
collapsed, slid downhill and died. Numerous porcupine (Erethizon 
dorsatum) quills were located on her mouth and face, one rib was 
broken and she was emaciated with an empty stomach. Several 
days earlier a small grey female wolf, likely 17’s companion, was 
shot near a farmyard about 1 km from where wolf 17 died, and 
within the general area where these 2 wolves had been living 
following control. 

Age and experience of wolves surviving control appeared to be 
important factors in their continued survival. For example, wolf 
13, a large adult wolf, survived the illegal poisoning of most of the 
remainder of the Colony Pack in 1980-81. However, wolf reduc- 
tions may be greater than indicated by the number of wolves at bait 
stations as suggested above. 

Nontarget Kill 
In the control reported here, relatively few nontarget animals 

were taken (Table 1). Although quantitative data relative to densi- 
ties of fur-bearers are unavailable, coyote densities appeared 
greater than those of wolf. While capturing wolves for radio- 
collaring, we made 39 coyote captures versus 28 wolf captures in 
leg-hold traps. Only 9 coyotes were taken on poison baits com- 
pared to 26 wolves, suggesting greater selectivity for wolves 
although some coyotes may have left the area during winter. Other 
furbearers relatively common and regularly harvested by regis- 
tered trappers in the region include fisher (Martespennanti), lynx 
(Felix lynx), and short-tailed weasel (Mustela erminea). None of 
these were taken on poison baits, although 1 red fox (Vulpes 
vulpes) was killed. The few nontarget animals taken during 694 
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bait-nights were largely due to experienced control personnel and 
the technique of burying small drop baits in the snow. Animals 
other than wolves apparently did not readily retrieve these baits 
from beneath the snow. 

Wolf Response to Vacant Territories 
Ingress of wolves to vacant territory following control was 

noted. After illegal poisoning of 6 black wolves on the study area 
during early winter of 1977-78, the resultant vacant territory was 
occupied by another pack of 8-10 wolves during summer of 1979. 
Because only 1 wolf survived the illegal control and the new pack 
was composed of many grey animals, we concluded this was a 
different group of wolves. 

A range shift was evident for wolf 13 following removal of 
adjacent packs (Junction, Muskeg Lake, and Matlock) during 
winter of 1979-80. This wolf separated from the Colony Pack and 
travelled with a small black wolf throughout portions of the former 
territory of these 3 packs. Ingress of lone wolves into territories 
vacated through wolf control was suspected during 1980. Three of 
5 wolves captured that year were lone, compared to 0 of 9 and 1 of 6 
in 1979 and 1978, respectively. During September 198 1 a pack of at 
least 7 wolves appeared in portions of the territories formerly 
occupied by the Colony and Junction Packs. By 1982 local cattle- 
men and hunters were reporting that wolves were again common in 
the area. 

Wolves commonly disperse from established packs (W.B. Bal- 
lard, R.O. Stephenson and T.H. Spraken 1981, unpublished final 
report, Nelchina Basin Wolf Studies, Alaska Dept. of Fish and 
Game; Fritts and Mech 1981) to search for a mate and vacant 
territory (Mech 1973, Rothman and Mech 1979). Movements of 
lone wolves and newly formed pairs are largely influenced by the 
activities of packs. Normally these wolves tend to avoid territories 
of packs (Fritts and Mech 1981, Van Ballenberghe et al. 1975) 
although lone wolves have occasionally been known to join estab- 
lished packs (Fritts and Mech 1981). An absence of howling (Har- 
rington and Mech 1979, Joslin 1967) and a scarcity of recent scent 
marks (Peters and Mech 1975) may encourage dispersing wolves to 
remain in vacant territories. Thus repopulation of vacant territo- 
ries created through wolf control may occur relatively quickly 
through immigration of wolves from other areas. 

Impact of Wolf Removal on Cattle Mortality 
Total mortality of cattle from all sources decreased from a mean 

of 641 year during the 4 pre-control years to 441 year (KO. 10) and 
27/year (X0.01) following year 1 and 2 of wolf control, respec- 
tively (Table 3). Numbers of cattle mauled but not killed were 
lower (X0.05) after the 2nd year of control. Also, numbers of 
cattle known to have been killed by wolves declined after wolf 
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control was initiated (Table 3). We believe that wolf control, and 
thus less wolf predation of cattle in 1980 and 1981, was primarily 
responsible for the observed lower mortality during those years. 

Elsewhere, wolf control has reduced subsequent prevalence of 
predations (Fritts 1982, Tompa 1983). In Minnesota, wolf removal 
reduced losses in most cases, but some depredations stopped even 
though control was unsuccessful, while in other cases depredations 
continued despite wolf removal. Fritts (1982) attributed such vari- 
ation to differential behavior of specific wolf packs, changes in 
farm management practices, pack versus lone wolves, and wolf 
densities. In British Columbia, Tompa (1983) reported 34% of 104 
cases of control were highly effective whereas in 28% of the cases 
control was not effective. 

A major disadvantage of wolf control is the fairly rapid repopu- 
lation from surrounding areas. To reduce costs of repetitious con- 
trol, annual harvests by hunters and trappers should be encour- 
aged. During the 6 years of our study only 4 wolves were harvested 
by trappers. Special programs to train trappers in wolf capture are 
needed. 

In our area, total mortality was relatively high during 1976 (65 
losses-2.9%) and 1977 (70 losses-3.5%) despite only modest 
numbers of wolves during those years (compared to 1979) and 
fewer observed maulings and kills. We did not observe higher levels 
of bear predation (Table 3) or disease during those years, and 
because of the remoteness of the pastures, we do not believe theft 
occurred. These somewhat greater-than-expected losses during the 
1st 2 years of study were likely related to 2 factors. 

Perhaps most importantly, preventive techniques should be 
emphasized in wolf-livestock management. Such measures include 
sending only healthy and non-pregnant animals to pasture (Bjorge 
1983), checking cattle regularly, rounding up cattle in early fall, 
and removing carcasses to discourage scavenging. Techniques cur- 
rently under evaluation include use of surveyors’ flagging on fen- 
ces, installation of bright lights, and taste aversion conditioning 
(Fritts 1982). However, in remote pastures it is unrealistic to expect 
prevention of all depredations by wolves. Techniques utilized to 
prevent sheep depredation by coyotes (Robe1 et al. 1981, Boggess et 
al. 1978) such as corralling at night or use of guard dogs are not 
feasible to prevent wolf depredations on large, remote cattle pas- 
tures. Grazing leases should be located as close to agricultural 
development as possible in order to afford more protection from 
predation. 

First, losses to flooding were probably higher during these years 
when very high water levels occurred on the Simonette River 
following 2-3 day rains. On several occasions the level of this river 
rose rapidly causing extensive bank erosion and loss of vegetation 
(including large trees). During intervening periods of low water 
levels, we often observed cattle crossing the river and 6 of 7 pas- 
tures included portions of the river. Precipitation data from Envir- 
onment Canada at Grande Prairie, 70 km to the west, indicated 
May-September rainfall exceeded the 40-year mean of 256 mm 
during 3 of the 6 years: 1976-394 mm, 1977-341 mm, and 1980-305 
mm. It should also be noted that losses were the lowest during 
1981, the year of least wolves and lowest rainfall-156 mm. 
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Recovery of Vegetative 
ter during Revegetation 
Semiarid Climate 
J.F. DORMAAR AND S. SMOLIAK 

Abstract 

Cover and Soil Organic Mat- 
of Abandoned Farmland in a 

Much of the farmland in the Canadian Prairie region has been 
abandoned over the years and allowed to revert to weedy cover and 
eventually to grassland. While some of the changes in vegetation 
during plant succession have been documented, limited hrfonna- 
tion is available on changes in soil characteristics. The purpose of 
this study was to assess the vegetative cover and soil transforma- 
tion under similar semiarid climatic conditions with an annual 
precipitation of about 310 mm on 3 sites abandoned in 1925,1927, 
and 1950 as compared to adjacent native range. Total C and N, 
water-stable aggregates between 1.0 and 5.0 mm, and polysaccha- 
ride content increased, while chelating resin-extractable C, humic 
acid/fulvic acid ratios, caloric content of the rootmass, and dehy- 
drogenase activity decreased in the successional sequence. Never- 
theless, more than 55 years will be required to aiiow soil to return to 
native range standards under moderate grazing by livestock. 
Revegetated range may have to be subjected to lighter grazing 
pressures than usual to allow the vegetation to continue to increase 
its rootmass and thus the soil chemical properties. A hypothesis to 
explain changes in root- and top-mass ratios with time on the basis 
of the quality of soil nitrogen has been advanced. 

Many of the level grasslands in southeast Alberta and southwest 
Saskatchewan were cultivated early in this century. However, from 
1916 to 1935, it became evident that many of these areas were 
entirely unsuited for crop production because of adverse climatic 
conditions and the nature of the marginal or submarginal lands 
that were cultivated. A combination of a series of years of average 
or below average rainfall, drifting soil, and low prices of agricultu- 
ral products forced many settlers to abandon their farms. Some 1.6 
million hectares of abandoned farmlands were allowed to revert to 
annual and perennial weeds and eventually to grassland. Across 
the border in Montana, U.S.A., the economic situation was much 
better after the severe drought between 1917 and 1921 (Gieseker 
1931) and dryland farming was firmly established. However, large 
parts of southern Alberta and Saskatchewan, Canada, were consi- 
dered unsuitable for cultivation and have remained in permanent 
rangeland (Fig. 1). 

A recent study assessed the possible impact of 40 to 49-year-old 
stands of crested wheatgrass on soil organic matter characteristics, 
by comparing four stands with adjacent native range (Dormaar et 
al. 1978, 1980). At one seemingly native range site, 49 years of 
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naturally reverting to native range after 10 years of cultivation was 
not sufficient time for the soil to have chemical and physical 
characteristics similar to those of adjacent native range. This was 
of interest in terms of time as a soil-forming factor. Old-field 
successions have been described by Booth (1941), Whitman et al. 
(1943), Tomanek et al. (1955), and Haug and Van Dyne (1968), 
while Rice (1976) explained the causes of succession. The purpose 
of this study was to assess the vegetation and changes in a number 
of soil chemical properties during the succession of abandoned 
cropland to native range under semiarid climatic conditions. 

Materials and Methods 

sites 
Three fields of similar topography at the Agriculture Canada 

Research Substation, Manyberries, Alta., were chosen for the 
study. The fields included sites containing cropland, abandoned 30 
to 55 years before the study and allowed to revegetate by secondary 
succession, and adjoining unbroken native range of the Mixed 
Prairie Association. The native range and the adjacent cultivated 
areas have been grazed by cattle at a moderate rate to provide a 
50% carryover of forage. 

The treatment received by the abandoned fields was as follows: 
Site 1925-The revegetatingfield was ploughed in 1910, cultivated 

for 15 years, and abandoned in 1925. 
Site 1927-The revegetating field was ploughed in 19 17, cultivated 

for 10 years, and abandoned in 1927. 
Site 1950-The revegetating field was ploughed in 1920, cultivated 

intermittently for 30 years, and abandoned in 1950. 

Vegetation 
Vegetative ground cover and species composition of the study 

sites were determined by the vertical point method (Lodge and 
Campbell 1965). A total of 2,100 points were located at each site in 
August, 1981. Nomenclature for vascular plants follows that given 
by Moss (1959). Forage yields were obtained by harvesting the 
plants at ground level in 10 randomly located I-m2 quadrats at each 
site in August, 1981 and 1982, and oven-drying the harvested 
samples. 

Soil 
The soils are members of the Orthic Brown Subgroup of the 

Chemozemic Order (Aridic Ustochrept): a dark yellowish brown 
(1OYR 4/4, wet) friable Ah surface horizon of 7 cm with pH Hz0 of 
6.9 is underlain by about 13 cm of a brown (10YR 5/3, wet) 
columnar Bm horizon with a pH Hz0 of 6.1; the Ck horizon occurs 
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at about 20 cm below the surface, is very pale brown (IOYR 713, 
wet) and has a pH Hz0 of 1.7. The climate is semiarid and annual 
preapeation averages about 310 mm. 

Ten soil cores, 6.5 X 60 cm, were obtained at random locations 
(April, 1982)fromeachfieldand the rootsineach 15-cmincrement 
were washed by the method essentially as described by Lauenroth 
and Whitman (197 1). Weight of organic mass was calculated on an 
ash-free, oven-dry basis (da@ Energy content of the roots from the 
O-IS-cm level was determined on 0.5-g samples in a Parr adiabatic 
calorimeter and expressed on a daf basis. 

The Ah horizon (O-IS-cm) was sampled (September, 1980) on 3 
subplots in each of 4 sampling areas with similar landscape posi- 
tion within each field. The subplot samples were combined, mixed, 
air-dried, and ground to pass through a l-mm screen. Organic 
matter (OM) was determined by the method outlined by Walkley 
and Black (1934), chelating resin-extractable carbon(C) and the 
humic acidlfulvic acid carbon ratios as described by Dormaar 
(1973), total nitrogen (N) as by Association of Official Agricultural 
Chemists (1950), hydrolysable-N, hexosamine-N, and amino acid- 
N (on samples collected in April, 1982) as by Bremner (1965), and 
polysaccharides as by Brink et al. (1960). Dehydrogenase activity 
was determined at pH 1.6 on fresh, moist soil (September, 1980) 
within 24 hours after its collection by measuring the triphenylfor- 
mazan (forma=“) produced by reduction of 2,3,5-triphenyltetra- 
zolium chloride when soil was incubated with 2amino-2-(hydro- 
xymethyl)propane-1:3diol buffer (0.5 M) at 3O’C for 5 hours 
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(Ross 197 1). The soil variables chosen were considered to be sensi- 
tive indicators of soil changes and have been used previously 
(Dormaar et al. 1978). 

Water-stable aggregates (April, 1982) were determined by the 
wet-sieving technique (Yoder 1936); undisturbed cores were ana- 
lyzed for bulk density (U.S. Salinity Laboratory Staff 1954). 

It is recognized that chemical, physical, and vegetational 
changes that may occur within and on the soil are undoubtedly 
affected by a host of environmental changes that vary with years. 
Ideally, the most accurate assessment of such changes could be 
made from repeated analyses of samples taken periodically from 
well-replicated field plot tests over many years. Although replica- 
tion and application of current statistical analyses to newly estab- 
lished field plot experiments is common and undeniably desirable 
and useful, valid information and data can still be gained from 
early established. unreplicated field experiments, includingrcvege- 
tation of abandoned farmland studies, by virtue of their antiquity 
(Ridley and Hedlin 1968, Dormaar and Pittman 1980, Dormaar 
1983). Time has exerted a type of replication on the revegetation of 
the abandoned farmland study described here. 

Multiple sampling of a single plot at any one time reduces 
variance attributable to analytical sampling errors (Federer 1955), 
but does not constitute a replication of the applied treatment. 
Standard errors were calculated to check the variability within the 
results of any analysis for each set of 4 soil samples, but they were 
not tabulated. The root weights were analyzed using analysis 
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Table 1. Vegetative ground cover (%) by species and forage yield on native range and revegetated native range, Mnnyberries, Alberta, 1981-82. 

Year of abandonment 

1925 1927 1950 

Species Native Revegetated Native Revegetated Native Revegetated 

Grasses and Sedges 
Blue grama 3.10 6.76*’ 2.24 4.38** 3.05 6.52** 
Needle and thread 3.95 2.95 3.19 2.38 4.19 2.14* 

Junegrass 1.80 0.38** 1.76 1.00 1.52 1.00 
Western wheatgrass 0.48 0.14 0.38 0.29 0.38 0.14 
Others 0.63 0.57 0.43 0.72 0.34 0.05 

Total 9.96 10.80 8.00 8.77 9.48 9.85 
Shrubs and Forbs 

Fringed sage 0.10 0.00 0.00 0.00 2.43 0.95** 
Other shrubs 0.00 0.53 0.95 0.19 0.05 0.19 
Forbs 0.72 0.10* 0.10 0.48 0.34 0.38 

Total 0.82 0.63 1.05 0.67 2.82 1.52** 
Little clubmoss 0.00 0.00 0.14 0.14 0.00 0.00 
Total number of species 13 10 12 11 13 10 
Forage yield (kg/ ha) 

1981 166 322 215 414 338 784 
1982 244 392 380 620 292 440 
Mean 205 357 298 517 315 612 

**,*Significantly different at the 1% and 5% levels, respectively, as determined by the Chi-Square test. 

Table 2. Below-ground biomass (g/m*) on native range and revegetated range, Manyberries, Alberta, 1982 (average of 10 cores 6.5-cm diameter X E-cm 
depth). 

Year of abandonment 

Increment 
(cm) 

o-15 
15-30 
30-45 
45-60 
Total 
Caloric content 

@J/g) 
Potential energy 

@J/m? 

1925 1927 1950 Mean 

Native Revegetated Native Revegetated Native Revegetated Native Revegetated 

1,373** 808 1,385** 716 1,058** 618 I ,272** 714 
406* 357 466* 408 555** 361 476* 375 
300** 264 428** 309 337** 181 35588 251 
315** 199 290** 244 21288 125 272** 189 

2,394** 1,628 2,569*’ 1,677 2,162** 1,285 2,375*+ 1,530 
19.2 19.2 19.3 19.5 19.3 22.4 

26,362 15,514 26,731 13,943 20,419 13,709 

*,**Significantly different from adjacent revegetated range at EO.05 and m.01, respectively 

of variance techniques, while the vegetative ground cover was 
compared by the Chi-Square Goodness-of-fit test. The soil charac- 
teristics were analyzed by paired analyses (t-test) for each year. An 
analysis of variance test was also used to compare the year means, 
realizing, of course, that there is a loss of accuracy. 

Results 

Vegetation 
Species composition of the vegetation on the native and revege- 

tated range sites differed (Table 1) as there was much more blue 
grama (Bouteloua gracilis (HBK) Lag.) cover on the revegetated 
range than on the native range sites. There was less needle-and- 
thread (Stipa cornata Trim. and Rupr.) on the 1950 revegetated site 
and less junegrass (Koeleria cristata Pers.) on the 1925 revegetated 
site than on adjacent native range sites. The amounts of western 
wheatgrass (Agropyron smithii Rydb.) and the total of other 
grasses and sedges were similar on the revegetated range and the 
native range sites. The total vegetative ground cover of all grasses 
and sedges was similar on the revegetated and native range sites. 

Total ground cover of fringed sage (Artemisiu frigidu Willd.) 
was greater on the 1950 native range site than on the revegetated 
site. The ground cover of forbs was greater on the 1925 native range 

site than on the revegetated site. Little clubmoss (Selaginellu densa 
Rydb.) was present only on the 1927 sites. There were more species 
recorded on the native range sites than on the revegetated range 
sites. 

Total forage production was greater on the revegetated range 
than on the native range in both years (Table 1). Mean forage yields 
were from 73 to 94% greater on the revegetated range sites. 

Below-ground biomass was consistently greater on native range 
sites than on revegetated range sites (Table 2). The greatest differ- 
ence, from 70 to 93%, occurred in the top 15-cm increment while 
the smallest difference was in the next 15- to 30-cm increment. 
Although the rootmass in the 0- to 15-cm increment of the native 
range next to the 1950 revegetated soil was considerably lower as 
compared to the other 2 native range fields, the examined chemical 
properties of the soil of the 3 native range fields were similar. 

Soil 
Total OM and total N of the revegetated soil were higher in the 

1925 abandoned site than in the 1950 abandoned site (Table 3). 
However, this provided only limited information in terms of the 
composition of the OM. Although the 1950 revegetated soil had 
the lowest OM content, more of this OM was extractable by 
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Table 3. Characteristics of the organic matter of Ab horizons of native range and revegetated native range (average of four samples) 

Year 
of Status 

abandon- of 
ment range 

Resin- 
Water-stable 
aggregates --,- 

extract- 
Organic Total able C >l.O Bulk Total Am 

matter N 
(%) (%) (& 

Total mm density acio ar 

HA/ FA’ (%) (%) (g/cm? (% of Total N) 

Hvdrolysable N Poly- 

ino Hexos- Ammo- saccha- 
. nine rides Dehyd- 

nium (mg/- rognase 
IOOg) activity2 

1925 Native 
Revegetated 

1927 Native 
Revegetated 

1950 Native 
Revegetated 

S.E. of the 
12 native 
samples 

1925~s 1927 
1950 vs 

1925/ 1927 

1.82** 0.148** 26.8 3.51 62.9 36.9 1.30 76 44 7 Is** 342 31 
1.63 0.137 28.7 3.48 62.8 36.7 1.29 76 43 6 17 339 36 

1.80** 0.151** 27.7. 3.54* 62.7 36.7 1.29 75 43 6 16* 347*+ 32** 
1.54 0.135 32.3 2.97 64.3 36.1 1.29 77 44 7 17 273 42 

1.84** 0.150.. 26.0. 3.51** 63.2** 37.1** 1.29 76’+ 45** 7*+ 15** 342** 29** 
1.46 0.119 41.1 2.18 76.6 30.3 1.35 81 52 9 19 225 46 

0.01 0.001 0.5 0.01 0.1 0.1 0.00 0.3 0.6 0.3 0.3 2 1 

* * l * 
* ** ** l * ** l * l * ** ** ** ** ** 

1Humic acid/Fulvic acid ratio. 
Wehydrogenase activity was measured as nmol formazan.released/g dry soil/hour. 
*,**Significantly different from adjacent revegtated range at PI 0.05 and PSl.01, respectively, as determined by the t-test. 

chelating resin. The humic acid/fulvic acid ratios further con- 
firmed this change in composition of the OM. Dehydrogenase 
activity of the revegetated soil was lower in the 1925 than in the 
1950 site. 

of natural revegetation in grazed fields. 
Even though the below-ground root material was less in the 

revegetated areas, above-ground productivity was greater partly 
because of the chemical properties of the soils. 

Although the trend of the total water-stable aggregates did not 
correlate with the OM content of the soil, there was increased 
aggregation in the smaller-sized (Cl .O-mm) aggregate fraction dur- 
ing the early stages of revegetation. In the revegetated soil, bulk 
density, defined as the mass of dry soil per unit bulk volume, 
decreased from the 1950 to the 1925 site. Since there was no change 
in texture, the soil was thus more loose and porous in the 1925 site 
than in the 1950 site. This was also reflected in the change in the 
larger-sized (>l.O-mm) water-stable aggregates. 

More N was released into solution by the 6N hydrochloric acid 
from the 1950 revegetated soil than from any of the other soils. 
Almost all hydrolysable N was accounted for by the sum of (amino 
acid + hexosamine + ammonium)-N in the 1950 revegetated soil 
but, with all other five soils, around 10% of the total hydrolysable 
N was not identified. 

Rice and Pancholy (1972) found that inhibition of nitrification 
increased with the progress of succession toward the climax ecosys- 
tem. It thus appears likely that the greater inhibition of nitrifica- 
tion aids in the buildup of the available N in the form of 
ammonium-H (NHrN). Rice (1976) showed that the amount of 
NH4-N increased from a low in the first successional stage to a high 
in the climax, whereas the amount of nitrate-N (NOs-N) decreased 
from a high in the first successional stage to a low value in the 
chmax. The NHrN values in the present study were 2.12 and 4.82 
pg/g (native range: 5.64 pg/g), while the NOs-N values were 6.35 
and 3.52 pg/g (native range: 3.17 pg/g) for the 1950 and 1925 
revegetated fields, respectively. 

The roots of the 1950 revegetated field had the highest caloric 
content (Table 2). Still, the rootmass of the native range repres- 
ented a higher potential source of available energy than that of the 
abandoned fields returning to native range even after 55 years. 

Discussion 

The 3 pairs of native versus revegetated native ranges were not 
replicated by year because similarly treated, nearby abandoned 
fields were not available; historically, only a field was set aside. 
However, inasmuch as the data of the 3 native range sites generally 
demonstrated good agreement and the recovery data always 
sequentially approached the native range data (Table 3), it is 
reasonable to accept the data from the revegetated native ranges as 
representative of their position in the successional sequence. 

Dormaar and Ketcheson (1960) noted that corn roots in NH4-N 
treated soils exhibited greater ramification than those in NOsN 
treated soils, while Bosemark (1954) established that at increased 
NOs-N levels an inhibition of root growth of wheat was the result, 
in part, of reduced cell multiplication. It may thus be postulated 
that both increased above-ground biomass, caused by the probable 
higher over the season NOs-N levels in the revegetated soils, (i.e., 
earlier in the successional stages), and increased rootmass, caused 
by higher over the season NHI-N levels, (i.e., at the climax ecosys- 
tem stage), are credible observations. 

More than 55 years are required for the revegetated, abandoned 
crop fields to approach native range conditions if they are moder- 
ately grazed after abandonment, even though the 1925 field was 
only cultivated for 15 years. On the revegetated sites the high 
proportion of blue grama indicates that this grass is more plentiful 
during succession than at climax. This study supports the conclu- 
sions of Whitman et al. (1943) that 60 years or more may be 
required for the development of climax vegetation by the process 

An alternative explanation for increased above-ground biomass 
on the revegetated fields would be the increased mineralization of 
N in the organic matter during the period of cultivation of the 
prairie range. Since a large percentage of the OM in Brown Cher- 
nozemic soils is still only partially decomposed (Dormaar 1975), 
there is a potential for considerable mineralization. Cycles of dry- 
ing and wetting will further enhance this mineralization process. It 
is likely that both mechanisms, i.e., the effect of the NOs/NH4 
ratios and increased mineralization due to the period of cultiva- 
tion, contributed to the increased above-ground productivity. 
Schuman et al. (1984) showed that a significant loss in organic C 
and N occurred as a result of 5 years of cultivation when compared 
to native range sites. 

On the basis of the decrease in OM extractable by chelating 
resin, increase in the humic acid/fulvic acid ratios, and increased 
aggregation further along the successional sequence, it may be 
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postulated that, initially, mineral matter will be temporarily held 
together (Dormaar 1983) in small aggregates by organic substances 
of low molecular weights. As these organic molecules undergo 
polycondensation and possibly ramify with time, the size of aggre- 
gates will increase. 

Increased rootmass will yield increased root exudates. Since 
monosaccharides, major constituents of root exudates, are active 
ingredients in stabilizing soil structure (Cheshire 1979), they will 
succeed the low molecular weight organic substances to become 
the dominant cementing agent. This will allow the water-stable 
aggregates to further increase in size. Finally, inasmuch as the 
percentages of water-stable aggregates of the native range and the 
1925 revegetated soil were similar, it appears that the ratio distribu- 
tion of the monosaccharides within the root exudates during the 
successional sequence has accelerated aggregation. 

Pancholy and Rice (1973) conducted investigations on the 
revegetation of abandoned fields in central Oklahoma and south- 
eastern Kansas and suggested that the monitoring of soil enzyme 
activity may indicate the plant growth potential of a soil and give 
insight into the microbial processes necessary for soil formation. 
They found that the dehydrogenase activity generally increased as 
revegetation of abandoned fields progressed. However, in the pres- 
ent study, dehydrogenase activity was less in the 1925 than in the 
1950field. The findings by Pancholy and Rice (1973) and this study 
are probably region-specific, i.e., Oklahoma vs Alberta, because of 
local climatic conditions. The average annual precipitation in the 
tallgrass prairie revegetation area studied by Pancholy and Rice 
(1973) was 810 mm, while precipitation at the Manyberries Substa- 
tion averages about 3 10 mm annually. 

Because of less rootmass in the revegetated soils than in the 
native range, potential energy flow from this rootmass into the soil 
system was still not at par with that of the native range soil system. 
A similar observation was made for energy input under native 
range versus crested wheatgrass (Dormaar et al. 1978). To allow 
the soil to sooner regain its native range status following aban- 
donment of cultivated land, revegetated range may have to be 
subjected to light or no grazing pressures to allow the vegetation to 
continue to increase its rootmass and increase the soil organic 
matter levels. The decision to allow the return of cultivated land in 
southeastern Alberta to its native range status (Fig. 1) under the 
existing semi-arid climatic conditions seems justified in terms of 
soil quality. 
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Denitrification and Bacterial Numbers in Riparian 
Soils of a Wyoming Mountain Watershed 
M.R. HUSSEY, Q.D. SKINNER, J.C. ADAMS, AND A.J. HARVEY 

Abstract 

The presence and activity of denitrifying bacteria as well as 
bacteria capable of reducing sulfate in 1 upland and 5 riparian soils 
of a mountain watershed in Wyoming were studied. Bacteria were 
enumerated from soil samples collected during summer along tran- 
sects placed perpendicular to stream flow. Samples were taken at 3 
depths within each plant community. Subsamples were frozen and 
later utilized to determine denitrification potential. 

Higher counts of total heterotrophic aerobic bacteria, sulfate- 
reducing bacteria, denitrifying bacteria, and denitritication poten- 
tial existed in the upper 5 to 15 cm of soil than at 30 cm. Soils 
located close to the stream’s edge tended to have more bacterial 
activity than those further from the stream, indicating that these 
soils may be important areas for nitrate and sulfate reduction. Soil 
organic matter and water content decreased with depth in all plant 
communities, and those closer to the stream contained more 
organic matter and water than those further from the stream. 

Riparian ecosystems are ecologically important vegetative com- 
munities (Odum 1978). Compared to upland vegetation types, 
riparian zones in the Rocky Mountain States are relatively limited 
in area and often receive extensive user pressure by livestock, 
wildlife, and man (Busby 1978, Jahn 1978, Johnson 1978). These 
users are often accused of causing excessive damage to associated 
aquatic habitat, vegetation, and stream channel stability, which 
often causes a reduction of soil moisture, plant production, and 
species composition (Settergren 1977, Platts 1978, Haugen and 
Duff 1982). The riparian zones’location between upland and aqua- 
tic ecosystems represents a transition zone and consequently may 
be of particular importance in understanding the contribution of 
nutrients to nearby waters from the uplands (Kirby 1978). 

Numerous studies using vegetation, channel morphology, and 
sediment deposition show changes occurring in riparian zones due 
to livestock grazing (Duff and Cooper 1978, and Platts et al. 
1983). Other authors have used bacteria indicative of fecal pollu- 
tion for assessing ungulate grazing contribution to stream pollu- 
tion (Morrison and Fair 1966, Jawson et al. 1982, Skinner et al. 
1984a). Bacteria other than those used to determine fecal contami- 
nation in streams may be useful to predict user impact on riparian 
zones. Data from Skinner et al. (1984b) suggested denitrifying 
bacteria may be associated with stream bottom and bank areas in a 
mountain drainage basin. These bacteria were the only population 
out of several monitored to show significant response downstream 
even with settling of organisms because of depression storage. 
Bacteria capable of reducing sulfate were also present. It is possible 
these organisms may be entering stream flow from riparian zones 
through bank-stream interflow (Morrison and Fair 1966). The 
purpose of this study was to document: (1) denitrifying and sulfate- 
reducing bacterial numbers present in riparian plant communities, 
(2) differences in numbers of denitrifying and sulfate-reducing bac- 
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teria between different riparian and upland plant communities, (3) 
variation in numbers of these bacteria with soil depth, and (4) if 
denitrification potential varied between plant communities and 
soil depth. 

Denitrifying bacteria, which are facultative anaerobes, and 
sulfate-reducing bacteria, which are strict anaerobes, are common 
in many soils and waters (Gamble et al. 1977, Knowles 1982, 
Postgate 1984). Bacterial denitrification has been positively corre- 
lated with soil moisture and organic matter (Smith and Tiedje 
1979a, 1979b; Patten et al. 1980; and Knowles 1982). Sulfate- 
reducing bacteria proliferate under anaerobic conditions in soils 
(Peck 1982, Bremner and Steele 1978, and Postgate 1984). Soil 
moisture is pertinent to maintaining riparian zones. Wet soils 
reduce soil oxygen content and should therefore, provide a better 
environment for the bacterial reduction of nitrate and sulfate. This 
work was carried out to determine if the presence, population 
dynamics, and potential for denitrifying bacteria could, with future 
research, provide an additional way to monitor user impacts of 
riparian ecosystems. User impacts that may decrease soil moisture 
could change the soil/ oxygen balance in riparian zones and reduce 
bacteria numbers or anaerobic related activity. A reduction could 
occur prior to changes in vegetation, water quality, or wildlife 
diversity observed through current monitoring methodology. 
Consequently, change in these bacteria or biological activity may 
provide early warning to successional change in riparian eocsystems. 

Materials and Methods 

Study Site 
A 30 X 100 m study site was located along Telephone Creek 

approximately 40 m above a stream flow gauging station approxi- 
mately 3,170 m above sea level. 

Telephone Creek is 1 of 3 main drainages within the Nashfork 
Hydrologic Observatory of Southeastern Wyoming. The water- 
shed has been continuously monitored by the Wyoming Water 
Research Center (WWRC) since the mid 1960’s. Vegetation and 
drainage basin have been described by Skinner et al. (1974). The 
area is typical of many high mountain watersheds in the Rocky 
Mountains. Monthly air temperature, precipitation, and stream 

Table 1. 1983 mean monthly precipitation air temperature snd stream flow 
for mill pond gauging station (WWRC 1983). 

Month 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
act 
Nov 
Dee 

Precipitation 
cm 

.33 

.30 

.64 

.41 

.56 

.28 

.23 

.15 

.33 

.18 

.25 

.28 

Air Stream 
Temperature flow 

OC L set-’ 

-12.66 22.36 
-12.33 9.91 

-9.72 15.00 
-7.94 9.91 
-0.17 87.73 

3.83 789.00 
8.77 581.00 

10.11 190.74 
4.39 68.49 

-2.11 82.92 
-7.33 87.73 
-9.88 52.07 
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Table 2. Microbiological data obtained per g dry soil and soil physical properties for depths and plant communities. Telephone Creek study site. 

Site 
ug NO 

Produced 

Log Viable Cells 
Sulfate- Heterotrophic 

Denitrifying Reducing Aerobic 
Bacteria Bacteria Bacteria 

Depth 
Scm 

15cm 
30 cm 

Plant Communities 
Wet 
Moist 
Unland 

*I.88 a 
0.88 
0.11 

0.87 ab 
1.69 a 
0.31 b 

5.33 a 4.59 7.07 
4.96 ab 4.76 6.65 
4.09 3.03 6.77 

5.12ab 4.96 7.08 
5.24 a 3.82 6.75 
3.98 b 2.58 6.65 

Soil Physical Properties 
Water 

Organic Content 
Matter(%) (% Wet) PH 

19.96 43.82 4.99 a 
14.57 37.13 5.50 ab 
7.36 a 25.44 a 5.28 b 

21.68 a 
15.04 b 
5.17c 

52.68 a 5.22 a 
40.94 b 5.40 a 
12.76 c 4.71 b 

Values with same letters or no letters within columns, depths, and plant communities indicate no significant differences at OL q  0.05, n = 18. 

flow at the site for 1983 are presented in Table 1. 
The selected study area was occupied by 3 plant communities 

designated wet meadow, moist meadow, and upland. The wet and 
moist meadows were considered representative of riparian soil 
types. The upland had shallower soils containing less organic 
matter and were brown in color compared to the dark organic-rich 
riparian soils. The riparian soils have been described as cryaqualls 
and histosols. The upland soils were described as being primarily 
Endlich. In the wet meadow, Carex (Curex sp.) and Equisetum 
(Equisetum sp.) were dominant; grasses and rushes (Juncus sp.) 
were dominant in the moist meadow; grasses, forbs, and subalpine 
forest were characteristic of the uplands. Three transects, approx- 
imately 30 m apart and 30 m long were established within the study 
area. Each transect started at the edge of the low stream bank 
(Platts et al. 1983) and continued, perpendicular to the stream, 
upland through each vegetation zone, and total length along a 
straight line was determined. Sampling occurred at the center of 
each vegetative zone. 

Sampling 

Porapak Q 80/ 100 mesh (Supelco Inc.) column at 50°C. Carrier 
gas was 5% methane in argon (Ar) flowing at 60 ml per min. 
Detector temperature was 3OO’C and the injector temperature was 
250°C. Injections were made with Hamilton (Hamilton Co., Reno, 
Nev.) microliter gas-tight syringes. Two certified gas standards 
(Scott Speciality Gases, Troy, Mich.) containing 99.61 ppm NsO in 
Ar and 1,069 ppm NsO and 1,012 ppm acetylene (&Hz) in Ar were 
used to prepare standard curves. Peak heights were used in quanti- 
tating amounts of NsO produced from samples. Multiple injections 
from each sample were made and average values obtained. The 
amount of NsO in the slurry was calculated and added to head- 
space NsO using the procedure described by Tiedje (1982). 

Sulfate-reducing bacterial populations were enumerated using 
methods described by Mara and Williams (1970). 

Soil Physical Parameters: 

Samples were collected on August 15, 16, and 17; and again on 
September 12,13, and 14,1983. Sampling depths from soil surface 
were 5, 15, and 30 cm. One transect (9 samples) was collected and 
processed on each sampling day. A soil core was removed and 
subsamples containing approximately 0.5 kg at appropriate depths 
were removed, placed in labeled “Ziploc Bags”, iced, and trans- 
ported to the laboratory for analysis. 

Soil water content, reported on a wet weight basis, was deter- 
mined gravimetrically at 105OC for 24 h. All values reported for 
NsO production and microbial population estimates are on a per g 
dry soil basis. Estimates of organic matter were obtained via loss- 
on-ignition (Davies 1974). 

Soil pH was determined using a Perkin Elmer glass electrode pH 
meter following McLean’s (1982) method as modified using a 
slurry containing 10 g air dried soil and 50 ml of 0.01 M calcium 
chloride (CaCl) and was standardized using soils of known pH. 

In the laboratory, subsamples (25 to 30 g, fresh weight) of each 
0.5-kg sample were aseptically removed, weighed, and placed into 
sterile blenders containing 225 ml of chilled (6”C), sterilized, dis- 
tilled HzO. Duplicate subsamples (10 to 20 g) of each 0.5 kg sample 
were then weighed and placed in soil drying cans for soil moisture 
determinations. Remaining soil from each 0.5-kg sample was fro- 
zen at -12°C for future analysis. The distilled water and soil were 
homogenized using a Waring commercial blender at low speed 
(18,000 rpm) for 2 minutes, which yielded the highest bacterial 
counts in preliminary experiments. Serial 10 fold dilutions were 
made in 0.1% sterile peptone water (Straka and Stokes 1957). 
Processing was accomplished within 7 h of collection. 

Statistical Analysis 
Two way analysis of variance (ANOVA) was used to describe 

differences in plant communities, depths, and dates of sampling for 
organic matter, HsO content, pH, denitrifying bacteria, sulfate- 
reducing bacteria, heterotrophic aerobic bacteria, and micrograms 
of NsO produced (Steel and Torrie 1960). One way ANOVA was 
used to indicate differences in depth within each plant community 
for the above-mentioned bacterial and soil parameters. Significant 
contrasts between means were separated using Duncan’s new mul- 
tiple range test (Steel and Torrie 1960). All results were compared 
at a 95% probability level. Paired t tests were used for comparing 
fresh and frozen soil NsO production. Regression analysis was 
performed to determine correlations between parameters. 

Microbiology 
Heterotrophic aerobic bacterial counts were obtained on modi- 

fied Henrici agar (Stark and McCoy 1938), via the procedure 
described by Skinner et al. (1974). Denitrifying bacterial popula- 
tions were estimated by the most probable number (MPN) method 
used by Skinner et al. (1974) but were incubated for 14 days instead 
of 7. Nitrous oxide (NzO) production was measured following 
methods of Swank and Caskey (1982) using thawed soils which had 
been frozen for 2 weeks. Nitrous oxide was measured using a 
Hewlett Packard 5730 A GCequipped with a63Ni electron capture 
detector. Separation of N20 was achieved using a 3mm X 1.8 m 

Results and Discussion 

Overall, data indicate 2 general findings: (I) bacterial numbers, 
organic matter, and water content were higher in the upper 5 to 15 
cm than at 30 cm; (2) these parameters were higher in soils of the 
wet and moist meadows than in the upland soils (Table 2). No 
significant differences were noted between the August and Sep- 
tember sampling dates for all parameters tested. Stream flow on 
August 15, 16, and 17 was 231.2, 212.8, and 182.8 L set-’ respec- 
tively, while September 12,13,and 14showed 64.5,64.0and 63.7 L 
sec.’ (WWRC 1983). Less stream flow did not decrease soil mois- 
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ture as expected. This is likely due to shallow riparian soils over a 
perennial watertable maintained near the soil surface season long. 
Increased precipitation in September may also have helped main- 
tain soil moisture (Table 1). 

Nitrous Oxide Production 
Nitrous oxide production (Table 2) was significantly greater at 5 

cm than at 15 or 30 cm when data were combined from all plant 
communities. The moist meadow produced more N20 than either 
the upland or wet meadow soils overall. This may be attributed to 
the rather large amount of N20 produced at the 5 cm depth in the 
moist meadow (Table 3). 

Nitrous oxide production was not significantly affected by freez- 
ing of soil samples for 2 weeks. These data support that of others 
with regard to the effects of organic matter and water content on 
denitrification (McGarity and Myers 1968, Focht et al. 1979, Del- 
wiche 198 1, Payne 198 1). As soil organic matter increases, so does 
the soil’s water holding capacity and in turn denitrification (Smith 
and Tiedje 1979a, 1979b; Payne 1981; Rolston et al. 1982). 

Denitrifving Bacteria 
Focht (1978) suggested no relationships exist between denitrify- 

ing bacterial populations in soils and N20 production whereas this 
study does (Table 4). Values obtained for denitrifying bacteria 
were higher in the upper 5 to 15 cm than at 30 cm and upland did 
not contain as many denitrifying organisms as the moist or wet 

meadow soils (Table 2). The values obtained in this study appear 
about two log lower per g of soil than those reported for Domino 
silty clay loam and a Ramona sand loam, both from California 
(Focht and Joseph 1973); yet the same trend, decreasing numbers 
with depth, was observed. It is possible that Focht and Joseph 
(1973) were using agricultural soils that may have been amended 
with N fertilizer or utilizable organic matter, thus increasing the 
potential for denitrifying bacteria (Focht and Verstraete 1977, 
Tiedje et al. 1982). 
Sulfate-reducing Bacteria 

Sulfate-reducing bacteria appeared to be more abundant in the 
upper 15 cm than at 30 cm (Table 2) for all plant communities 
(Table 3). The data also indicate that higher counts of sulfate- 
reducing bacteria were found in the wet and moist meadow soils 
than in the upland soils (Table 2). These data were consistent with 
those of other researchers who noted that sulfate-reducing bacteria 
are abundant in bogs, swamps, muds, and poorly drained soils 
because they proliferate under anaerobic conditions utilizing sul- 
fate (s0=4) as the terminal electron accepter. (Peck 1962, Bremner 
and Steele 1978 Postgate, 1984). 

Total Heterotrophic Aerobic Bacteria 
Plate counts on Henrici agar showed more bacteria were present 

at 5 cm than at 15 or 30 cm for all plant communities, and that 
higher counts were attained for wet meadow soils than moist 
meadow or upland soils (Table 2). 

Table 3. Microbiological data per g dry soil and soil physical properties for riparian plant communities by depths Telephone Creek study site. 

Parameters 
Depths 

cm 

Wet Meadow Moist Meadow Upland 
Aug. Sept. Mean Aug. Sept. Mean Aug. Sept. Mean 
n=3 n=3 n=6 n=3 n=3 n=6 n=3 n=3 n=6 

ug NKI Produced 

Log Denitrifying Bacteria 

Log Sulfate-Reducing Bacteria 

Log Heterotrophic Aerobic 
Bacteria 

Estimate of Organic Matter % 

Water Content 70 
(wet weight) 

PH 

5.0 
15.0 
30.0 

5.0 
15.0 
30.0 

5.0 
15.0 
30.0 

5.0 
15.0 
30.0 

5.0 
15.0 
30.0 

5.0 
15.0 
30.0 

5.0 
15.0 
30.0 

2.1 I *I.36 a 
0.68 0.78 ab 
0.13 0.16b 

5.42 5.20 
4.67 5.46 
4.36 4.33 

5.26 4.30 
4.25 5.50 
3.17 3.54 

7.20 6.99 
6.77 7.00 
6.1 I 7.47 

26.23 26.70 
28.37 21.46 
12.56 14.77 

58.60 60.70 
56.37 57.33 
39.77 43.33 

1.74 a 3.62 a 3.41 3.51 a 
0.73 1.08 I .83 I .46 ab 
0.15 b 0.13 0.09 0.11 b 

5.32 5.66 a 
5.22 4.37 
4.35 3.90 

5.60 
5.21 
3.18 

5.63 a 
4.97 
3.68 

5.01 4.25 4.19 4.22 a 
5.23 3.45 3.48 3.46 
3.40 2.53 2.86 2.73 

7.11 7.09 7.17 7.13a 
6.90 6.32 6.41 6.36 
7.19 6.07 5.75 5.94 

26.46 28.83 a 
24.92 13.46 b 
13.66 4.90 c 

26.06 a 
15.70 ab 
6.26 b 

24.95 a 
14.58 b 

5.58 c 

59.65 58.43 a 54.73 
56.85 42.70 b 42.93 
41.66 23.87 c 24.00 a 

56.58 a 
42.32 b 
23.93 c 

5.33 5.03 5.18 5.33 5.06 5.20 
5.30 5.06 5.18 5.50 5.33 5.42 
5.37 5.20 5.28 5.66 5.50 5.58 

0.62 0.13 0.38 
0.78 0.14 0.46 
0.09 0.08 0.09 

4.03 3.43 3.83 
4.22 3.93 4.10 
4.27 3.14 4.00 

2.78 2.39 2.63 
2.76 2.60 2.69 
2.38 2.35 2.37 

7.03 6.83 6.94 a 
6.62 6.33 6.50 
6.16 6.19 6.18 

8.63 a 8.30 a 8.47 a 
4.50 ab 3.93 4.22 
2.63 b 3.70 2.85 

19.60 10.87 15.23 
15.53 8.90 12.22 
12.73 8.93 10.83 

4.66 4.53 4.60 
4.43 4.70 4.57 
4.90 5.03 4.97 

*Values with same letters or no letters indicate no significant difference between depths at (I = 0.05. 

Table 4. Correlation regression matrix for all soil microbial parameters and physical properties, north side Telephone Creek. 

Denitrifying Bacteria 1.000 
Sulfate-Reducing Bacteria +.5572 1.000 
Heterotrophic Aerobic .3917 .2972 1.000 

Bacteria 
Nitrous Oxide Production .7203 .I579 .3303 
Organic Matter .4140 .I450 .3355 
Water Content .4814 .2879 .3789 
PH .I116 .0308 .0968 

*Numbers represent correlation coefficients for one variable compared to another. 

I .oOO 
.4792 1.000 
.4498 .8996 1.000 
.2213 .2016 .3306 1.000 
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The design of this study was constructed to establish 3 different 
transects through the riparian system to obtain a more statistically 

The Telephone Creek sampling site was chosen to represent 

sound estimate by lumping the data of the bacterial numbers at a 
streamside riparian communities and was sampled extensively. In 
contrast, a less extensive sampling scheme was initiated directly 

sampling time. It was assumed that there would be no differences across Telephone Creek within a riparian zone developed over 
between transects; this was not the case (Table 5). Statistical analy- alluvium soils deposited in a subalpine pond. There were 4 distinct 
sis of these data found that there were some significant differences plant communities. The wettest, Carex bog, adjacent to the pond, 
in bacterial numbers and soil physical properties between tran- was saturated, and appeared to be floating. Willow bog, Potentilla 
sects, thus the sensitivity of this study to detect differences between bog, and moist meadow communities upslope were present respec- 
depths in the soil and vegetative communities was greatly reduced. tively from the Carex bog inland. Moist meadow represented the 
The importance of this finding is that many more transects, or driest site and was considered the most advanced successional 
more intensive sampling of a transect must be taken to adequately stage for pond filling. Data obtained (Table 6) represent only 2 
describe bacteria and other soil physical parameters within ripar- samplings of this area. It is interesting to note that some of the 
ian zones. findings discussed earlier are also evident here. 

Table 5. Microbiological data obtained per g dry soil and soil physical properties for each transect placed within the Telephone Creek study site. 

Vegetative 
CoYrununity 

Transect 
(Reps.) 

N!ZO 
Produced 

ug N20 Denitrifying 
Bacteria 

Log Viable Cells Soil Physical Properties 

Sulfate- Heterotrophic Organic Water PH 
Reducing Aerobic Matter (%) Content 
Bacteria Bacteria (% wet) 

Wet 
Meadow 

Moist 
Meadow 

1 1.41 5.78 a 5.42 7.48 a 31.98 60.40 5.23 
2 0.85 4.58 3.19 6.31 8.73 a 36.13 a 5.32 
3 0.35 3.61 3.93 6.57 24.33 61.52 5.10 

I *I.15 ab 4.96 4.14 6.81 15.46 44.53 5.56 
2 3.42 a 5.48 3.59 6.97 19.17 42.88 5.65 
3 0.51 b 5.13 3.38 5.96 10.48 35.41 4.98 a 

Upland I 0.70 4.16 2.64 6.78 6.37 13.60 4.80 
2 0.11 4.12 2.24 6.65 4.98 11.53 5.13 
3 0.11 3.23 2.73 6.46 4.18 13.15 4.20 

*Values with same letter or no letters indicate no significant differences between transccts at a = 0.05, n = 6. 

Table 6. Microbiological data per g dry soil and soil physical properties for ripprian vegetative communities on pond filling site. 

Parameter 

ug NsO Produced 

Depths cm 

5.0 
15.0 
30.0 
Mean** 

Carex Bog 

10.76 a*** 
l 2.21 

0.00 
4.32 a**** 

Willow Bog 

2.98 
2.04 
0.69 
1.90 ab 

Potentilla 

3.13 
0.45 
0.09 
1.22 b 

Moist Meadow Mean- 

1.68 4.64 a 
1.96 1.67 
1.90 0.67 
1.85ab 

LOI? 5.0 5.08 4.98 6.57 5.22 6.01 
Denitrifying 15.0 4.51 5.59 5.45 5.34 5.36 
Bacteria 30.0 4.52 5.19 3.87 5.05 4.97 

Mean 4.79 5.33 6.14 5.22 

Log Sulfate- 
Reducing Bacteria 

Log Heterotrophic 
Aerobic Bacteria 
Count 

Estimate of 
Organic Matter % 

5.0 5.80 5.10a 4.86 a 5.33 5.42 
15.0 5.74 4.61 b 4.65 ab 4.69 5.23 
30.0 4.89 3.37 c 2.63 b 4.48 4.44 
Mean 5.62 a 4.75 4.59 4.99 

5.0 7.68 6.32 7.93 7.53 7.63 
15.0 8.51 6.44 6.83 7.51 7.96 
30.0 7.06 6.65 6.35 7.01 6.85 
Mean 8.10 6.49 7.50 7.41 

5.0 79.20 45.40 a 51.25 a 19.80 a 48.91 a 
15.0 74.25 22.25 ab 9.75 11.85 29.50 
30.0 69.40 6.70 b 2.35 8.60 21.76 
Mean 74.25 a 24.80 b 21.12 bc 13.42 c 

Water Content % 5.0 87.65 71.05 59.05 34.15 62.98 a 
(wet weight) 15.0 86.90 55.35 34.60 30.10 51.74 b 

30.0 85.85 28.40 18.40 26.00 39.66 c 
Mean 86.80 a 51.60 b 37.35 c 30.08 c 

PH 5.0 5.70 5.90 a 5.30 5.30 5.55 a 
15.0 5.55 6.25 ab 5.40 5.30 5.63 ab 
30.0 5.80 6.70 5.60 5.35 5.86 b 
Mean 5.68 a 6.28 b 5.43 c 5.32 d 

*Values for depths are averages of two samplings (September 8 and August 7, 1983). 
**Mean values for vegetative communities are averages of six samplings (four vegetative communities each sampled twice). 

“Mean values for depths are average of eight samplings (four vegetative communities each sampled twice). 
***Numbers with same letters or no letters indicate no significant differences between depths at (1~ 0.05, n = 2. 

****Mean values with same letter or no letters indicate no significant differences between vegetative communities or depths at CY q  0.05, n = 6. 
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On the filling pond NzO production appeared to decrease with 
depth, and was in general higher in those vegetative communities 
containing more organic matter and higher water contents (Table 
6). Denitrifying bacteria and sulfate-reducing bacteria also appeared 
to decrease with depth over all, yet did not exert the apparent 
finding as NzO production did with regards to plant community 
(Table 6). Nitrous oxide production was noted to be less in the 
Potentilla bog than in the other plant types. Although not statisti- 
cally significant it appears that the Potentilla community con- 
tained more denitrifying bacteria (Table 6). The Carex bog 
appeared to contain more heterotrophic aerobic bacteria, sulfate- 
reducing bacteria, and N20 production potential than the other 
communities, yet appeared to have less denitrifying bacteria (Table 
6). Summary and Conclusions 
The findings of this study can be summarized as follows: 

1) Nitrous oxide production was higher at 5 cm than at 15 or 
30 cm for the soils of riparian habitat in a high mountain 
watershed. 
2) Nitrous oxide production appeared greater in riparian soils 
than in upland soils. 
3) Denitrifying, sulfate-reducing, and heterotrophic aerobic 

Johnson, RR. 1978. The lower Colorado river: A western system. Proceed- 
ings of Symposium Strategies for Protection and Manage. of Floodplain 
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Effects of Tillage and Manure on Emergence and 
Establishment of Russian Wildrye in a Saltgrass 
Meadow 
D.M. MUELLER, R.A. BOWMAN, AND W.J. MCGINNIES 

Saltgrass [Distichiis stricfu (Torr.) Rydb.] meadows are found in 
lowland areas throughout the western United States. Saltgrass 
meadows are frequently more moist than uphznd sites and have 
good production potential if relatively unpalatable saltgrass is 
replaced by a more palatable species. The electrical conductivity 
and sodium absorption ratio of saltgrass meadow soils often 
increase with soil profile depth, while total N and sodium- 
bicarbonate extractable P decrease. Cultural practices that do not 
mix the deeper, more saline horizons with the surface should 
increase seedling germination and establishment. Field studies 
evahrated the effects of chisel plowing foilowed by vertical-axis 
tilling, conventional tilliig (moldboard-plowing and discing), and 
manure (0, 11,22,45, and 90 Mg/ha) on soil physical and chemical 
characteristics as they reiate to germhtation and establishment of 
Russian wildrye [Efymus junceus Fisch.]. Chisel plowing followed 
by vertical-axis tilling increased seedling emergence by 23% over 
conventional tillage. Manure increased seedling growth and emer- 
gence, but had no effect on stand ratings. The poor physical 
conditions created on the conventionally tilled plots when the B 
and C horizons were brought to the surface and organic matter was 
buried by the plow are believed to have caused the difference in 
seedling counts between the two tillage treatments. 

Saltgrass [Disrichlis stricta (Torr.) Rydb.] meadows, found on 
lowland sites throughout the western United States, cover an esti- 
mated 500,000 ha in Colorado and Wyoming (Osborn 1974). These 
meadows are frequently more moist than upland sites and have 
good production potential if low-value saltgrass is replaced by 
more palatable species (Ludwig and McGinnies 1978). However, 
reclaiming salt-affected soils under semiarid conditions without 
irrigation water is difficult. These lands are usually marginally 
productive and precipitation is inadequate to leach salts from the 
root zone. Soil crusting, low fertility, high soluble salt concentra- 
tions, high exchangeable sodium, and poor soil structure limit 
establishment of more desirable species (Ludwig 1976). 

Although chemical and organic amendments have been used to 
rehabilitate dryland saline-sodic soils in the past (Carter et al. 1977, 
Bower et al. 1951), the quantity of chemicals needed in order to 
have any ameliorative effect may be uneconomical (Downey 197 1, 
Doering and Willis 1975). Cultural practices such as deep plowing 
provide an alternative to chemical and organic amendments. Deep 
plowing increased root penetration, infiltration rates, and yields on 
saline soils in Canada and North Dakota (Cairns 1967, Sandoval 
and Richman 1971). However, deep plowing should be avoided on 
soils that have a highly saline-sodic C horizon that is low in 
calcium, because of reduced yields when the C horizon is mixed 
with the A and B horizons (McGinnies and Ludwig 1977). Plowing 
also may create problems in seedbed preparation by bringing the 
hard B horizon to the surface (Toogood and Cairns 1978). There- 
fore, studies were undertaken to identify and evaluate cultural 
practices that would not bring detrimental subsurface horizons to 
the surface, and to determine whether manure would help amelio- 
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rate the physical and fertility problems associated with saltgrass 
soils. 

Study Area and Methods 
The study area was located along Eastman Creek on a saltgrass 

meadow at the Central Plains Experimental Range, 19 km north- 
east of Nunn, Colo. The mean annual precipitation is 31 cm with 
85% occurring between May and September. Precipitation for 
1981 and 1982 was 29.9 and 41.7 cm, respectively. Summer 
temperatures range from an average minimum of 9.0°C to an 
average maximum of 25.5’C. The mean annual temperature is 
8.O”C. Annual average wind velocity is 10.3 km/h and the frost- 
free growing period averages 133 days. Soils on the saltgrass mea- 
dow are mostly fine-loamy mixed mesic Ustollic Natrargids of the 
Avar fine sandy loam series. Soluble salt concentrations and 
exchangeable sodium increase and fertility decreases with depth 
(Mueller 1983). The C horizon contains low concentrations of 
calcium and high concentrations of carbonates, bicarbonates, sul- 
fates, and sodium (McGinnies and Ludwig 1978). Existing domi- 
nant species are inland saltgrass, alkali sacaton (Sporobolus 
airoides Torr.), blue grama [Bouteloua grucilis (H.B.K.) Lag.], 
western wheatgrass (Agropyron smithii Rydb.), and sedges (Carex 
spp.) (McGinnies et al. 1976). 

A field study was initiated in the fall of 1980 to compare the 
effects of chisel plowing followed by tilling with a tiller that mixes 
the soil horizontally (vertical-axis tillage) with effects of plowing 
and discing (conventional tillage), both at 5 levels of manure (0, 11, 
22, 45, and 90 Mg/ha) on the establishment of Russian wildrye 
(Elymusjunceus Fisch. Yinall’). Four replicates were established 
on an area that had been sprayed with 4.6 kg/ ha of glyphosate 
[N(phosphonmethyl) glycine] to control saltgrass in August of 
1978 and 1980. The other 4 replicates of the study were located 
adjacent to the first on an area that was sprayed with glyphosate 
only in August 1980. Half of each replication was moldboard 
plowed to a depth of 20 cm in the fall of 1980; the other half was 
vertical-axis tilled to the same depth in the spring of 1981 after 
chisel plows, set 0.3 m apart and 20 cm deep, were used to loosen 
the sod. 

Five levels of manure were randomly applied to subplots within 
each replication of each tillage treatment in the spring of 198 1. The 
manure plots were 2.9-by 4.7-m. The manure was incorporated 
into the soil with a disc on the conventionally tilled treatments, and 
with the vertical-axis tiller on the vertical-axis tilled treatment. All 
plots were cultipacked and then planted on 24 April 1981 to 
Russian wildrye, in rows 0.3 m apart at 100 live seeds per meter of 
row, with a double-disc drill equipped with 2-cm depth bands. 

Seedlings were counted and height measured 3-4 June and 14-21 
July 198 1. Stands were rated 24-29 September 198 1 and 25 August 
1982 on a scale from 0 to 10 with 0 representing no seedling 
establishment and 10 representing the maximum stand that could 
be expected on that particular site (McGinnies et al. 1983). Seed- 
ling counts and ratings were made on four 0.9-m segments in 
separate rows within the middle of each subplot. 

Soil moisture to a depth of 20 cm was determined gravimetri- 
tally on the 0,22, and 90 Mg/ ha manure plots immediately after a 
heavy rain that fell 18 May 198 1. Soil samples were taken on 7 July 
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1981 from the 0,22, and 90 Mg/ha manure plots at depth incre- 
ments of 0 to 10 and 10 to 20 cm. Sodium-bicarbonate extractable 
phosphorus (Olsen and Dean 1965), total Kjeldahl nitrogen 
(Bremner 1965), pH, electrical conductivity (EC), sodium adsorp- 
tion ratio @AR) (Richards 1954), and texture (Day 1965) were 
determined on the 0 to lo- and 10 to 20-cm soil samples. On 16 
November 198 1, soil samples taken from the surface (2 cm) of each 
treatment were analyzed for texture, NaHCOs-extractable P, pH, 
EC, and SAR. Soil samples were air dried and passed through a 
l-mm screen before analysis. All soil samples and moisture data 
were taken from the 4 replications which had been previously 
sprayed in 1978 and 1980. 

Weeds were controlled by a single application of 2,4-D [(2,4- 
dichlorophenoxy)acetic acid)] at 0.37 kg/ ha in June 198 1, and by a 
hand-pushed power mower in July and August. 

To analyse the plant data a split-split-plot analysis of variance 
was used, after the variance of the 2 areas were found to be 
homogeneous. Areas, tillage treatment, and manure rate were 
main, sub-, and sub-sub-plots, respectively. A randomized block in 
a split-plot analysis of variance was used to evaluate the soils and 
moisture data. Conventional linear multiple regression techniques 
were used where appropriate. 

Results and Discussion 
It was assumed that the vertical-axis tiller, which mixes soil 

horizontally but not vertically with its tines, would avoid bringing 
the deeper salt-affected horizons to the surface. The 0 to 10 cm soil 
depth on the vertical-axis tilled treatments had significantly 
(m.05) lower pH and SAR values and significantly (m.05) 
higher N and P values than the 10 to 20 cm soil depth (Table 1). 

Table 1. Effect of tilb~ge and depth on pH, EC, SAR, total N, and 
NnHCO’-extractable P of soils collected July 7,198l at depths of 0 to 10 
and 10 to 20 cm.1 

Vertical-Axis Tillage Conventional Tillage 
Depth Depth Depth Depth 

Soil parameters (O-IO cm) (lo-20 cm) (O-IO cm) (l&20 cm) 

PH 7.0 a 7.5 b 7.4 x 7.4 x 
EC (dS/ m) 1.8 a 1.5 a 1.8 x 1.8 x 
SAR 4.0 a 6.4 b 5.0 x 5.3 x 
N (W g) 159Ob 1029 a 1089 x 1694 y 
p (W 9) 41.1 b 14.0 a 16.7 x 18.9 x 

‘Means within each tillage treatment with same letter are not significantly different 
(pro.05). 

This same trend was observed in a baseline study done on undis- 
turbed sites within the saltgrass area (Mueller 1983). Therefore 
little vertical mixing of the original soil profile occurred as a result 
of vertical-axis tillage. 

On the conventionally tilled plots, total N in the 0 to 10 cm soil 
depth was significantly (m.05) lower than total N in the 10 to 
20-cm soil depth. There were no significant (m.05) differences 
between sampling depths for other soil parameters (Table 1), but 
surface pH and SAR were significantly (m.05) higher on the 
conventionally tilled plots than on the vertical-axis tilled plots 
(Table 2). These data indicated that plowing deposited some saline- 
sodic horizon material on the surface while simultaneously burying 
the thin topsoil layer, high in organic matter and N. Subsequent 
discing, which was not as deep as the plowing, thoroughly mixed 
the saline-sodic material initially deposited on the surface, and thus 
reduced differences in salinity between depths (the disc penetrated 
to an average of 15 cm). 

Russian wildrye seedlings were taller on the vertical-axis tilled 
plots. Vertical-axis tillage increased seedling emergence (June 3-4) 
by 23% over conventional tillage (Table 3). Seedling counts and 
stand ratings on the vertical-axis tilled plots remained significantly 
(m.05) higher throughout 1981 and 1982. 

Table 2. Effect of tillnge on pH, EC, SAR, and texture of surface soils 
(O-2.0 cm) collected November 16,19%1.* 

Soil Parameters Conventional 
Tillage 

Vertical-Axis 

PH 7.6 b 7.2 a 
EC (dS/ m) 1.8 a 0.8 a 
SAR 4.4 b 1.1 a 
Sand (%I 45.0 a 37.0 a 
Silt (%) 26.0 a 35.0 b 
Clay (%) 29.0 a 28.0 a 

IMeans with the same letter are not significantly different (EO.05). 

Table 3. Effect of tillage treatment and manure application rate on seedling 
heights and stand dudng 1981 and 1982.1 

Plant Measurements 

Seedling Heights, cm 
June 3-4, 1981 

Seedlings/m row 
June-4, 198 I 

Seedlings/m row 
July 1421,1981 

Stand Rating 
(0 = none, IO = solid) 
September 15-25, 1981 

Stand Rating 
(0 = none, 10 q  solid) 
August 25, 1982 

Days After Tillage 
Planting Conventional Vertical-axis 

4041 6.7 a 8.1 b 

40-41 29.0 a 36.0 b 

81-88 22.0 a 28.0 b 

158-168 3.9 a 5.4 b 

439 5.9 a 7.0 b 

‘Means with the same letter are not significantly different (EO.05). 

Better establishment was expected after vertical-axis tillage than 
after conventional tillage because plowing was suspected of 
increasing surface salinity and sodicity to levels that would inhibit 
either germination or seedling establishment. Although plowing 
produced average surface pH and SAR values that were signifi- 
cantly (m.05) higher than on the vertical-axis tilled treatments, 
germination and establishment with conventional tillage was still 
high. Russian wildrye has been considered to be well adapted to 
moderately salty lands (Plummer et al. 1955, Rauser and Crowle 
1963). However, the range of SAR (0.44 to 11.62) on the conven- 
tionally tilled treatments reached levels that could have an adverse 

Table 4. Regression equation for seedlings/m (S)and seedling ht. (cm)(H) 
on conventionally tilled and vertical-axis tilled plot as a function of 
manure application rate (Mg/ha) (M). 

Tillage 

Conventional 

Vertical-axis 

Regression equation R= 

S = 26.88 + 0.05 M .63 
H = 5.67 + 0.03 M .97 

S = 33.09 + 0.07 M .95 
H = 6.72 + 0.46 Logan (M+l) .92 

effect on soil physical properties (Jayawardane and Beattie 1978) 
and thus on seedling emergence and survival. Linear multiple 
regression showed the first seedling count on the conventionally 
tilled plots to be highly correlated with clay content, SAR, EC, and 
manure (Rz0.84). Clay content and SAR were negatively corre- 
lated with seedling counts, whereas EC and manure were positively 
correlated. There were no significant (m.05) negative correla- 
tions between the first seedling count and surface soil parameters 
on the vertical-axis tilled plots. 
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Past studies have shown that the combination of montmorrillo- 
nite clay, high Na, and low organic matter can result in poor soil 
physical properties (Richards 1954, Lemos and Lutz 1957). Fre- 
quent and severe crusting as well as rough, cloddy seedbed were 
observed in areas where seedling stands were poor. Therefore, the 
poor physical conditions on the conventionally tilled plots, created 
when the sodic B and C horizons were brought to the surface and 
the A horizon with its high organic matter content was buried, are 
believed to have resulted in the difference in seedling counts 
between the two tillage treatments. 

The vertical-axis tiller broke clods into smaller aggregates and 
produced a smoother, more level seedbed than a disc and harrow. 
This may have also contributed to the higher seedling count on the 
vertical-axis tilled plots by providing better contact between seed 
and soil and a more uniform planting depth. However, both 
vertical-axis tilling and/ or discing and harrowing can result in a 
poor seedbed when saline-sodic horizons are brought to the sur- 
face. Toogood and Cairns (1978) have also reported that plowing 
created problems in seedbed preparation on Solonetzic soils by 
bringing the hard B horizon to the surface. 

I - 
0 MANURE (M9/ha) 

I 

90 

Fig. 1. Relationship between seedling and manure on the vertical-axis and 
conventionally tilled plots during June 1981. 

Vertical-axis tilling failed to bury most weed seeds deeply 
enough to prevent their germination and emergence, resulting in 
abundant weed growth, predominately summer-cypress [Kochiu 
scoparia (L.) Schrad.] and lambsquarter (Chenopodium album 
L.). Better weed control would have probably resulted in even 
greater differences between the two tillage treatments. 

Regression analysis showed a positive effect of manure on early- 
June seedling heights and emergence (Fig. 1 and Fig. 2). The effect 

40. 

MANURE (MS/ha) 90 

Fig. 2. Relationships between seedlings/m and manure on the vertical-axis 
and conventionally tilled plots during June 1981. 

of manure on seedling heights within the vertical-axis tilled plots 
decreased at application rates above 11 Mg/ ha. Seedling heights 
on the conventionally-tilled plots and seedlings/m on both tillage 
treatments increased linearly throughout the manure application 
rates used in the study. Reasons for responses of Russian wildrye to 
manure cannot be definitively determined from the data. Although 
nitrogen and phosphorus levels were significantly (m.05) higher 
than the control on the 90 Mg/ ha manure plots, regression analysis 
did not show any significant positive correlations between these 
soil parameters and seedling heights or seedling counts. Vertical- 
axis tilled plots had higher soil water content than conventional- 
tilled plots at (P50.10) but there was no difference in soil water 
content between manure treatments. 

The vertical-axis tiller produced a better seedbed than conven- 
tional tillage methods by breaking the soil into smaller aggregates, 
not bringing saline horizons to the surface, leaving organic matter 
on the surface, and reducing the severity and frequency of soil 
crusting. 

To avoid bringing the B or C horizon to the surface, chisel 
plowing followed by vertical-axis tilling is recommended on areas 
that have a shallow A horizon (less than 20 cm). If the A horizon is 
deep (greater than 20 cm) moldboard plowing followed by vertical- 
axis tilling is recommended, because moldboard plowing controls 
the weeds better than chisel plowing. Russian wildrye emergence 
and establishment were improved by using a vertical-axis tiller on 
the saltgrass meadow. Although the vertical-axis tiller did not 
control weeds as well as conventional tillage, it produced a better 
seedbed. 
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Storage Life of Illinois Bundleflower and Western 
Indigo Seed 
CA. CALL 

Abstract 

Seed of Illinois bundleflower (Desmanthus ilbwensis (Michs.) 
MacM.) and western indigo (Indigojera miniata var. leptosepaia 
( reiative humidity were imbibed in a controlled environment for 20 
Turdays with a night/day temperature regime of U/250 C and a 
12-hour en stored for 1 to 4 years at 16O C and lO%photoperiod. 
Preimbibition treatments included acid scar-ification by immer- 
sion in concentrated suifuric acid for 15 minutes, mechanical scari- 
fication by cutting the seed coat at the end opposite the micropyle, 
and an untreated control. Seed viability was determined by a 
triphenyl tetrazolium chloride test. Germination rate and cumula- 
tive germination decreased for untreated Illinois bundleflower seed 
and increased for untreated western indigo seed as the length of 
storage increased from 1 to 4 years. The decrease in germhtability 
of Illinois bundleflower seed was reiated to the development of an 
impermeable seed coat, while the increase in germhtabiiity of west- 
ern indigo seed was related to a decease in hard seededness and the 
fuifillment of after-ripening requirements. Scarification treat- 
ments increased cumulative germination and germhtation rates in 
each seed storage class for both species. Over the 4-year storage 
period, Iiiinois bundleflower seed viability decreased by approxi- 
mately lO$& and western indigo viabBity remained relptively 
constant. 

Native legumes are either nonexistent or make minor contribu- 
tions on millions of hectares of rangeland in the southern Great 
Plains because of selective removal by past grazing (Sims et al. 
1980). Few native legumes are being used in rangeland plantings 
even though they have a high forage quality and are a potential 
source of economical nitrogen for increasing the productivity of 
native and introduced grass plantings. However, several native 
legumes, including Illinois bundleflower (Lksmanthus illinoensis 
(Michs.) MacM.) and western indigo (Indigofera miniata var. 
leptosepala (Nutt.) Turner), are being evaluated for range improve- 
ment uses by the Soil Conservation Service (SCS) in cooperation 
with the Texas Agricultural Experiment Station and the Texas 
Parks and Wildlife Department (Soil Conservation Service 1980). 

Illinois bundleflower, a deep-rooted, warm-season, perennial 
legume, is widely but sparsely distributed throughout the prairies 
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and plains in the midwestern and southwestern U.S. (Latting 
1961). ‘Sabine’ Illinois bundleflower, recently released by the SCS 
Plant Materials Center at Knox City, Texas, appears best adapted 
to areas in Texas and Oklahoma, receiving 50 cm or greater mean 
annual precipitation (Soil Conservation Service 1983). Plants 
grow on a wide variety of soils, except coarse sands and dense clays 
(Wasser 1982). Western indigo, a deep-rooted, mat-forming, cool- 
season, perennial legume, occurs in the eastern two-thirds of Texas 
and Oklahoma (Graham 1941, Soil Conservation Service 1980). 
Both species are palatable to all classes of livestock and are used by 
wildlife for food and cover (Rechenthin 1972, Wasser 1982). 

Illinois bundleflower and western indigo have the potential to be 
used in seeding mixtures for revegetation of disturbed and deterio- 
rated rangelands in Texas and Oklahoma. However, as with many 
native forb species, we are lacking information relative to the 
longevity and germinability of stored seeds (Hanelt 1977). Seed of 
many native forb species used in rangeland revegetation programs 
is available only from wildland sources and/ or a limited number of 
commercial growers. Unfavorable environmental conditions dur- 
ing flowering or seed development periods may prevent yearly 
production of good seed crops (Mayer and Poljakoff-Mayber 
1982, Stevens et al. 1981). Therefore, seed may need to be stored 
under controlled conditions to have an adequate amount available 
for future plantings. The objective of this study was to evaluate the 
effects of short-term storage (1 to 4 years) on the germinability and 
viability of Illinois bundleflower and western indigo seed. 

Materials and Methods 

Seed of Sabine Illinois bundleflower and accession PMT-1051 
of western indigo were obtained from the SCS Plant Materials 
center, Knox City, Texas. Seed of Illinois bundleflower had been 
collected in 1978,1979,1980, and 1981; and seed of western indigo 
had been collected in 1978, 1980, and 1981. All seed had been 
stored at 16“C and 40% relative humidity prior to germination 
trials which took place from July to December, 1982. Seed col- 
lected in 198 1, 1980, 1979, and 1978 were respectively designated 
l-year-old, 2-year-old, 3-year-old and 4-year-old seed in terms of 
storage age class. 

Seed viability was determined by a triphenyl tetrazolium chlo- 
ride (TTC) test (Grabe 1970). Three replicates of 50 undamaged 
seed from each storage age class for each species, preconditioned 
by cutting the seed coat with a razor blade at the end opposite the 
micropyle, were placed in a 0.03M solution of TIC in phosphate 
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buffer (0.06 M KHzP04 -0.6 M Naz HPO4) solution for 24 hours at 
2YC in complete darkness. Percent viability was determined by 
evaluating intensity of staining and staining patterns under a 10x 
lens. 

Germination trials were conducted with undamaged seeds from 
each storage age class. Pre-imbibition seed treatments included 
acid scarification, mechanical scarification, and an untreated con- 
trol. Acid scarified seeds were immersed in 17.8 M HzSG4 for 15 
minutes with continuous stirring and rinsed 3 times in distilled 
water. Seeds were mechanically scarified by cutting the seed coat 
with a razor blade at the end opposite the micropyle (Latting 1961). 
Due to a small number of seed, western indigo seeds did not 
undergo mechanical scarification. 

Groups of 100 seeds each were dusted with captan (Cis-N- 
((trichloromethyl)) thio) - 4 cyclohexene - I,2 - dicarbocimide) 
fungicide and placed on a single piece of Whatman No. 1 chroma- 
tography paper in 13 by 13.5 by 3.5-cm plastic trays. The paper was 
supported by a 5-mm thick polyurethane foam pad with 5 cotton 
wicks which extended into a 200-ml reservoir of distilled water 
(Berkat and Briske 1982). 

Germination trials were conducted in a controlled environment 
chamber with a night/day temperature regime of 15/25OC and a 
1Zhour photoperiod. A light intensity of 450 ~mol.m-2~ec.-* 
(photosynthetically active solar radiation) was maintained during 
the high temperature period. An alternating temperature regime of 
15/25’C was selected for both species on the basis of previous 
germination studies which indicated that germination was greater 
at 15/25”C than alternating temperature regimes of IO/20 and 
20/30°C (C.A. Call, unpublished data; Kissock and Haferkamp 
1983). A seed was considered to have germinated when it had at 
least 1 cotyledon exposed and radicle greater than or equal to 5 mm 
in length (Crosier 1970). Germinated seeds were counted and 
removed from trays every other day over a 20day period, and 
cumulative germination data were reported as a percentage of the 
total number of seeds in each tray. Germination rates were esti- 
mated by calculating the mean time in days taken for nondormant 
viable seeds to germinate (Ellis and Roberts 1978). The mean 
germination time (MGT) was calculated as follows: 

MGT= %m 
Pn 

Where n is the number of seeds which germinate on day D, and D is 
the number of days counted from the beginning of the germination 
test. 

Trays were arranged in a completely randomized design with 3 
replications per seed treatment for each storage age. Analysis of 
variance and Duncan’s multiple range test were utilized in data 
interpretation (Ray 1982). Cumulative germination data and via- 
bility data were transformed prior to analysis using an arcsine 
transformation (Steele and Torrie 1960). 

Results and Discussion 
Illinois Bundleflower 

Under storage conditions of 16’C and 40% relative humidity, 
cumulative germination of untreated Illinois bundleflower seed 
decreased significantly (P<O.O5) as the length of the seed storage 
period increased from I to 4 years (Table 1). The germinability of 
untreated 4-year-old seed was less than one-half that of untreated 
l-year-old seed. The germinability of untreated Illinois bundle- 
flower seed has also been shown to decline after 4 months of 
storage at room temperature (Latting 1961). Latting (1961) related 
the reduction in germination to the rapid development of an 
impermeable seed coat following maturity. 

Breaking the seed coat by mechanical scarification or weakening 
the seed coat by acid scarification significantly (X0.05) increased 
cumulative germination in each seed storage age class (Table 1). 
Mechanical scarification increased germination more effectively 
than acid scarification. The difference in germination between 

Table 1. Cumulative gcrmhMion of Sabine Illinois bundMlower seed as 
Muenced by length of seed storage period and a seed coat scarification 
treatment. 

Year of Storage period 
collection Wars) 

1981 1 

1980 2 

1979 3 

1978 4 

Scarification 
treatment 

untreated 
acid 

mechanical 
untreated 

acid 
mechanical 
untreated 

acid 
mechanical 
untreated 

acid 
mechanical 

Germination’ 
(%I 

43 c 
82 b 
96a 
28 d 
67 c 
80 b 
29d 
84b 
94 a 
20e 
71 c 
82 b 

‘Means followed by the same letter are not significantly different at the 0.05 level 
according to Duncan’s Multiple Range Test. 

mechanically scarified seed and untreated seed indicated that the 
decrease in germination over time was due primarily to hard 
seededness, and not a loss of viability, since germination percen- 
tages of mechanically scarified seed were similar to viability per- 
centages of seed scarified in the same manner prior to TTC testing. 
Seed viability was estimated at 97, 82, 94, and 86%, respectively, 
for 1-, 2-, 3-, and 4-year-old seed. Seed viability decreased by I 1% 
over the 4-year storage period. 

Cumulative germination data and viability data for seed col- 
lected in 1980 and stored for 2 years do not conform to the general 
trends that developed for the other seed storage age classes over the 
4-year period (Table 1). Cumulative germination for untreated 
2-year-old seed was slightly lower than that for untreated 3-year- 
old seed. Acid-scarified and mechanically-scarified 2-year-old seed 
had significantly (KO.05) lower germination than similarly treated 
3-year-old seed, and slightly lower germination than similarly 
treated 4-year-old seed. The viability of 2-year-old seed was signifi- 
cantly (X0.05) lower than that of 3-year-old seed, and slightly 
lower than that of 4-year-old seed. 

Seed viability and germinability are not only a function of seed 
storage, but also the environmental conditions to which the parent 
plant is exposed during seed formation and ripening (Mayer and 
Poljakoff-Mayber 1982). A heat stress during the seed maturation 
period, especially during the first part of the maturation period, 
can have marked effects on germinability (Koller 1972). Illinois 
bundleflower typically flowers in late May or early June and 
produces seed from mid-June to early July at the SCS Plant 
Materials Center at Knox City (personal communication, J.B. 
Muncreif, SCS, Knox City, Texas). During this 3-week period in 
1980, the daily maximum temperature was between 40 and 45OC 
for 13 days and above 45’C for 2 days as compared to 1978 with 2 
days between 40 and 45’C, and 1979 and 1981 with no days above 
40°C (unpublished climatic data, SCS, Knox City, Texas). Even 
though the parent plants received supplemental irrigation to insure 
seed production, the higher temperature in 1980 would have 
increased transpirational losses and raised leaf, stem, and seed pod 
temperatures. Associated changes in parent plant metabolism 
could have had negative effects on seed development and subse- 
quent germination and viability of stored seed. 

Mean germination time, a measure of the germination rate of 
viable seeds, increased significantly for untreated seeds as the 
length of the storage period increased to 3 and 4 years (Table 2). 
Untreated, 4-year-old seed had an MGT of almost 2 days longer 
than l-year-old seed. Germination rates in all seed storage age 
classes were accelerated when seed coats were weakened by acid 
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Tsble 2. Mesn germination time of !hbiie Illinois bundleflower seed ss (Copeland 1976). These changes usually result in a gradual relaxa- 
influenced by length of seed storage period snd seed cost scsrificstion tion in the degree of strictness of the environmental requirements 
treatment. for germination (Koller 1972). 

Year of Storage period 
collection (years) 

1981 I 

1980 2 

1979 3 

1978 4 

Scarification 
treatment 

untreated 
acid 

mechanical 
untreated 

acid 
mechanical 
untreated 

acid 
mechanical 
untreated 

acid 
mechanical 

Mean 
germinationi 
time (days) 

5.8 bc 
5.2 cde 
4.6 de 

5.9 bc 
5.5 bc 
5.1 cde 
7.0 a 
5.4 bcxl 
4.6 e 
7.6 a 
6.0 b 
5.4 bed 

*Means followed by the same letter are not significantly diffennt at the 0.05 level 
according to Duncan’s Multiple Range Test. 

Germinability did not decline in seed collected in 1980 and 
stored for 2 years as it did with Illinois bundleflower. Western 
indigo typically flowers from April through September, and pro- 
duces the majority of its seed earlier in the season than Illinois 
bundleflower (Rechenthin 1972). The seed development period 
apparently was not adversely affected by above-normal high 
temperatures in June and July 1980 as it may have been for Illinois 
bundleflower. 

Mean germination time decreased slightly for untreated seeds as 
the length of the storage period increased from 1 to 4 years (Table 
4). Significant (m.05) decreases in MGT, by as much as 1.6 days, 
were observed for acid-scarified seed in all storage age classes. 

Tsble 4. Mean germinstion time of western indigo seed as influenced by 
length of seed stonge period sad seed eost scsrificstion trestment. 

Year of 
collection 

Storage period 
(years) 

Scarification 
treatment 

Meant 
germination 
time (days) 

1981 1 untreated 9.1 a 
scarification or broken by mechanical scarification (Table 2). Sig- acid 7.5 b 
nificant (PCO.05) decreases in MGT, by as much as 2.4 days, were 1980 2 
noted for mechanically scarified 3-and Cyear-old seed. The rate of 

untreated 8.7 a 
acid 7.2 b 

germination can be a critical factor in the success or failure of a 
wildland seeding, especially when germination occurs under tran- 

1978 4 untreated 8.6 a 

siently favorable water conditions (Hillel 1972, McDonough 
acid 7.0 b 

1977). IMeans followed by the same letter are not significantly different at the 0.05 level 
according to Duncan’s Multiple Range Test. 

Western Indigo 
Cumulative germination of untreated western indigo seed 

increased significantly (KO.05) as the length of the seed storage 
period increased from 1 to 4 years (Table 3). Germination of 

Tsble 3. Cumulstive germinstion of western indigo seed ss influenced by 
length of seed stomp period and seed cost scsrifkstion treatment. 

Year of 
collection 

Storage period 
(years) 

Scarification 
treatment 

Germinationt 
(%) 

1981 1 

1979 2 

1978 4 

untreated 
acid 

untreated 
acid 

untreated 
acid 

36e 
77 b 
48 d 
80 ab 
61 c 
86 a 

‘Means followed by the same letter are not significantly different at the 0.05 level 
according to Duncan’s Multiple Range Test. 

untreated 4-year-old seed was almost twice that of untreated l- 
year-old seed. This increase in germination with increasing storage 
time can be related to a decrease in hard seededness. Differences 
between acid scarified seed and untreated seed indicated that there 
were 42%, 3270, and 25% hard seed, respectively, from the l-, 2-, 
and 4-year-old seed storage age classes (Table 3). 

The increase in germinability may also be related to the fulfill- 
ment of after-ripening requirements during storage. Seed viability 
remained fairly constant over the 4-year storage period (92,89, and 
90%, respectively, for l-, 2-, and Cyear-old seed), while germina- 
tion of acid-scarified seed increased by 9% over the same period 
(Table 3). No anatomical or morphological differences were 
observed in seeds from different storage age classes. Therefore, it 
was assumed that the process of after-ripening was the result of 
chemical or physical changes in the seed or seed coat (i.e., an 
alteration of the composition of storage materials in the seed, a 
change in seed coat permeability, and/or the appearance of pro- 
moting substances or disappearance of inhibitory substances) 

Although there is no doubt that an increase in water permeability is 
an essential part of the dormancy-breaking action of a scarification 
treatment, it is by no means certain that this is the only result of this 
treatment (Mayer and Poljakoff-Mayber 1982). Physical and/or 
chemical changes in the seed coat may also result in associated 
changes in gas exchange permeability, and light and temperature 
response. 

Management Implications 
Various mechanisms regulate the germination of seeds in their 

natural habitat and determine whether a given seed will germinate 
in a certain environment. Dormancy in seeds (hard seededness or 
an immature embryo or a combination of the two) leads to the 
accumulation of individuals in a persistent seedbank, which acts as 
a mechanism to increase the genetic base of a population by mixing 
cohorts from one year with another (Thompson 1981). Seeds pro- 
duced by the same population of plants over several years may 
show considerable differences in response to environmental factors 
such as light, temperature, and moisture (Grime 1979). Such a 
regenerative strategy protects native species from eradication as a 
result of adverse environmental conditions which may follow 
germination. 

Revegetation seedings on wildlands should simulate the seed- 
bank concept to a certain extent. The germinability of the selected 
species should be high enough to allow for the establishment of an 
acceptable stand during the first season, but the seeding mix should 
contain some dormant seed to insure subsequent stand establish- 
ment if the first stand is diminished by unfavorable environmental 
conditions. When using native legumes, such as Illinois bundle- 
flower and western indigo, the land manager might plant a mixture 
of scarified and untreated seed. The data suggested that Illinois 
bundleflower seed stored longer than 1 year at 16OC and 40% 
relative humidity should be scarified, since hard seededness appar- 
ently increases with the length of storage. Scarification is recom- 
mended for western indigo seed stored for 1 or 2 years under the 
same conditions, but not for seed stored for 4 years. Four-year-old 
seed has a relatively low hard seed content and provides a good 
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mixture of readily germinable seed for initial stand establishment 
and dormant seed for subsequent stand establishment. The data 
also indicate that scarification treatments increase the rates of 
germination of these species, which should improve the potential 
for stand establishment under transiently favorable environmental 
conditions. 
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Morphology and Growth in Seedlings of Several C4, -- 

Perennial Grasses 
P.I. COYNE AND J.A. BRADFORD 

Abstract 

Establishment of forage grasses depends upon their ability to 
compete for resources in the critical seedling establishment phase. 
Desirable native grass species are generally considered to be more 
difficult to establish from seed than the introduced Old World 
bluestems (Bot~ocUut spp.), although comparative data are 
generally lacking. This study compared the responses of morpho- 
logical attributes commonly associated with seedling vigor and 
some growth parameters in 17 perennial, C4 grasses including 5 
native and 12 Old World bluestems. Plants were grown in a green- 
house under well-watered and limited watering regimes. The objec- 
tive was to document differences in morphology and growth 
among these grasses from emergence through 7 weeks post emer- 
gence. The Bothriochloa species generally rated higher than the 
native species in morphological characters commonly associated 
with seedling vigor. The exotics produced as much or more bio- 
mass and had more leaf area per plant, more tillers, and leaves per 
tiller than the natives. Although the native grasses produced less 
leaf area, the cost of these leaves in terms of biomass per unit area 
was higher than in the introduced grasses. The natives tended to 
partition relatively more biomass aboveground and more of this to 
leaves, rather than sheaths plus stems, than the Old World blue- 
stems. However, partitioning of total plant biomass among roots, 
sheaths plus stems, and leaf blades was remarkably insensitive to 
water stress in all entries. Approximately one-third of total bio- 
mass was partitioned among kaf blades, sheaths plus stems, and 
roots, respectively, with sheaths+stems tending to be a slightly 
smaller fraction than the other 2 components. Recurring water 
stress cycles reduced most parameters significantly and generally 
accentuated the normal ontogenetic decline in relative growth and 
unit rates. Across all entries, total plant biomass and leaf blade 
area were reduced over 4m by a limited watering regime. 
Although water stress reduced the size of the assimihttory surface, 
the remaining leaves were more effkient in the production of new 
biomass. This response correlated with an increase in specific leaf 
weight under water stress. 

Successful establishment of forage grasses from seed depends on 
numerous environmental factors (see Vallentine 1980) which inter- 
act with the plant’s genetic component during germination, emer- 
gence, and post-emergence growth. Plant vulnerability to envi- 
ronmental stresses is particularly high during seedling establishment 
because of limited food reserves (Johnson 1984) resulting from 
small seed size and limited photosynthetic capacity. The amount of 
food reserves stored in the endosperm is an important factor 
related to establishment potential (Davies 1967). Also contributing 
to this vulnerability is the lack of a well-developed root system. 
Frequently, competitive advantages gained during the seedling 
stage are maintained in the mature plant stage (Johnson 1984). 

Variability in establishment success among species and geno- 
types within species is common knowledge, and high success is 
often associated with rapid germination, rapid root and top 
growth, a robust growth habit, and resistance to stress (McKell 
1972). These traits are collectively referred to as seedling vigor. 
Numerous techniques for assessing seedling vigor have been deve- 
loped (reviewed by Whalley and McKelll973) and much effort has 
been expended to enhance vigor in forage plant germplasm (Knee- 
bone 1972). 

Thirty years of research have shown that selections from the 
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C.L. Dewald provided the plant materials used in this study. Tom Popham and 
George Hilton are acknowledged for their assistance with the statistical analyses. 

Manuscript accepted March 13, 1985. 

genus Bothriochloa (Asiatic or Old World bluestems) can contrib- 
ute significantly to beef production and soil conservation in the 
Southern Great Plains (Sims and Dewald 1982). The Old World 
bluestems have been found to exhibit relatively high seedling vigor 
at Woodward, Okla. in comparison with native species (C.L. 
Dewald, pers. comm.). Harlan et al. (1958) noted that ecologically, 
the Old World bluestems are best fitted to some stage of secondary 
succession and that they tend to increase under grazing pressure. 
They also noted that these grasses reproduce freely by seed, tend to 
be somewhat weedy, and are generally easily established in plant- 
ings. Experience has shown that establishment of stands of climax, 
decreaser species in the Southern Plains usually requires 2 growing 
seasons while only 1 is required to establish the Old World 
bluestems. 

Of the 3 phases of seedling establishment (germination, emer- 
gence, postemergence growth), it was felt that a manager would 
have least control over the last phase since high quality seed, 
proper seedbed preparation, and timing of planting with periods of 
soil moisture sufficient to ensure germination would reduce the 
risk associated with phases I and 2. Therefore, phase 3 was isolated 
for study. The objective of the study was to determine differences in 
morphology and growth behavior among 5 native and 12 Old 
World bluestem perennial forage grasses from emergence through 
I2 weeks post emergence under near optimum conditions which 
could be used as indices of comparative performance potential. 
Because post-emergence failure is frequently associated with 
drought stress (Vallentine 1980, Whalley and McKell 1973) and 
because drought conditions can be prevalent during the normal 
period for establishing warm-season grasses, a suboptimal soil 
water treatment was included to assess relative departure of the 
measured parameters from potential. 

Materials and Methods 

Plant Materials and Culture 
Seventeen perennial, warm-season grasses, including 5 native 

and 12 exotic Old World bluestems, were included in this study 
(Table 1). Woodward sand bluestem is a leafy grass of medium 
height with good seed production characteristics. Hachita blue 
grama is a relatively tall and productive selection compared to blue 
grama selections in general. Two switchgrass varieties were 
included: one is a robust upland type (Caddo), and the other 
(Kanlow) is adapted to lowland sites. Western indiangrass is an 
experimental strain selected for ease of establishment and it has 
low dormancy and rapid emergence compared to other indiangrass 
cultivars such as Cheyenne and Osage. 

The Old World bluestems included 3 species. B. cuucusicu and B. 
intermediu have secondarily branched inflorescences, B. ischue- 
mum does not. B. cuucusicu has a relatively small crown diameter 
(basal spread) compared to the other.2 species.‘B. cuucusicu, B. 
intermediu var. indicu and B. ischuemum var. ischuemum exhibit 
early seed maturity compared to B. intermediu var. montunu. A 
gradation of leaf widths is present in these grasses. Wide-leaf types 
include B. intermediu var. montunu. medium-leaf types include B. 
cuucusicu and 8. ischuemum var. ischuemum. while B. intermediu 
var. indicu is composed of narrow-leaf types. WW-477 is an intro- 
gression between the B. intermediu and B. ischuemum and has 
many characteristics in common with King Ranch bluestem (B. 
ischuemum). WW-Spar bluestem, WW-535, and WW-604 are 3 of 
30 yellow bluestem strains blended together to make ‘Plains’blues- 
tern (Taliaferro et al. 1972). 

Potential variability in post-emergence seedling growth result- 
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Table 1. Idenilfication of piant materials and seed weigbht. 

Entry Scientific name Cultivar/ Accession 
Country 
of Origin 

Air-valve 
setting&i> 

-Seed Size- 
Mean U> SD 

Native Species: 
1 Andropogon ha/Iii 
2 Ponicum virgatum 
3 ,t 

4 Sorghasrrum nutans 

5 Bouteloua gracilis 

Old World Bluestems (Bothriochloa spp.): 
6 B. caucosica 
7 ,, 

8 B. intermedia var. indica 
9 9, 

10 ,, 
II ,, var. montana 
12 n 

13 B. ischaemum var. ischaemum 
14 . . 
15 9. 
16 9. 

17 1, var. songorica 

Woodward sand bluestem 
Caddo switchgrass 
Kanlow switchgrass 
WW-Western indiangrass 
(Woodward experimental) 
Hachita blue grama 

Caucasian bluestem, WW4%2 
Caucasian bluestem, WW-765 
ww-517 
ww-811 
ww-822 
ww-857 
WW-886 
Ganada bluestem 
WW-Spar bluestem 
ww-535 
ww-604 
ww477 

U.S.A. 
,. 
9, 
9. 

. . 

U.S.S.R. 
,. 

Pakistan 
” 
n 
n 
” 

Turkey 
Pakistan 

Afghanistan 
Pakistan 

China 

(degrees) 
45-55 
45-50 

” 
” 

25-30 0.0554 0.0016 

30-35 
31 
” 
n 
n 
” 
n 
” 
l . 
V 
3. 
1, 

-_- 
0.2558 
0.2047 
0.1205 
0.1512 

0.0568 0.0024 
0.0530 0.0005 
0.0484 0.0023 
0.0420 0.0006 
0.0532 0.0011 
0.0366 0.0005 
0.0353 0.0005 
0.0457 0.0004 
0.0416 0.0006 
0.0515 0.0011 
0.0525 0.0010 
0.043 1 0.0018 

,-B--- 
0.0116 
0.0024 
0.0038 
0.0020 

<l>Refers to Dneumatic air semrator settings. The air flow and densitv of retained seed are proportional to the setting. 
U>Mean weight per 100 seed; based on th& lots of 100 seeds. 

ing from differences in seed size (Kneebone 1972, Whailey and 
McKell 1973) was reduced by grading the seed lots with a pneu- 
matic air separator. An air-valve setting of 30 to 35 degrees was 
used for ail Old World bluestems. The smaller seed of blue grama 
required a lower setting and the larger seed of the remaining native 
species required a higher setting to obtain a representative sample 
of high quality seed. Air-valve settings and the mean weight per 100 
seeds are given in Table 1. The Old World bluestems are highly 
apomictic (Harlan et al. 1958) and each of the plants in this study 
within an entry are considered to be the same genotype. 

Seeds were germinated on blotter paper moistened with distilled 
water containing Thiram (tetramethyithiuram disulfide, 4.8 g ai 
1-l) to control fungal growth. Initial wetting of the blotters was 
staggered during the period 31 Oct. to 4 Nov. 1983 to allow for 
differences in germination rates among entries based on previous 
germination pilot studies. Uniformly germinated seeds, with both 
radicie and coleoptile showing, were transplanted (coleoptiie just 
penetrating the soil surface) to 2 treatments (wet, dry) as defined 
below on 7 and 8 Nov. 1983, respectively. 

land’s solution (minus P) 4 times weekly through the watering 
system. The wet treatment was watered twice daily to approxi- 
mately field capacity. The dry treatment was watered in the same 
manner for the first 8 days following transplanting, after which 
water was withheld until all entries were clearly wilted (1.5 to 2 
days) and then the cells were watered to near field capacity. Sup- 
plemental lighting was provided for 14 hours each day by 400 W 
high pressure sodium lamps located 1 m above the tops of the cells. 
Photosynthetic photon flux densities in the absence of sunlight 
were about 300 pmoi rn-‘sV1 at the soil surface and 500 at 0.5 m 
above the soil surface. Midday values (sunlight plus lamps) 
exceeded 2000 pmol rnm2sm1. Mean photoperiod air temperature 
and relative humidity, as measured by hygrothermograph, were 
26.4 f 2.4 ‘C and 41.6 f 5.9%, respectively. Mean dark tempera- 
ture and humidity were 23.4 f 2.3 “C and 41.4 f 4.9%, 
respectively. 

Table 2. List of symbols, definitions md units. 

The rooting medium was a Pratt loamy sand (thermic Psammen- 
tic Hapiustaifs) collected from the surface 50 mm of fallow wheat 
ground, screened, mixed, and sterilized with methyl bromide 
(bromomethane). Soil was placed in tapered ceils having a top 
diameter of 25 mm, a bottom diameter of 18 mm, a depth of 150 
mm, and a volume of 68 ml. The soil in each ceil was initially 
saturated with water containing 100 mg P 1-l as fh(H2P04)2 and 
allowed to drain. A single seedling was planted in each ceil and the 
cells were placed in racks (20 by 10 cells) on a greenhouse bench 
and arranged in a randomized complete block design with 4 blocks 
for each of the 2 treatments. Each block consisted of either 3 racks 
(wet) or 2 racks (dry) of uniformly emerged seedlings. Seed lots 
from some entries had poor or slow germination, making it neces- 
sary to delete 1 rack per block from the dry treatment. 

Growing Conditions 

Tissue fraction designators (x): 

b Leaf blade 
ss Leaf sheaths plus enclosed stems 
S aboveground=b+ss (shoots) 
r belowground (roots) 
P all fractions combined=b+ss+r=s+r (plant total) 

Measured Parameters: 
Ab Leaf blade area (cm* plant-‘) 
wx Biomass of tissue fraction “x” (g plant-‘) 
t Time in days (d) 

Calculated Parameters: 

Watering was by surface application using overlapping, fine- 
spray nozzles with a discharge height of about 45 cm above the soil 
surface. During the first week following transplanting, fungicide 
[Zineb, zinc ethylene bis(dithiocarbamate); 1 g ai I-‘] was applied 
once daily through the watering system. Throughout the experi- 
ment, soil fertility was maintained by applying half-strength Hoag- 

SLW Specific leaf weight (g rn-‘)=(Wb/ Ab) X 10000 

Derived Growth Parameters (after Hunt and Parsons, 1974): 
Rx Relative growth rate of biomass where”x” = tissue fraction s, r, or p. 

(g g-‘d-d)=( I / Wx) (d Wx/dt) 
Rb Relative growth rate of leaf blade area (m%n%‘)=( I / Ab) 

(dAb/dt) 
F Leaf area rato (mzkg-‘)=(Ab/ Wp) X 0.1 
Eb Unit leaf blade area rate (g m‘*d“)=( i / Ab) (dWp/dt) X 10000 

Note: When used as a unit, d is the SI designation for day; when used as a parameter 
prefix, d means derivative of the parameter. 
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SIlmple Collection and Processing Data Analysis 
Plants from the wet treatment were harvested beginning 14 days 

after transplanting (21 Nov. 1983) and thereafter on 28 Nov., 5 
Dec., 12 Dec., 19 Dec., and 28 Dec. 1983. Plants from the dry 
treatment were harvested on the same schedule, but 1 day later. 
The 4 center cells of each entry row in a block of the wet treatment 
or the 2 center cells of the dry treatment were removed from the 
racks for processing. The cells removed on a given date were 
replaced by rotating cells from the outer ends (half from each end) 
of a row just inside the border row and moving the border plants 
inward. This scheme was an attempt to maintain a closed canopy 
and to minimize border effects. 

Prior to harvesting the plants, the average number of tillers per 
plant, the average number of leaf blades (lamina) per plant, and the 
average maximum extended height (soil surface to tip of longest 
leaf) were recorded. Plants were severed at the soil surface and 
separated into leaf blades and leaf sheaths plus enclosed stems. The 
projected areas of the blades were measured by leaf area meter. The 
entire soil volume and the 2 aboveground fractions were frozen 
separately until further processing. Root samples were subse- 
quently thawed and separated from the soil by spraying with water 
in a container having a submerged, screened bottom. All tissue 
fractions were lyophilized and weighed to determine biomass. 
Root biomass was calculated on an ash-free basis. Biomass from 
the 2 or 4 plants within a block was bulked by plant tissue fraction 
and sample date. 

The analysis of variance for the morphological parameters fol- 
lowed the procedures for a split-plot design with harvest date as the 
subplot factor (Steel and Torrie 1980). Plant species or accessions 
(hereafter called entries) means were separated by Duncan’s multi- 
ple range test (Duncan 1955). Growth parameters (Table 2) were 
derived by regression using the plant growth analysis procedures 
described by Hunt and Parsons (198 1). Differences in instantane- 
ous relative growth rates and rates of change in relative growth rate 
over time (slopes) among entries were determined by pooling the 
residual sums of squares and calculating a least significant differ- 
ence. Differences among entries for leaf area ratios and unit leaf 
rates involved covariance terms and were determine by calculating 
a least significant difference based on complex estimates of var- 
iance (Satterthwaite 1946, Steel and Torrie 1980). Similarities in 
entry ranking between treatments were estimated by Spearman’s 
coefficient (rJ of rank correlation (Steel and Torrie 1980). In 
references to shifts in rank by greater than 3 positions which 
follow, the choice of three was arbitrary. 

The analysis of variance for production and morphological 
attributes presented below showed that all main effects (entries, 
treatments, dates) were highly significant (KO.01). Significant 
interactions were limited to entries X dates and treatments X dates. 
The former was related to relative differences in rates of develop- 
ment. Some entries ranked high for the early harvest dates but low 

Results and Discussion 

Table 3. Entry group means for selected production and morphological parameter&l>. 

Parameter 

Total plant biomass, 
Wp (g/plant) 

Treat. 

Wet 
Dry 

Dry/ Wet 

Wet 
Dry 

Dry/ Wet 

Wet 
Dry 

Dry/ Wet 

Nativea> 

0.1868c 

< -----Entry Groups-------> Grand 
B. caucasica B. intermedia B. ischaemum mean<3> 

0.2879a 0.2457b 0.2273b 0.227 I 
*O.l104b 

0.59 
*O.l I lob 

0.39 
l O.l417a 

0.58 
*O. 1376a 

0.61 
*O. 1283 
0.58 

Shoot/total plant 
biomass (Ws/ Wp) 

0.69a 0.71a 0.66b 0.65b 0.67 
0.7Oa 0.71a 0.69a 0.66b l 0.68 
1.01 1.00 1.05 1.02 1.02 

Leaf blade/shoot 
biomass (Wb/ Ws) 

0.6la 0.55c 0.58b 0.59b 0.59 
0.6Oa 0.56b 0.56b 0.58b *0.58 
0.98 1.02 0.97 0.98 0.98 

Tillers (No./plant) 

Leaves (NoJplant) 

Leaves/ Tiller 

Leaf area (cm2/ plant) 

Leaf size (cmZ/ lest) 

Height (cm) 

Specific leaf weight 
b/m*) 

Wet 
Dry 

Dry/ Wet 

Wet 
Dry 

Dry/ Wet 

1.4d 2.5~ 2.8b 3.la 2.6 
*1.2d f1.7c 2.6b 3.Oa *2.3 

0.86 0.68 0.93 0.97 0.89 

4.9d 
‘3.9d 
0.80 

8.5~ 
*5.4c 

0.64 

9.9b 
*7.8b 

0.79 

11.7a 
‘9.2a 

0.79 

9.1 
+7.0 
0.78 

Wet 
Dry 

Dry/ Wet 

Wet 
Dry 

Dry/ Wet 

3.56b 3.53b 3.62ab 3.88a 3.63 
3.48a 3.27b l 3.18b *3.29ab *3.28 
0.98 0.93 0.88 0.85 0.90 

12.lc 20.8a 16.9b 17.8ab 16.1 
+7.4b *8.7ab ‘lOA +9.7a ‘9.0 

0.61 0.42 0.60 0.55 0.57 

Wet 
Dry 

Dry/ Wet 

2.5a 
2.la 
0.84 

2.2b 
l 1.5b 

0.68 

1.6c 
1.3c 
0.81 

1.8 
‘1.4 
0.78 

Wet 
Dry 

Dry/ Wet 

24.3b 
*19&a 

0.81 

26.8a 
*17.6bc 

0.66 

23.6b 
18.7ab 

0.79 

1.3c 
*1.Od 

0.77 

21.2c 
*16.6c 

0.78 

24.1 
‘18.9 

0.78 

Wet 53.8a 43.0bc 45.6b 41.2~ 47.2 

Dry 55.7a 44.3b 47.41, *46.1 b *50.0 
Dry/ Wet 1.04 I .03 I .04 1.12 1.06 

:Ay;;;P means within a row not followed by a common letter and treatments within a parameter and entry group marked by an asterisk are significantly different 
. . 

U>The native group means included only the four tall grasses and not blue grama. 
<3>The grand means included all 17 entries. 
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at the end of the sampling period and some conversely so that mean 
values were similar. The interaction of treatment with dates was a 
result of continual divergence between the 2 treatments with time. 
Both treatments were similar at the first sampling date because 
both treatments received similar amounts of water for the first 8 
days after transplanting. However, at each succeeding harvest, 
water stress effects accumulated causing the divergence between 
treatments and hence the interaction. Therefore, entry differences 
within and between treatments will be emphasized in this presenta- 
tion. Comparisons will also be made among entry groups and will 
be referenced as ‘natives’ (includes only the 4 tall grasses and not 
the short grass blue grama), ‘Bca’ (B. caucasica), ‘Bin’ (B. interme- 
dia), and ‘Bis’ (B. ischaemum). Symbols and units are defined in 
Table 2 and will not be redefined in the following discussion. In 
figures l-6, normalized values on the abscissa are the actual values 
for each entry, as shown on the ordinate, divided by the maximum 
value. 

Biomass Production and Partitioning 
Mean total plant biomass production for 6 harvest dates, ran- 

ging from 14 to 51 days post emergence, varied over two-fold 
among the 17 entries in both wet and dry treatments (Fig. 1). 

WET TREATMENT I!K"(IWET 

DRY TRERTMENT WET/DR" 

Fig. 1. Entry means of biomassproduction andpartitioning in wet and dry 
treatments for the period 14 to 51 days post-emergence. Entries not 
marked with a common letter are signt/Tcantly different (P<O.OS). 

Although there were some notable changes in rank among entries 
between treatments (changes in position>3: Caddo switchgrass, 
WW-442, WW-604, WW-765, WW-81 I), the significant and posi- 
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tive Spearman coefficient (raz0.53, P<O.Ol) indicates a similarity 
among entry ranks between treatments. Except for Bca (dry), the 
Old World bluestem group means exceeded that of the natives 
regardless of watering regime (Table 3). Dry treatment production 
averaged about 0.58 (rangeE0.36 to 0.71) of the wet treament across 
all entries with the native, Bin, and Bis groups reacting quite 
similarly to water stress (mean dry/wet=0.6). However, the ratio 
for Bca was less than 0.4, which is consistent with other results 
showing that Caucasian bluestem maintained its production 
potential poorly under water stress (Coyne et al. 1982). 

Field trials conducted in the late 1950’s at Woodward, Okla., 
showed that Caucasian bluestem, blue grama, and sideoats grama 
(Bouteloua curtipendula) had poor seedling vigor compared to 
switchgrass, sand bluestem, weeping lovegrass (Eragrostis cur- 
vula), and sand lovegrass (E. trichodes)(E.H. McIlvain and M.C. 
Shoop, unpublished data). These data on relative performance of 
Caucasian bluestem are in apparent agreement with results of the 
present study. In addition, previous laboratory (Coyne et al. 1982) 
and field (Coyne and Bradford 1985) comparisons of WW-765 
(Bca) and WW-Spar (Bis) are in agreement in that WW-765 out 
yielded WW-Spar under optimal conditions, but rapidly lost its 
performance advantage under stress. WW-Spar was shown to be 
less able to take advantage of high soil moisture, but maintained 
performance closer to its potential under stress than did WW-765 
in these earlier studies. 

Like Caucasian bluestem, blue grama was found by McIlvain 
and Shoop to have low seedling vigor. Although blue grama in this 
study ranked low in biomass production, it maintained its produc- 
tion well under water stress (dry/ wetz0.71; highest of all entries). 
Low seedling vigor in blue grama is apparently related to its 
morphology (Wilson et al. 1976, Briske and Wilson 1977) and its 
short-lived seminal root. Very soon after emergence, it becomes 
dependent upon adventitious roots which may develop as early as 
11 days after planting (Briske and Wilson 1977) providing the soil 
surface remains moist for 2-3 days. In our study, the soil surface 
was kept moist during this critical post-emergence period, allowing 
adventitious roots to become established before water was with- 
held, which may explain its high production under water stress 
compared to the wet treatment. 

Partitioning among 3 tissue frations was remarkably uniform 
across entries and relatively insensitive to water stress (Fig. 1). 
Mean partitioning coefficients were 0.36:0.29:0.35 for roots:sheaths 
plus stems:leaf blades. The native, and Bca groups partitioned 
about 0.7 of their total biomass aboveground while the Bin and Bis 
groups partitioned significantly less to aboveground tissues (Ws/ Wp, 
Wet;Table 3). The native species tended to be more leafy than the 
Old World bluestems in that they partitioned a greater portion of 
their aboveground biomass to leaf blades and less to sheaths plus 
stems (Wb/ Ws, Table 3). Treatment means showed that water 
stress did not greatly affect leafiness or shoot:root ratios and entry 
ranks were similar for both treatments (r,=0.67 for Wb/ Ws, 0.75 
for WS/ Wp; KO.01). The relative insensitivity of shoot:root to 
water stress is surprising since root growth is commonly favored 
over shoot growth under water stress conditions (Hsiao and 
Acevedo 1974). 

Morphological Parameters 
Tillering varied significantly among entries and for most entries 

this parameter was negatively affected by water stress (Fig. 2). 
Exceptions were WW-517, WW-535, WW-604, and WW-822 
which had more tillers when grown under water stress. The Old 
World bluestems produced more tillers/plant than the natives 
(Table 3). Within the Old World bluestems, the Bca group had 
fewer tillers than Bis (wet and dry) and Bin (dry). This is consistent 
with field data (unpublished) on crown diameters of WW-Spar 
(Bis) and WW-765 (Bca) which averaged 187+26 and 145f24 mm, 
respectively. The sensitivity of the 2 Caucasian bluestems and 
WW-886 to water stress was especially pronounced with tiller 
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8.0 0.5 1.0 
mr TRERTMEENT Mm++ 2.6 
WYA+ET RRTIO MERN. 8.89 

NORMALIZED TILLER NUMBER 
I 

0.8 0.5 I.0 
DRY TRERTNEENT nwr4. 2.3 

WETa?Y RRTIO - I. ,I 
NORMALIZED TILLER NUWER -1 

Fig. 2. Entry means of tiller number in wet and dry treatments for the 
period 14 to 51 dayspost-emergence. Entries not marked with a common 
letter are significantly different (PCO.05). 

number being reduced 29-32% by the dry treatment. Overall, entry 
rank did not change appreciably between treatments (t-.=0.89, 
KO.01). Rank position of only 2 entries (WW-517, WW-Spar) 
changed by more than 3. 

The number of leaves/plant varied about four-fold among 
entries (Fig. 3) and, not surprisingly, the entry ranks were very 
similar to that for tiller number (r.zO.98, KO.01). Entry rank for 
leaf number (r.zO.94, KO.01) was less sensitive to water stress than 
for tiller number. Only WW-477 changed rank by more than 3 
positions between wet and dry treatments. Water stress had a 
greater negative effect on leaf number than on tiller number so that 
the average leaves/ tiller was reduced from 3.63 to 3.28 by the dry 
treatment (Table 3). Leaves/ tiller was most affected by water stress 
in the Bin and Bis groups. 

Total leaf area/ plant was also quite variable among entries and 
very sensitive to water stress which reduced mean area for all 
entries by 43% (Fig. 4). Four entries (Caddo switchgrass, WW-442, 
WW-Spar, WW-765) changed rank by more than 3 positions 
under water stress (r.=0.58, KO.05). In these 4, leaf area was 
reduced over 50% by water stress. Leaf area in the other entries was 
less sensitive to withholding water, but even the least sensitive 
(Caddo switchgrass) lost 26% of its leaf area in the dry treatment. 
The Old World bluestem species had more tillers, more leaves, and 
more leaf area per plant than the native group, but the natives had 
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Fig. 3. Entry means of leaf number in wet and dry treatmentsfor theperiod 
14 to 51 dayspost-emergence. Entries not marked with a common letter 
are significantly dSfferent (X0.05). 

larger leaves than the Old World bluestems (Table 3). Leaf size was 
reduced in all groups by water stress, but entry ranks were essen- 
tially unchanged (r.=O.95, X0.01). 

Extended height of these grasses varied by about a factor of 2 
and on the average was reduced about 22% by the dry treatment 
(Fig. 5) compared to 40-50% for biomass production. Similarly to 
biomass production, the 2 Caucasian bluestems were reduced most 
in height by water stress. Although the native group was found to 
produce fewer leaves and tillers than the Old World bluestems, it 
had greater height growth than the Bis (wet, dry) and Bca (dry) 
groups (Table 3) and height of the natives was least affected by 
water stress. Blue grama was in a height class by itself in both 
treatments (Fig. 5). Its growth form under the experimental condi- 
tions appeared atypical of field-grown plants. Its leaves were long 
and narrow and only indiangrass equaled its allocation of above- 
ground biomass to leaf blades (65%). Although water stress signifi- 
cantly reduced height growth, entry rank within treatments was 
very similar (r.EO.90, KO.01). 

Specific leaf weight is an index of biochemical costs and can be 
thought of in terms of the biomass required to build a unit area of 
leaf tissue. Biomass investment in leaf tissue varied by about a 
factor of 2 and the native species occupied the first 5 rank positions 
in the dry treatment and were included in the first 6 positions of the 
wet treatment (Fig. 6). For the entry groups, specific leaf weight of 
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0.0 0.5 1.0 
llET TREERTMmT IEm- LO., 
rmY,YI mm*0 ICIW- a.37 

NORMALIZED LERF BLRDE RRER 

Fig. 4. Entry means of leaf blade area in wet and dry treatments for the Fig. S.Entry means of exrended height in wet and dry treatments for the 
period I4 to 51 days post-emergence. Entries not marked with a common period 14 to 51 days post-emergence. Entries not marked with a common 
letter are significantly different (pCO.05). letter are significantly different (PCO.05). 

Table 4. Entry group means for selected growth parameters. 

<-------Entry Groups-------> Grand 

biomass, Rs 

Parameter <l> Treat. 

0.121 

Nativea> 

(g g-‘d-l) 
Dry 

RGR of shoot 

Dry/ Wet 

Wet 0.133 

0.91 

RGR of root Wet 0.151 
biomass, Rr Dry 0.140 
(g g“d-‘) Dry/ Wet 0.92 

RGR of total Wet 0.138 
plant biomass, 0.126 
RP (g g-‘d-t) 

Dry 
Dry/ Wet 0.91 

RGR of leaf Wet 0.111 
blade area, 
Rb (m2msd’) 

Dry 0.090 
Dry/ Wet 0.81 

Leaf area Wet 10.45 
ratio, F 
(m2kg-‘) Dry/ Dry Wet 

8.88 
0.85 

Unit leaf Wet 12.94 
rate, Eb 
(g mm2d’) 

Dry 13.72 
Dry/ Wet 1.06 

<l>RGR=relative growth rate. 
U>The native group means included only the four tall grasses and not blue grama. 
O>Tbc grand means included all 17 entries. 

0.154 

B. caucasica- 

0.127 

i. intermedia B. ischaemum 

0.123 

meanO> 

0.124 
0.160 

0.96 

0.150 

0.85 

0.138 

0.89 0.86 

0.144 

0.175 0.166 0.161 0.162 
0.165 0.144 0.142 0.145 
0.94 0.87 0.88 0.89 

0.164 0.155 0.145 0.149 
0.155 0.132 0.128 0.133 
0.95 0.85 0.88 0.89 

0.127 0.119 0.119 0.119 
0.120 0.096 0.088 0.095 
0.95 0.80 0.74 0.80. 

13.32 12.01 12.18 11.72 
11.02 9.44 9.73 9.49 
0.83 0.79 0.80 0.81 

11.67 12.38 11.38 12.38 
13.40 13.49 12.52 13.44 
1.15 1.09 1.10 1.09 
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WET TREATMENT 1 

CwIp: .em2 r- Lw’,yET 

a.2 2.’ :.2! 
*CT ‘RERT”ENT NKRN- 47.1 

Dl”a4Ei RRTIO *EAN- 1.86 NORMALIZED SPECIFIC LEAF WEIGHT 

glnZ ( DRY TREATMENT *ET/De. 

Di), TIERTIN’ *Ew+ 58.1 ..‘- 
UETmRY w?‘IC “Ewe 8.95 NORMALIZED SPECIFIC LEAF WEIGHT 

Fig. 6. Entry means of specific leaf weight in wet anddry treatmentsfor rhe 
period 14 to 51 days post-emergence. Enrries not marked with a common 
lerrer ore signijicanrly different (X0.05). 

the native species was significantly greater than all of the Old 
World bluestem groups regardless of treatment (Table 3). Among 
the Old World bluestem groups, there was a slight separation in the 
wet treatment, but there were no significant differences in the dry 
treatment. Reduced watering resulted in an increase in specific leaf 
weight in all entries except Caddo switchgrass, WW-517, and 
WW-442. Across all entries, specific leaf weight increased 6%. 
There was, however, a disparity among groups in response of 
specific leaf weight to water stress. Specific leaf weight in the 
native, Bca, and Bin groups increased by only 3 to 4% (not signifi- 
cant) compared to 12% in the Bis group. Thus, although leaf area 
was reduced by water stress, specific leaf weight increased, a patt- 
ern also observed in cereals (Rawson et al. 1977). Treatment effects 
did not alter entry ranking appreciably (r.=0.86, KO.01). Entries 
WW-517, WW-604, and WW-886 changed in rank by more than 3 
positions. 

A basic difference in resource allocation pattern emerges from 
these data. The native species tended to produce a few expensive 
leaves compared to the Old World bluestem species. The Old 
World bluestems exhibited considerable variation within and 
between species groups in both leaf number and specific leaf 
weight, but on the whole, their allocation pattern appeared to more 

0 7 14 21 28 35 
TIME SINCE FIRST HRRVEST (days) 

, , , . , , , , , , , 
DRY TRERmENT 

0.6 - 

0.4 - 

0.2 - 

0 7 14 21 28 35 

TIME SINCE FIRST HRRVEST (days) I 

Fig. 1. Time course of normalized means ocross entriesfor relative growth 
rote of totolplanr biomass (Rp), leaf area ratio (F), and unit leaf rote (Eb) 
in rhe wet and dry treatmentsfor theperiod 14 to 51 days post emergence. 

closely resemble one that is conducive to maximizing the capture of 
light energy than that of the natives. The Old World bluestems, as a 
group, rapidly produced a leaf canopy composed of numerous yet 
relatively cheap leaves. This behavior should be advantageous not 
only for seedling establishment, but for defoliation tolerance as 
well. Caldwell et al. (1981) found that a grazing-tolerant Agro- 
pyron bunchgrass had a lower investment of nitrogen and biomass 
per unit area of photosynthetic tissue than a less tolerant one. In an 
earlier study (Coyne and Bradford 1985), growth dynamics of 
WW-Spar, WW-535, WW-604 (all in the Bis group and compo- 
nents of Plains bluestem), and WW-758 (another Caucasian blue- 
stem similar to WW-765) were compared in the field. Under condi- 
tions of adequate soil moisture as well as drought stress, these 
accessions ranked as WW-604>WW-535>WW-758>WWSpar 
for both biomass and nitrogen per unit leaf area. In the dry treat- 
ment of the present study, the entry ranks for specific leaf weight 
(WW-604>WW-535>WW-765>WW442>WW-Spar) werecom- 
parable to that of the field study. Both studies indicate considera- 
ble latitude exists to select for a pattern of resource allocation that 
maximizes canopy development within and among the Old World 
bluestem entry groups. 

Assuming that seedling vigor is associated with high numbers of 
tillers and leaves, high leaf area, and low biomass investment per 
unit of leaf area, then a composite rank index can be derived from 
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the individual parameter ranks. Using these criteria, seedling vigor which lowers F, is apparently the more common cause of reduc- 
could be expected to be greatest in the Bis group followed by tions in Rp even during mild water stress. (Kriedemann and Barrs 
Bin>Bca>Native. 1983). 

Growth Parameters 
Relative growth rate of biomass or leaf area describes growth in 

terms of the return on biomass or area invested, respectively. 
Because all absolute growth rate curves were fit with second order 
equations, the relative rates were linear functions of time with 
maximum values at t=O (intercept). Intercepts of the relative 
growth parameters (Rp, Rb) ranged from about 0.2 to 0.3 in the 
wet treatment. The dry treatment had little effect on the intercept 
of Rp averaged across all entries since water stress effects were 
minimal at the first harvest. Nevertheless, the average intercept for 
Rb in the dry treatment was reduced to 0.73 of the wet treatment 
value, suggesting a greater sensitivity to water stress for Rb than 
for Rp. Variability among entries within groups was greater for the 
growth than for the morphological parameters, resulting in fewer 
significant differences among entries. In addition, entry rank 
changed more between treatments (rm=0.22 and 0.12 for the inter- 
cepts of Rp and Rb, respectively, KO.05) than for the morpholog- 
ical parameters. Thus, individual entry data for the growth 
parameters will not be referenced in the remaining discussion. 

Integrated means for Rp and its components, F and Eb (Table 
4), show that water stress reduced F in all entry groups and gener- 
ally resulted in an increase in the efficiency of production of new 
biomass from existing leaf blade area as measured by Eb. These 
results agree with the conclusions of Kriedemann and Barrs (1983) 
that F was the more important determinant of reductions in Rp 
due to limited soil water. However, this conclusion must be quali- 
fied with a time reference as shown below. 

High relative growth rates are not necessarily desirable traits 
with respect to performance maintenance under stress. Grime and 
Hunt (1974) surveyed 132 species of monocots and dicots from a 
diversity of habitats under controlled and uniform conditions and 
observed a low frequency of potentially fast-growing species in 
unproductive habitats and stated that genetic characteristics con- 
ducive to rapid growth in productive conditions possibly become 
disadvantageous when plants are subjected to environmental 
stress. In our study, the correlation between intercepts and abso- 
lute slopes ranged from 0.92 to 0.97 (X0.01) depending on the 
parameter (Rs, Rr, Rp, Rb) showing that entries with the highest 
growth efficiencies at the start of sampling also were the ones which 
had the greatest decline in efficiency with time regardless of treat- 
ment. Therefore, integrating the area under the growth parameter 
curves may be a better way to compare growth efficiency among 
entries differing in both intercepts and slopes. Means for each entry 
group were calculated for the period 0 to 28 days (Table 4). Means 
were not separated statistically since individual growth curves were 
fit across rather than within replicates. The upper integration limit 
was set at 28 days because relative rates became negative at about 
this time. Also, the first few weeks post emergence would seem 
most important if early growth rate is a determinant of competitive 
advantage. 

Mean relative growth rates of biomass and leaf area were gener- 
ally highest in the Bca group and lowest in the native group (Table. 
4). The Bin and Bis groups were intermediate. The growth effi- 
ciency of roots exceeded that of shoots in all groups and both 
treatments (average Rr/ Rszl.14) and, like Ws/ Wp (Table 3), this 
ratio was essentially unaffected by water stress. Regardless of 
treatment, the growth efficiency of total plant biomass (Rp) 
exceeded that of leaf blade area (Rb) and, except for the Bca group, 
water stress reduced Rb more the Rp so that the ratio (Rb/ Rp)also 
decreased. 

Dry matter production depends on both the amount of leaf area 
per plant (morphology) and the assimilation rate per unit leaf area 
(physiology). The interaction between leaf area and photosynthetic 
rate can be analyzed by dividing Rp into its component determi- 
nants, F and Eb (Kriedemann and Barrs 1983). F is a morphologi- 
cal index of plant growth relating leaf area to total plant biomass. 
Eb is a physiological index relating the rate of increase of dry 
weight of the whole plant to unit leaf area and it is closely con- 
nected to photosynthetic activity (Evans 1972). Evans stated that 
both indices have their own ontogenetic drift that is quite different 
in form. Whether reductions in Rp due to recurring cycles of 
short-term drought are primarily attributable to reductions in F or 
Eb is evidently species dependent; but restriction of leaf expansion, 

Because trends in Rp, F, and Eb with time were similar in all 
entries, an average, normalized graph was constructed to show the 
time relationships among these parameters (Fig. 7). All three var- 
iates declined throughout the sampling period in the wet treatment, 
but Eb increased during the first 2 weeks of sampling in the dry 
treatment. F declined in near linear fashion in the wet treatment. In 
the dry treatment, F showed an accelerated decline during the 
period Eb was increasing and then leveled off as reductions in Eb 
became the dominant influence on Rp. Thus, early in the cyclical 
water stress treatment, F predominated in effecting reductions in 
Rp while Eb predominated more as stress symptoms accumulated; 
i.e., reduction in carbon allocation to leaf area was initially the 
main cause of a drop in Rp, but ultimately, the efficiency with 
which the standing crop of leaf area was producing new dry matter 
was the controlling influence on Rp. Differences in ontogenetic 
drift for F and Eb noted by Evans (1972) were amplified by water 
stress in these 17 grasses. 

If F is more important than Eb in determining reductions in Rp 
due to water stress, then ranking the entries by the correlation 
coefficient of Rp:F for the dry treatment might be expected to 
array the entries by drought sensitivity, i.e., entries having low r 
values (less dependent on F) should be least susceptible to with- 
holding water. We certainly do not have comparative field data on 
all entries for the same conditions, but some patterns do emerge 
from this ranking that appear to correspond to relative drought 
performance. For example, the r values suggest that WW-Spar is 
superior to WW-477, WW-604, and WW-765 (respective r values 
=0.80,0.84,0.92,0.96), which agrees with rankings from another 
study (Coyne et al. 1982). WW-811 had the lowest r (0.78) of all 
entries and the r for WW-442 (0.90) was less than that of WW-765 
(0.96). Field qualitative ratings of plant introduction nurseries at 
Woodward show that WW-811 remained green longer into 
drought cycles than 300 other B. intermedia and B. ischaemum 
accessions and that WW-442 was superior to WW-765 in drought 
performance (C.L. Dewald, pers. comm.). 

Water stress had opposite effects on the slopes of Rp and Rb. 
For Rp, the average slope became more negative (dry/ wet=l.09, 
r.=O. 16), but the slope of Rb became less negative (dry/ wet=0.67, 
r+l. 18). The nonsignificant Spearman coefficients show dissimi- 
lar entry ranks between treatments. 

In order for Rp and Rb to be equal over a given time interval, F 
must remain constant, indicating the plant is multiplying units of 
structure all having the same ratio of leaf area to plant dry weight 
(Evans 1972). When F is increasing, Rb>Rp and conversely. The 
cross-over point where Rp=Rb should mark a change in allocation 
pattern. The point of equality of Rp and Rb was negative in the wet 
treatment indicating Rp>Rb throughout the sampling period and 
confirming that F decreased approximately linearly throughout 
this period in all entries (Fig. 7). In the dry treatment, the cross- 
over was positive for all entries and averaged about 35 days 
(range=26 to 59) with Rp>Rb prior to the point of equality. In the 
dry treatment, F declined rather steeply from the first through the 
third harvest dates and then declined more gradually up to the 
cross-over date (Fig. 7). Beyond the cross-over, F began to gradu- 
ally increase and Rb>Rp so that the partitioning was favoring leaf 
area over supporting structures. 

The significance of differences in cross-over time to relative 
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drought performance among these grasses was not readily appar- 
ent from our data. Although entry groups showed some mean 
differences in this parameter under water stress (natives=35, 
Bca=46, Bin=29, Bis=35), the within group viability was high. The 
tendency for F to reverse its normal ontogenetic decline in the dry 
treatment as water stress effects became increasingly severe during 
the last half of the sampling period would seem counter productive 
if the ratio of transpiring surface to absorbing root surface were 
increased. We have no measure of effective root surface area, but 
ratios of Ab/ Wr increased in most entries between 35 and 42 d!rs 
post emergence (entry mean increased from 5.8 to 7.0 m2kg ). 
However, this increase in Ab/ Wr was accompanied by a reduction 
in specific leaf weight (entry mean decreased from 68 to 57 g mV2) 
while leaf weight ratio (Wb/ Wp) remained constant. Therefore, 
the increase in leaf area in relation to biomass was accomplished by 
building cheaper leaves. Whether or not this growth behavior is an 
appropriate response to water stress depends upon how the CO2 
diffusion pathway is configured. Increasing the size of the photo- 
synthetic canopy would lead to more efficient light energy capture 
and could be beneficial if residual conductance for CO2 increased 
relative to stomata1 conductance. Under these conditions, the plant 
may achieve an increase in water-use efficiency without amplifying 
the internal water deficit. 
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Younger and C.M. McKell [eds.] The Biology and Utilization of Grasses. 
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Kriedemann, P.E., and H.D. Barra. 1983. Photosynthetic adaptation to 
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Assuming that identification of appropriate screening parame- 
ters would benefit efforts to enhance seedling vigor in forage grass 
germplasm, the usefulness of a particular parameter might be 
predicted on the basis of its relative sensitivity to water stress and 
its Spearman’s coefficient. A parameter with a negative or low 
positive Spearman’s coefficient (entry ranking changes signifi- 
cantly under stress) should better delineate superior stress perfor- 
mance than parameters with high positive coefficients. Parameters 
with high sensitivity to water stress would be desirable since the 
required accuracy of the measurements would be less than for 
parameters of low stress sensitivity. Using these criteria, both total 
plant biomass and total leaf blade area would rank high as poten- 
tial screening parameters among the set tested in this study. 
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Dormancy Breaking and Germination Requirements 
of Nimble Will (Muhlenbergia schreberi Gmel.) Seeds 
JERRY M. BASKIN AND CAROL C. BASKIN 

Abstract 

Nimble will (Muhlenbergia schreberi Gmel.), a native perennial 
C4 grass, is a serious weed in horse pastures ln the Bluegrass Region 
of Kentucky. This study investigated the dormancy breaking and 
germination requirements of this species. Seeds mature in October, 
are dispersed mostly during autumn and winter, and germinate in 
spring. Seeds were dormant at maturity, but they became nondor- 
mant during (1) dry storage in the laboratory, (2) 99 days of 
incubation on moist sand at 35/2tPC, or (3) cold stratification. 
Germination percentages were higher in light than in darkness, and 
cold stratified seeds germhrated to higher percentages than dry- 
stored seeds. Seeds sown in a nonheated greenhouse in autumn 
were cold stratlfled during winter, and they germinated in spring 
when temperatures became nonllmiting. However, seeds that 
remained on the parent plants in the field over winter did not gain 
the ability to germinate at spring temperatures (2O/loOC) by 
spring. Under some test conditions, the intact palea and lemma 
inhibited germination, but under other conditions they were not 
inhibitory. 

Nimble will (Muhlenbergiu schreberi Gmel.) is a native warm- 
season or Cd (Bender 197 1, Hattersley and Watson 1976) perennial 
grass whose geographical range extends from southern Ontario 
and New England to northern Florida, westward to Iowa and 
central Texas (Pohl 1969, Dore and McNeil1 1980). The original 
habitat of the species was light shade of moist forests (Pohl 1969), 
but it also now is common in lawns, waste places, and other 
disturbed habitats (Pohl 1969, Swink and Wilhelm 1979). Nimble 
will is the weediest species in the subgenus Muhlenbergia (Pohl 
1969) and Holm et al. (1979) list it as a common weed in the USA. 
In Kentucky the species is a weed in pastures and hay crops 
(Palmer 1979). However, aside from general information given in 
various taxonomic works, only a few scattered references on this 
species have been found in the literature. 

Nimble will is a serious problem in horse pastures in the Blue- 
grass Region of Kentucky, where Kentucky bluegrass (Poapruten- 
sis L.) is the preferred grass (J.K. Evans, pers. comm.). The species 
is unpalatable to horses, and thus its presence decreases the grazing 
quality of the bluegrass pastures. Additionally, nimble will- 
infested pastures are unsightly from autumn to spring, when the 
species shows up as dead patches of grass in the bluegrass sod. 

In view of the importance of nimble will as a weed in horse 
pastures in central Kentucky and the paucity of information on the 
species, we are undertaking a study of its life cycle biology. This 
paper reports on the dormancy breaking and germination require- 
ments of nimble will seeds. A knowledge of when seeds germinate 
and what environmental factors break dormancy and promote 
germination will aid in planning a successful management strategy 
for this species. 

Nimble will is a hemicryptophyte (Ennis 1928, McDonald 1937, 
Gibson 1961) with weak, slender sprawling culms that fall over and 
root at the nodes. The plants lack true stolons or rhizomes. In July, 
buds are initiated at the basal nodes of the culms. These buds give 
rise to new culms, which grow to a length of I to 5 cm by the 
beginning of winter. The new culms remain green during winter but 
do not elongate. Growth of the culms resumes in early spring, and 
by July they are fully elongated. Plants flower in August and 
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September, and seeds are mature by late October. Seeds remain 
attached to the mother plant at maturity, and most of them are 
dispersed during autumn and winter. 

Methods 

The first objective was to determine when nimble will seeds 
would germinate in a nonheated greenhouse, where temperatures 
were near those out-of-doors (Baskin and Baskin 1981). Mean 
daily maximum and minimum weekly temperatures for the dura- 
tion of the study were calculated from continuous thermograph 
records. Freshly matured caryopses (hereafter called seeds) were 
collected on 2 1 October 198 1, and 7 days later 3 replications of 300 
seeds each with the palea and lemma (hulls) intact were sown on 
soil in small flats. The soil was watered daily, except when frozen in 
winter, until the study was terminated on 18 May 1982. The flats 
were examined for seedlings at 7day intervals. 

Objective two was to test the temperature and light requirements 
for germination of seeds exhumed after 0 to 12 months of burial in 
soil. Seeds were collected on 21 October 1981, and 7 days later 
about 3,000 were placed in each of 12 fine-mesh nylon bags. Each 
bag was buried to a depth of 7 cm in soil in a 15cmdiameter clay 
pot. The pots were kept in the nonheated greenhouse and watered 
daily, except when frozen. Germination tests were conducted on 
fresh seeds and on those that had been buried for 1 to 4 months. We 
originally planned to exhume seeds each month until November 
1982. However, many of the buried seeds germinated in the soil in 
March 1982, so the experiment was terminated. Germination tests 
were performed in incubators at a 14-h photoperiod (ca. 20 pmol 
me2 s- ,400-700 nm) and in constant darkness at (12/ 12 h) altemat- 
ingtemperatureregimesof 15/6,20/ 10,25/ 15,30/ 15,and35/2O”C. 
Seeds were incubated on moist sand in 5.5cm petri dishes. For 
dark-incubated seeds, 3 dishes of 50-75 seeds were placed at each 
temperature, and for light-incubated seeds 3 dishes of 50 seeds were 
used. Dishes incubated in darkness were wrapped with 2 layers of 
aluminum foil, and all manipulations of dark-incubated seeds were 
carried out in total darkness. Germination percentages were 
determined after 15 days. 

Objective three was to determine the effects of cold stratification 
on germination of seeds with and without hulls. Seeds were col- 
lected on 7 November 1982, and studies were initiated 4days later. 
Seeds were placed on moist sand in 5.5-cm petri dishes, and 3 
replications of 50 seeds each were used for each treatment. Seeds 
with and without hulls were given 3, 6, and 9 weeks of cold 
sf;atification at 5°C in light (14-h daily photoperiod, 20 pmol me2 
s , 400-700 nm) and then tested in light at 15/6, 20/ 10, 25/ 15, 
30/ 15, and 35/ 2O’C. Also seeds stratified for 12 weeks in light were 
incubated in light and darkness at the 5 thermoperiods, and those 
stratified for 12 weeks in darkness were incubated in light and 
darkness. Germination percentages were determined after 15 days 
of incubation. In one set of controls, fresh seeds with and without 
hulls were placed in light and darkness at the 5 thermoperiods. 
After 15 days the seeds were examined, and those tested in dark- 
ness were discarded. Seeds tested in light were kept at their respec- 
tive incubation temperatures until the experiment was terminated 
12 weeks later. They were examined at 15day intervals. In the 
second control, seeds with and without hulls were placed in closed 
bottles in the laboratory (cu 22-25”(Z). After 3,6,9, and 12 weeks 
of storage, seeds were incubated in light for 15 days at the 5 
thermoperiods. After 12 weeks of storage, seeds also were tested in 
darkness at all thermoperiods. Germination percentages of seeds 

513 



with and without hulls at each test condition were compared using 
Student’s t-test at the 5% level of significance. 

Objective four was to determine if seeds that remain on the 
parent plant all winter become nondormant. On 23 March 1982, 
seeds produced in 1981 were collected from plants in the field, and 
their germination with and without hulls was compared to that of 
seeds stored dry with and without hulls in the laboratory since 21 
October 1981. Seeds were incubated in light and darkness for 15 
days at the 5 thermoperiods. The least significant difference for all 
germination percentages at each thermoperiod was computed 
using Tukey’s Honestly Significant Difference test (HSD) at the 
5% level of significance. 

Results and Discussion 
Freshly matured seeds of nimble will were dormant and thus did 

not germinate in light or darkness at any thermoperiod (Fig. Ic, d). 

STRATIFICATION DRY STORAGE 

lOi- 25/15 * 25115 
60- 
60- 
40- * 

20- 
* 

0 n I” - n , 

35l- 

0 3 6 9 12 12 12 12 0 3 6 9 12 I2 

TIME (WEEKS) 

Fig. 2. Germination after I5 days of incubation in Iight at 5 thermoperiods 
of nimble will seeds with (shaded bars) and without (open bars) hulls 
following 0 to 12 weeks of cold stratification or dry storage. 7he O-week 
controlsremainedat the thermoperiodsfor 99days;noseeds hadgermi- 
nated after I5 days. Seeds stratifiedfor 12 weeks in light or darkness were 
incubated in both light (LL, DL)anddarkness (LD. DD). l = signtQicant 
at the 5% kvel using Student’s t- test. 

sand at 351 20°C germinated to 99 and lOO%, respectively, during 
the 99day incubation period. Also, seeds with and without hulls 
stored dry in the laboratory for 12 weeks germinated to 65 and 
81%, respectively, at 35/ 20” C in light. However, with only 3 excep- 
tions, at 20/ 10 and 25/ 15OC, seeds with and without hulls stratified 
for 3,6,9, and I2 weeks at 5OC germinated to higher percentages at 
all thermoperiods than seeds with and without hulls stored dry in 
the laboratory for 3,6,9, and 12 weeks. Light was required for a 
high percentage of the seeds to germinate, and light given during 
stratification did not promote germination of seeds subsequently 
incubated in darkness. For each treatment and control, germina- 
tion percentages of seeds incubated in light tended to increase with 
temperature. 

Since most nimble will seeds are dispersed in autumn and winter, 
they are cold stratified during winter. Thus, they are nondormant 
by early spring and germinate when temperatures become nonlim- 
iting. Seeds that were not dispersed during autumn and winter 
germinated to only 5% at spring (20/ 10°C) temperatures in spring 
(Table 1). In order for seeds to be cold stratified, they must be 
imbibed, so undispersed seeds must have been dry (non imbibed) 
for much of the winter. 

Nimble will seeds without hulls germinated to a significantly 
higher percentage than those with hulls in 14 of the 70 laboatory 
tests (Fig. 2). In many species of grasses, the presence of hulls has 
been shown to inhibit germination by restricting the diffusion of 
gases (Vose 1965, Mott 1974, Renard and Capelle 1976), mechani- 
cally restricting embryo growth (Andersen 1953, Martin 1975) and 
the presence of inhibitory chemicals (Ahring, Eastin and Garrison 
1975, Renard 1976, Kato et al. 1977). Under some test conditions 
hulls were inhibitory to germination in nimble will, while under 
other test conditions there was no significant difference in germina- 
tion of seeds with and without hulls. The role of hulls in regulating 
germination of this species in the field is unknown. However, hulls 
were still on the seeds of nimble will that germinated in the non- 
heated greenhouse. 

Studies on the germination of sand muhly (Muhlenbergia are- 

z 40- (d) Lab 

: 20- 
0- ’ =’ ’ 5 ’ 

dark 

15 I I5 I I5 I 15 I I5 I 15 I 15 I 15 I 

Oct. Nov. Dec. Jan. Feb March April May 
1981 1982 

Fig. 1. Germination of nimble will seeds. (a) Mean daily maximum and 
minimum weekly air temperatures in the nonheated greenhouse. (b) 
Germination of seeds planted on soil in the greenhouse. (c) Germination 
offreshly matured seeds and those buried in soil in the greenhousefor 1 
to 4 months and exhumed on I December, I January, I February, and 1 
March. Seeds were incubated at a IChphotoperiod at 5 thermoperiods. 
(d) Germination of freshly matured seeds and of those exhumed on 4 
dates and incubated in darkness at 5 thermoperiods. 

During winter, seeds exposed to natural temperatures in the non- 
heated greenhouse lost their dormancy (afterripened). Seeds sown 
on soil in the greenhouse in October began to germinate in mid 
March and continued to germinate until mid May (Fig. lb). A total 
of 349 (39%) of the 900 seeds germinated. The peak of germination 
occurred between 15 March and 5 April, when mean daily maxi- 
mum and minimum temperatures were 19.5 and 5.5OC, respec- 
tively (Fig. la). In March, exhumed seeds germinated to 5,54,82, 
77, and 73% in light at 15/6, 20/10,25/ 15, 30115, and 35/20°C, 
respectively, and to 0,3 I, 20,24, and 160/o, respectively, in darkness 
(Fig. lc, d). Since seeds exhumed on 1 March germinated to 3l%at 
20/ 10°C in darkness, it is not surprising that many buried seeds 
germinated in the nonheated greenhouse during March. 

Seeds of nimble will do not require cold stratifiction to after- 
ripen (Fig. 2). Control seeds with and without hulls kept on moist 
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Table 1. Germination percentages (mean f SE) of nimble will seeds that matured in 1981. Seeds were tested after 0 (fresb)and 5 months of afterripening in 
dry storage in tbe laboratory and after 5 months on the dead, erect flowering culms in the field. Tukey’s HSD for each thermoperiod is given at the foot of 
a& column. 

Treatment 

Fresh 

Dry storage 

Field 

HSD 

Hulls 

present 
present 
absent 
absent 
present 
present 
absent 
absent 
present 
present 
absent 
absent 

Incubation temperatures (“C) 
Light or dark IS/6 20/10 25115 30115 35120 

- 
light 0 0 0 0 0 
dark 0 0 0 0 0 
light 0 0 0 0 0 
dark 0 0 0 0 0 
light llf3 64f5 84f3 94fl 97fl 
dark If1 If1 2&O 4f2 lfl 
light 62f2 6lf2 83f5 99fl 95f2 
dark lfl If1 2f2 3fl lfl 
light 0 5fl llf2 25f2 6Ofl 
dark 0 If1 0 3fl 15f3 
light 0 7f3 24f3 41*4 57f6 
dark 0 If1 If1 llf5 12f3 

4 11 I2 12 13 

nicolu Buckl.) (Jackson 1928), bushy muhly (M. porteri Scribn.) 
(Jackson 1928, Toole 1938, Ashley and Hellmers 1955, Knipe and 
Herbel1966), upland wild timothy (M. racemosa (Michx.) B.S.P.) 
(Toole 1938), purple muhley (M. rigens (Benth.) Hitchc.) (Toole 
1938) and spike muhly (M. wrightii Vasey) (Sabo et al. 1979) 
indicate that they germinate well at high (20/30, 20/ 35, 25°C) 
temperatures, as do seeds of nimble will. In bushy muhly, purple 
muhly and upland wild timothy, 14 days of chilling had no effect on 
germination (Toole 1938). However, in none of these studies were 
freshly matured seeds tested to determine if they were dormant. In 
Jackson’s (1928) study of bush muhly, 6-month-old seeds germi- 
nated to 75% at 25” C. With this exception, the ages of all the other 
seeds in the various studies are unknown. Further, in none of these 
studies were the storage conditions of the seeds given. Thus, we 
must assume that seeds of these 5 species of Muhlenbergia were 
either nondormant at maturity, or, more likley, they were dormant 
at maturity and afterripened in dry storage, as do seeds of nimble 
will. 

The fear by thoroughbred farm owners and managers that her- 
bicides will do harm to their horses precludes the use of herbicides 
in most bluegrass pastures. Thus, control of nimble will is difficult. 
One place to start a management program that perhaps may lead to 
a significant decrease of nimble will in horse pastures would be to 
prevent germination in areas of a pasture where the sod is discon- 
tinuous. However, any seeds that are imbibed during winter will 
afterripen and germinate in spring, even though they may have 
become covered by soil during winter. Although seeds stratified at 
5’C in darkness gave little or no germination in darkness at the 5 
test thermoperiods (Fig. 2), those buried in soil and exposed to 
natural temperatures during winter germinated to 31% when 
exhumed and tested at spring (20/ 10°C) temperatures in March 
(Fig. Id). Spread of the species by seeds in a pasture could be 
prevented by not allowing plants to set seeds. Close mowing during 
flowering in August and September should reduce the number of 
seeds produced. Further, fertilizing pastures during the cool season 
would enhance the early growth of bluegrass, and thus incease its 
competitiveness with both seedlings and established plants of nim- 
ble will in spring. 
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Variation and Names in the Poa secunda Complex 
ELIZABETH ANNE KELLOGG 

Abstract 

The members of the Pea secundo complex were studied udng transphtnt 
experiments, morphological studies of population samples, and various 
nmnericnl taxonomic techniques including principal components analysis 
and discrhninant analysis. The complex is shown to comprise 2 species: Poa 
curtifohz, a serpentine endemic from central Washington, and P. secundu, 
a widespread polymorphic rangegrass. Other forms may be recognizable 
locally, but do not represent separate evolutionary lines. If range managers 
need names for these local forms, the names should be informal English 
names rather than Latin binomials. 

Hitchcock (1950), Hitchcock et al. (1969) and Cronquist et al. 
(1977), give keys to the bluegrasses, but anyone who has tried to 
identify the grasses has found it very difficult: either the keys need 
improvement or the “species” are not really distinct. In the Poa 
secundu Presl group, there are about 40 published names; Hitch- 
cock (1950) recognized 8 species, Hitchcock et al. (1969) recog- 
nized 11, and Marsh (1952) only 1. This study was designed to 
analyze the variation among the plants in the group to determine 
how many species could be recognized, their distinguishing charac- 
ters, and the appropriate scientific names (see also Kellogg 1985). 
This paper summarizes the results most relevant to range scientists 
and managers, and then discusses the relationship of taxonomy 
and evolutionary biology to applied biology and management. 
Such a study should interest range managers and biologists for 2 
reasons: First, a taxonomic study often results in name changes, 
important only because a standard vocabulary makes communica- 
tion possible among range managers. Second, and more impor- 
tant, is a greater understanding of the biology of the plants. 

Plants and Names Applied 

Poa secundu (= P. sundbergii Vasey), a common bunchgrass, is 
most familiar as a small (30 to 50 cm) caespitose plant that becomes 
active in early spring. After flowering it turns reddish and becomes 
dormant for the rest of the summer. Several other forms (P. amplu 
Merrill, P. cunbyi(Scribner) Piper, P. curtifoliu Scribner, P. grucil- 
lima Vasey, P. incurvu Scribner & Williams, P. juncifoliu Scribner, 
P. nevudensis Vasey, and P. scubrellu (Thurber) Bentham) are 
closely related to P. secundu, and are distinguished by minor 
morphological characters. Some of these “species” are of interest 
to range managers because they are better forage grasses than 
typical P. secundu. For instance, P. umplu, P. cunbyi, P. juncifoliu, 
P. nevudensis, and P. scubrellu all tend to have longer basal leaves, 
and P. scubrellu and P. umplu continue growth longer into the 
summer. 

The group is distributed over most of western North America, 
with disjunct populations in the GaspC peninsula of Quebec and 
others in Chile. The plants occur on both moist and dry sites, from 
areas such as the Mojave Desert to high alpine areas of the Sierras 
and Rocky Mountains. The group has been called the Pou sund- 
bergii complex, but Arnow (1981) has shown that it includes some 
populations in Chile, the name of which, Pou secundu, is older and 
takes precedence. 

Although the members of the complex are commonly distin- 
guished from other bluegrasses by the lack of a keel on the lemma, I 
have found this an unreliable character. It is easier to distinguish 
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the Pou secundu group by both its longer rachilla internodes (0.6 to 
1.9 mm vs. <0.5 mm for most other members of the genus) and its 
longer spikelets (7 to 10.5 mm vs. < 6 mm for many, but by no 
means all, other species). The anthers are also longer than in many 
other bluegrasses (1 to 4.2 mm vs. <I mm). All members of the 
group are bunchgrasses with intravaginal branching; most plants 
have narrow panicles. The perfect flowers, although frequently 
pollen-sterile, are often apomictic. Long tangled cobwebby hairs, 
characteristic of such species as P. prutensis, are lacking. 

Methods 

In theory, many biologists believe a species is a group of “inter- 
breeding natural populations that are reproductively isolated from 
other such groups”(Mayr 1963), but in practice, species are defined 
by morphological similarity. A plant is recognized as a red fescue 
because it looks like a red fescue, not because it breeds with other 
red fescues and produces fertile offspring. This is particularly true 
of bluegrasses, which produce most seeds asexually. I attempted 
2,741 crosses among morphologically distinct members of the 
complex. I emasculated 50 florets on the pistillate parent shortly 
before anthesis; other nonemasculated florets were removed. The 
inflorescence was then enclosed in a glassine bag with an inflores- 
cence from the staminate parent. Inflorescences remained bagged 
together for 3 days and the bags were shaken at regular intervals to 
insure that pollination had taken place. Average seed set was 23%. 
From these crosses, only 4 hybrids were produced; the remainder 
were morphologically identical to the pistillate parent and were 
presumably apomictically formed. (I had already demonstrated 
widespread apomixis in microscopic studies of embryo sac devel- 
opment; see Kellogg 1983). The hybrids were between very differ- 
ent plants; e.g., one with short ligules, glaucous foliage, and long 
basal leaves crossed with one with long ligules, bright green foliage, 
and relatively short basal leaves. This suggests that, if the plants 
were not apomictic, they might be freely interbreeding, but such a 
statement is impossible to prove. The breeding criterion is 
untestable. 

I began the study by searching for morphological units within 
the complex. By comparing several hundred plants transplanted to 
a garden in Moscow, Idaho (Table I), with field-grown plants, I 
could evaluate which characters were under environmental con- 
trol. I measured 60 characters from 186 plants, selected from 
throughout the range of the complex (Table 2). The plants were 
chosen in 2 ways: First, I chose one plant from each of Hitchcock’s 
(1969) “species” for each state or province in which the “species” 
occurred. Second, I included small samples (4 to 8 plants each) of 
populations primarily in California and the Pacific Northwest (this 
second group of plants was also used for discriminant analyses). 
For each of the quantitative characters I calculated the mean of 5 
measurements from each specimen. Data from both the transplant 
studies and the measurements allowed me to divide the characters 
into the 5 categories listed in Table 2. 

To assess variation among the offspring of self-pollinated plants, 
I bagged nonemasculated inflorescences of 64 plants from various 
field sites. Seed from these plants was planted in 198 1. Because Pou 
secundu is pseudogamous, I had no way of telling if seed from these 
self-pollinated plants was self-fertilized or apomictically formed, 
but the results show how much variation can be produced by a 
single plant. Although germination was low, 2 plants (Kellogg 29 
from Nez Perce, Idaho and Kellogg 122 from Morrow Co., 
Oregon) produced a large number of surviving offspring; I labeled 
these family 29 and family 122. In the spring of 1983,14 plants of family 
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Table 1. Plants grown in common garden. 

State or 
province County “Species”i 

Collection 
number* 

State or 
province County “Species”’ 

Collection 
number* 

CALIFORNIA El Dorado 
Fresno 
lnyo 
Kern 
Los Angeles 

Madera 

Monterey 

Placer 
Riverside 

San Bernardino 
San Diego 

San Luis 
Obispo 

Santa Barbara 

IDAHO Bannock 
Bonneville 

Butte 

Cassia 
Clark 

Custer 

Idaho 

Latah 

Lemhi 

P. canbyi 
P. gracilima 
P. gracillima 
P. scabrella 
P. nevadensis 
P. scabrella 
P. gracillima 
P. scabrella 
P. gracillima 
P. incurva 
P. secunda 
P. canbyi 
P. nevadensis 
P. scabrella 

P. scabrella 
P. canbyi 
P. scabrella 

P. scabrella 
P. nevadensis 
P. scabrella 
P. scabrella 

P. canbyi 324,329 
P. scabrella 322,323,325,330 

P. secunda 
P. canbyi 
P nevadensis 
P. scabrella 
P. secunda 
P. nevadensis 
P. secunda 
P. secunda 
P. scabrella 
P. secunda 
P. canbyi 
P. gracillima 

P. incurva 

P. scabrelh 
P. secunda 
P. secunda 
P. canbyi 
P. gracillima 
P. secunda 
P. secunda 

P. canbyi 
P. gracillima 
P. incurva 
P. juncifolia 
P. nevadensis 
P. secunah 

85 
70 
78,79 
65,82 
73,80 
47 
43,45,48 
53 
56,248 
55 
174, 186, 190 
35, 36, 179,206, 
180 
209, 196, 198,203 
204,205 
42 
33, 37, 38,86, 210 
60 
29, 30, 31, 113, I14 
282,283 
32, 111, 118 
1,2,3,4,5,6,7, 
8, 9, 10, I I, 12, 13 
217,218 
221 
222,223,224 
215 
214 
94,211 

365 
382,383,384 
379, 380 A-C 
315,380 G-I 
317,318,319,320 
316,321 
373.374.377 
375; 376’ 
367,368,369 
370,372 
366 
341,344 
338,340,342,343 
332, 334, 335, 336, 
337,339 
364 
304 
307, 310, 311, 312, 
313 
314 
288,302 
298 
331 

NEVADA 

OREGON 

QUEBEC 

UTAH 

WASHING- 
TON 

Oneida 
Power 
Twin Falls 
Valley 

Elko 
Washoe 

Gilliam 
Grant 

Jackson 

Klamath 

Malheur 

Morrow 

Multnomah 

Sherman 

Wasco 

Bonaventure 
Gasp& 
Rimouski 

Box Elder 
Cache 

Adams 

Franklin 
Garfield 
Grant 
Kittitas 

Spokane 
Whitman 
Yakima 

P. scabrella 235,242,247 
P. secunda 83,84 
P. secundrr 51 
P. gracillima 278,280,28 1 

P. nevadensis 238,239,241 
P. nevadensis 345 
P. scabrella 346 

P. secunda 
P. canbyi 
P. incurva 
P. junc~olia 
P. gracillima 
P. scabrella 
P. secunda 
P. canbyi 
P. secunda 
P. canbyi 
P. juncifolia 
P. canbyi 
P. secu~da 
P. gracillima 
var. mulmomae 
P. amp10 
P. canbyi 
P. secunda 

23 
144, 149, 150 
134 
154 
170 
160 
165 
156 
159 
347 
348 
126 
122 
249,253,256,258, 
259,263,264,265 
19.21 
20,22 
IS,27 

P. canbyi 
P. canbyi 
P. canbyi 

P. nevadensis 
P. nevadensis 

P. ampla 

P. juncifolia 
P. ampla 
P. secundn 
P. amp10 
P. curtifolia 

P. nevadensis 
P. secunda 
P. seeundo 
P. ampla 
P. juncifolia 
P. secunah 

363 
358 
351 

237 
236 

274 

270 
268 
97,98 
101 
103, 104, 105, 227, 
232,233 
99 
102 
14, 15 
274 
266,267 
110 

‘Naming follows Hitchcock et al. (1969) insofar as possible. Many specimens cannot be reliably named, however, and determinations vary according to the key used and the 
taxonomist doing the identification. Names used in this table are simply to indicate sampling. 
‘All numbers are for Kellogg collections. One to eight representatives of each collection were transplanted to the common garden. Herbarium vouchers of numbers 1 through ~3 
are on deposit at ID, numbers 288 through 384 are at GH. 

29 and 17 of family 122 flowered. These I scored for the characters characters also were done to see if the combinations defined 
listed in section V of Table 2. groups. 

After collecting the data, I analyzed it using univariate, bivar- For multivariate analyses, I used principal components analysis 
iate, and multivariate statistical techniques. Histograms of each of (PCA) and discriminant analysis, performing several analyses on 
the quantitative characters were plotted to see if any character different sets of plants and characters. Both methods treat each 
divided the complex into groups. Bivariate plots between pairs of plant as a point in multidimensional space, where each dimension 

is a taxonomic character. They mathematically “look at”the cloud 
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Table 2. Characters studied. 

I. Invariant or nearly so 
1. habit; 2. ligule scabrosity; 3. ligule decurrence; 4. cilia on leaf margin; 
5. leaf margin scabrosity; 6. panicle branch scabrosity; 7. rachis sca- 
brosity; 8. glume keel scabrosity; 9 cilia on glume margin; 10. glume 
apex shape; 11. lemma apex shape; 12. cilia on lemma margin; 13. 
number of lemma nerves 

II. Environmentally controlled 
14. culm color; 15. leaf involution; 16. leaf glaucousness 

III. Varying as much within an individual as within complex 
17. number of 1st glume nerves; 18. number of 2nd glume nerves; 19. 
glume scabrosity next to keel; 20. leaf midvein scabrosity 

IV. Varying as much within a population as within complex 

V. 

21. culm scabrosity; 22. culm width; 23. sheath scabrosity; 24. abaxial 
leaf scabrosity; 25. adaxial leaf scabrosity; 26. no. panicle branches 1st 
node; 27. no. panicle branches 2nd node; 28. no. panicle branches 3rd 
node; 29. rachilla pubescence; 30. tuft of hairs on callus; 31. lemma 
scabrosity; 32. amount of lemma pubescence; 33. distribution lemma 
pubescence; 34. length lemma hairs; 35. amount of palea pubescence; 
36. palea keel hairs or teeth; 37. palea pubescent or glabrous; 38. 
lodicule shape 

Range of variation overlapping within populations 
39. plant height; 40. flag leaf height; 41. flag leaf length; 42. basal leaf 
length; 43. panicle shape; 44. panicle length; 45. distance lst-2nd 
panicle node; 46. distance 2nd-3rd panicle node; 47. leaf width; 48. 
ligule shape; 49. ligule length; 50. florets per spikelet; 51. length 1st 
rachilla internode; 52. spikelet length; 53. 1st glume length; 54. 2nd 
glume length; 55. 1st glume width; 56. 2nd glume width; 57. lemma 
length; 58. palea length; 59. anther length; 60. lodicule length 

of points in hyperspace and draw an axis through its longest 
dimension. A second axis is placed at right angles to the first and 
through the next longest dimension, and so on for as many axes as 
there are taxonomic characters. This has the effect of representing 
most of the variation on the first few axes, so that, if the first 2 axes 
are drawn on paper and the points then plotted relative to these 
axes, the points will be spread out as much as possible while still 
retaining the same relationships to each other that they had in 
hyperspace. This plot of points (plants) on the new axes may show 
discontinuities among groups of plants. Each of the new axes is a 
linear combination of several taxonomic characters; these are said 
to be “loaded” on that axis. By examining the loadings, one can 
determine which characters are responsible for most of the differ- 
ences among the plants. (For a more detailed, nontechnical des- 
cription of factor analysis, see Gould, 198 1, p. 234-255). PCA picks 
out very distinct groups of plants, but may blur the distinction 
between recognizable but fairly similar species. In other words, 
PCA finds a group of plants (a species) to be discrete only if it is 
quite distinct.’ 

Discriminant analysis, on the other hand, imposes maximum 
discrimination among groups; it is useful in conjunction with PCA, 
because it is biased in the opposite direction. Thus nondiscrimi- 
nation of groups convincingly shows their morphological indis- 
tinctness, but discrimination does not prove the groups are dis- 
crete. Discriminant analysis requires that plants be assigned to 
groups. For the groups, I used 26 populations of plants primarily 
from California and the Pacific Northwest; each population sam- 
ple consisted of 4 to 8 plants. 

‘There are 2 other limitations to PCA. First, it tends to bestronglyaffected by outliers, 
and second, it is not designed for two- or three-state characters and will often weight 
those characters disproportionately. In this case, these 2 limitations did not affect the 
results. After discovering that Pou curtifolia was distinct and appeared as a set of 
outlying points in the analysis, I removed it from subsequent analyses. I also did a 
PCA with all binary and several-state characters removed. The results were not 
materially different from those shown in Figure 3. 
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Results 

The 60 measured characters are divided into 5 categories (Table 
2): 1. Nonvarying or nearly so; II. Environmentally controlled; III. 
Varying as much within an individual as within the complex; IV. 
Varying as much within a population as within the complex; V. 
Ranges overlapping between populations. The 3 characters in the 
second category, “Environmentally controlled,” have been used as 
key characters. Poa secundas.s. has often been distinguished from 
the rest of the complex because the culm turns red on drying. 
However, this proved to be strongly affected by environment. 
Plants in the greenhouse never developed a red color; some plants 
that were red in the field turned green in the garden. Leaf rolling 
was similar; many observers have placed plants with rolled leaves 
in separate species from those with flat leaves (e.g., P. juncifolia vs. 
P. ampla). I found that leaf rolling was entirely controlled by the 
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Fig. 1. Range of VUriUJiOn for extent of lemma pubescence compared 
within and among populations. Euch bar represents a separate popula- 
tion. The narrow horizontal line shows the ranges of values for that 
population, the narrow vertical line the mean, and the broad horizontal 
bar extends one standard deviation on either side of rhe mean. Horizon- 
tal scale represents the full range of variation in rhe complex. (Figures 1 
and 2 modifiedfrom Kellogg, 1985). 



amount of water the plant received during early growth. Glau- 
cousness likewise varied with environment. 

Obviously invariant characters cannot be used to distinguish 
species (Category 1); characters that vary widely within the indi- 
vidual are also excluded (Category III), as are environmentally 
influenced characters (Category 11). Characters varying as much 
within a population as within the complex may or may not be 
taxonomically useful; here the geographical distribution of those 
characters becomes important. If, for example, plants in one half 
of the range had scabrous lemmas, plants in the other half had 
glabrous ones, and there were a line of mixed populations down the 
middle, then 2 separate taxa would be recognized, with a hybrid 
zone. If, however, the mixed populations were scattered through- 
out the range, it would imply that such characters were polymor- 
phic, not marking a separate evolutionary line. This is the case with 
the characters in the fourth category. The characters assume values 
apparently at random. The most interestingcharacter,“amount of 
pubescence first lemma”(#32), has been used in the past to distin- 
guish, for example, P. nevadensis from P. scabrella. This character 
proved highly variable within many populations (Fig. 1). I found 
that no populations were completely glabrous. 

Of the remaining 22 characters, none divided the complex into 
smaller groups. The ranges of variation overlapped from popula- 
tion to population (see Figure 2, plant height). Studies on the 
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offspring of self-pollinated plants showed equally high variation. 
The bottom 2 bars in Figure 2 show plant height for family 29 
and family 122; together they show a range equalling 89% of that of 
the whole complex. Other characters were similar. 

Histograms for all characters were unimodal and approaching 
normal, again showing that no single character could be used to 
divide the complex into species. Bivariate plots of paired combina- 
tions of characters showed no concordance between the characters. 

Principal components analysis on the 9 characters used by 
Hitchcock (1950) showed that his taxa intergrade and that the 
single characters he used to define species are not concondant with 
each other. A PCA using all 60 characters produced the result 
shown in Figure 3. Poa curtifoliu (diamonds) appears more or less 
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Fig. 3. Principal components analysis. factor I vs. factor 2. Each axis is 6 
standard deviations long. Key 10 symbols: diamonds- Poa curtifolia; 
open circles-open-panicled plants; triangles-large plants with short 
ligules: solid circles-all other plants. (Figures 3 and 4 copyright 198.5, 
Journal of the Arnold Arboretum; reproduced wirh permission.) 

distinct from the other plants. Recall that PCA tends to blur the 
distinctions among taxa, so anything appearing discrete is proba 
bly quite recognizable in the field. The remainder of the plants did 
not fall into any sub-groupings. This was true even when P. currifo- 
lia was removed from the analysis, when quantitative characters 
only were used, when the 22 characters in category V were used 
alone, or when other combinations of factors were examined. In 
Figure 3, the horizontal axis represents a combination of mea- 
surements of vegetative features, and the vertical axis includes 
characters having to do with the size of spikelet parts. Thus P. 

I ’ 4 

lb 30 50 70 90 106 
curtzjioliu is distinguished by the combination of unusually large 

Plant Height (cm) 
spikelets and florets, with short culms, leaves, and panicles. 

The open circles represent plants with open panicles, known in 
Fig. 2. Range of variation for plant heighr compared within and among the past as Poa gracillima; they do not form a coherent group and 

populations. Each bar represents a separate population, except I22 and are not distinguished by any other characters. The triangles repres- 
29, which each represent the offspring of a self-pollinated plant. The ent very large plants with short ligules, previously called P. ampla. 
narrow horizontal line shows the ranges of values for that population. 
the narrow vertical line the mean, and the broad horizontal bar extends 

Like the open-panicled plants, they intergrade in all respects with 

one standard deviation on either side of the mean. Horizontal scale 
the rest of the complex. 

represents the full range of variation in the complex. 
Discriminant analyses amplify the results of the PCA (Fig. 4). 

Here Poa curtifolia is still clearly separate, and the open-panicled 
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Fig. 4. Discriminant analysis. Symbols as for Figure 3. 

plants still intergrade with the remainder of the complex. This 
analysis has maximized the distinction between groups (popula- 
tions), yet the latter group remains largely indistinguishable. 
Therefore, the character “open panicle”is not concordant with any 
other characters. The implications of this will be explored more 
fully in the discussion. 

Large plants with short ligules appear very distinct in this analy- 
sis, discriminated primarily on the basis of basal leaf length, flag 
leaf length, and ligule length. However, because of the bias in the 
analysis, this is only weak evidence for calling this group a separate 
species. Similarly, because of the bias in PCA, those analyses 
provide only weak evidence for lumping it with the rest of the 
complex. 

The numerical analyses, therefore, have shown that Poa curtifo- 
lia is distinct from the rest of P. secunda, and that “P. gracillima” 
should not be considered a separate species. However, the results 
for “l? ampla”are equivocal. 

Other characters are not helpful. Cross sections of leaves showed 
that members of the complex are variable with respect to leaf 
anatomy, but that the variation was heavily affected by the envi- 
ronment and not concordant with any aspect of morphology. Both 
Hitchcock et al. (1969) and Cronquist et al. (1977) have used 
phenology as a taxonomic character, separating species into those 
blooming in April, May, or June versus those blooming in July or 
August. I found that blooming date in the wild is correlated prim- 
arily with altitude and latitude. Plants bloom early in the growing 
season and then become dormant. Plants grown in the garden in 
Moscow, Ida., all bloomed over a single 17day period in early 
May. Plants forced in the greenhouse bloomed consistently 3-4 
weeks after being brought indoors. Thus, phenology is taxonomi- 
tally uninformative. 

Generally, members of the complex grow on neutral to strongly 
alkaline soils, which often have high amounts of soluble salts. 
Plants with open panicles and short ligules occur only on the walls 
of wet mossy gorges near Multnomah Falls above the Columbia 
River in Gregon. (These have been called Poa multnomae Piper or 
P. gracillima var. multnomae (Piper) C.L. Hitchcock or P. gracil- 
lima var. multnomae (Piper) C.L. Hitchcock.) Other plants with 
open panicles and long ligules are montane and are found most 
frequently in crevices in granite. Large glaucous plants are often 
found in apparently saline basins, although not restricted to such 
areas. These generalizations about ecology do not hold up to close 
inspection, however. To see if any edaphic characters correlated 
with morphology, I ran 3 multiple regressions of 7 soil characteris- 
tics (pH, soluble salts, Ca, Mg, P, K, and Ca:Mg) against basal leaf 
length, ligule length, and lemma length (3 characters shown by 
numerical taxonomy to be important in describing the total varia- 
tion in the group.) R values were 0.092,0.296 and 0.127, respec- 
tively. Edaphic factors thus do not explain the morphological 
variation. Poa curtifolia is the one 

exception; it is restricted to serpentine soils in the Wenatchee 
Mountains of central Washington. Other members of the P. 
secunda complex are also found on serpentine soils, but they are 
not morphologically distinct. 

Discussion 

These analyses show that Poa curtifolia should be recognized as 
a distinct taxon. In addition to the characters discussed above, it 
can also be distinguished by its thick, almost succulent leaves often 
having a prominently white margin. Its chromosome number is 2n 
q  42, with good pairing at meiosis. 

I prefer to consider species, minimally, as a group of plants with 
sets of concordant characters. These allow us to make generaliza- 
tions of the sort “Plants with character X will also have character 
Y”. A hypothetical example might be, “plants with glaucous leaves 
will also be summer-active.” The character “open-panicle” does 
not allow any such generalizations. Because it is not concordant 
with any other characters, I do not recognize “Poa gracillima”as 
separate from the rest of P. secunda. Although the open panicle 
may be an evolutionary novelty marking a separate lineage, it also 
may be a simple polymorphism or the product of a chance recom- 
bination event. Genetic “accidents” may represent incipient specia- 
tion, but they also may not. To find a nascent lineage is asking 
taxonomists for more prescience than they are likely to have. 

This does not answer the question of whether the large plants 
with short ligules should be considered a separate species. Numeri- 
cal analyses give equally good arguments for either recognizing the 
plants as a separate species or including them in Poa secunda. The 
very largest plants are distinct from the rest of the complex because 
of the relative sizes of parts. However, these unusually large plants 
are geographically isolated from each other, with neither distinct 
ecological requirements nor a distinct range. I have never found 
them growing in pure stands. Either they occur with other smaller 
members of the complex, or they occur as isolated plants in ditches 
or on cutbanks. They appear to be simply unusual genetic segre- 
gants that are particularly vigorous on extreme sites. This hypothe- 
sis is supported by the data on the offspring of self-pollinated 
plants. Some of the offspring were extremely large with respect to 
height, spikelet length, or some other quantitative character. 
Unusually large plants may thus be produced frequently by much 
smaller parent plants (see Figure 2 Kellogg 29). Even though they 
are easily recognized as extremes, they do not represent a separate 
lineage, and therefore should not be recognized by a separate 
name. 

The formal, Latin-named species should be restricted to distinct 
recognizable lineages. A separate terminology, analogous to cul- 
tivar names in horticulture, can then be used for such forms as the 
strikingly large, glaucous plants with little lemma pubescence. The 
formally-named species are then reserved for evolutionary line- 
ages, primarily to preserve common usage. Species names are 
conventionally used to reflect relationship. Plants in the same 
genus are thought to be more closely related than those in separate 
genera: plants in the same species are closer than those in separate 
species. I think that all the plants I include in Poa secundaare each 
others’ closest relatives. To pull out one unit, e.g., P. ampla, 
because it is useful for range managers, is to obscure the primary 
purpose of the classification; it implies that members of P. ampla 
are more distantly related to members of P. secunda than they 
really are. Informal English classifications are the solution in this 
case. P. ampla can be called just “big bluegrass” as it has always 
been, without implying anything about relationship but conveying 
the necessary information about forage quality. 

Does this mean then that the Latin classification is irrelevant to 
range managers? Not at all. Even though the primary objective of 
the Latin classification is to reflect evolutionary relationship, it 
often incorporates a wealth of useful biology. For instance, in my 
studies of Poa secunda I have discovered that the group is biologi- 
cally quite uniform and that many of the apparent field differences 
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are caused by differences in the moisture level of the site. This 
means that, for example, if a range manager finds that his range is 
unproductive because of a stand of tiny P. secundu with 2 cm long 
basal leaves, planting “P. canbyi”wil1 not help. “P. canbyi”is the 
same species; the differences between it and P. secundu are primar- 
ily an effect of environment, particularly moisture level. On the 
same site the tall plants of “P. canbyi”wil1 be nearly as stunted as P. 
secunda. 

Every range manager knows that a plant’s Latin name is a guide 
to its literature; but the primary purpose of the Latin classification 
is to reflect evolution, not to reflect utility for range. The classifica- 
tion may, therefore, have to be augmented by an English, range- 
managers’ nomenclature. 

Conclusions 
Among the species that have been included in the Poa secundu 

complex, only Poa curtifolia is distinct. The remainder (P. ampla. 
P. canbyi, P. gracillima, P. juncifolia, P. scabrella, P. incurva) are 
all part of the single widespread species, P. secunda. This species is 
characterized by large anthers, long rachilla internodes producing 
a characteristically elongate spikelet, and lack of a cobweb on the 
lemma. Much of the morphological variation is environmentally 
induced. It may still be useful for range managers to have a name 
for some of the groups formerly called species. For instance, the 
large plants with long glaucous leaves, short ligules and sparse 
pubescence on the lemmas are distinctive in their extreme form 
even though all characters intergrade fully with the rest of P. 
secundu. The plants can still be recognized by their English name 
“big bluegrass” even though they do not constitute a separate 
species. 

Taxonomic studies should be of interest to range managers 
because they represent basic studies in the biology and autecology 
of particular groups of plants. Name changes are only a side effect 
of such a study. The biological information gleaned is more impor- 
tant in that it provides a sound framework for any subsequent 
studies, whether theoretical or practical. 
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Precipitation, Soils and Herbage Production on South- 
east Wyoming Range Sites 
R.H. HART AND M.J. SAMUEL 

Abstract 

Herbage production and precipitation were determined at 13 
locations in 483 ha of mixed grass range 1975-1979; production 
was determined at all locations 1982-1983, but precipitation was 
measured only at the main weather station. Vegetation and her- 
bage production were more uniform on sites with similar subsoil 
than on sites with similar surface soil, the usual basis for site 
classification. Within any year, herbage production on shnilar sites 
was not correlated with spatial distribution of precipitation. 
Across years 1975-1979 and 1982-1983, herbage production on 
sites with sandy subsoil was correlated with March-April weather 
station precipitation (rj = O.&W*)and March-April plus May-August 
precipitation (R2 = 0.95**). Herbage production on sites with 
loamy subsoil was not significantly correlated with precipitation in 
March-April (r* = 0.32) or any other period. 

Variation in precipitation from year to year is reflected in varia- 
tions in range herbage production. Hart and Carlson (1975) 
reviewed 6 studies in which linear regressions of total annual 
herbage production on precipitation were calculated; coefficients 
of determination (r*) were as high as 0.61. Rauzi (1964) found that 
annual herbage yields southeast of Cheyenne, Wyo., were corre- 
lated with May-June (r* q  0.46) and April-September (r* = 0.57) 
precipitation. However, less attention has been paid to variations 
in herbage production caused by spatial variation in precipitation 
in a single year. 

We became concerned with such variation in 1974, when we 
began a grazing study (Hart et al. 1983) on 483 ha, or nearly 2 
sections, of mixed-grass range northwest of Cheyenne, Wyo. The 
study area was divided first into 2 and later into 3 pastures, each 
with a different stocking rate treatment. We wanted to determine if 
the response to stocking rate was being confounded by differences 
in herbage production, caused by differences in precipitation, 
among the 3 pastures. 

Materials and Methods 

We established a network of range gauges spaced 0.8 km (0.5 mi) 
apart over the study area in 1975 (Fig. 1). The plastic gauges were 
wedge-shaped in cross-section; this magnified the amount of water 
caught during light rains, so small amounts could be read more 
accurately. Precipitation in each gauge was recorded and the 
gauges emptied after each rain- or snowfall from 1 May to 30 
September 1975 through 1979. Precipitation from 1 October to 30 
April was measured in a standard Weather Service rain gauge at 
the headquarters of the High Plains Grasslands Research Station, 
about 0.6 km south of the south boundary of the study area. 

In the spring of 1975, we established 30 by 23-m macroplots on 
the major soil types in the study area. Soil types were identified by 
the preliminary soil survey of Rauzi et al. (1976). A more detailed 
soil survey (Stevenson et al. 1984) realigned some soil type boun- 
daries. Exclosures were randomly placed outside a different corner 
of each macroplot annually, but remained on the same soil, slope 
and plant community (Fig. 2). 

Exclosures were pyramidal with a frame of 2-cm-wide angle iron 

Authors are agronomist and botanist, Agricultural Research Service, U.S. Dep. of 
Agriculture, High Plains Grasslands Research Station, 8408 Hildreth Road, Cheyenne. 
Wyoming 82009. 

Manuscript accepted March 19, 1985. 
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1977 
200 

1 190 

190 Eliz2El 22 
! 

200 
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160 L?YsI2l IjO 170 
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Elevation, m 
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1 km 4 N 
l Rain gage 

I 

Fig. 1. Typography of and rain gauge locations on rhe study area, and 
distribution ofprecipitation by J-year mean, 1975-79growingseasons (I 
May-30 Spetember), and 2 selected storms. 

covered with 5-by IO-cm wire mesh. Exclosures were about 1. m 
long, 1.2 m wide, and 0.9 m high. Steel stakes held them in place 
during the grazing season. In August of each year, at the estimated 
time of peak standing crop, exclosures were removed and 2 frames 
30 by 60 cm were placed at random on the area formerly covered by 
the exclosures. Herbage was clipped to ground level by species or 
species groups, dried at 60°C, and weighed to the nearest 0.1 g. 
Species or species groups are western wheatgrass (Agropyron smi- 
thii Rydb.), blue grama (Boutelouugracilis [H.B.K.] Lag. ex Grif- 
fiths), needleandthread (Stipa cornuta Trin. & Rupr.), sedges 
(mostly, Carex eleocharis Bailey with some Carexfilifolia Nutt.), 
other grasses, and forbs. 
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Exclosures on: 

4 0 Ascalon loam (4) 

A Altvan loam (101, Cascajo (11) or 

N 
Larim Variant (13) gravelly loam 

I n Other soils 

Fig. 2. Location of exclosures for determining herbage production. 

Results will be reported only from Ascalon and Altvan (Aridic 
Argiustolls) loams, and Cascajo (Aridic Calciorthid) and Larim 
Variant (Ustollic Haplargid) gravelly loams. Typical texture pro- 
files of these 4 soils, which cover about 83% of the study area, are 
shown in Fig. 3. The soil at any site may differ slightly from the 
typical profile. Site classification, slope, and number of exclosures 

Table 1. Characteristics of four soil types and associated vegetation. 

are shown in Table 1. Of the other soil types, Ascalon Variant loam 
was represented by 2 exclosures so close together there was little 
difference between them in precipitation. Only 1 exclosure each 
was located on Nucla and Albinas loams and Aberone Variant 
gravelly loam; no exclosures were on Epping silt loam and Manter 
fine sandy loam. 

Measurement Ascalon loam Altvan loam Cascajo gravelly loam Larim variant gravelly loam 

Subsoil Texture Loamy 
Range site Loamy 
Slope, % o-3 
Number of exclosures 5 
Forage yield, kg DM/ha IlOOa 
Species composition by weight, percent 

Western wheatgrass 14a 
Blue grama 56 ab 
Needleleaf sedge I4 a 
Needleandthread 4b 
Other graminoids 3a 
Forbs 8a 

Species frequency, percent of 5 X 5 cm squares; 
Western wheatgrass 26 a 
Blue grama 82 a 
Needleleaf sedge 54 a 

Species frequency, percent of 41 X 41 cm squares; 
Needleandthread 52 a 

______-_--______________________~andy__________--__- ____________-_ 

Loamy Very shallow Gravelly loamy 
3-6 6-15 6-15 

3 2 3 

930 b 890 b 840 b 

II a 13a 9a 
47 b 50 ab 6Oa 
17 a 14a 12a 
II a 12a 6 ab 

2a 4a 4a 
I3 a 8a 8a 

l4b 
76 a 
46 a 

58 a 

l8ab 
78 a 
42 a 

48 a 

I3 b 
78 a 
45 a 

53 a 

a,b Figures in the same row followed by the same letter are not significantly different @<0.05) as determined by t-test 

JOURNAL OF RANGE MANAGEMENT 36(6), November 1965 523 



0 

E 
g 
2 
D 

150 

Bi Loam 

El Sandy loam 

RI Sandy clay loam 

Gravl e 

I’ : Very gravelly sandy clay 

a Very gravelly sandy loam 

! Very gravelly sand 

Ily loam 

oam 

Fig. 3. Typical texture profile of soils on which herboge production wos 
determined. 

May-September precipitation at each exclosure was estimated 
by linear interpolation between the nearest rain gauges. Rainfall 
isohyets were located similarly. Dean and Snyder (1977) note that 
“only the isohyetal method specifically describes area1 rainfall 
distribution.” 

Botanical composition on the macroplots was determined in 
June of each year with frequency of occurrence in nested quadrats 
(Hyder et al. 1965). Blue grama, western wheatgrass, and needle- 
leaf sedge (C. eleocharis) were sampled with 5 X 5-cm quadrats 
because of high relative frequency. All other species were sampled 
with 41 X 41cm quadrats. 

Table 2. Precipitation and berbage production on two groups of soils. 

Analyses of variance and t-tests for means with unequal subclass 
numbers were used to compare yield and botanical composition on 
the 4 major soil types. Linear regression related herbage produc- 
tion to precipitation amounts. 

Results and Discussion 
The 4 soils were divided into 2 groups, according to similarities 

in yield and botanical composition of the associated vegetation. 
Altvan, Cascajo, and Larim Variant were grouped, because single- 
year or S-year-mean yields did not differ significantly among these 
3 soils (Table 1). Blue grama made up less of the herbage yield on 
Altvan than on Larim Variant, but frequency of blue grama was 
the same on both soils. No other differences in botanical composi- 
tion were found among these 3 soils, all with sandy subsoils (Fig. 
3). However, the S-year-mean herbage yields on Ascalon, with a 
loamy subsoil, were higher than yields on Altvan, Cascajo, or 
Larim Variant, as were the single-year yields 19751978 
(Table 2). Needleandthread made up less of the herbage produc- 
tion on Ascalon than on Altvan or Cascajo, and western wheat- 
grass occurred more frequently on Ascalon than on Altvan or 
Larim Variant (Table 1). 

Although Ascalon and Altvan are both classified as loamy range 
sites, they differ more in herbage production and composition than 
do Altvan and Cascajo, which are, respectively, loamy and very 
shallow sites. Site classifications based only on surface texture 
must be interpreted cautiously. 

The range in May-September precipitation across the 15 study 
area gauges was as large as 20% of the mean in 1975 and as small as 
8% in 1979 (Table 2). When 1975-1979 mean precipitation was 
calculated for each gauge, the range in these means was 11% of the 
overall mean. For single intense storms, the range could be much 
larger; 78% of the mean on 14 July 1975 and 73% on 3 1 July 1979. 
Distribution varied with storms and years; no correlation between 
topography and distribution was apparent. 

Herbage production was more variable within each year than 
was May-September precipitation. The range was as high as 72% 
of the mean on Altvan, Cascajo, and Larim Variant in 1978, to as 
low as 30% of the mean on Ascalon in 1976 (Table 2). Within years 
and soil groups, herbage production was not significantly corre- 
lated with May-August precipitation; no r2 exceeded 0.17. This 
reflects in part the small variation in precipitation relative to the 
variation in production. Any differences in herbage production 
among pastures were assumed not to be caused by differences in 
precipitation. 

Among years, herbage production on Altvan, Cascajo, and 
Larim Variant, including 1982 and 1983 data, was not correlated 
with May-August precipitation (Table 3). Because the network of 
rain gauges had been taken down at the end of 1979, we could 
correlate only mean production with precipitation records from 
the headquarters gauge. However, correlation of herbage yield 
with March-April precipitation was high (rr = 0.86), and multiple 

Measurement 1974 1975 1976 1977 1978 1979 1981 1982 1983 

Precipitation, mm 
March-April’ - 
May-September> Mean - 

Range, percent of mean - 
March-September 195 

Herbage Production, kg/ha 
Ascalon Mean 

Range, percent of mean - 
Altvan Cascajo, Mean 
& Larim Variant Range, percent of mean - 

‘Headquarters gauge. 
‘Study area gauges 197551979, headquarters gauge 1974 and 1981-1983. 

45 56 78 37 77 - 18 250 
210 285 253 254 308 - 426 286 
20 II 19 9 8 _ _ _ 

225 341 331 291 385 376 444 356 

1120 1090 1240 1080 
57 30 43 48 

860 880 850 860 
39 31 36 72 

1020 - 1140 1240 
46 - - 

980 - 950 1430 
48 - - - 
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Table 3. Regression of annual herbrge production (H, kg/ha) on precipi- 
tation (P, mm) in different periods at Headquarters rain gauge. 

Soils and regression equations 

Altvan, Cascajo, and L.arim Variant 

rl or RJ 

H = 772 + 2.49 Ph,-&,r 
H = 83 I + 0.49 P&y-Aup 
H q  273 + 1.89 P&,&w 
H = 497 + 2.61 P&,-&r +0.92 Pay-A,,, 

Ascalon 

0.86** 
0.03 
0.76*+ 
0.95** 

H = 1083 + 0.60 P&,.-A, 0.32 
H = I155 - 0.086 PMay-A”. 0.01 
H = 1001 + 0.35 PM,-& 0.17 
H = 1079 + 0.60 Pti-~~ + 0.013 PM-~-A~ 0.32 

correlation with March-April and May-August precipitation 
accounted for 95% of the variation in yield. Correlation with 
March-August total precipitation was not as high as with March- 
April and May-August separately in multiple regression, nor even 
as high as with March-April precipitation. The high correlation of 
annual herbage production with early-season precipitation has 
been noted by other researchers. Rauzi (1964) found that May- 
June precipitation accounted for nearly as much of the variation in 
production as did April-August precipitation. Muiphy (1970) 
reported that rainfall from 1 to 20 November was the best predictor 
of forage yields from California winter annual range; adding pre- 
cipitation from the preceding season did not increase the coeffi- 
cient of determination significantly. On Ascalon, the relationships 
of production and precipitation were similar, but the correlations 
were not significant, and coefficients in the regression equations 
were much smaller than could be accounted for by higher 
production. 

Correlation of production with precipitation was good on soils 
with sandy subsoils and therefore little water storage capacity; 
plants growing on such soils were dependent on current rainfall. 
On a soil with loamy subsoil and higher water storage capacity, 
current rainfall was less important and stored water from past rains 
had some impact. On such soils, a more complex water-balance 
model (Wight and Hanks 198 1) might be needed to predict herbage 

production. Much of the variation in production must have come 
from differences within soils in water holding capacity, as deter- 
mined by texture and depth of soil horizons, and from differences 
in plant communities. 

Even though spatial variation in May-September precipitation 
had little impact on herbage production, it may be important in 
determining runoff and soil loss. Osborn et al. (1980) noted that 
runoff volume was strongly correlated with total rainfall, and 
Johnson and Smith (1978) found that runoff and sediment yields 
increased not only with increasing total annual precipitation, but 
with increasing precipitation from individual storms. 
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Coming Publication of the Society for Range Management 

Range Research: Basic Problems and Techniques 
edited by C. Wayne Cook and James Stubbendieck 

This major revision of an earlier publication of the National Academy of Science presents steps in research 
planning, evaluation of results, and methods and procedures in range research, including sampling tech- 
niques and experimental design. Inventorying and evaluating habitat factors are dealt with in a detailed 
manner, including measurement of vegetation cover, biomass, nutrient content, diversity, vertical structure, 
and biomass. Methods of studying vegetation, roots, herbage and browse utilization, livestock management 
in research, and research in rangeland hydrology and rangeland economics are discussed in this book of 
nearly 400 pages. 

Illustrations, an index, and excellent lists of citations reflecting current developments make the hard- 
bound book outstanding as a text and life-long reference book. 

The book is scheduled for mid-January completion and will be available from the Society for Range 
Management, Denver, Colorado 
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Plant Associations within the 
Umpqua River Basin, Oregon 
WINSTON PAUL SMITH 

Eleven plant associations were identified and characterized 
according to the frequency, percent cover, and relative dominance 
of the herbaceous and woody species among the vegetative strata, 
including stem density, dllmeter breast height (dbh), and basal 
area for tree species: Cynosurus echinatus/Taeniatherum aspe- 
rum; Bromus moUis/Cynosurus echinatus; Rhus diversiloba/Cy- 
nosurus echinatus; Quercus garpzna/Rhus diversiloba/Taeni- 
atherum asperum/Cynosurus echinatus; Quercus garryana/Rhus 
diversiloba/Dactvlis alomerata: Pseudotswa menziesii/Quercus 

%u&s m~nziesii/Rhus ~iver~iloba/Cynosur&~china~.;~Arbkus 
menziesii/Rhus diversiloba/Festuca arundinace(l; Quercus gar- 
ryana/Fraxinus hzt#ifolia/Rosa elganteria/Juncus effusus; Pseu- 
dotsuga menziesii/Coryhts cornuta/Cynosurus echinatus. The 
intensity and duration of recent disturbance distinguished early 
seral stages which were characterized by a paucity of native shrub 
and herbaceous species and an abundance of annual invaders in the 
understory. The primary forces that influenced existing phnt 
assemblages were fire and more recently agricultural practices, 
especially among grasslands and savannas. Grasslands without 
recent livestock use exhibited greater species diversity, supporting 
more species and a more homogeneous distribution of relative 
abundance among species. 

There are very few descriptive data for the vegetation of the 
Interior Valley Zone of western Oregon (Franklin and Dyrness 
1973). The interior valleys of southwestern Oregon represent a 
climatic and botanical transition zone between the mesic lowlands 
of the Willamette Valley in central- and north-western Oregon and 
the more xeric lowlands within the interior valleys of northern 
California. Several herbaceous and woody plant species character- 
istic of the respective ecosystems exhibit corresponding northern 
and southern limits in geographic distribution within the interior 
valleys of the Umpqua and Rogue River Basins (Hitchcock and 
Cronquist 1973). The result is a unique assemblage of herbaceous 
and woody plant species identifiable as distinct plant associations 
(i.e., communities of similar floristic composition, physiognomy, 
and uniform habitat conditions [Muller-Dombois and Ellenberg 
19743). 

The need for a quantitative ecological approach to range evalua- 
tion and management was first espoused by Dyksterhuis (1949); 
and more detailed description of principles, methodology, and 
application appeared in subsequent publications (Dyksterhuis 1958a, 
1958b). More recently, Gates (1974) has advocated the application 
of plant succession and other ecological concepts to rangeland 
resource inventories; he recognized that range evaluation must be 
based upon”potentia1 vegetation aggregations”(i.e., the condition 
of the existing plant community with respect to the native seral 
associations) rather than the potential forage production. 

This paper examines data collected during an ecological study 
within the interior valleys of the North Umpqua River. The overall 
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Interior Valleys of the 

goal of this endeavor was to quantitatively characterize the identi- 
fiable plant associations within the study area. Specific objectives 
included determining percent cover, frequency of occurrence and 
relative dominance of the plant species within the 3 vegetative 
strata. 

Methods and Materials 

The study area was situated along the North Umpqua River 
between Winchester and Glide, Douglas County, Oregon (Fig. 1) 
and encompassed 2,745 ha. The topography was typical of the 
Umpqua and Rogue interior valleys with numerous small moun- 
tains and rolling foothills producing a mosaic of small valleys and 
ridges. The elevation ranged from 135 m along the North Umpqua 
River to 505 m-a ridge crest which formed the southern boundary 
of the study area (Fig. 1). 

Temperatures along the interior Umpqua valleys were moder- 
ate; the mean monthly minimum and maximum temperatures were 
4.9”C (s = 0.34) in January and 20.2’C (sx = 0.27) in August, 
respectively (U.S. Department of Commerce 1955-1980). The 
mean annual temperatue (12.2” C, sX = ?.?4) rarely fluctuates dram- 
atically among years, but annual preclpltation may vary consider- 
ably (e.g., 55.9 cm in 1978 as compared to 90.4 cm in 1979). Mean 
annual precipitation was 84.1 cm (s = 3.07) with an average of 67.8 
cm falling October-March, pro&cing wet winters and semi- 
drought summers. Snow cover is uncommon and rarely persists for 
more than a few days. 

A general reconaissance of the study area during the initial field 
season, May-August 1978, provided the basis for subdividing the 
existing Quercus woodland community into 11 distinct plant asso- 
ciations. Differences in species composition and structure (e.g., 
absence or presence of one of the vegetative strata) served as the 
primary criteria for delineating plant assemblages. Botanical 
nomenclature followed Hitchcock and Cronquist (1973) except for 
Gramineae where Hitchcock (1971) were consulted. The arcsin 
transformation was employed with percentage data exhibiting a 
wide range of values, whereas the square root transformation was 
used with percentages between 0 to 20 or 80 to 100. A probability 
level of less than 0.05 was accepted as indicating statistical 
significance. 

Full time field studies resumed May 1979 and continued through 
September 1979. Whenever possible, 3 replicates of each associa- 
tion were sampled. The number of plots per sample (n q  50 for each 
replicate) was derived from the existing variation in preliminary 
samples (Zar 1984: 132). A random-systematic sampling scheme 
was devised such that plots were located along a predefined tran- 
sect that began at a randomly selected starting point. The distance 
between plots was adjusted to ensure that the entire replicate site 
was included in the sampling procedure. 

Herbaceous cover (percent crown cover) was estimated for each 
species occurring within a 2 by 5 dm-plot (Daubenmire 1959). 
Percent frequency of occurrence and relative dominance (as 
determined from percent crown cover) of each species were com- 
puted. Shrub crown cover was estimated with the line-intercept 
method (Canfield 1941). Intercept lines were incorporated within 
the general sampling scheme, extending from each plot site along 
the transect. The intercept of each shrub species along a 20-m tape 
was measured to the nearest centimeter. The total amount of 
intercept was summed for each line; cover, botanical composition 
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and relative dominance were computed accordingly (Pieper 1978). 
An estimate of canopy cover was obtained at each of the 50 plots 

with a forest densiometer (Lemmon 1956). The point-centered 
quarter method (Cottam and Curtis 1956) was employed to esti- 
mate tree density and relative dominance (as determined from 
basal area); the center of a plot served as the sampling point. The 
distance (in centimeters) to the nearest tree in each of the 4 quad- 
rats, tree species, and its diameter at breast height (dbh) were 
recorded. 

Vertical density of the vegetation was estimated at each of the 50 
plots with a density board (Wight 1938). A reading was taken from 
a point 20 m beyond each plot along the transect. 

Results 

Each of the plant associations was named with the scientific 
names of the dominant and co-dominant plant species occurring 
within the corresponding vegetative strata. Subsequent references 
to each of the associations in the text will use only generic names. 

Description of Plant Associations 
Cynosurus echinatusf Taeniatherum asperum. Preliminary data 

indicated discernible differences between pasturelands and grass- 
lands (areas not recently exposed to livestock) and justified separ- 
ate descriptions of the corresponding plant associations. Cynosu- 
rusJ Taeniatherum associations were pasturelands experiencing a 
rotational grazing schedule by cattle and sheep and comprised 
29.7% (815 ha) of the study area. The grasses and forbs were 
distributed uniformly throughout with 94% of 150 plots exhibiting 
262% cover. The mean herbaceous cover was 8 1.1% (5 = 1.48) but 
the mean vertical density index was 20.5 (s q  0.04, minimum value 
q  21), reflecting the general scarcity of talrherbaceous vegetation. 
Hedgehog dogtail (Cynosurus echinatus), medusahead wildrye 
(Taeniatherum asperum). and soft chess brome (Bromus mollis) 
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comprised 49.2% of the total herbaceous cover. California oatgrass 
(Danthonia californica) was the only common native grass, occur- 
ring in 37% of the plots and representing an average of 5.7% cover. 
Many of the pasturelands were subjected to periodic controlled 
burning and seeded to sub-clover (Trtjolium subterraneum), per- 
ennial ryegrass (Loliumperenne), and tall fescue (Festuca arundinacea). 

Bromus mollis/ Cynosurus echinatus. The Bromusl Cynosurus 
association represented natural prairies, grass balds, and pasture- 
lands that had not experienced recent livestock use. These areas 
were typically free of disturbance except natural fires, and com- 
prised 3.9% (107 ha) of the study area. The vegetation was compar- 
ably dense and homogeneous; 95% of 100 plots demonstrated 
162% cover and the mean index of vertical density was 19.6 (sX q  
0.12). Mean herbaceous cover was 78.1% (sX = 1.69). Soft chess 
brome, hedgehog dogtail, and perennial ryegrass accounted for 
43.6% of the cover. Native grasses included California oatgrass, 
pine bluegrass (Poa scabrella). Sandberg’s bluegrass (P. sandber- 
gii), and blue wildrye (ELymus glaucus). 

Rhus diversilobal Cynosurus echinatus. Rhus J Cynosurus com- 
prised 4.4% (121 ha) of the study area. Typically, these areas 
supported very few trees and exhibited dense shrub cover X = 
34.490, s = 1.76). Poison oak (Rhus diversiloba) was dominant, 
occurrink in 98% of the sampling points and accounting for 96.2% 
of the cover. Mean herbaceous cover was 73.190 (s = 1.77) and the 
mean vertical density index was 10.1 (s = G.67). New-growth poi- 
son oak was 36.8% of the ground cove\; the dominant grass was 
hedgehog dogtail. 

Quercus garryana / Rhus diversilobal Taeniatherum asperuml- 
Cynosurus echinatus. This association was an oak-woodland/grass- 
land interspersion with an average tree density of 95.6 stems/ ha (sz 
= 20.6) and occupied 13.2% (362 ha) of the study area. Mean dbh 
was 32.9 cm (sX = 0.87), and the mean canopy cover was 25.5% (sX= 
2.94). The average shrub cover was 5.990 (So = 1.33); poison oak 
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Table 1. Tree density, mean dbh, mean basal area per ha, vertical density index and mean percent cover of the tree, shrub and herbaceous strata for each of 
the plant associations on the study area, May-September 1979. 

Stand Characteristics 

Plant associations Canopy cover Tree density DBH Basal area 
Vertical 

Shrub cover Herbs cover density index 

Cynosurus echinatusj 
Taeniatherum osperum 
Bromus mollisl Cynosurus echinatus 
Rhus diversilobal Cynosurus echinatus 
Quercus garryanaj Rhus diversilobo/ 
Taeniotherum asperuml 
Cynosurus echinatus 

% 
- 

- 
25.5a 

stems/ ha 

- 

10a 

cm 
- 

- 

32.9bc 

rnz/ ha 
- 

- 
- 

8.la 

% 
- 

34.4d 

5.9a 

% 
81.ld 

78.lcd 
73.lcd 
76.8cd 

20.5e 

19.6e 
6.8bc 
18.4de 

Quercus garryanal 69.9b 665b 22.lab 25.5b 6.la 71.3cd 
Rhus diversilobal C 

Toeniatherum asperum 
Quercus garryanol Rhus diversilobol 90.3b 12661~ 21.2ab 44.7d 47.6d 
Dactylis glomerata C 

58.4$c 

Pseudotsuga menziesiil 89.7b 1364c 21.3ab 49.5d 21.2b 30.5ab 
Quercus garryanal C 

Rhus diversilobal 
Polystichum munitum 
Quercus garryana 78.0b 1283~ 15.7ab 24.8b 31.7c 46.5ab 
Arbutus menziesiij C 

Rhus diversilobol 
Cynosurus echinatus 
Arbutus menziesiil 79.3b 3762d 10.3a 3 I .4bc 28.4~ 25.Oa 
Thus diversilobal 
Festuca arundinacea 
Quercus garryanal 81.5b 622b 28.lab 386cd 4.6a 69.lcd 
Fraxinus lattfolia/ C 

Rosa elganterial 
Juncus effusus 

14.2cd 
e 

9.3ab 
C 

5.2b 

7.3ab 
C 

3.Oa 

10&d 

Pseudotsuga menziesii] 92.3b 541b 41.8~ 74.M 5.8a 21.4a 12.Ode 
Corylus cornural 
Cynosurus echinatus 

Within columns, values that share common letters are not different (FX.05; Dunn’s multiple comparison test, Daniel 1978). 

accounted for 95% of the midstory. Mean herbaceous cover was 
76.8% (3 = 2.32); medusahead wildrye and hedgehog dogtail were 
codommant. The mean index of vertical density was 1.84 (sX = 
0.46). 

Quercusgarryanal Rhus diversilobal Cynosurus echinatus. Quer- 
cus/ Rhus / Cynosurus occupied 17.1% (469 ha) of the study area 
and represented relatively uniform-aged oak woodlands with a 
well-developed overstory and understory; the shrub layer was 
sparse and often absent. Mean canopy cover and herbaceous cover 
were 69.6% (s = 2.21) and 71.3% (s = 2.38), respectively; shrub 
cover averaged 6.1% (s = 62.0) while t&e mean dbh was 22.1 cm (s = 
0.59). Oregon white oik (Quercus garryana) and California black 
oak (Q. kelloggii) were co-dominant and accounted for 95% of the 
standing basal area. Poison oak and wild rose (Rosa elganteria) 
averaged 3.7% and 2.3% cover, respectively, and together accounted 
for 99% of the midstory. Hedgehog dogtail, California oatgrass 
and perennial ryegrass comprised 53.5% of the understory. The 
mean index of vertical density was 14.2 (So q  0.61). 

Quercus garryanaj Rhus diversilobal Dactylis glomerata. Quer- 
cus/RhuslDactylis was an even-aged woodland with 3 well- 
developed vegetative strata and occupied 8.7% (239 ha) of the 
study area. The overstory was comparably dense with essentially a 
continuous canopy. The mean tree density was 1,266 stems/ ha (sX= 
118) while the average canopy cover was 90.3% (sX = 1.53). Oregon 
white oak and California black oak were 69.2% and 24.B of the 
existing basal area, respectively; mean dbh was 2 1.2 cm (sX 7 0.66). 
Shrub cover averaged 47.6% (sX = 3.34); poison oak and weld rose 

occurred with a frequency of 0.72 and 0.52, respectively, and 
together were 92% of the midstory cover. New-growth poison oak 
accounted for 32.2% of the understory cover which averaged 58.4% 
(So = 2.25); orchardgrass (Dactylisglomerata)and hedgehog dogtail 
were co-dominant grasses. The mean vertical density index was 9.3 
(sx = 1.01). 

Pseudotsuga menziesiil Quercus garryana1Rhu.s diversilobal- 
Polystichum munitum. This was a dense mixed oak-conifer stand 
averaging 1364 stems/ha (sX = 136) and occupied 11.3% (310 ha) of 
the study area. The mean dbh was 21.5 cm (So q  0.78) and the 
average canopy cover was 89.7% (sX q  1.72). Douglas-fir (Pseduot- 
suga menriesii)and Oregon white oak were co-dominant, account- 
ing for 79.1% of the existing basal area. Mean shrub cover was 
21.2% (sX = 3.20); poison oak was 94.9% of the midstory. Herbace- 
ous cover averaged 30.5% (s* = 2.99); newgrowth potson oak and 
swordfern (Polystichum munitum) were 58.3% of the understory 
while hedgehog dogtail was the dominant grass. The mean vertical 
density index was 5.15 (S = 0.68). 

Quercus garryanal A&us menziesiij Rhus diversilobal Cyno- 
surus echinatus. On more xeric sites, many woodlands (6.1%, 167 
ha) were co-dominant stands of Oregon white oak and Pacific 
madrone (Arbutus menziesii). Oak-madrone woodlands averaged 
78.4% (sX = 2.04) canopy cover and supported a mean density of 
1283 stems/ ha (sx = 8 1.2). Oregon white oak and Pacific madrone 
comprised 43.5%and 32.1% of the existing basal area, respectively; 
mean dbh per stem was 15.7 cm (sX = 0.36). The shrub layer 
averaged 31.7% (ss = 2.44) ground cover, poison oak was 90.1% of 
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the shrub stratum. Mean herbaceous cover was 46.5% (sX q  2.59); 
new-growth poison oak accounted for the largest portion of the 
understory (37.7%) while hedgehog dogtail was the dominant 
grass. The mean index of vertical density was 7.32 (s q  0.59). 

Arbutus menziesiij Rhus diversilobal Festuca arund%tacea. Four- 
teen percent (38.5 ha) of the study area was occupied by essentially 
monotypic stands of Pacific madrone. ArbutusjRhusl Festuca 
were dense multi-layered woodlands averaging 3762 stems/ ha (sx= 
750.0); the mean vertical density index was 3.04 (sX = 0.25) and 
mean canopy cover was 79.3% (So = 2.52). Poison oak occurred with 
a frequency of 0.71 and accounted for 97.9% of the shrub cover; 
total shrub cover averaged 28.4% (So q  2.69). Herbaceous cover 
averaged 25.0% (sX q  2.69; tall fescue was dominant and accounted 
for 38.4% of the understory. 

Quercus garryanal Fraxinus lattfolial Rosa elganteriaj Juncus 
effusus. Portions of the study area experienced perennial flooding. 
These areas together with poorly drained sites supported plant 
assemblages that were best characterized as a riparian association 
and comprised 3.1% (85 ha) of the study area. Some of the riparian 
areas were without an overstory (e.g., seeps, ephemeral streams), 
but typically Quercusl Fraxinusl Rosa/ Juncus was a multi-layered 
woodland. The average tree density was 622 stems/ ha (s%= 80.2) 
while mean dbh was 28.1 cm (So = 0.72). Within woodland sues, the 
canopy was essentially continuous but the overall mean canopy 
cover was 81.5% (s q  2.21). Oregon white oak and Oregon ash 
(Fraxinus lattfoliaf were dominant and together accounted for 
98.7% of the standing basal area. Mean shrub cover was 4.63% (sX = 
0.81); wild rose occurred within 36% of the sites and comprised 
41.9% of the midstory. Owing to low-reaching canopies and a tall 
dense understory, the mean index of vertical density was 10.9 (sX = 
0.63). Mean herbaceous cover was 69.1% (sX q  1.95); common rush 
(Juncus effusus)and tall fescue together accounted for 52.1% of the 
understory. 

Pseudotsuga menziesiil Corylus cornutal Cynosurus echinatus. 
Mixed conifer woodlands occupied the northern slopes at higher 
elevations and represented 1.1% (30.1 ha) of the study area. Pseu- 
dotsugal Corylusl Cynosurus supported a continuous canopy (2 = 
92.3%,.sX = 1.26) with a sparse shrub layer I = 5.8%; sX = 1.36) and an 
intermtttent understory X = 21.490, So = 2.49). The average tree 
density was 541 stems/ ha (.s~ = 50.5) and mean dbh was 41.8 (So 
1 .OO). Douglas-fir was dommant and accounted for 91 .O% of the 
existing basal area. Hazelnut (Corylus cornuta) and wild rose 
occurred most often within the midstory and represented 73.4% of 
the shrub cover. Hedgehog dogtail was the dominant herb, occur- 
ring in 63% of the plots and accounting for 39.5% of the under- 
story. The mean index of vertical density was 12.0 (p = 0.84). 

Comparison of Community Parameters 
The species diversity of Cynosurusj Taeniatherum (2.66, Shan- 

non Index, Zar 1984) and Bromusl Cynosurus (2.94) were different 
(m.05, test for differences between diversity indices, Zar 1984). 
Bromusl Cynosurus supported more species (n = 43) and exhibited 
a more uniform distribution of relative abundance among species 
as compared to Cynosurusl Taeniatherum (n = 39); corresponding 
homogeneity indices (Zar 1984:34) were 0.781 and 0.721, respect- 
ively. 

The woodland associations differed (m.05; Kruskal-Wallis 
one-way ANOVA ranks test, Zar 1984) with respect to basal 
area/ ha, shrub cover, vertical density, and herbaceous cover 
(Table 1). Arbutus/ Rhusl Festuca displayed the highest (m.05) 
stem density, but Pseudotsuga/ Cotylusl Cynosurussupported the great- 
est (m.05) standing basal area (Dunn’s multiple comparison test, 
Daniel 1978:212). Quercus/Rhus/Dactylis supported the densest 
(m.05) shrub stratum, but ArbutusjRhusl Festua exhibited 
greater (m.05) vertical vegetation density (Dunn’s multiple 
comparison test, Daniel 1978). 

Discussion 

The natural vegetation of the southwestern Oregon interior 

lowlands was classified as Quercus woodland community, typical 
of the Interior Valley Zone (Franklin and Dyrness 1973). The 
Quercus woodland associations along the interior North Umpqua 
River valleys represent a diverse array of plant assemblages rang- 
ing from largely open, sparsely stemmed savannas, to dense, multi- 
layered forests. Species composition varied from pure Oregon 
white oak and California black oak stands to associations with an 
abundance of other hardwood and conifer associates, resembling 
the Quercusforest types of the Willamette Valley (Thilenius 1968). 
Differences in species composition probably reflect the typically 
more xeric nature of the interior Umpqua River Basin (U.S. 
Department of Commerce 1955-1980). California black oak, for 
example, was an important component of 3 southwestern Oregon 
woodland associations (and occurred within all 7 forest types), yet 
was not reported within any of the 4 oak woodland communities of 
the western Oregon central valley (Thilenius 1968). Also, Pacific 
madrone occurred much more frequently within the Umpqua 
Basin, often occurring in dense monotypic stands on the more xeric 
sites. Moreover, the oak woodland associations of the interior 
Umpqua valleys were most similar to the Quercusl Rhuscommun- 
ity for the Willamette Valley, which typically occurred on the most 
xeric sites (Thilenius 1968). 

The factors influencing phytosociological characteristics of pre- 
settlement southwestern Oregon were probably very similar to 
those desribed for the Willamette Valley (Thilenius 1968). Fire, 
both natural and human in origin, maintained oak-savannas in 
what was typically a forest environment; Indians frequently used 
fire as a management tool to create forest openings and encourage 
game (Douglas 1914). Subsequent to European settlement, there 
was an interruption of ground fires and many of the savannas were 
converted to young oak forests. Evidence of this phenomenon is 
provided by the comparable dense small mercus stems that char- 
acterize the oak woodland/oak-savanna ecotone. The dbh of the 
young oak stems are comparable to Q. garryana of the Willamette 
Valley with a mean age of about 90 years (Thilenius 1968), which 
corresponds fairly well with early settlement of southwestern 
Oregon. 

Since early settlement, logging, land clearance, grass seeding, 
controlled burning and livestock use have been very important 
factors influencing the phytosociology of existing Quercus wood- 
land associations. This is particularly true of grasslands, savannas 
and young woodlands where an abundance of palatable forage and 
easy access combine to encourage more intense livestock use. This 
is clearly supported by the fact that important native perennials 
such as California oatgrass, red fescue (F. rubra) and blue wildrye 
were replaced by the exotic annuals hedgehog dogtail, medusahead 
wildrye and ripgut brome (B. rigidus), invaders of intensively 
grazed grasslands. Some of the grasslands have experienced less 
intensive livestock use and/or have been released from grazing 
pressure for a longer period. These pasturelands supported consid- 
erably more native herbaceous species and were less often plagued 
with annual invaders overrunning the entire site. Moreover, the 
fact that the Bromusl Cynosurus association exhibited a greater 
diversity and homogeneity of plant species indicates that although 
livestock use can increase diversity via reducing competition 
among constituents, intense grazing will result in elimination of 
important perennials and encourage the establishment of less 
diverse plant assemblages dominated by annual invaders. 

There was evidence that many of the conifer, mixed oak-conifer 
and older (as determined by dbh) monotypic stands of Pacific 
madrone were relatively undisturbed. The presence of a well- 
developed multi-layered stand with an abundance of native shrubs 
in the midstory and grasses and forbs throughout the understory 
characterized many older Quercusassociations. Monotypic stands 
of Pacific madrone and oak-conifer supported Douglas-fir and 
ponderosa pine (Pinus ponderosa) in the overstory with younger 
stems in the midstory and recent regeneration. Also, these areas 
typically excluded or were relatively inaccessible to livestock. 
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Conversely, Quercusl Rhusl Cynosurus and Rhus/ Cynosurus 
associations lacked a well-developed shrub stratum and an over- 
story, respectively, and were maintained at earlier successional 
stages because of frequent controlled burning and easy access to 
livestock. Many of the existing oak-madrone and some of the 
monotypic Pacific madrone stands were apparently established 
following natural and/or man-induced disturbance. These stands 
were typically dense with small dbh stems and occurred on steep 
dry slopes; evidence of substantial recent erosion was also appar- 
ent. And as was true&the other disturbed sites, the seral shrub and 
forest associations supported few native woody and herbaceous 
species and were characterized by an understory dominated by 
annual invaders. 
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RANGELAND 
HYDROLOGY 
by Farrel A. Branson, Gerald F. Gifford, Kenneth G. Renard, and 
Richard F. Hadley 

Unique in its emphasis on the hydrology of rangelands, primarily arid and semiarid 
lands, RANGELAND HYDROLOGY provides a text for one aspect of range manage- 
ment where none has existed before. This expanded Second Edition presents in-depth 
information for those who must manage rangeland or respond to questions about the 
impacts of land use practices on hydrology. 

Included in the new Second Edition are a chapter on modeling with approaches to 
predicting the effects of land use, and a chapter on the rapidly developing field of snow 
pack management. 

The 352-pages include 197 illustrations, providing rapid access to an assembly of 
data found nowhere else and useful in the preparation of environmental impact state- 
ments. Extensive bibliographic material with each chapter and a subject matter index 
add to the useableness of the book. 

Range scientists and managers, soil conservationists, hydrologists, agricultural 
engineers, land reclamation specialists, wildlife managers, graduate and undergradu- 
ate students and their professors, as well as all interested in the hydrology of arid lands 
will find RANGELAND HYDROLOGY a valuable addition to their libraries. (352 pages 
paper laminated cover $15.00 US) 
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Effects of Clipping on Burned and Unburned Creep- 
ing Bluestem 
R.S. KALMBACHER, F.G.MARTIN, W.S. TERRY, D.H. HUNTER, AND L.D. WHITE 

Abstract 

Creeping bluestem (Schizachyriwn stolon&mm), a major de- 
creaser on Florida range, is adversely affected by grazing during 
tbe growing season after a winter bum. To compare tbe effect of 
defoliation of burned and unburned bluestem range, creeping 
bluestem was burned (or not burned) on 2 similar sites in February 
1978 and 1979 and cut at 2,4,6,8, and 10 months after burning. 
Once forage was initially cut, it was recut every 2 months. Dry 
matter (DM) yield, tiller density, total nonstructural carbohydrate 
(TNC), crude protein (CP), and in vitro organic matter digestibility 
(IVOMD) were determined. When forage was cut in April and 
recut every 2 months, average yield of creeping bluestem from 
unburned areas was 3,000 kg/ha while that of burned was 2,390 
kg/ha. Creeping bluestem yield from unburned areas declined 
linearly within both yearsas initial harvest was delayed, but delay- 
ing initial barvest date bad no effect on forage yield from burned 
areas. Final tiller density was usually a cubic response in burned 
and unburned plants. Tiller density generally increased in plants 
cut 1 month after treatment, decreased in plants cut 2,4,6 months 
after treatment, and increased in plants cut 10 and 12 months after 
treatment. Rhizomes of plants burned in February 1979, cut 
initially in April, and rebarvested 4 times bad 9.0% TNC in March 
1980, while unburned plants contained 10.2% TNC. Tbe response 
of CP and IVOMD in initial growth was quadratic or cubic with 
time of initial harvest because percentages were raised initially due 
to burning, then they dropped steadily to a low in August, after 
which they began to rise sligbtly. Protein content in unburned 
forage bad either a negative linear response or bad no significant 
regression with time of initial harvest. IVOMD in unburned forage 
exhibited a quadratic (1978) or a polynomial (1979) response with 
time of initial harvest where IVOMD increased or fluctuated in the 
growing season, usually decreasing in fall and winter. Analysis of 
regrowth data indicated that the response of crude protein and 
IVOMD was similar regardless of bum treatment. Quality of 
regrowth declined from June to August and steadily increased 
from August to December. Creeping bluestem would be weakened 
by grazing on 6O-day intervals after a February bum. When pres- 
cribed burning of creeping bluestem range is carried out every 3 to 
4 years, deferment of grazing until June after a February burn will 
allow grazing of relatively high quality forage and still maintain 
creeping bluestem stand vigor. 

Proper timing of burning and grazing should assure the longev- 
ity and improve forage quality of creeping bluestem (Schizuchy- 
rium stoloniferum) (Yarlett 1963), one of the most important 
grasses on the flatwoods range. Many ranges have been depleted of 
creeping bluestem as a result of repeated burning and uncontrolled 
grazing and now are dominated with wiregrass (Aristida stricta) 
(Yarlett 1963). Burning is important on wiregrass range because 
both forage (Lewis and Hart 1972) and calf production (Kirk et al. 
1974) are reduced with long-term protection from fire. However, 
management that is beneficial for wiregrass is detrimental for 
creeping bluestem. White and Terry (1979) indicated that burning 
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and grazing creeping bluestem resulted in reduced dry matter yield 
and leaf area, and there were fewer total tillers at the end of the 
growing season as compared with unburned areas. 

Creeping bluestem is relatively high in dry matter yield (Kalm- 
bather et al. 198 1) and it is palatable and dominant in cattle diets 
(Kalmbacher et al. 1984). Crude protein and in vitro organic 
matter digestiblity (IVOMD) of creeping bluestem, like that of 
most flatwoods forages, is low (Kalmbacher et al. 1981, Kalmb- 
acher 1983b). If pastures are winter burned and deferred during the 
following summer, as suggested by White and Terry (1979), forage 
quality will be poor as compared to that of forage grazed in the 
spring or summer. The purpose of this study was to determine 
when clipping (after burning) might reduce creeping bluestem 
stands and to measure the effects of burning on crude protein and 
digestibility in regrowth forage. 

Materials and Methods 

The experiment was conducted in 1978 and 1979 at the Univer- 
sity of Florida’s Ona Agricultural Research Center (27O25’ N, 
81°55’ W). Different areas were used each year to eliminate the 
cumulative effect of burning on creeping bluestem. The soil on 
both areas was an unlimed, unfertilized Pomona fine sand (sandy, 
siliceous, hyperthermic Typic Haplaquod). Vegetation on the 2 
areas was similar and almost entirely a natural stand of creeping 
bluestem with scattered Aristida spp., Dichanthelium spp, Andro- 
pogon spp., various forbs, and no palmetto (Serenoa repens) or 
other shrubs. The creeping bluestem was rank, well established, 
and had not been burned, grazed, or disturbed for 8 years. 

The study plots were permanent l-m* quadrats (20 in 1978,28 in 
1979), and they were selected to assure uniformity of creeping 
bluestem. Live bluestem tillers in each quadrat were counted in 
February prior to treatment. An additional 20 quadrats 0.25 m* 
were harvested (1 to 2cm stubble) and separated into dead and 
living components for dry matter yield determination so that yield 
of green herbage that was burned could be subtracted from initial 
harvests of unburned forage. Initial harvest values would then 
represent dry matter accumulated between the burn and initial 
harvest. 

One half of the experiment was back-fired (25 Feb. 1978,9 Feb. 
1979), and the other half was not burned. After 2,4,6, 8, and 10 
(and 1 and 12 months in 1979) months following the burn, tillers 
were recounted, and all forage in the appropriate l-m* area was 
harvested 7 cm above the soil surface. Once quadrats were har- 
vested initially, they were reharvested on succeeding 2-month 
intervals. Quadrats harvested initially 2 months after the February 
burn were reharvested 4 times, plots harvested initially 4 months 
after burning were reharvested 3 times, etc. 

Harvested forage from each quadrat was analyzed for dry matter 
content, crude protein (CP = N X 6.25) (Gallaher et al. 1977, Issac 
and Johnson 1976), and in vitro organic matter digestibility 
(IVOMD) (Moore et al. 1972). Total nonstructural carbohydrate 
(TNC) in rhizomes of creeping bluestem were analyzed in 1979 
(Smith 198 1) with the following modifications: (1) amylo-glucosidase 
and invertase were used instead of takadiastase enzyme, and (2) the 
filtrate was not treated after enzyme hydrolysis with lead acetate 
and potassium oxalate. The extract was analyzed for reducing 
sugars using the calorimetric test of Nelson (1944) and Somogyi 
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Burn no sign. regression 

Month of Regrowth Harvest 

a APR 

JUNE 

2500 $ 

m Aa 

no 
h ,rrl OCT 

1 APR* 1 JUNE 1 AUG t OCT DEC 

MONTH OF INITIAL HARVEST 

Fig. 1. Effect of burning and time (Tis months since burning) of inirial clipping on total dry matter yield of creeping bluestem. When forages were cut 
initially they were recut every subsequent 2 months. Average of 1978 and 1979. Ona, Fla. 
*difference between burn and not btknedforage signtfican; (F’kO.05). 

(1952) with glucose as the standard. 
The basic design of this experiment was a split-plot with burning 

(yes, no) as the unreplicated whole plot treatment and times of 
harvesting after burning as subplot treatments. Whole plot areas 
were approximately 50 X 50 m each, and the subplots, which were 
l-m? selected quadrats, were scattered within burned and un- 
burned whole plots. Subplot treatments were replicated 4 times 
and assigned at random to the 1-m’ quadrats within each main 
plot. Data were pooled from the burned and unburned whole plots 
and analyzed as a series of experiments (Cochran and Cox 1957). 
The interaction was used to provide qualitative estimates of varia- 
tion in response between burned and unburned areas. Yields were 
analyzed over years while other variables were analyzed within 
years. 

average total dry matter yield of forage from the unburned areas 
decreased linearly. In contrast, date of initial harvest did not 
influence DM yield of burned areas. 

Initial harvest yields indicated that there was little dry matter 
accumulation before June or after August (Fig. 1). The main 
forage production period for creeping bluestem is June to August 
(Kalmbacher et al. 198 l), and it was production during this period 
that was apparently reduced by burning and harvesting during 
April and June. Forage production from June to August in 
unburned plots harvested initially in April was 1,300 kg/ ha vs 900 
kg/ ha in burned plots. 

Tiller Number 

Analysis of covariance was used to analyze final tiller count with 
the covariate being the initial count. Both burned and unburned 
means were adjusted to the same initial count of 184.4 in 1978 and 
166.3 in 1979 to facilitate comparisons. Polynomial equations in 
time (month after burn) were fitted to the adjusted means with the 
degree of the equation based on the results of the covariance 
analysis. 

Yield, first harvest crude protein, and IVOMD were analyzed 
using standard analysis of variance techniques with polynomial 
regression equations estimated to explain any significant effect of 
time. Analysis of crude protein and IVOMD at month of regrowth 
harvest required a direct application of the method of least squares 
because of the unbalanced structure of the data. 

Rhizomes for TNC analyses came from separate 6 X6-m plots in 
burned and unburned whole plots. These TNC sample areas were 
harvested at the same times as their respective subplots (viz., 2,4,5, 
etc., months after burn). The 6 X 6-m plots were not replicated in 
the whole plots, but a dozen rhizomes were cornposited from 
within each sample area, and 4 subsamples were analyzed in the 
laboratory. 

Results and Disucssion 

Analysis of tiller density indicated that burning treatments and 
time of initial clipping treatments interacted in 1978 (Table 1). The 
interaction was apparently due to the dramatic increase in tillers on 
the burned area 10 months after burning, when there were 254 
tillers/ rn2 in unburned plots compared to 157 tillers/ rn? in burned 
plots. The reasons for this response are unknown. Temperature 
and rain were near the 37-year average for November and 
December 1979, yet all 4 replications were consistently greater 
(40%) in tiller number at the tenth month as compared with the 
eighth month. Time of clipping had a linear response on tiller 
density in burned plots and a cubic response on unburned plots. 
Time had a significant (x0.01) effect on tiller density of both 
burned and unburned treatments in 1979, but there was no signifi- 
cant interaction. Cubic equations described both burning treat- 
ments in 1979, but it is felt that such relationships are not biologi- 
cally meaningful. This is especially true in 1978 burn treatment 
because the value 254 tillers/ rn? is unrealistic and not admissible 
for determining the relationship. The importance of these data is 
that they indicate that time of initial harvest did not significantly 
reduce tiller density. Although no mean separations were applica- 
ble, average number of tillers/m? in the burned and no burned 
treatments were 130 and 138 in 1978, respectively, and 136 and 158, 
in 1979. 

Dry Matter Yield 
A burn X time of initial harvest interaction was evident for dry 

matter yield (Fig. 1). As initial harvest was delayed, the 2-year 

This study and previous work by Kalmbacher et al. (1981), in 
which unburned creeping bluestem was cut at a 20-cm stubble 
throughout the year for 3 continuous years without significant 
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Table 1. Effect of burning and time of clipping on final tiller density of creeping bluestem in 1978 and 1979. When bluestem was cut initially it was recut 
every subsequent 2 months. Ona, Florida. 

Year Bum 
Months of Cutting after Burn 

I 2 4 6 8 10 12 Equation7 R2 
--_-______Np/ ,,,L-------------- 

1978 No - 119 112 129 133 157 100.5 + 4.9 T 92.7 
Yes 107 109 107 109 254 - cubic relationshipf 98.7 

1979 No 213 121 123 132 105 128 128 cubic relationshipi 67.7 
Yes 217 130 138 147 148 167 152 cubic relationship1 68.6 

tT is time in months. 
$1978 burn, tiller no./mJ = 13.53 + 98.60 T - 22.67 TI + 1.55 T’ 

1979 no burn, tiller no/ml q  243.80 - 59.31 T + 8.23 T* - 0.84 TJ 
1979 burn, tiller no./ml = 257.72 - 68.75 T + I I. I1 T’ - 0.51 T3 

decline in dry matter yield, have demonstrated creeping bluestem’s 
persistence when clipped in the vegetative stage. Results differed 
from that reported by White and Terry (1979), who observed a 
significant decline in tiller density when burned plants were grazed 
during the growing season after a winter bum. The work of White 
and Terry (1979) demonstrated the susceptibility of creeping blue- 
stem to stand loss when defoliated between transition and flower- 
ing stages. This difference may be the result of differences asso- 
ciated with morphology of creeping bluestem. In their study 
creeping bluestem (also at Ona, Florida) flowered, whereas the 
plants at our study did not flower after burning. It seems likely that 
the conditions of the bum and/ or physiological condition of the 
creeping bluestem plant determine if the plant flowers. 

---t No burn I978 

1978 

--aNo burn 1979 
879 

EQUATION R2 

4.23-O.-T 029 

cubic - 
no regresskIn (prO.05) _ 

greater than cubic _ 

Removal of the apical meristem after its transition from vegeta- 
tive to reproductive growth and subsequent elevation (jointing 
stage) has been shown to have detrimental effects on grasses (Bran- 
son 1958, Booysen et al. 1963). A decline in TNC is associated with 
flowering (White 1973). Carbohydrate depletion in a single season 
could be responsible for the reduction in tillers and yield expe- 
rience by White and Terry (1979). Burning did not affect final 
storage of carbohydrate on unclipped big bluestem (Andropogon 
gerardi), but reduced reserves on clipped plots (Owensby et al. 
1970). 

Total Nonstructural Carbohydrate 
The content of TNC in the rhizomes of burned plants was 9.0% 

as compared with 10.20/, in unburned plants in March 1980. These 
plants had been burned in February 1979, harvested initially in 
April 1979 and reharvested 4 times. Rhizomes from similarly 
treated burned plants, which were not cut until 1 year after 
burning, were 8.8% TNC in March 1980, while unburned plants 
were 10.1%. Earlier studies (Kalmbacher 1983a) had shown that 
TNC content of February burned creeping bluestem plants 
declined to percentages lower than that of unburned plants, but the 
unburned plants recovered within 60 days and remained at a higher 
TNC level than unburned plants until October. 

MAR WR JUNE AUG OCT DEC FEB 

MONTH OF INiTlAL HARVEST 

Fig. 2. Effect of burning and time (T is months since burning) of initial 
harvest on crude protein content of creeping bluestem. One. Florida. 
1978 and 1979. 

Although tests of significance cannot be used because the car- 
bohydrate sample-blocks were not replicated, the TNC contents of 
these rhizomes do show a small disparity between burned and 
unburned creeping bluestem. Burning followed by clipping every 
60 days for a single year did not appear to have an effect on TNC 
content when compared to that of unclipped, burned plants. 

long. IVOMD in forage from the burn treatment was similar in 
trend to crude protein because IVOMD declined steadily from 54 
to 62% 1 to 2 months after burning to 22 to 31% in December. 
Regression equations describing IVOMD in burned creeping 
bluestem were quadratic. Similar equations described IVOMD in 
unburned bluestem, but digestibility of unburned bluestem was 
initially lower in the early spring, increased in the summer with new 
growth, then declined in fall. 

Crude Protein and IVOMD 
Initial Harvest 

These data indicated that in order for a rancher to take advan- 
tage of the improved crude protein and digestibility as a result of 
burning, he must put livestock on the burned range before August. 
June to August are,very hot-humid months, and south Florida’s 
soils are usually saturated by rain. These conditions apparently 
have an adverse effect on creeping bluestem quality. 

Crude protein and IVOMD of initial harvest creeping bluestem 
exhibited a burning treatment X month of initial harvest (Figs. 2 
and 3) interaction in both years. Crude protein in forage from the 
burn treatment was 8 to 10% 1 to 2 months after but declined 
steadily to about 4% in June. Protein from the bum treatment was 
at least a cubic response, but was either linear or without a signifi- 
cant regression in the unburned treatment. Forage from the 
unburned treatment remained about 3 to 4% crude protein year- 

Regrowth Harvest 
Crude protein and IVOMD of regrowth was primarily affected 

by month of reharvest (Figs. 4 and 5). Both crude protein and 
IVOMD tended to be greater in June, October, and December as 
compared with August regrowth. 

Analysis of 1978 regrowth data indicated regrowth harvest 
affected crude protein regardless of burn treatment, while IVOMD 
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6C 

_FCtUATION R2 
------*No burn 1978 21.94+7.2 T-0.6ST2 -Burn 1978 0.68 

7131 ---DNo burn 
+840T+0.37T2 

1979 0.98 

ASurn 
greater thon cubic 

1979 62.18-6.73T + 0.29T2 0.91 

I I I I I I 

MAR APR JUNE AUG OCT DEC FEB 
MONTH OF INITIAL HARVEST 

Fig. 3. Effect of burning and time (T is months since burning) of initial 
harvest on IVOMD content of creeping bluestem. Ona, Florida. 1978 
and 1979. 

EQUATION R 2 

._.-_r) NO burn 1976 2 s9+ 0.401 0.59 

d eurn 1976 0.86 

_____a No burn I979 

634- 0.67T+0.07T2 2 

lO.Z.%- 1.42T+O.O9T 2 080 

4 Burn I979 6.40 - 0.661+0.04T 0.56 

WR JUNE AUG OCT DEC FEB 
MONTH OF REGROWTH HARVEST 

Fig. 4. Effect of burning and time (Tis months since burning) of regrowth 
harvest on crude protein content of creeping bluestem. Ona, Florida, 
1978 and 1979. 
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Fig. 5. Effect of burning and time (Tis months since burning) of regrowth 
harvest on IVOMD of creeping bluestem. Ona, Florida. 1978 and 1979. 

was affected only if bluestem was not burned. Regression equa- 
tions were fitted to these means, and except for 1978 crude protein 
in unburned plants, the relationships were quadratic. The relation- 
ship in 1978 for IVOMD of regrowth from burned plants was 
significant only at the 10% level. All responses for protein and 
IVOMD in both bum treatments were quadratic. 

It is important to note the effect that time of regrowth harvest 
had on crude protein and IVOMD. Both protein and IVOMD 
dropped in August, then increased in the fall and winter months. 
Regrowth from cooler months has been shown to have higher 
crude protein and IVOMD 5% (Kalmbacher et al. 1981). 

Conclusion 

Improved crude protein and digestibility of regrowth could be 
realized if forage was burned in February, grazed in June, then 
regrazed in October or December. Such a grazing scheme would 
take advantage of higher quality in initial growth forage due to 
burning, allow for regrowth when creeping bluestem growth is 
great (June to August), and provide good quality regrowth for 
winter. This does not imply that creeping bluestem should be 
burned annually, but when part of a normal 3 to 5 year prescribed 
burning plan, it would allow for good quality forage without stand 
loss. 
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The Effects of Fire on the Blackbrush [Coleogyne 
ramosissima] Community of Southwestern Utah 
JIM CALLISON, JACK D. BROTHERSON, AND JAMES E. BOWNS 

Abstract 

Eight general study sites were examined in the biackbmsh 
(Coleogyne mmosissima) zone of southwestern Utah in order to 
assess the impact of burning. All sites had been burned. Age since 
burning varied from 1 to 37 years. Plots were placed in burned 
areas with plots in adjacent unburned areas serving as controls. 
Sites were similar enough that definite trends were distinguishable 
despite between site variation. Recently burned areas were domi- 
nated by forbs, middle aged bums were dominated by grasses, and 
the oldest bums had reverted back to shrub dominance. Crypto- 
gamic soils crusts were severely affected by burning and showed no 
signs of recovery after 19.5 years. Blackbrush was also severely 
affected and showed no signs of recovery after 37 years. Lack of 
recovery by blackbrush may be due to its paleoendemic nature. 
Future burning of stands of blackbmsh in southwestern Utah is 
not recommended. 

The blackbrush (Coleogyne ramosissima) zone of southwestern 
Utah is an important vegetation type occupying large areas. How- 
ever, it produces relatively little livestock forage. Controlled bum- 
ing has been used as a management tool during the last 20 years to 
remove blackbrush and increase forage production. In the nearby 
blackbrush zone of southern Nevada, Jensen et al. (1960) con- 
cluded that such burning was beneficial and economically feasible. 
However, Bowns and West (1976) state that burning of blackbrush 
is not desirable as a management tool since results are unpredicta- 
ble. The purpose of this study was to examine blackbrush sites in 
southwestern Utah which have been subjected to fire and to deter- 
mine what effects the burning has had on the blackbrush community. 

Authors are graduate student and professor in Department of Botany and Range 
Science, Brigham Young University, Provo Utah 84602; and professor of range 
ecology, Southern Utah State College, Cedar City, Utah 84720. 
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Site Description 

The study sites were located in the Dixie Corridor between the 
Beaver Dam Wash and the Beaver Dam Mountains in southwest- 
em Utah. This area is a transition zone between the hot desert of 
the Mojave and the cold desert of the Great Basin. Soils are 
shallow, well drained, and have from 2 to 7% slopes. Parent 
materials are mixed alluvium from limestone, gneiss, schist, sand- 
stone, and basalt (Bowns 1973). Elevation of the study plots ranged 
from 1,070 m to 1,400 m (3,510 to 4,590 ft). Average annual 
precipitation, recorded over a 30-year period at the nearby Gun- 
lock Powerhouse, is 296 mm (11.65 in.). The average annual 
temperature, from the same location, is 16.1°C (61OF) (Hodges 
and Reichelderfer 1962). Eubank and Brough (1979) listed ex- 
tremes of temperature from 46.7’C (116’F) to -23.9OC (-11°F) at 
St. George which is on the edge of the blackbrush range. 

Methods 

Eight general study sites were selected. The sites had all been 
burned, with time since burning, varying from I to 37 years. The 
study sites were considered to be similar enough that trends could 
be detected despite variation between sites. Two of the burns were 2 
years old and data from those sites were combined for analysis. Ten 
(IO m X 10 m) sampling plots were placed at each site. The 
sampling plots were paired, with the pairs being arranged so that 
one member of each was in the burn, the other on a topographically 
and edaphically similar area in unburned vegetation. All plots were 
placed on sites of uniform topography with ravines and rock 
outcroppings being avoided. Pairs of sampling plots were ran- 
domly placed along edges of the bum. Unburned plots served as 
controls. Each plot was subsampled with 15 uniformly distributed 
l-m2 quadrats. Plant cover of each species was estimated (Daub- 
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Table 1. Environmental factors on both bumed and unburned blackbrush sites. 

unburned 1 year 2 years 6 years 12 years 17 years 19.5 years 37 years 

Time elapsed since burning mean SD. mean SD. mean S.D. mean S.D. mean S.D. mean S.D. mean S.D. mean S.D. 

Elevation (m) 1271.3 94.5 1340 0 1226.7 118.4 1400 0 1280 0 1070 0 1220 0 1250 0 
% slope 9.6 9.7 6.0 5.2 9.1 7.4 44 0 2.8 0.5 18.2 1.1 3.6 0.6 4.4 3.1 
9% litter 7.9 3.8 4.9 4.1 5.9 3.2 3.5 0.9 9.6 4.9 11.6 6.2 5.5 2.0 8.5 3.1 
% rock 38.7 10.3 55.9 15.8 19.1 5.1 48.5 4.8 22.0 5.3 15.9 4.2 42.6 11.2 48.5 12.8 
soil depth (dm) 1.3 0.7 1.2 0.4 2.2 1.0 1.0 0.3 2.1 2.2 1.3 0.4 1.5 0.6 1.9 0.2 
# spp/ stand 7.7 2.3 8.4 1.5 10.6 2.2 8.8 2.4 13.4 2.1 13.2 1.3 6.2 0.8 11.0 I.0 

enmire 1959) at each quadrat. In addition, cover contributed by 
rock, litter, and cryptogamic crusts was estimated. Soil depth was 
measured with a penetrometer (Greenwood and Brotherson 1978) 
at the corners and center of each plot (the 5 readings were averaged 
to give a single estimate for each plot). Percent slope and exposure 
were obtained for each plot using an Abney level and compass 
respectively. Elevation at each plot was taken from USGS 1:24,000 
topographic maps. 

Shrubs 

75 

50 

25 

Three samples of the surface 20 cm of soil were taken in each plot 
(from opposite comers and the center) with subsamples pooled for 
laboratory analyses. Dependence on surface samples alone seemed 
justified since Ludwig (1969) has shown that the surface decimeter 
of soil from Utah foothill communities provided over 80% of the 
information extractable with correlation analyses relating soil 
mineral content to plant parameters. Holmgren and Brewster 
(1972) showed that 50% of the fine roots (those most likely to 
absorb soil minerals) were concentrated in the upper 15 cm of soil 
profile of Utah cold desert shrub communities. With respect to 
grasslands, Christie (1979) found that the top layer of soil supplies 
most of the minerals taken up by plant roots in grassland 
communities. 

75 

50 

25 

t 

rl 

lh- 
Forbs 

Soil samples were analyzed for texture (Bouyoucos 1951), pH 
mineral composition, and organic matter content. Soil reaction 
was taken with a glass electrode pH meter on a 1: 1 v/v soil-water 
paste (Russell 1948). Soils were extracted with 1.0 normal neutral 
ammonium acetate for exchangeable calcium, magnesium, potas- 
sium, and sodium (Jackson 1958, Hesse 1971, Jones 1973). Zinc 
and copper were extracted from the soils by use of DPTA 
dieehylenetriamine-penta-acetic acid) extracting agent (Lindsay 
md Norvell 1969). Individual ion concentrations were determined 
oy using a Perkin-Elmer Model 40 atomic absorption spectropho- 
tometer (Isaac and Kerber 1971). Soil phosphorus was extracted 
using sodium bicarbonate (Olsen et al. 1954). Total nitrogen was 
determined by macro-Kjeldahl procedures (Jackson 1958). Organic 
matter was estimated by loss on ignition of 10 grams of soil at 
95O’C in a LECO medium temperature resistance furnace (Allison 
1965). 

kLlLLLd 
1 2 6 12 17 19.5 37 

Years elapsed since burning 

0 unburned control plots 

H burned plots 

Fig. 1. Relative composition of shrubs, forba and grasses on burns of 
different ages in the blackbrush community. 

Prevalent species (those most frequently encountered during 
sampling) were selected using the procedure of Warner and Harper 
(1972), but using cover values rather than frequency. Means and 
standard deviations were computed for all biotic and abiotic varia- 
bles. One way analysis of variance of site characteristics was used 
to test for significant differences between study sites (Table 1). 

Results and Discussion 

burned area. Most of the shrubs were removed by fire, forbs were 
greatly increased, and grasses are moderately increased. Over time 
shrubs increased until they approached preburn levels. Forbs 
steadily decreased until they approached preburn levels. Grasses 
increased, reached a peak on the 6-year-old burn, and then 
declined to preburn levels. The trends depicted in Figure 1 show 
that shrubs have completely reestablished themselves within 15 to 
20 years (some variation between sites). Although the initial impact 
of fire was profound, the return to shrub dominance was rapid. 
Table 2 shows the absolute cover values for species found on the 
burned sites. This rapid return of the study sites to shrub domi- 
nance supports the idea that soil factors favor shrubs over grasses 
and forbs in our study area. Doughty et al. (1976) and Thatcher 
(1975) state that distribution of blackbrush is largely controlled by 
edaphic factors. 

Table 1 shows environmental factors measured on the study 
plots. The unburned control plots were combined in a single 
column. The burned plots are listed according to the age of the 
burn. Analysis of variance was used to test for differences among 
site characteristics. Some significant differences were found, but 
they were unrelated to any of the changes in vegetation. 

Figure 1 shows the changes in vegetation composition over time 
on burned blackbrush sites in terms of relative cover. Conditions 
on the l-year-old burn (column one) were typical for a recently 

Shrub composition before burning only slightly resembled com- 
position after burning. Before burning, blackbrush comprised 79% 
of all vegetation and 91% of all shrub cover. After burning, shrub 
composition varied from site to site, but on all sites blackbrush 
cover was greatly reduced. Figure 2 shows the relative amounts of 
blackbrush found on the burned sites. On all sites blackbrush cover 
was only a small portion of total shrub cover. The contrast between 
blackbrush cover and total shrub cover was especially obvio.us on 
the older burned sites where total shrub cover approached preburn 
levels. The lack of recovery of blackbrush may be due to its limited 
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Table 2. Absolute cover values of species present on burned plots. 

Time elapsed since burning 

unburned 1 year 2 years 6 years 12 years 17 years 19.5 years 37 years 

mean SD. mean S.D. mean S.D. mean SD. mean S.D. mean SD. mean S.D. mean S.D. 

Shrubs 
Coleogyne ramosissima 
Purshia glandulosa 
Qhedra viridis 
Eriodictyon angustifolium 
Runus fasciculata 
ntamnosma moniana 
Xanthocephalum microcephala 
Yucca baccata 

Perennial Grasses 
Agropyron cristatum 
Agropyron intermedium 

Perennial Forbs 
Melilotus officinalis 
Sanguisorba minor 
Sphaeralcea grossulariaefolia 

Annuals 
Astragalus spp. 
Rromus rubens 
Bromus tectorum 
Erodium cicutarium 
Lepedium spp. 

38.1 8.4 1.6 1.8 0.0 0.0 0.0 0.0 0.2 0.1 3.8 3.4 0.7 1.1 1.7 2.5 
0.2 0.7 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.5 0.0 0.0 0.0 0.0 3.2 4.0 
1.2 1.9 0.5 0.7 1.5 2.2 0.7 0.5 0.1 0.1 3.3 3.0 0.4 0.5 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.9 1.5 23.8 9.1 0.0 0.0 0.0 0.0 0.0 0.0 
1.5 1.1 0.0 0.0 0.1 0.3 1.8 1.4 0.2 0.4 1.7 2.0 0.6 1.1 7.7 4.2 
0.9 2.3 0.5 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.7 3.8 15.4 11.4 
0.4 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.4 10.2 6.4 24.8 5.7 0.0 0.0 
0.4 0.9 0.1 0.1 0.0 0.0 0.0 0.0 1.6 1.5 0.0 0.0 0.0 0.0 5.5 3.5 

0.1 
0.0 

0.0 
0.0 
0.0 

0.1 0.2 
3.4 3.1 
2.8 2.7 
0.2 0.7 
0.0 0.0 

0.3 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
3.9 
2.5 

11.1 
0.0 

0.0 11.5 14.0 1.5 2.7 9.2 9.2 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 6.8 5.3 0.0 0.0 

0.0 1.3 1.4 0.00.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.7 0.9 0.0 0.0 1.9 0.4 0.0 0.0 
0.0 0.7 0.7 2.7 2.5 0.0 0.0 0.5 0.7 

0.0 7.2 11.3 0.0 0.0 0.0 0.0 1.5 1.3 
2.4 2.4 3.9 10.7 8.2 0.4 0.4 6.9 2.2 
2.7 6.6 8.7 33.5 12.2 11.3 5.3 20.6 4.9 
4.5 7.1 11.5 1.7 3.1 0.0 0.0 2.5 1.6 
0.0 1.3 2.5 1.7 0.7 0.0 0.0 4.1 1.5 

0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
1.5 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.6 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
1.4 
4.3 
0.2 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.9 
3.3 
0.4 
0.0 

91 

81 
0 total shrub cover 

n cover contributed 
by blackbrush 

1 2 6 
Years elapsed since burning 

Fig. 2. Blackbrush recovery compared to overall shrub recovery on bums 
of different ages in rhe blackbrush community. 

JOURNAL OF RANGE MANAGEMENT 36(6), November 1965 537 

ability to adapt to new events. Stebbins and Major (1965) classified 
blackbrush as a paleoendemic, or an ancient species whose range 
has been reduced to relict areas. They included blackbrush in a 
group of plants that have little variability, are ecological special- 
ists, are isolated taxonomically, and have a different range from 
that where they originated. This agrees well with the findings of 
King and Van Devender (1977) who concluded that blackbrush 
occupies a much different range presently than in Pleistocene 
times. The recovery of a paleoendemic species, such as blackbrush, 
from burning may be much slower than that of other shrub species. 
Our findings differed significantly from those of Thatcher (1975), 
who stated that burned blackbrush sites reverted directly back to 
blackbrush without any intermediate plant association. 

Cryptogamic soil crusts are another element of the blackbrush 
community which are strongly affected by fire. The effects of fire 
upon cryptogamic crusts are of concern because of the beneficial 
role they play in stabilizing soil surfaces in desert ecosystems 
(Anderson et. al. 1982). Before burning, cryptogamic crusts con- 
tributed an average of 9% of the total plant cover. After burning, 
cryptogamic crusts contributed less than 1% of the total plant 
cover. The 37-year study site showed no evidence of cryptogamic 
crusts on either the burn or the adjacent control. However, on the 
other 6 sites where cryptogamic crusts were present, the burned 
sites showed little tendency for the cryptogamic crust to return to 
preburn levels (Fig. 3). This lack of recovery by cryptogamic crusts 
may be unique to the blackbrush community. In a study done in 
northern Utah, Johansen et al. (1982) found that cryptogamic 
crusts recovered partially from burning within 3 years. In the 
present study we found very little evidence of crust formation on 
the burned sites after 19 years. It is not clear why fire suppresses the 
cryptogamic crusts. However, it is apparent that if cryptogamic 
crusts do recover, they do SO in a time span longer than that 
covered by our study. 

Beneficial or detrimental impacts of fire on the blackbrush 
community were found to depend on time elapsed since burning, 
variation between sites, and site treatment. The 37-year-old site, 
which was not seeded with grasses following the fire, was domi- 
nated by mixed shrubs (Thamnosma montana, Prunusfasciculata, 
Purshia glandulosa. and Yucca baccata) and annual grasses (Bro- 



L 

0 unburned control plots 

n burned plots 

L L_L 
17 195 37 

Years elapsed since burning 

Fig. 3. Cryptogomic soil crusts on burned sites compared to odjocent 
unburned control sites in the blockbrush community. 

mus tectorum and Bromus rubens). The 19.5year-old burn (also 
never seeded) was dominated by snakeweed (Xanthocephalum 
microcephala) and annual grasses. The 17-year-old burn (also 
never seeded) was dominated by mixed shrubs, annual grasses, and 
annual forbs (Astragalus spp., Lepidium spp., and Erodium cicut- 
arium). The 12-year-old burn was dominated by Yerba-Santa (Eri- 
odictyon angustifolium), crested wheat (Agropyron cristatum), 
and annual grasses. The 6-year-old burn was dominated by annual 
grasses with scattered stalks of crested wheat. On the 6-year-old 
burn Yerba-Santa was beginning to appear. The 2-year-old burns 
were dominated by crested wheat, annual grasses, and annual 
forbs. The l-year-old burn was not seeded with crested wheat and 
was dominated by annual forbs. 

Only 3 burns were seeded with perennial grasses. Because of the 
small number of seeded burns, no conclusions were drawn about 
the seed success of perennial grasses. Seeding of crested wheat 
appeared to be successful on the 2-year-old burns, fairly successful 
on the 12-year-old burn, and unsuccessful on the 6-year-burn. The 
low amounts of crested wheat on the 6-year-old burn almost cer- 
tainly are due to site characteristics rather than any relationship to 
the age of the burn. 

It appears that in the blackbrush community some short-term 
benefits can be realized from burning and seeding with perennial 
grasses. However, shrub cover is rapidly reestablished, and the 
shrubs that replace blackbrush are generally no more desirable as 
forage than blackbrush. Since fire appears to cause a long term, or 
permanent, removal of blackbrush and cryptogamic crusts, we do 
not recommend indiscriminate burning as a method of improving 
the forage base for livestock in the blackbrush community. How- 
ever, if cultivars of palatable shrub species that are hardy enough to 
compete in the blackbrush zone are found, burning of blackbrush 
may be advisable. 
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Cattle Grazing Blue Grama Rangeland I. Seasonal 
Diets and Rumen Fermentation 
F.T. MCCOLLUM, M.L. GALYEAN, L.J. KRYSL, AND J.D. WALLACE 

Abstract 

Four field trials were conducted from early August to late 
October, 1982, on blue gramn (Boureloue graci&s) rangeland in 
south-central New Mexico to examine relationships among graz- 
ing season, diet botanical and chemical composition, and rumen 
fermentation in beef steers (Bos ciuwus). Diets contained an aver- 
age of 83% grasses and 17% forbs from early August through late 
September and 77% forbs in late October. Cell wall content of the 
diet decreased from the early growing season (74.9%) through the 
onset of dormancy (64.9%) while acid detergent ffber and lignin 
increased (41.9 to 52.9% and 5.2 to 12.7%, respectively) and crude 
protein content declined from 18.4 to 11.7%. Soluble and insoluble 
nitrogen (N) fractions of the diet reflected crude protein; from 13 to 
36% of N was in unavailable forms. The extent of in vitro organic 
matter digestion declined from the early growing season (66.5%) 
through onset of dormancy (47.9%). Ruminal ammonia concen- 
trations declined as season progressed: 6.0 mg/109ml was the 
lowest concentration observed. Declining diet quality was accom- 
panied by an upward shift in digestr pH and altered proportions of 
volatile fatty acids (VFA) in rumen contents. Total VFA concen- 
tration was highest in late August (106.3 mmoles/liter). Ruminal 
measures generally reflected changes in dietary protein and diges- 
tibility but concentrations could also reflect changes in digesta flow 
rates. Finally, data suggest that crude protein may not be a good 
measure of protein supply to livestock grazing on ranges with 
diverse forage types. 

Several authors have discussed the influence of advancing sea- 
son of growth and nutritive value of range plants and relative 
values of forage classes (Cook 1983, Pieper et al. 1978, Kothmann 
1980). Such changes are usually discussed in relation to the daily 
requirements of animals grazing in the plant communities. How- 
ever, few studies have related diet quality to ruminal environment 
in the grazer. The rumen is the primary site of forage degradation. 
Products of ruminal fermentation (ammonia, volatile fatty acids) 
and the pH of ruminal contents can influence fiber digestion 
(Mertens 1979), microbial protein synthesis (Satter and Slyter 
1974) and, finally, energy and protein supplied to the grazing host. 
Therefore, knowledge of seasonal fermentation patterns in grazing 
range animals might suggest means of enhancing diet utilization 
and animal performance. 

The objectives of this study and another reported subsequently 
(McCollum and Galyean 1985) were to relate seasonal changes in 
diet composition with changes in rumen function and forage intake 
in beef steers (Bos taurus) grazing native blue grama (Bouteloua 
gracilis) rangeland during 4 periods of a growing season. 

Study Area 
Materials and Methods 

The Fort Stanton Experimental Ranch is in the foothills 
between the Sierra Blanca and Capitan Mountains in southern 
Lincoln County, New Mexico. Pieper et al. (1971) described the 
vegetation, topography, and climate of the Ft. Stanton Ranch. 
Briefly, annual precipitation averages 40 cm and mean annual 
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temperature is 1 l.l’C. Most vegetational growth usually occurs 
during June through September. The study pasture, an open grass- 
land area, was situated at approximately 1,900 m elevation and 
received about 35 cm precipitation the year of the study (65% 
occurred between mid-July and the end of September). Vegetation 
of the study pasture was dominated by blue grama and cholla 
cactus (Opuntia imbricata) (Pieper et al. 197 1). 

Field trials 
Four trials were conducted during 1982 (9 Aug.-l7 Aug., EAug; 

29 Aug.-Aug.-4 Sept., LAug; 23 Sept.-l Oct., LSept; 23 Oct.-3 1 
Oct., LOct). Trials were conducted at these times to reflect pheno- 
logical changes in the plant community. During each trial, 3 
esophageal-cannulated dry, mature beef cows (Hereford X Angus) 
and 6 rumen-cannulated (10.2 cm ID cannulas) steers (Hereford X 
Angus; z-weight = 303 kg) were allowed to freely graze the pasture. 
No other animals were grazed on the study pasture during adjust- 
ment and sampling periods. It was assumed that the diets of the 
cows and steers were similar. Cows were placed on pasture a 
minimum of 1 week before each trial, while steers were placed on 
pasture 2 weeks before the EAug trial and grazed continuously 
through the LCkt sampling period. 

Diet samples were collected the first 2 days of each 8day trial. 
The cows were penned each day at 1200 hour and samples were 
collected during 30-minute periods between 1700 and 1800 hours. 
The cows were hazed to the area being grazed by the steers during 
collection periods. Following the collections, an aliquot of each 
extrusa sample was frozen in a plastic bag and stored until 
analyzed. 

Rumen samples were collected on the third day of each trial. At 
0800 hours, 250-ml sample of whole rumen contents was with- 
drawn after thorough hand-mixing of the rumen. Rumen pH was 
evaluated immediately with a combination electrode. Samples 
were strained through 4 layers of cheesecloth, and strained fluid 
was acidifed (1 ml 20% v/v H&O4 per 100 ml strained fluid) and 
stored frozen. After sampling, steers were allowed to return to 
normal grazing activities. Tbe sampling process was then repeated 
at 1200, 1600, and 2000 hours. To facilitate rumen sampling, 
temporary pens were transported to and erected on an area imme- 
diately adjacent to the site being grazed by the steers at each 
sampling time. 

Laboratory Analyses 
Esophageal samples were dried at 50 OC for 54 hours and ground 

through a 2-mm screen in a Wiley mill. Dry matter and ash con- 
tents were determined by standard procedures (AOAC 1980). Die- 
tary fiber constituents (acid detergent fiber, ADF, acid detergent 
lignin, ADL; neutral detergent fiber or cell walls, NDF) were 
determined according to Goering and Van Soest (1970). Nitrogen 
(N) was determined by Kjeldahl procedures (AOAC 1980) and 
fractioned into soluble N (SN) and insoluble N (IN) by the sodium 
chloride method of Waldo and Goering (1979). Insoluble unavail- 
able N (ADIN) was the N present in ADF residue. Crude protein 
(CP) was calculated as 6.25 X N. 

In vitro digestion analyses were conducted on samples compos- 
ited across cows and sampling days. Rumen fluid inoculum was 
collected from 3 steers consuming a 50:50 mixture of alfalfa (Medi- 
cage sativa) and prairie hay. Extent of organic matter disappear- 
ance (IVOMD) was estimated using techniques of Tilleyand Terry 
(1963). 



Microhistological examination of dried and ground esophageal 
masticate samples followed procedures outlined by Sparks and 
Malechek (1968). Ten systematically located fields per slide and 5 
slides per sample (individual cow samples) were examined at 100X 
magnification. 

Rumen samples were thawed overnight at room temperature, 
after which 40 ml of fluid was drawn from each sample and 
centrifuged at 12,000 X g for 10 minutes. The supernatant fraction 
was decanted and a portion analyzed for ammonia (NHs-N) by the 
phenol-hypochlorite procedure of Broderick and Kang (1980). 
Five milliliters of the remaining portion of supernatant fluid was 
mixed with 1 ml of 25% (w/v) metaphosphoric acid containing 
approximately 2 g 2ethylbutyric acid (internal standard) per liter 
and recentrifuged at 12,OOOXg for 10 minutes. The resulting super- 
natant fraction was analyzed for volatile fatty acids (VFA) as 
described by Goetsch and Galyean (1983). 

Statistical Analyses 
Analysis of variance of diet data was conducted assuming a 

completely randomized design with effects for season considered in 
the model. Rumen fermentation data were analyzed by analysis of 
variance with effects for season, time of day, and season X time of 
day. Variables with a significant (x.05) season X time of day 
interaction were reanalyzed within time of day and season. Means 
were separated using the least significant difference method pro- 
tected by a significant F test. 

Results and Discussion 

Botanical Composition of Diets 
Diets collected via esophageal fistula contained an average of 

83% grasses and 17% forbs in EAug, LAug and LSept (Table 1). In 

Table 1. Grass and forb content of cattle diets grazed from blue gnma 
rangehmd during different sampling period~.~ 

Sampling period Grasses Forbs 

EAug 
LAug 
LSept 
Loct 
SE2 

85.7aj 
83.2a 
81.3a 
22.7b 

2.7 

14.3a 
16.8a 
18.7a 
77.3b 

2.7 

‘Primary grasses and forbs in the diets were: Boureloua gracilis, Muhlenbergio 
richardsonii. Lycurus phleoides. Sporobulur cryptandrw, Spharalcea angustzfolia 
and Arremisia carruthii. 
*Standard error of treatment means, n = 3. 
XXumn means followed by different letters are different (K.05). 

As season advanced and the lignocellulose fractions of the diets 
increased, the extent of IVOMD declined (K.05) from 66.5% in 
EAug to 47.9% in LOct (Table 2). Cordova (1978) and Havstad 
(1977) reported similar seasonal patterns. After 4 hours incuba- 
tion, LOct diets were digested to a greater extent (x.05) than diets 
from other months (McCollum and Galyean 1985). However, this 
advantage disappeared as incubation time increased and, uti- 
mately, LOct diets were not as digestible as diets from EAug and 
LAug. The early, rapid disappearance of the LOct diets is typical of 
nongrass plant species. Forb and shrub leaves have much more 
rapid rates of digestion than grasses (Short et al. 1974, Kothmann 
1980). Although there were no statistical differences, comparison 
of LSept and LOct data demonstrate that increased forb consump- 
tion was accompanied by a faster rate (McCollum and Galyean 
1985), but lesser extent, of IVOMD. Early season diets were di- 
gested to a greater extent and at a faster rate than late season diets. 

contrast, forbs accounted for 77% of the LOct diet. Blue grama and 
mat muhly (Muhlenbergia richardsonii) were the primary grasses 
consumed during the study. The major forbs utilized by the exper- 
imental animals were Carruth sagewort and scarlet globemallow 
(Artemisia carruthi’ and Spharalcea coccinea. respectively). 

In all months, dietary CP (Table 3) was adequate for growing 
heifers and steers (minimum wt. 225 kg) gaining .5 kg per day 
(9.5-lo%), pregnant cows (7-8%), and yearling heifers (8-9%), and 
lacating cows (9-10%) and heifers (9-11s; NRC, 1984). These 

Havstad (1977) and Pfister et al. (1984) also reported shifts in 
floral composition of cattle diets at Ft. Stanton. However, the 
greatest contribution of forbs in these studies was 47%. The shifts 
observed in the current study demonstrate the value of forbs during 
periods when nutritive quality of warm-season grasses is declining. 
The LOct sampling date was about 2 weeks after the first fall frost. 
Hence, grasses were in early dormancy and were probably less 
palatable than forbs which mature less rapidly and maintain palat- 
ability for a longer period of time during the dormant season 
(Cook 1983). 

Table 3. Crude protein and nitrogen fractions of esophageal diet samples 
from cattle grezing blue gmma rangeland during different sampling 
p?riOdS. 

Samoline oeriod 
Item* EAug LAug LSept LOct SE’ 

Diet Quality 
Dietary NDF declined as time progressed from EAug to the 

onset of dormancy (LOct) for the warm-season grasses (Table 2). 
Normally, advancing maturity is associated with increased cell wall 
constituents (Van Soest 1982). However, the declining NDF and 

__---qp___-__ 
Crude protein 18.4a3 17.6a 12.7b 11.7b 0.8 
Total nitrogen 2.94a 2.82a 2.03b 1.87b 0.1 
Soluble nitrogen 0.88a 0.78a 0.58b 0.48b 0.04 
Insoluble nitrogen 2.07a 2.03a 1.44b 1.39b 0.11 
Insoluble available nitrogen I .68a 1.63a 0.96b 0.72~ 0.07 
Acid detergent insoluble 

nitrogen 0.39a 0.41a 0.48a 0.67b 0.05 

Table 2. Organic matter, fiber contents, and extent of organic metter 
disappearance from diete of cattle graxing blue grama rangelend during 
different sampling periods. 

Samolina oeriod 

Item EAug LAug LSept LOct SE’ 

__----qr-_---_-_ 
Organic matter 83.4 81.8 85.4 83.3 1.1 
Neutral detergent fiber’ 74.9a2 75.8a 69.9b 64.9c 1.4 
Acid detergent fiber-’ 41.9a 46.8b 48.3bc 52% 1.4 
Acid detergent lignin’ 5.2a 6.5a 9.0b 12.7~ 0.7 
In vitro digestibility’ 66.5a 63.la 51.6b 47.9b 2.5 

‘Standard error of treatment means, n = 3. 
Weans in a row followed by different letters differ (K.05). 
‘Organic matter basis. 

increasing ADL contents are indicative of the increasing forb 
component in diets from EAug to LOct. These plant materials 
usually contain less cell wall and more lignin than grasses (Koth- 
mann 1980, Cook 1983, Van Soest 1982). 

Acid detergent fiber content of the diets rose from 41.9% in 
EAug to 52.9% in LOct (Table 2). Similar trends and values were 
reported in other diet (Cordova 1978; Havstad 1977) and clipping 
studies (Pieper et al. 1978) at Ft. Stanton. As season advanced 
from EAug to LAug, changes in dietary ADF were primarily due 
to cellulose levels. But, from LAug to LSept and LOct, alterations 
in dietary ADF were accounted for by increasing amounts of ADL 
(Table 2) contributed by the maturing grass and lignified forb 
components of the diets. 

‘Standard error of treatment means, n = 3. 
*Organic matter basis. 
JMeans in a row followed by different letters differ (K.05). 
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requirements assume daily dry matter intake is adequate. Diets 
collected during August contained in excess of 17% CP. After 
declining (K.05) to 12.7% in LSept, dietary CP remained rela- 
tively unchanged as season progressed to LOct. The absence of any 
great reduction in dietary CP as plants matured and moved into 
early dormancy can be attributed to increased forb consumption. 
As plants mature, CP levels decline; however, forbs generally 
maintain a higher concentration of CP than grasses (Cook 1983). 
Although seasonal trends noted in this study agree with earlier Ft. 
Stanton trials (Cordova 1978, Havstad 1977), CP levels are higher 
than in those other studies. 

Seasonal course and variation of SN and IN contents (% of OM) 
reflected CP values (Table 3). Expressed as a percentage of total 
dietary N, 29, 28, 29, and 26% of dietary N was in the soluble 
fraction during EAug, LAug, LSept, and LOct, respectively. 
Kempton et al. (1977) suggested that N solubility decreases with 
plant maturity. In contrast, there was no apparent decline in die- 
tary N solubility as season progressed. Soluble N is an important N 
source for ruminal microbial activities, but the IN fraction may be 
of greatest importance because of its substantial contribution to 
total N and partial unavailability. The IN fraction is composed of 
available and relatively unavailable (ADIN) N components. Thir- 
teen, 14, 24, and 36% of dietary CP was bound in the ADIN 
fraction during EAug, LAug, LSept, and LOct, respectively. Thus, 
available protein in the diets was lower than indicated by CP 
estimates. Estimates of available CP were 16.0,15.0,9.7, and 7.5% 
from EAug through LOct. The large differences between total CP 
and available CP observed in both LSept and LOct is possibly 
accounted for by the lignin content of the diets (Table 2). Phenolic 
monomers present in the lignin and other plant constituents are 
capable of binding N, thereby limiting availability to the animal 
(Jung and Fahey 1983). These results suggest CP, measured as 
total N X 6.25, may not be the best measure to determine N needs 
of ruminants grazing in plant communities with diverse forage 
types. 

Rumen Fermentation Measurements 
Season X time of day interactions (K.05) were observed for 

rumen NHs-N (Table 4) and rumen pH (Table 5). Therefore, the 

Item 
Sampling period 

EAug LAug LSept LOct SE’ 

Table 4. Rumen ammonia-N concentrations at various times of the day in 
beef steers grazing blue gnma rangeland during different sampling 
piOdS. 

Table 5. Rumen pH at various times of the day in beef steers grazing blue 
grama rangeland during diRerent sampling periods. 

Item 
Sampling period 

EAug LAug LSept LOct SE’ 

Time of day, hours 
0800 
1200 
1600 
2ooo 

6.2a’ 6.4b 6.4b 6.7~ 0.05 
6% 6.5b 6.la 6.6b 0.06 
6.2a 6.5b 6.2a 6.5b 0.07 
6.la 6. lab 6.3bc 6.4~ 0.07 

‘Standard error of treatment means, n q  6. 
*Means in a row followed by different letters differ (X.05). 

Kennedy 1976). This change was attributed to higher dietary N 
levels. In the present study, rumen NHs-N, averaged for the grow- 
ing season sampling periods (EAug, LAug, LSept), was threefold 
greater (18.7 mg/ 100 ml) than the average value for the early 
dormant season sampling period (6.3 mg/ 100 ml). Despite no 
difference (D.05) in dietary CP between LSept and LOct, ruminal 
NHs-N concentrations were 1.2 to 9.1 mg/ 100 ml greater in LSept. 
This decline in NHs-N was most closely associated with an increase 
in ADIN in the diet. Satter and Slyter (1974) suggested a minimum 
rumen NHs-N concentration of 5 mg/ 100 ml is required for opti- 
mum microbial protein synthesis. However, Qrskov (1982) sug- 
gested that N requirements for optimum microbial growth are less 
than requirements for maximum organic matter digestion. During 
the current study, ruminal NHs-N remained above the minimum 
described by Satter and Slyter (1974). Hence, microbial protein 
synthesis and flow to the small intestine during this portion of the 
grazing year should not have been limited by N supply. In contrast, 
NHs-N concentrations in LSept and LOct were below the min- 
imum level (>20 mg/ 100 ml) required for maximum digestion 
(Qrskov 1982). If Qrskov’s estimates can be applied to the current 
situation, data suggest that feeding a small amount of protein 
supplement in early October might have benefited forage digestion 
and animal performance. 

advancing season was reflected in a general increase in rumen pH 
from EAug to LOct. As mentioned earlier, rate and extent of 
IVOMD declined from EAug to LOct suggesting the rate and 
quantity of VFA production would also decline. Thus, rumen pH 

Ruminal pH (Table 5) ranged from 6.1 to 6.8 during the study. 
Under grazing conditions, rumen pH normally varies from 6.3 to 
7.0 due to the time spent grazing and ruminating in relation to 
ruminal VFA production (Qrskov 1982). Generally, diurnal varia- 
ton in pH was low across season. Declining diet quality with 

Time of day, hours 

0800 
1200 
1600 
2ooo 

-1-- __mg, 100 n+-__---_-_-_- would be expected to increase with plant maturity, as a smaller 
quantity of VFA would be buffered by larger amounts of saliva 

17.6a* 22.lb 11.8~ 7.5d 1.4 
17.8a 27.2b 8.4~ 7.2~ 1.1 

associated with increased chewing time and rumination of dor- 

18.4a 23.7b l3.lc 6.7d 1.1 
mant forages. 

24.2a 24.7a 15.2b 6.Oc 1.1 Total concentrations and molar proportions of ruminal VFA 

IStandard error of treatment means, n = 6. 
ZMeans in a row followed by a different letter differ (K.05). 

Table 6. Total concentration and molar proportions of ruminel volatile 
fatty acids in beef steers grazing blue gnma rangeland during different 
sampling periods. 

data were analyzed for effects of season within time of day. Gener- 
ally NHs-N concentrations were consistent across time of day, 
indicating fairly static input to and utilization of the ruminal Sampling period 
NHgN pool. Seasonally, lowest NHs-N concentrations coincided Itern 
with late growing and early dormant seasons (LSept and LOct, 

EAug LAug LSept LOct SE’ 

respectively) and low concentrations of dietary N. Although diet- Total VFA, mmoles/liter 96.0b2 106.3a 95.7b 91.5b 2.2 

ary N concentration was lower in LAug than EAug, steers main- 
._______ --moles/ 100 m&s-------- 

tained higher (K.05 at 0800,1200, and 1600 hours) NHs-N levels Acetate 
in LAug. This difference may have been the result of reduced 

65.0a 65.8a 69.6b 70.3b 0.4 
propionate I8.2a l8.0a 16.7b l7.lb 0.3 

rumen fluid passage rate (McCollum and Galyean 1985) and Butyrate l1.8a 10.5b 10.2b 8.8c 0.3 
reduced NHs-N flow from the rumen during LAug, compared with Minor Acids3 5.0a 5.7b 3.6c 3.7c 0.1 
EAug. 

Other workers have observed twofold increases in rumen NHs-N 
‘Standard error of treatment means, n = 6. 
*Means in a row followed by different letters differ (K.05). 

concentrations during wet vs dry seasons of the year (Playne and “Minor Acids q  Isobutyrate + Valerate + lsovalerate. 
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were not affected by season X time of day interactions (Table 6). 
No seasonal pattern of total VFA was apparent, but variation in 
rates of absorption and ruminal passage may have masked any 
direct influences of diet on total VFA concentrations. 

Proportions of individual acids shifted between early and late 
periods of the growing season. During this time, molar proportions 
of acetate increased from approximately 65.0 to 70.3 moles/ 100 
moles. An increased percentage of acetate is characteristic of plant 
cell wall fermentation while higher percentage of propionate 
represents soluble carbohydrate fermentation. Shifts noted in the 
current study correspond with a 12% decline in extent and 
1.9%/hour slower rate (McCollum and Galyean 1985) of IVOMD. 
Previous work has demonstrated similar shifts in molar propor- 
tions of VFA between wet and dry and growing versus dormant 
seasons in grazing ruminants (Topps et al. 1965, Langlands and 
Sanson 1976, Playne and Kennedy 1976). Without specific informa- 
tion on production rates and total pool size of VFA at different 
sampling periods, it is impossible to determine the effect of the 
observed changes in VFA proportions on energy supply to the 
animal. 

Minor VFA (sum of isobutyrate, isovalerate, and valerate; Table 
6) also varied with season. Highest (PC.05) levels were observed in 
LAug followed by EAug. These minor acids are required by many 
of the cellulolytic species in the rumen (Qrskov 1982). Our results 
suggest ruminal proportions of minor acids were highest during 
rapid forage growth, declining to lowest levels while steers were 
grazing dormant forage. Playne and Kennedy (1976) reported 
significant (PC.05) correlations between bolus N content and 
molar proportions of isovaleric and valeric acids (r = .35 and .52, 
respectively). Furthermore, rumen ammonia concentrations were 
also highly correlated with proportions of these acids. These rela- 
tionships are logical, because branched chain VFA are products of 
amino acid deamination. In our study, minor VFA levels and 
dietary crude protein followed similar seasonal patterns. Also, 
ruminal NH3-N was positively correlated (K.01) with isobutyrate 
(r = .56), isovalerate (r = .84) and valerate (r = .85). Microbial 
growth and degradation of grazed forage could be limited by 
deficient supplies of N (NHrN) and branched chain VFA during 
forage dormancy. These relationships may partially explain the 
usually poor response of grazing animals to winter supplements 
containing high levels of nonprotein N, in comparison with natural 
protein supplements. 

Conclusion 

Alteration of diet composition in LOct allowed the cattle to 
consume available protein and digestible OM in amounts similar 
to LSept (1.7, 9.0 and 1.6, 10.0 g/kg BW for LSept and LOct, 
respectively). However, these consumption levels were 40 to 60% 
lower than noted in EAug and LAug. During the year of this study, 
fall moisture and temperature conditions were conducive to forb 
production. In other years forbs may not form as large a portion of 
the diet as noted presently. Our results provide a study of forb 
influences on dietary nutrients and digestibility and intake of 
organic matter (McCollum and Galyean 1985). 

The value of CP as a measure of dietary N status is questionable, 
especially during periods when forbs contribute substantial por- 
tions to the diet. Although availability of N and extent of IVOMD 
of forb containing diets may be reduced, it appears that these diets 
can be consumed in greater amounts (McCollum and Galyean 
1985) and thereby allow the grazer to maintain or improve its plane 
of nutrition during periods of declining grass quality and potential 
intake. 

nents in the diet. These changes, coupled with the observed declines 
in nutrients (NHs-N and branched chain VFA) required by fiber- 
digesting microbes, could have reduced the efficiency of forage 
digestion in the rumen. Feeding small amounts of a low bypass, 
natural protein supplement in the late growing season would 
supply both NHrN and branched chain VFA. However, the eff- 
cacy of such a program, from both an animal performance and 
financial standpoint, cannot be discerned without further study. 
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Cattle Grazing Blue Grama Rangeland II. Seasonal 
Forage Intake and Digesta Kinetics 
F.T. MCCOLLUM AND M.L. GALYEAN 

Abstract 

Four field trids were conducted from early August to iate 
October, 1982, on blue gramr (Bouteloua gracilis) nngeiand in 
south-central New Mexico, to examine reiationships among graz- 
ing season, forage intake and digestive function in beef steers @OS 
Luurus~. Organic matter intake decihted from 24.0 g/kg body 
weight (BW) in early August to 17.4 g/kg BW in late September 
and then increased to 20.9 g/kg BW in the early dormant season 
(iate October). From early growing season to early dormancy, diet 
digestibility and passage rates decreased while retention time of 
digesta in the rumen increased. Rate and extent of in vitro organic 
matter disappearance were 66.5,6.7;63.1,6.7;51.6,4.8;and 47.9%, 
5.6%/hour in early August, iate August, late September and iate 
October, respectively. Fhdd and partfcuiate passage rates (%/hour) 
were 24.9,4.6,12.7,3.9,11.1,3.7; and 10.5,3.5,respectiveiy, for the 
same periods. Retention of particulate digesta varied from 26.1 
hours in the early growing season to 34.3 hours in early dormancy. 
Gastrointestinrri fill gradually increased as season progressed. 
Results suggest that maintenance of a diverse plant community, 
containing not only de&able grasses but also palatable forbs, may 
allow cattle to maintain a higher level of nutrient intake during 
periods of grass dormancy. 

Livestock production from rangelands may be limited by a 
number of factors. Ignoring managerial capabilities, the greatest 
limits are possibly those related to the grazing animal’s ability to 
select and consume a diet supplying enough nutrients to meet daily 
requirements for maintenance and production. A better under- 
standing of factors that interact to determine the quantity of nu- 
trients consumed daily might allow range-livestock managers to 
manipulate the grazing environment and enhance the nutritional 
status of the grazer. 

Disappearance of digesta from the gastrointestinal tract of rum- 
inants is a function of the competing processes of digestion and 
passage of undigested residues (Van Soest 1982). Studies directed 
toward evaluation of rates of digesta passage in ruminants grazing 
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native rangelands should provide insight into the mechanisms 
controlling voluntary intake in such animals. Cordova et al. (1978) 
reviewed literature on intake by grazing livestock while others 
(Van Soest 1965; Thornton and Minson 1973) described the influ- 
ences of forage type on intake. Generally, these reports described a 
decline in quality and quantity of intake with progressing season 
and potentially greater intakes of legume-type forages relative to 
grasses. However, data on the chemical and botanical composition 
of range diets and associated changes in forage intake by grazing 
livestock are limited (Holechek and Vavra 1982). 

The objectives of this study and another reported previously 
(McCollum et al. 1985) were to relate changes in diet composition 
with changes in forage intake and rumen function in beef steers 
(Bos taut-us) grazing native blue grama (Bouteloua gracilis) range- 
land over 4 periods of a growing season. This paper discusses the 
influences of advancing season on forage intake and related 
changes in rates of passage and digestion of seasonal diets. 

Materials and Methods 

Study Area 
All field trials were conducted at the Fort Stanton Experimental 

Ranch in the foothills between the Sierra Blanca and Capitan 
mountains in southern Lincoln County, New Mexico. Pieper et al. 
(197 1) described topography, rainfall, and major species of vegeta- 
tion in the study area. 

Field Trials 
Four trials were conducted at various times corresponding to 

phenological changes in the plant community (9 Aug.-l7 Aug., 
EAug, 27 Aug.-4 Sept., LAug; 23 Sept.-l Oct., LSept; 23 Oct.-31 
Oct., LOct). During each trial, 3 esophageal-cannulated, dry preg- 
nant mature cows and 6 rumencannulated steers (Hereford X 
Angus; weights shown in Table 1) were allowed to freely graze the 
study pasture. No other animals were grazed on the study pasture 
during adjustment and sampling periods. Cows were placed on 
pasture a minimum of 1 week before each trial, while steers were 
placed on pasture 2 weeks before the EAug trialand grazed contin- 
uously through the LOct trial. 

Esophageal extrusa samples were collected during the first 2 
days of each trial (McCollum et al. 1985). Following the second 
day of collection, aliquots from each of the 6 masticate samples (3 
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Table 1. Organic matter intake and fecal output in steers grazing blue 
grama rangeland during different sampling periods. 

Item 

Average steer weight, kg 

Organic matter intake 
Fecal output 

Sampling period 
EAug LAug LSept LOct SE’ 

270 293 307 342 
--g/kg body weight------ 

24.Oa2 20.1 b 17.4c 20.9b 0.8 
8.Oa 7.4a 8.4a 10.9b 0.4 

‘Standard error of treatment means, n q  6. 
*Means in a row followed by different letters different (K.05). 

cows X 2 days) were cornposited. Remaining portions of each 
sample were individually frozen in plastic bags for later analysis. 
Composite samples (about 7 kg) were washed once with 28 liters of 
distilled water and labeled with ytterbium (Yb), a rare earth ele- 
ment. Washed masticate was soaked for 24 hours in 28 liters of a 
solution containing 2.5 g YbCls*XHrO per liter. After soaking, 
masticate was washed 6 times with distilled water to remove 
unbound Yb. Labeled forage was divided into 7 portions; 6 por- 
tions were used as a marker of particulate passage in the steers, and 
the remaining portion was stored frozen until analyzed for Yb. 

At 0800 hour on day 3,250 ml of whole digesta were removed 
from the rumen of each steer. Rumen contents were thoroughly 
mixed prior to sample removal. After sampling, each steer was 
dosed intraruminally with 200 ml of cobalt ethylenediaminetetra- 
acetic acid (CoEDTA; Uden et al. 1980) as a marker of fluid 
passage. After dosing, rumen contents were thoroughly hand- 
mixed to facilitate marker equilibration. Steers were allowed to 
return to normal grazing activities and additional rumen samples 
were obtained at 4,8, 12 and 24 hours after dosing the CoEDTA. 
Sample processing at the various collection times as described by 
McCollum et al. (1985). To facilitate rumen sampling, temporary 
pens were erected at the site being grazed during each sampling 
time. 

On day 4 of each trial at 0800 hour, each rumen-cannulated steer 
was dosed intraruminally with its respective portion of Yb-labeled 
masticate. The dose was placed adjacent to the cardia. Due to 
variation in the amount of esophageal masticate collected and Yb 
binding capacity, the actual amount of forage and Yb administered 
varied among trials. In EAug, LAug, LSept, and LOct, steers were 
dosed with 120,106,120, and 126 g of forage dry matter containing 
2.7,2.8,2.7, and 3.6 g of Yb. After dosing, steers were released to 
graze freely and rectal grab samples were collected at 0,4,8,12,16, 
20, 24, 28, 32, 36,42, 54,60,72, 84,96, 108, and 120 hours after 
dosing. Individual grab samples were identified by steer and collec- 
tion time and stored frozen. Steers were not penned or moved from 
the grazing site during sample collection. 

Laboratory Procedures 
In vitro digestion analyses followed methods outlined by Tilley 

and Terry (1963) and Mertens and Loften (1980). Rumen samples 
were thawed overnight at room temperature, after which 40 ml of 
fluid was drawn from each sample and centrifuged at 12,000 X g for 
10 minutes. The supernatant fluid was then analyzed for cobalt 
concentration by atomic absorption spectroscopy using an air- 
acetylene flame. Fecal samples were prepared for Yb analysis by 
boiling ash residues in a solution of 25% HCl (v/v). After filtration 
(Whatman 541) and dilution, this solution was analyzed for Yb by 
atomic absorption spectroscopy with a nitrous oxide-acetylene 
flame. Standards were made in solubilized ash from 0 hour collec- 
tions and all samples and standards contained 2000 pg/ ml of K as 
an ionization buffer. 

Calculations and Statistical Analysis 
Rumen fluid passage rate was calculated by regressing the natu- 

ral log of Co concentration on time postdosing. Fluid volume was 

estimated by dividing the dose by estimated concentration at 0 
hours. Fecal Yb concentrations were analyzed by non-linear 
regression procedures (Marquardt method) of the Statistical 
Analysis System (Helwig and Council 1979) using a one-compart- 
ment model (Pond et al. 1982). Data sets for EAugand LAug failed 
to fit a two-compartment model (Pond et al. 1982); therefore a 
one-compartment model was used for all 4 periods. Parameter 
estimates from the model include tau (calculated time to first 
appearance of marker in feces), k o (initial concentration of marker 
in the compartment) and kl (passage rate constant). Calculations 
derived from parameter estimates include: 

Flow, %/hour q  (kl l .59635) X 100 
Undigested dry matter fill = dose 

ko . kl . .59635 
Fecal output/day =$ l 24 hours 

Mean rumen retention time, hours q  2/ ki 
Intestinal transit time, hours q  tau 

Organic matter intake (OMI) was calculated as the ratio of fecal 
OM output to OM indigestibility, where OM indigestibility was 
derived from two-stage in vitro digestion. 

All data were analyzed as a completely randomized design with 
effects for season included in the model. Means were separated by 
the least significant difference method protected by a significant F 
test. 

Results and Discussion 
Estimated voluntary intake (organic matter basis) by the steers 

averaged 20.6 g/kg BW across the 4 trial periods (Table 1). Intake 
declined from early to late growing season and then increased from 
LSept to the early dormancy period (LOct). The steers consumed 
16.3,27.5, and 12.9% less forage during LAug, LSept and LOct, 
respectively, than in EAug. An earlier study at Fort Stanton 
yielded similar OMI estimates for steers grazing in EAug, LAug, 
and LOct (21.9,19.5 and 17.2gOM/kg BW, respectively; Cordova 
1978). Rosiere et al. (1980) reported somewhat lower estimates for 
cows and heifers grazing in early August (17.0 and 12.0 g/kg BW). 
At these intake levels, the cattle were consuming 16.0,12.7,9.0, and 
10.0 g total digestible nutrients (TDN)/kg BW/day and 3.8, 3.0, 
1.7, and 1.6 g available crude protein (CP)/kg BW/day during 
EAug, LAug, LSept, and LOct, respectively. Growing steers and 
heifers, of similar weight to those used in this study and gaining .2 
to.9kg/day,require 11.6to 16.2gTDN/kgBW/dayand 1.13to 
1.16 g CP/kg BW/day (NRC 1984). Although available protein 
intake was sufficient through- 
out the season, energy (TDN) intake would have limited perfor- 
mance in LSept and LGct. 

Forage intake was apparently regulated by quality rather than 
quantity of available forage. Fecal output (FO) was fairly constant 
across all trial periods (Table 1) indicating that the steers were 
eating to a constant fill of indigestible residues (Ellis et al. 1984). If 
forage availability had limited intake, FO would have been 
depressed. The values reported in Table 1 are well within the range 
of FO noted in several other studies (Kahn and Spedding 1984). 
The greater FO in LOct was due either to expanded gut capacity or 
to the forb component in the diets (McCollum et al. 1985). Kahn 
and Spedding (1984) proposed that gut capacity will eventually 
increase in response to prolonged consumption of low quality 
forage. However, other work suggests that the ease and manner in 
which legume-type forages (i.e. forbs) fragment during comminu- 
tion might enable digesta to pack more densely in the digestive 
tract thereby allowing the animal to accommodate more till 
(Ingalls et al. 1966, Troelson and Campbell 1968). Changes in 
undigested fill (Table 3) and FO (Table 1) support both arguments. 

Diet IVOMD declined as season progressed and, with the excep- 
tion of 4 and 12 hours, time-lapse IVOMD followed a similar 
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Table 2. In vitro rate and extent of organic matter disappearance from Table 4. Rumen fluid volume, passage rate, turnover rate and turnover 
diets of cattle grazing blue grama rangeland during different sampling time in beef steers grazing blue grama rangeland during different sam- 
pWiOdS. pling times. 

Item 

IVOMD, inoculum + pepsin 
Time lapse OMD, 

4h 
12h 
24h 
36h 
48h 
72h 

Rate of IVOMD, %/h 

Sampling period 
EAug LAug LSept LOct SE’ 

---_- ?&-------- 
66Saz 63. la 51.6b 47.9b 2.5 

lS.Oa 13.9b 13.lc 16.9d 0.2 
19.9a 20.6ab 17.7~ 21.8b 0.4 
30.9a 31.3a 29.0b 27.8b 0.5 
52.2a 48.7b 39.3c 38.9~ 0.3 
63.la 57.6b 47.2~ 48.5~ 1.2 
64.9a 59.4b 51.4c 50.5c 0.7 
6.7 6.7 4.8 5.6 0.7 

‘Standard error of treatment means, n = 3. 
‘Means in a row followed by different letters differ (K.05). 

pattern (Table 2). At 4 hours, the LGct diet had been digested to a 
greater extent (PC.05) than diets from the earlier trials. However, 
this advantage disappeared as the incubation period lengthened 
and, ultimately, LOct diets were not as digestible as diets from the 
early growing season (PC.05). The early, rapid disappearance of 
the LOct diet is typical of nongrass plant species. Forb and shrub 
leaves have much more rapid rates of digestion than grasses (Short 
et al. 1974, Kothmann 1980). Although there were no statistical 
differences (p>.O5), trends in LSept and LGct suggest that forb 
consumption was accompanied by a faster rate of digestion. Note 
that despite a 15% difference in IVOMD, intake estimates were 
similar in LAug and LOct while, on the other hand, steers con- 
sumed 20% more OM in LOct than in LSept even through digesil- 
ity estimates were not different. These paradoxes are possibly 
related to the early, rapid IVOMD mentioned earlier. 

Table 3. Undigested dry matter fill, particulate passage rates and retention 
times in beef steers grazing blue gnma rangeland during different snm- 
pling periods. 

Samnline neriod 

Item EAug LAug LSept LOct SE’ 

Undigested fill, 
g DM/kg BW 

Particulate passage 
9.7az 12.lb l4.Oc 17.7c ,0.5 

rate, %/hour 
Rumen retention time, 

4.6a 3.9b 3.7b 3.5b 0.1 

hours 26.la 30.9b 32.3bc 34.3~ 1.1 
Tau, hours 13.6ab 10.61~. 12.8b 14.8a 0.4 

‘Standard error of treatment, n = 6. 
ZMeans in a row followed by different letters differ (X.05). 

Particulate flow rates (PFR) (Table 3) were fastest (X.05) in 
EAug and tended to slow as season progressed to LOct. The 
general slowing of PFR in the current study resulted in increasingly 
longer residence of undigested residue in the rumen and may have 
contributed to the increases in gut fill noted as the grazing season 
progressed. Poppi et al. (1980) concluded that reducing the poten- 
tial extent of neutral detergent fiber (NDF) digestion will increase 
rumen retention time and thereby lower intake. Data from EAug 
through LSept agvee with this statement; however, from LSept to 
LOct there was a positive rather than negative relationship 
between intake and retention time. 

From EAug through ‘LGct, rumen fluid passage rates (FPR) 
gradually declined from 14.9 to lo.%/ hour (Table 4). Fluid pas- 
sage rate was highly correlated (PC.01) with OMI (r=.65) and PFR 
(r=.77), but it is difficult to determine if these are cause and effect 

Sampling period 
Item EAug LAug LSept LOct SE’ 

Fluid passage rate, %/hour 14.9a’ 12.7b ll.lc 10.5c 0.5 
Volume, liters/ kg BW O.llab 0.13bc O.lla 0.13c 0.01 
Turnover rate, liters/ hour 4.3a 4.7a 3.5b 46a .2 
Turnover time. hours 6.8a 7.9b 9.Obc 9.7c 0.4 

Standard error of treatment means, n q  6. 
*Means in a row followed by different letters differ (X.05). 

relationships. Poppi et al. (1980) suggested ruminal retention time 
of NDF was dependent on liquid flow from the rumen. But, in 
another study with sheep, a twofold increase in FPR did not 
influence PFR (Varga and Prigge 1982). More recently, Owens and 
Goetsch (1985) proposed that faster liquid flow would remove 
small particles from the rumen thereby increasing 
PFR. Seasonal FPR should reflect differences in forage intake, 
salivation, water intake, and osmotic drag produced by diet 
components. 

Seasonal differences in FPR were reflected in turnover time 
estimates (Table 4). As noted with particle retention times, advanc- 
ing season was accompanied by progressively longer fluid turnover 
times. The ratio of fluid turnover time to particle retention time 
during each season, was fairly constant (.26, .26, .28, .28 for EAug, 
LAug, LSept, and LCkt, respectively) suggesting a possible static 
relationship between flow of these 2 phases through the gastroin- 
testinal tract (GIT). 

Conclusions 
As the season progressed from early to late growing conditions, 

forage intake declined and the decline was associated with reduced 
forage digestibility, higher levels of GIT fill, and longer residence 
time of particulate and fluid digesta phases in the rumen. The 
combined influences of the factors acted to regulate intake by the 
grazing steers. But, in early dormancy, forage intake recovered to a 
level noted in the early growing season. This change can be attrib- 
uted to increased forb consumption. Dietary forbs apparently 
benefited forage intake via a more rapid early digestion rate and 
physical behavior in the gut which allowed the animals to simul- 
taneously increase intake and accommodate more gut fill. 

These data suggest that if one desires to increase forage intake, 
the goal could possibly be accomplished by decreasing lag time 
prior to active forage degradation in the rumen, or by elevating 
ruminal capacity or passage rates. Decreasing lag time is plausible 
as researchers are describing factors and conditions affecting 
microbial attachment to and breakdown of particles in the rumen. 
A more desirable long-term goal, as proposed by Grovum (1984), 
might be to use ruminal volume and passage rates as selection 
criteria in livestock breeding programs. Finally, maintenance of a 
diverse plant community, containing not only desirable grasses but 
also palatable forbs may allow grazers to maintain a higher level of 
nutrient intake during periods of grass dormancy. The influences 
of livestock management and cultural practices on forb availability 
and the grazing animal deserve further study. 
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The foilowing article was printed in the September 1985 issue 
with the first page missing. It should have run from page 435 to 
page 439. We are printing it in its entirety here. 

Dietary Overlap Among Axis, Fallow, and Black- 
tailed Deer and Cattle 
HENRY W. ELLIOTT III AND REGINALD H. BARRETT 

Abstract 

Seasonal diets of native Columbian black-tailed deer (Odkoi- 
leus hemionus cohunbbznus) and exotic axis deer (Axis axis axis), 
fallow deer (Dama dama dama), and cattle (Bos taurus) on Point 
Reyes National Seashore were determined by microhistological 
technique to assess their dietary overlap. Throughout the year 
black-tailed deer ate mostly forbs, axis deer and fallow deer ate 
mostly grasses and forbs, and cattle ate mostly grasses. Only a few 
plant species comprised most of their diets. Percent composition of 
food species was not related to their preference indexes. Diets of 
axis and fallow deer overlapped more with each other and cattle 
than with black-tailed deer except during the summer when the 
dietary overlap among all species was similar at a lower level. 
Comparison of seasonal diets of deer with this and other studies 
indicated that food consumption of deer was not limited to particu- 
lar food classes. 
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Exotic ungulates introduced into favorable habitats may erupt 
in numbers, deplete their food resources, and then crash (Scheffer 
1951, Klein 1968, Caughley 1970). At Point Reyes National Sea- 
shore, as a result of an introduction of 2 species of exotic deer 
during the 1940’s and early 1950’s (Wehausen and Elliott 1982) and 
the continuation of commercial beef and dairy operations, 4 ungu- 
lates now coexist in the Seashore’s pastoral zone: cattle (Bos tau- 
no); Indian axis deer (Axis axis axis), European fallow deer 
(Dama dama dama); and native Columbian black-tailed deer 
(Odocoileus hemionus columbianus). 

Previous studies at Point Reyes National Seashore (Elliott 1973, 
Wehausen 1973) suggested that these deer and cattle have similar 
diets, and that unlimited growth of the exotic deer population 
could have significant negative effects on the nutrition of all resi- 
dent ungulates, particularly in the fall when the amount of the 
forage and its nutritional value are low. Since the National Park 
Service was shooting the exotic deer within the pastoral zone to 
maintain their density at 1973 levels and knowledge of the ecologi- 
cal relationships between these species and their habitat was 
limited, this project was undertaken to provide information on 
which to base management decisions. 
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Many studies have indicated that competitive effects between 
sympatric ungulate species involved the use of food (Anthony and 
Smith 1977, Sinclair 1977, Mackie 1978, McCullough 1980, Kas- 
worm et al. 1984). Therefore, to investigate the likelihood of com- 
petition among deer and between deer and cattle at their current 
densities on Point Reyes Peninsula, the botanical composition of 
their diets, their preference for these food species, and their dietary 
overlaps were assessed. 

The Study Area 
Point Reyes National Seashore includes 259 km2 (100 miz) of 

Point Reyes Peninsula in Marin County, California, 32 km (20 mi) 
northwest of San Francisco. Ranch lands of 81 km2 (31 mir) 
comprise the pastoral zone of the Seashore. 

Black-tailed deer are present throughout the study area. Axis 
and fallow deer range east and northeast of Drakes Ester0 
(Wehausen and Elliott 1982). 

Climax vegetation near the coast is a mosaic of northern coastal 
scrub and coastal prairie (Elliott and Wehausen 1974). Bishop pine 
forest and northern coastal scrub are dominant farther inland 
(Grams et al. 1977). Much of the pastoral zone has been cleared 
and seeded to pasture species which are maintained by periodic 
burning, plowing, and reseeding. 

Most of the rain falling on the study area occurs in winter with 
some rain in fall and spring. Summer moisture is derived from 
advection fog that condenses on plants and drips to the ground. 
The average annual rainfall at Point Reyes Lighthouse was 45.7 cm 
(18.0 in) in 1942 (U.S. Weather Bureau 1942). A total of 69.0 cm 
(29.9 in) of rain fell at the Murphy Ranch in the pastoral zone 
between 1 September 1979 and 31 August 1980. The total rainfall 
at the nearby Bear Valley ranger station was 24% less during 
1978-79 than during 1979-80. Mean January temperature at the 
Lighthouse was 9.8”C (49.6“P); mean July temperature was 
12.1’C (53.7“P) (U.S. Weather Bureau 1942). 

Methods 
Dietary Composition 

During April 1979 thru March 1980 esophageal, rumen, and 
fecal samples were taken monthly from 6 steers (3 Hereford and 3 
Hereford-Angus crosses) which had both esophageal and rumen 
fistulas (Van Dyne and Tore11 1964, Holechek et al. 1982). On a 
sampling day the steers were gathered at dawn, fitted with esopha- 
geal collection bags that had screened bottoms to remove saliva, 
and released together to graze for 1 hour. Samples were taken from 
the esophagus, rumen, and colon (feces) on 5 days each month 
within 10 days and preserved in stock formalin. Equal amounts of 
the 30 samples from each of the esophagus, rumen, and colon were 
pooled by month. The steers grazed on a 5.6ha (14acre) pasture 
with a vegetal composition judged to be typical of the pastoral 
zone. A mixture of 20% sodium chloride, 20% monosodium phos- 
phate, and 60% sodium bicarbonate was available on demand to 
compensate for electrolytes lost from saliva dripping from around 
the esophageal cannula. Availability of forage species was sampled 
monthly with a step-point transect of approximately 300 points 
across the pasture (Evans and Love 1957). 

Dietary samples of axis and fallow deer were taken from rumens 
of deer shot during 7 months from October 1977 through Sep- 
tember 1978. Black-tailed deer dietary samples were collected from 
rumens of deer shot in 12different months between May 1977 and 
October 1980. All rumen samples were oven dried at 60°C ( 140° F), 
ground thru a Wiley mill with a screen of l-mm mesh, and pooled 
by month with a minimum of 5 subsamples of equal volume from 
different deer. 

The dietary samples were analyzed for relative plant species 
density using a microhistological method (Sparks and Malechek 
1968). A sample was ground through a l-mm screen, bleached, 
stained with hematoxlin and safranin, and mounted on microscope 
slides with a gum arabic-Karo syrup medium (Truman et al. 1983). 

Twenty fixed locations on each slide were viewed thru a compound 
microscope at 100 power. In each of the 100 fields the occurrences 
of identifiable plant species were noted. The frequency of each 
species was converted into relative density as an estimate of the 
percent composition by dry weight. Species names followed How- 
ell (1970). 

If consistent differences in food species or classes between collec- 
tion sites at the esophagus, rumen, and colon had occurred, then 
the relative composition of deer rumen samples could have been 
corrected to that of the esophageal samples (Dearden et al. 1975). 
However, linear regression analysis of esophageal, rumen, and 
fecal samples on each other by food classes (grass, forb, browse) 
found in the steer diet during 12 months had very low coefficients 
of determination (Table 1). Botanical composition of rumen and 

Table 1. Linear regression of steer food ciasses by pooled esophageai, 
rumen, and fecal samples coiiected monthly (N=12). 

Food class 
Reeression b a r2 X 100 SD 

Grass: 
Esophageal on rumen 
Esophageal on fecal 
Rumen on fecal 

Forb: 
Esophageal on rumen 
Esophageal on fecal 
Rumen on fecal 

Browse: 
Esophageal on rumen 
Esophageal on fecal 
Rumen on fecal 

-0.20 93.0 2.7 il.8 
-0.08 85.0 1.0 11.9 
0.40 47.6 33.1 8.1 

0.36 10.8 3.9 8.7 
0.37 10.3 7.1 8.5 
0.35 8.6 20.5 4.4 

-0.08 4.4 2.4 5.1 
-0.0 1 5.1 6.1 5.0 

0.61 0.9 67.3 5.4 

b = regression coefficient, a = Y intercept, rz = coefficient of determination, SD q  

standard deviation of the estimate about the regression line. 

corresponding fecal samples of 4 black-tailed deer collected in 
September 1978 were also analyzed for differences in composition 
between collection sites. Only 50% of the 12 plant species analyzed 
had linear regression equations with coefficients of determination 
greater than 75% (Table 2). Therefore, unweighted, percent com- 
position of plant species from rumen samples were used as the best 
approximation of deer diets. Unweighted values from esophageal 
samples were used to represent cattle diets. 

Table 2. Linear regression of dietary composition of bhek-tailed des by 
food class and by food speeies of rumen on fecal eoiiection sites. Four 
deer were sampled in September 1978. 

Species b a r2 X 100 SD 

Grass: 
Danthonia califomica 
Festuca derronensis 
Holcus Ianalus 

Forb: 
Achilles borealis 
Hypocheris radicata 
Planrago lanceolara 

Browse: 
Corylus califomia 
Lonicera hispidula 
Myrica californica 
Rhamnus caltyomica 
Rubus ursinus 
Vaccinium ovatum 

0.0 4.6 0.1 0.9 
0.1 0.2 22.5 0.4 
0.5 0.1 31.7 0.2 
0.2 0.1 4.8 0.5 

3.0 -190.0 74.2 16.4 
0.1 0.7 2.6 1.8 
0.0 1.1 88.7 0.2 
1.3 13.3 77.7 13.6 

2.2 6.7 41.8 20.2 
0.0 0.0 100.0 0.0 
0.2 0.0 27.4 5.8 
0.4 -0.1 99.6 0.1 
0.7 0.3 80.8 0.8 
9.2 6.5 89.7 il.3 
0.0 0.1 11.1 0.2 

b = regression coefficient, a = Y intercept, r* = coefficient of determination, SD = 
standard deviation of the estimate about the regression line. 
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Dietary Overlap 
A dietary overlap index recommended by Abrams (1980) to 

assess the relative amount of food species eaten in common by each 
pair of ungulate species was calculated as follows$(min Ai, B,) 
where A, and Bi are the percentages of plant spe&s i eaten by 
ungulates A and Band n is the total number of plant species in both 
ungulate diets. 
Dietary Preference 

The preference of a food species for deer and cattle was calcu- 
lated by subtracting the proportion of the species available in the 
environment from the proportion of the species in the diet (Strauss 
1979). This index has values that range from 1 to -1. Species with 
values greater than 0 are preferred. Species with values less than 0 
are avoided. Species with values near 0 are consumed without 
regard to choice. Preference indexes were calculated from steers 
for 12 months using estimates of dietary composition and monthly, 
step-point samples. Preference indexes were calculated for deer for 
3 months (January, May, and September) using estimates of their 
dietary composition and the average of the estimates of botanical 
cover on 3 sites in the pastoral zone (Elliott 1983). Only species 
comprising over 2% of the diet or the environment were consi- 
dered. 

Results 

Dietary Composition and Preference 
Comparisons of the monthly diets of the 4 ungulates by food 

class (Fig. 1) show that: (1) The diets of axis and fallow deer 
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Fig. 1. Percent composition of the monthly diet of black-tailed deer, axis 
deer, fallow deer, and cattle on Point Reyes Peninsula. Deer and steer 
diets are based on analysis of pooled rumen and esophgeal samples, 
respectively. 

consisted of more grass in the fall, winter, and spring than in the 
summer when they ate more forbs than grass. However, their 
annual diet consisted of more grass than did that of black-tailed 
deer. (2) Black-tailed deer ate a majority of forbs throughout the 
year and they ate more forbs and browse than did the exotic deer or 
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steers. (3) Steers ate a majority of grass throughout the year and a 
higher percentage of grass than did native or exotic deer. 

A review of the diets of these 4 ungulates reveals that only a few 
plant species comprised the bulk of the diets (Elliott 1983). These 
plant species did not always have positive preference indexes 
because they were also abundant in the environment. 

Agrostis spp. were heavily used grasses by exotic deer in the 
winter and spring but they had a preference index near 0. 

Bromus spp., introduced annual and biennial grasses, were used 
by steers and exotic deer throughout the year and by black-tailed 
deer in February and March. They comprised over 50% of the steer 
diet from December through February. They were preferred by 
steers, axis deer, and fallow deer during the winter growing season. 

Festuca dertonensis Aschers. & Graebn., an introduced annual 
grass, comprised about 10% of the diet of the 4 ungulates through- 

out most of the year. However, it had a near 0 preference index in 
January and a negative preference index in May and September. 

Danthonia californica Boland., a native perennial grass, com- 
prised more than 18% of the steer diet from August through 
November and was preferred in September when most of the other 
grasses and forbs had died. The exotic deer consumed significant 
amounts of D. californica throughout the year and preferred it in 
January. 

Holcus lanatus L., an introduced perennial grass, was used by 
steers primarily during the summer months when the annual 
grasses and forbs had died. 

Loliumperenne L., an introduced perennial, was the staple grass 
in the steer diet. Its greatest use by steers occurred from March 
through September when it was most abundant. The exotic deer 
consumed L. perenne during the fall when they gleaned its green 
basal leaves. 

Erodium spp. and Geranium dissecturn L. were important, 
introduced, annual forbs in the black-tailed deer diet during the 
winter and spring and had near 0 preference indexes except for a 
positive preference index for G. dissecturn in May. 

Hypochoeris radicata L., an introdued, prostrate, perennial 
forb, was consumed by black-tailed deer in moderate amounts 
nearly every month and had a positive preference index in January 
and May. 

Lotus corniculatus L., an introduced perennial legume, was 
eaten by fallow deer during all months and comprised as much as 
24% of the diet in the dry month of September when it was highly 
preferred. 

Plantago lanceolata L., an introduced perennial, was the staple 
forb in the monthly diet of all 4 ungulate species. It was abundant 
in the environment and was highly preferred by black-tailed deer 
during January and September. 

Trifolium spp., introduced and native annual forbs, were in the 
steer diet from November through January and April through 
June. 

Ranunculus calgornicus Benth., a native annual forb, was 
important in the black-tailed deer diet during February and 
March. 

Rumex Acetosella L., an introduced annual forb, was promi- 
nent in the exotic deer diets during most of the 7 months sampled. 

Pteridium aquilinum var. pubescens Underw. and Polystichum 
munitum Presl. are native ferns that were consumed by black- 
tailed deer in November and December. 

Rubus ursinus C. & S., a native vine, was the most prominent 
browse in the diet of black-tailed deer. Steers consumed some R. 
ursinus during the summer months. 

Salix spp., native willows, were heavily used during November, 
and were used slightly in most other months by black-tailed deer. 

Dietary Overlap 
The monthly, dietary, overlap indexes for the 6 possible compar- 

isons among the 4 ungulates (Fig. 2) show that: ( 1) Axis and fallow 
deer had the greatest and most constant dietary overlap through- 
out the year. (2) Black-tailed deer diets overlapped with axis deer as 
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Fig. 2. Dietary overlap between the 6 possible paired comparisons of 
black-tailed deer, axis deer, fallow deer, and steers by food class (grass, 
forb, browse) and by food species on Point Reyes Peninsula. 

much as with fallow deer. The overlap was highest in the summer 
and lowest in the fall and winter. (3) Black-tailed deer and steers 
had the lowest dietary overlap. (4) The overlaps of the steer diet 
with the diets of both axis and fallow deer were similar throughout 
the year. 

Discussion 

Estimation of the botanical composition of the deer diet from 
partially digested rumen samples is difficult. Plant species have 
different amounts of indigestible lignin which form the identifiable 
features of their cuticles. Consequently, after digestion in the 
rumen some plant species will register a higher composition than 
before digestion (Vavra et al. 1978, Gaare et a. 1977, McInnis et al. 
1983). Because the percent composition of a species is dependent 
on the amount of all other species in the sample, differential 
digestibility of food species causes the percent composition of 
rumen and fecal samples to vary depending on the species eaten. 
Steer diets determined from esophageal, rumen, and fecal samples 
were different (Fig. 3). However, diet comparisons by food classes 
resulted in a greater similarity between sites of sample collection 
because fewer categories were being compared. Also, Dearden et 
al. (1975) found that the inaccuracies inherent in the microhistolog- 
ical technique did not alter the relative importance of species in 
rumen samples from the relative importance of species known to be 
in the actual diet. 

Seasonal food habits by food class (grass, forb, browse) from 
many studies of ungulates were plotted on triangular-coordinate 
grids by Van Dyne et al. (1980). We have used their technique and 
data for black-tailed deer taken from studies in Mendocino 
County, California (Longhurst et al. 1979) and added data for 
seasonal food classes of black-tailed, axis, and fallow deer and 
cattle from Point Reyes Peninsula and axis and fallow deer else- 
where (Fig. 4). Van Dyne et al. (1980:299) explain: “To read these 
triangle-coordinate graphs you should realize that the magnitude 
of the variable (food class) increases the further you go away from 
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Fig. 3. Similarity of the estimates of the steer diet on Point Reyes Peninsula 
derived from esophageal, rumen. and fecal samples using the dietary 
overlap index. The diets are compared byfood cksss (grass, forb. browse) 
and by food species. 
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Fig. 4. Diet byfood class of black-tailed deer, axis deer, fallow deer, and 
cattle at the indicated locations. See textfor method of interpreting the 

triangular-coordinate plots. 

the axis on which the name occurs. Each component ranges from 0 
to 100%. A point on any margin means that value is 0% for the 
component labelled on the side of the graph.” 

The spread of points for the 3 deer species on the triangular- 
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Table 3. Percentage of native and exotic plant species on summer pastures 
and consumed by native and exotic ungulates as calculated from aver- 
ages of monthly esophageal values for steers and rumen values for deer 
(Elliott 1983). 

Origin 

Native 
Exotic 
Unknown 

Summer Black-tailed 
Pastures Deer! 

13.5 41.5 
82.6 53.1 
3.9 5.3 

Axis 
Steer2 Deer* 

14.9 26.1 
74.8 51.5 
10.2 22.4 

Fallow 
Deer2 

22.9 
61.4 
15.7 

Native species. 
‘Exotic species. 

coordinate plots (Fig. 4) implies that no single species specialized 
on a particular class of forage. Each deer species ate what was 
available and palatable. The varied diets of black-tailed deer, other 
than on Point Reyes Peninsula, were all from different vegetal 
types within the same general area. The axis deer in Hawaii were 
from low and high elevations on 2 different islands. These data 
were yearly averages that were placed in the spring triangle because 
of the availability of green vegetation. The English fallow deer data 
came from an area where forests are interspersed with open 
meadows. 

Although food habits at different locations varied greatly, axis 
and fallow deer tended to eat more grass and less browse than 
black-tailed deer (Fig. 4). Both axis and fallow deer have spatulate, 
first incisors in contrast to the more narrow, first incisors of 
black-tailed deer. The wide, cutting edge of the axis and fallow deer 
first incisors, similar to the incisors of cattle, may be an adaptation 
to grazing. A study of axis deer food habits in the scrub oak habitat 
of Texas (not included in the triangular coordinate plots because 
the data had been pooled for 2 different vegetal types) found that 
grass comprised the majority of the axis deer diet at all seasons 
except for fall of a year when acorns were abundant and readily 
eaten (Smith 1977). 

An extensive survey of the seasonal food habits of cattle by Van 
Dyne et al. (1980) found a trend not much different from the 
seasonal diets of steers at Point Reyes. Cattle on Point Reyes 
Peninsula and elsewhere tended to eat more grass and less forbs 
and browse at all seasons than axis, fallow, and black-tailed deer. 

Anatomical differences between cattle and deer have been used 
to explain their differences in food habits. Cattle have a larger body 
size, ratio of ruminoreticular volume to metabolic body weight, 
and mouth size than deer. This permits cattle to still consume large 
quantities of grasses during seasons when grasses have low nutri- 
tional value, while deer tend to choose selectively less abundant 
forbs and browse parts which have higher nutritional value (Han- 
ley and Hanley 1982). 

Secondary compounds in plants that have evolved to deter 
herbivory would also be expected to affect dietary composition 
(Longhurst et al. 1968, Freeland and Janzen 1974, Nagy and 
Regelin 1975). However, native food species were more prominent 
in the native black-tailed deer diet than in either the exotic deer or 
cattle diets on Point Reyes Peninsula, even though exotic plant 
species in the grassland during the summer had a much higher 
percent composition than native plant species (Table 3). 
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Effects of Jackrabbit Grazing, Clipping, and Drought 
on Crested Wheatgrass Seedlings 
BRUCE A. ROUNDY, GREG J. CLUFF, J. KENT MCADOO, AND RAYMOND A. EVANS 

Abstract 

The effects of black-tailed jackrabbits on crested wheatgrass 
(Agropyron desertorum) seedling establishment and utilization 
were monitored on a mesic and 2 xeric Wyoming big sagebrush 
(Artemisia tridkntata spp. wyomingen&) sites in Nevada. Although 
jackrabbit densities (1.4 to 2.9/ha) and utilization were high, seed- 
ling survival was not significantly different (plO.05) inside or 
outside rabbitproof exclosures even on the xeric sites during drier- 
than-normal springs. Seedling density was greater on the mesic 
than xeric sites, but good grass stands were produced on all sites. 
The smaller seeded areas (less than 60 ha) and the edge of the large 
seeded area (400 ha) had the greatest forage utilization by rabbits. 
To determine the effects of defoliation and drought on seedling 
survival, seedlings in small tubes (3.8 cm diameter and 20 cm deep) 
and in large tubes (10 cm diameter and 1 m deep) were watered and 
clipped at 7 different intervals. Seedlings grown in the smaller 
volume were more sensitive to clipping and drought than those 
grown in the larger soil volume. Seedlings watered less than weekly 
showed a trend toward higher survival when clipped every 3 or 4 
weeks than when clipped more or less frequently. Clipping weekly 
and watering less than weekly greatly reduced root growth and 
seedling survival. Although infrequent grazing by rabbits could 
slightly increase seedling survival in a dry year, the additive effects 
of frequent grazing and drought could result in stand failure, 
especially on shallow or rocky soils with a small soil volume that 
limits water retention and root growth. 

Rangelands of western North America are inhabited by several 
species of hares of the genus Lepus. commonly known as jackrab- 
bits. The black-tailed jackrabbit &pus californicus) is probably 
the most abundant and widely distributed of the jackrabbits and 
therefore, most generally responsible for damage to crops and 
forage plants. Jackrabbit populations are very cyclic and virtually 
every western state has gone through severe crop depredation 
during population peaks (McAdoo and Young 1980). Large popu- 
lations of jackrabbits have been considered a result and symptom 
of overgrazed rangelands (Fichter 1952) and a threat to crested 
wheatgrass seeded for range improvement (Goodwin 1960). 

High consumption of range forage by jackrabbits has been well 
documented (Taylor et al. 1935, Currie and Goodwin 1966, Wes- 
toby and Wagner 1973). Although Westoby and Wagner (1973) 
suggested and Goodwin (1960) observed that jackrabbits affected 
crested wheatgrass seedling establishment, these effects have not 
been quantified. McGinnies (1973) showed that clipping crested 
wheatgrass seedlings to ground level once during the 5- month 
period following germination can reduce seedling survival by 50%. 
However, for many years and clipping dates, clipping caused little 
or no seedling mortality, while for other years and clipping dates, 
high mortality was observed. Cook and Stoddart (1953) suggested 
that crested wheatgrass clipped early in the season would not 
produce regrowth under arid conditions. Mohammad et al. (1982) 
found 40% defoliation increased production of crested wheatgrass 
grown at -O.SMPa water potential while 80% defoliation resulted 
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in 100% mortality of plants at -l.SMPa water potential. The 
purpose of this study was to determine the effects of black-tailed 
jackrabbits and clipping on crested wheatgrass seedling survival in 
relation to precipitation. 

Methods 

Field Experiments 
Field experiments were conducted to determine jackrabbit utili- 

zation of seedlings and associated effects on seedling survival. Two 
locations, representing relatively high and low precipitation regimes 
for Wyoming big sagebrush communities in the Great Basin, were 
chosen for study. The relatively mesic site was an alluvial fan on the 
71 Ranch in Lamoille Valley, northeast Nevada. The area is 1,950 
m in elevation and receives 320 mm average annual precipitation. 
Approximately 400 ha were plowed and seeded at 9 kg/ ha with 
crested wheatgrass cultivar Nordan in the fall of 1981. The rela- 
tively xeric area was on an alluvial fan at the University of Nevada’s 
Gund Research and Demonstration Ranch in Grass Valley, central 
Nevada. The elevation is 1,870 cm and the annual precipitation 
averages 230 mm. Shrubs on 2 sites at this location were eliminated 
by burning and 9 kg/ ha of crested wheatgrass cultivar Nordan 
were seeded on 60 ha in the fall of 198 1 and on 50 ha in the fall of 
1982 (Table 1). 

After seeding, rabbitproof exclosures 3 X 3 m were placed on all 
sites. At the 71 Ranch, exclosures were placed along 4 transects 
from the edge to 400 m into the seeded area at 100-m intervals. One 
exclosure was placed at each interval for each transect. On the 
60-ha Gund Ranch site, 4 exclosures were placed at the edge and at 
200 m from the edge in the center of the seeded area. On the 50-ha 
Gund site, exclosures were placed on 4 transects from the edge to 
200 m into the seeded area at 50-m intervals. One exclosure was 
placed at each interval for each transect. 

Seedling density and length of all culms and leaves of 10 ran- 
domly selected seedlings were determined on 1 permanently 
marked l-m2 plot inside and outside each exclosure. Data were 
collected in 2-to 4-week intervals from seedling emergence through 
September. Seedlings alive at the last sampling date in September 
were considered established. Seedling survival percentage was cal- 
culated from maximum and established seedling density for each 
permanently marked l-m2 plot. At the end of the growing season, 
one l-m2 plot was clipped along each of 7 transects at each 50-m 
interval into each seeded area and one l-m2 plot inside each exclo- 
sure was clipped to determine forage yield. 

Soil water potentials were measured with cylindrical gypsum 
blocks at 10 and 20 cm depths in each seeded area. Soil water 
potential was calculated from block resistance using standard cali- 
bration curves (Roundyet al. 1983). Predawn leaf water potentials 
were measured in psychrometer chambers (Brown and Collins 
1980) for 10 grazed seedlings outside and 10 ungrazed seedlings 
inside each of 2 exclosures on the edge of the seeded area at the 
Gund Ranch on 3 dates in June and July in 1983. Herbaceous 
forage yield in the sagebrush outside each seeded area was sampled 
in 20 l-m2 plots. 

An index based on fecal pellet counts was used to estimate 
jackrabbit abundance in sagebrush habitat near the seeded area at 
the 71 Ranch in 1982, and similarly near the 50-ha seeded area at 
the Gund Ranch in 1983. Jackrabbit pellets were counted and 
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Table 1. Site characteristics, seeding survival and jackrabbit utilization of three areas seeded to crested whe8tgra.w in Nevada. 

Location and Year of Evaluation 

71 Ranch Gund Ranch 
(mesic) (xeric) 

Variable 1982 1982 1983 

Seeded area 400 60 50 
Soil fine, montmorillonitic, mesic loamy-skeletal, mixed mesic, xerollic Camborthid 

Durixerollic Haplargid 

Precipitation March through June (mm) 240 98 96 

Soil water potential at 10 cm depth in early June 
(MPa) L-O.5 Cl.5 -1.0 

Herbaceous forage outside seeded area (kg/ ha) 333 57 12 

Jackrabbits 
Density (no./ha) 2.9ar 2.4ab 1.4b 
Abundance index (pellets/m*) 14.9a 9.0b 

Distance to center of seeded area (m) 400 220 200 
Established seedlings/m* 
Edge of seeded area 

Ungrazed 60.3 a 24.0 bc 11.5c 
Grazed 37.8 b 23.0 bc 14.3 c 

Center of seeded area 
Ungrazed 72.3 a 13.3 c 15.5 c 
Grazed 61.8 a 21.0 bc 18.8 bc 

Seedling Survival (9%) 
Edge of seeded area 

Ungrazed 69 a-c 71 a-c 44c 
Grazed 6Oa-c 54 bc 55 bc 

Center of seeded area 
Ungrazed 89a 90 a 50 c 
Grazed 83 a 69 a-c 62 a-c 

Forage yield in September of year area was seeded 
(kg/ ha) 186 146 636 

Utilization (% by weight) 
Edge of seeded area 88 a 96a 70a 
Center of seeded area 23 b 94a 70 a 

‘Means of the same variable in rows and columns not followed by the same letter are significantly different (KO.O5), by Duncan’s multiple range test. 

removed monthly during August and September on 24 I-mz plots 
located randomly in each of the 2 areas. Jackrabbit densities 
(animals/ ha) in the sagebrush-dominated vicinities of all 3 seeded 
areas were estimated in August using 4 1.2-km line transects in 
each area. Densities were calculated using a method similar to that 
described by Bumham and Anderson (1984) with area sampled 
determined by multiplying the length of the transect by the average 
perpendicular distance from the transect line to the jackrabbits 
that were observed. 

Clipping and Watering Experiments 
Two clipping and watering experiments were conducted to 

determine the effects of herbage removal and drought on seedling 
survival. In spring, 1982, crested wheatgrass seedlings were grown 
in plastic tubes 3.8 cm in diameter by 20 cm deep tilled with 
silt-loam soil. Each tube had 1 seedling, and the tubes were planted 
at an experimental farm at Reno, Nev. Soil in the tubes was 
initially saturated, and the seedlings were subjected to 7 clipping 
and 7 watering treatments to simulate a spectrum of possible 
grazing and precipitation frequencies. The experiment was a com- 
pletely randomized design with 10 seedlings for each clipping and 
watering treatment. Clipping treatments consisted of an unclipped 
control and clipping seedlings to ground level every 1,2,3,4,5, and 
6 weeks. Watering treatments consisted of adding 1 cm of water 
every 0.5, 1, 2, 3, 4, 5, and 6 weeks. The treatments lasted for 12 

weeks, after which all plants were watered for 2 weeks and seedling 
survival and total root weights were determined. 

A second experiment was conducted in spring, 1983, to deter- 
mine the effects of clipping and watering on seedlings with a larger 
soil volume for root growth. Ten seedlings each were grown in 
plastic tubes 10 cm in diameter by 1 m deep. The tubes were filled 
with silt-loam soil and planted adjacent to where the small tube 
experiment had been planted the previous year. Initially, 6.4 cm of 
water were added to the air-dry soil in the tubes. This amount of 
water equals the minimum water precipitation (November through 
March) that could be expected 90% of the time in Elko, Nev. (U.S. 
Dept. Commerce, 1982), and brought the water content of the 
upper 30 cm of silt-loam soil to field capacity. All seedlings were 
given an additional 1 cm of water at the beginning of the experi- 
ment and then subjected to watering and clipping treatments at the 
same intervals as in the previous experiment. The experiment was a 
randomized complete block design with each of 3 blocks contain- 
ing each clipping and watering treatment. Predawn leaf water 
potentials were measured in psychrometer chambers. Regrowth 
was measured weekly and all plants were watered and survival 
determined after 12 weeks. Seedlings in both experiments were 
shielded from natural precipitation by placing a fiberglass roof 
over the tubes when necessary. 

Data from the field experiments and the clipping and watering 
experiments were analyzed for significance of main effects and 
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interactions by analysis of variance (KO.05). Differences among 
means stated as significant were determined using Duncan’s multi- 
ple range test (EO.05). 

Results 
Field Experiments 

Density of jackrabbits was similar at the 71 Ranch and Gund 
Ranch in 1982 (Table 1). However, jackrabbit density and abun- 
dance were significantly higher in the vicinity of the 71 Ranch 
seeded area in 1982 than in the vicinity of the seeded area at the 
Gund ranch in 1983. Despite the high jackrabbit population at the 
7 1 Ranch in 1982, density of established seedlings was significantly 
higher at this mesic site than on the more xeric sites at the Gund 
Ranch. This was probably due to much higher spring precipitation 
and associated soil water potentials at the mesic than the xeric sites. 
The high production of herbaceous forage outside the seeded area 
at the mesic site (Table 1) could also have buffered the effect of 
jackrabbit grazing on established seedling density. Only on the 
edge of the mesic site did jackrabbits significantly decrease the 
number of established seedlings. 

Seedling survival was statistically similar on all sites and was not 
significantly reduced by jackrabbit grazing (Table 1). Survival on 
all sites was greater than 40%, and established seedling densities 
were greater than 13 seedlings/m*. Average forage yield in Sep- 
tember was similar for the mesic and xeric sites in 1982, but much 
higher for the xeric site at the Gund ranch in 1983. The high yield in 
1983 was due to unusually high August precipitation and asso- 
ciated regrowth. 

Forage utilization by rabbits was high and similar for all sites on 
the edge of the seeded areas (Table 1). Utilization in the center was 
similar to that on the edge of the smaller seeded areas at the Gund 
Ranch. Utilization on the large seeded area at the 71 Ranch signifi- 
cantly decreased at 400 m into the field (Fig. 1). Utilization by 
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Fig. 1. Utilization of crested wheotgross seedlings by jockrobbits ot the 71 

Ranch. Lumoille Volley, Nev. 

jackrabbits during the growing season increased more rapidly on 
the small seeded areas than the larger seeded area (Fig. 2). 

Predawn leaf water potentials were significantly higher (less 
negative) for grazed seedlings outside than ungrazed seedlings 
inside an exclosure on the first 2 of 3 dates when measurements 
were taken. Leaf water potentials for grazed and ungrazed seed- 
lings, respectively, averaged -1.7 and -2.3 MPa on 30 June; -1.3 
and -2.2 MPa on 14 July; and -0.9 and -1.4 MPa on 27 July. The 
last measurement date was only 4 days after a rainstorm. Leaf 
water potentials of ungrazed seedlings in another exclosure, but 
with a lower seedling density than the exclosure reported above, 
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Fig. 2. Averoge utilizotion by jockrobbits of crested wheotgross seedlings 
through the growing season for 2 small seeded oreos (bzss thon 60 ho) ot 
the Gund Ranch in Gross Volley, Nev.. and a large seeded oreo (400 ho) ot 
the 71 Ranch in Lamoille Volley, Nev. 

were not significantly different from those of grazed seedlings 
outside the exclosure for any of the 3 sample dates. Indications are 
that grazing by jackrabbits may, depending on precipitation and 
seedling density, reduce plant water use and result in reduced water 
stress of grazed plants. 

Clipping and Watering Experiments 
Clipping and lack of water significantly reduced seedling survi- 

val in both the small and large-tube experiments. Clipping every 
week resulted in no seedling survival in the small tubes, even when 
watered weekly (Fig. 3a). In the larger tubes, weekly clipping 
significantly reduced survival, but some seedlings clipped weekly 
still survived at most watering intervals (Fig. 3b). Seedlings 
watered at least weekly had significantly higher survival in both the 
small and large tubes than seedlings watered less frequently. 

In the small tubes, clipping significantly reduced root yield at the 
shorter watering intervals (Fig. 4). Root yield was so reduced when 
seedlings were watered less than once a week that clipping had little 
additional effect on root yield. The experimental design for the 
small tubes did not permit a statistical test for significance of the 
interaction between clipping and water frequency. However, the 
data show a trend toward increased survival of seedlings watered 
every 2 weeks or less when clipped every 4 weeks than when clipped 
more or less frequently (Fig. 3a). 

In the large tubes, the interaction between clipping and watering 
treatments was not statistically significant. However, there was a 
trend for seedlings watered less than once a week to have greater 
survival when clipped every 3 weeks than when clipped more or less 
frequently (Fig. 3b). 

In the large tubes, predawn leaf water potential of seedlings 
watered weekly decreased signilicantly with increasing time between 
clipping (Fig. 5). Water potential of unclipped plants also signili- 
cantly decreased with increasing time between watering. Regrowth 
of seedlings in the large tubes was significantly less for plants 
clipped weekly than for those clipped less frequently (Fig. 6). 
Plants watered twice per week had significantly higher regrowth 
than those watered weekly, which, in turn, had significantly higher 
regrowth than plants watered every 2 weeks or less. Regrowth 
occurred no matter when seedlings were first clipped between 13 
June and I8 July, but seedlings clipped for the first time in July had 
no regrowth when watered less than weekly. 

Discussion 

We hypothesized that jackrabbit grazing would destroy crested 
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Fig. 3. Crested wheatgrass seedling survival as a function of clipping and 
watering intervals for seedlings grown in small tubes (a) and large tubes 
(b). 

__ 
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Fig. 4. Root weight of crested wheatgrassseedlingsgrown in small tubes in 
rehtion to clipping and watering interval. 

wheatgrass seedings under droughty conditions. High densities of 
jackrabbits and associated high forage utilization did not reduce 
seedling survival on a mesic site or a xeric site with below-average 
spring precipitation. Average March through June precipitation at 
the Gund ranch (xeric) site is 40 mm more than that received in 
1982 and 1983, when the jackrabbit studies were conducted. Min- 
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Fig. 6. Average weekly regrowth of crested wheatgrassseedlings in relation 
to clipping and water interval. 

imum established seedling densities were higher than the 10 seed- 
lings/mr considered to be good establishment for sites receiving 
250 to 300 mm annual precipitation (Hyder and Sneva 1954). 
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Jackrabbit populations reached a cyclic high during 1982 in north- 
ern and central Nevada (Unpublished data, USDA, ARS and 
Univ. of Nevada, Reno). Densities were near the maximum 
reported in the literature reviewed by Stoddart (1972) and were 
higher than the population peak documented by Gross et al. 
(1974). Although jackrabbits did not reduce the establishment of 
crested wheatgrass, they consumed high amounts of forage, espe- 
cially on the smaller seeded areas. Forage utilization on the larger 
seeded area was concentrated in a band less than 300 m into the 
seeding, as has also been reported by Westoby and Wagner (1973). 
Small and irregular-shaped seeded areas with extensive edges 
would be expected to receive greater utilization by high popula- 
tions of jackrabbits than would large seeded areas with less edge. 

As suggested by Cook and Stoddart (1953), regrowth of crested 
wheatgrass is restricted by lack of water. The clipping and watering 
experiments suggest that tolerance to defoliation as affected by 
drought is dependent on the soil volume available for root growth 
and water storage. Differences in seedling response between the 
small- and large-tube experiments were not due to temperature 
differences. Maximum, minimum, and average temperatures in 
June through August were very similar in 1982 and 1983 at Reno, 
when the small- and large-tube experiments were conducted, 
respectively. Seedlings with a small volume for root growth are 
very sensitive to weekly defoliation even when watered frequently. 
Crested wheatgrass seedlings on shallow, rocky soils with low soil 
volume for water retention and root growth may be more vulner- 
able to jackrabbit grazing than those on deeper soils with high 
water holding capacity and greater volume for root growth. 

The clipping and water experiments also indicate the great 
drought tolerance of crested wheatgrass seedlings and suggest the 
possible effects of spring precipitation on seedling survival during 
years when lack of winter precipitation results in limited soil water 
recharge. Unclipped plants receiving 1 cm of water every 2 weeks or 
less than every 2 weeks averaged 35% survival compared to 70% 
and 100% survival of plants receiving 1 cm of water once and twice 
a week, respectively. Seedlings watered less than once a week 
showed a trend toward increased survival when clipped at intervals 
of 3 to 4 weeks than when clipped more or less frequently. This was 
probably due to conservation of soil water. Infrequent grazing 
could increase seedling survival on a dry year by reducing transpi- 
ration and conserving soil water, thereby allowing a longer period 
of growth than if plants were ungrazed. Frequent clipping resulted 
in greatly decreased root growth, so the additive effects of frequent 
grazing and drought could greatly reduce seedling survival if roots 
are unable to extend below the surface soil drying front. Figure 3 
illustrates the additive negative effects of clipping and drought on 
seedling survival even when the volume available for root growth is 
large. In the large tubes, seedlings left unclipped, but watered every 
4 weeks had 37% survival; seedlings watered twice a week and 
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clipped once a week had 33% survival; but seedlings clipped once a 
week and watered every 4 weeks had only 3% survival. 

The clipping and watering experiments suggest that crested 
wheatgrass seedlings were successfully established in the field 
experiments in this study due to adequate soil water for growth and 
probably less than weekly defoliation even with high utilization by 
jackrabbits. High populations of jackrabbits would probably not 
decrease establishment of crested wheatgrass seedlings in most 
years, but could destroy seedlings on a small seeded area in a very 
dry year, especially on a shallow soil where root growth and water 
holding capacity are limited. 
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An Evaluation of Beta Attenuation for Estimating 
Aboveground Biomass in a Tallgrass Prairie 
ALAN K. KNAPP, MARC D. ABRAMS, AND LLOYD C. HULBERT 

Abstract 

The attenuation of beta particles by vegetation was evaluated as 
a nondestructive method for estimating aboveground biomass in 
tallgrass prairie in northtast Kansas. Regression equations using 
the sum of beta attenuation measurements for each of 5 height 
classes within the vegetation and mean midday leafwater potential 
as the independent variables were ustd to predict live and total 
biomass. Live and total biomass were better predicted on burned 
(r2z.91 and .88, respeetivtly) than unburned sites (P=.71 and .70, 
respectively). Greater variability in the relationship between beta 
attenuation and biomass in unburned prairie was a result of the 
lPrgt and variable amount of dead biomass on unburned sites. 
Dead biomass was poorly predleted by beta attenuation (+.24 - 
.49). Beta attenuation predicted biomass in burned tallgrass prairie 
within 315% of harvest values until late Season vegetative stnts- 
cenct. In unburned prairie, prtdictions were poorer, but the tech- 
nique could still be ustful if the required accuracy need be only 
f25%. 

Measurement of aboveground biomass by clipping and weigh- 
ing the vegetation is labor intensive and destroys the plot for 
subsequent measurements for at least a year. These disadvantages 
prompted t&e development of several nondestructive techniques 
[see Tucker (1980) for review]. Due to the success of Teare et al. 
(1966), Mitchell (1972), and Johnson et al. (1976) with the beta 
attenuation technique in herbaceous vegetation, we evaluated beta 
attenuation as a nondestructive method for estimating above- 
ground biomass in a tallgrass prairie. This evaluation was accomp- 
lished by deriving regression equations from calibration plots and 
testing their predictive value. 

Material and Methods 

Research was conducted on the Konza Prairie Research Natural 
Area (KPRNA) near Manhattan, Kans. The vegetation is charac- 
teristic of bluestem prairie (Bailey 1980). Sites burned annually 
(late April) or left unburned were used in this study. None of the 
sites have been grazed recently, nor had the unburned sites been 
burned for 5 years. The soil at the study sites is a moderately deep 
Reading silt loam (Typic Argiudolls; Jantz et al. 1975). 

The apparatus constructed to measure beta attenuation con- 
sisted of 4 parts: a beta particle source, a Geiger-Mueller (GM) 
tube, a scaler, and a mounting frame. The beta source consisted of 
10 capsules (l-cm diameter) containing 10 microcuries of stron- 
tium% each. A side-window GM tube was placed 50 cm from the 
source. The GM tube was connected to a Ludlum model 2000 
scaler to record the number of beta particles received by the GM 
tube. The beta source, GM tube, and scaler were mounted on a 
rigid frame with a moving section that held the GM tube at a fixed 
horizontal distance from the beta source, but permitted the tube 
and source to be moved vertically. Five vertical positions, repre- 
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senting 5 height classes were used in this study (O-lO, lO-20,20-30, 
30-40, and 40-50 cm). This height stratification allowed the inte- 
gration of the density of vegetation over the height of the stand 
(Teare et al. 1966). Further details on the construction and opera- 
tion of the frame are available from L.C. Hulbert (Director, Konza 
Prairie Research Natural Area). 

Twenty 20XSO-cm plots, systematically located along 50-m tran- 
sects, were sampled in burned and unburned tallgrass prairie at 
2-week intervals from late-May to mid-September (1983). Four 
beta attenuation measurements were taken at S-cm intervals at 
each of the 5 heights in each plot (total q  20/plot). Vegetation in 
each plot was clipped at ground level, sorted into live and dead 
biomass, oven-dried, and weighed. After the 20 plots were clipped, 
additional beta attenuation measurements were made at 40 points 
along an adjacent transect. These data were used to test the accu- 
racy of the predictive equation developed from the clipped plot 
data. Also, during the 1982 and 1983 growing seasons, a compari- 
son of predicted biomass values with clipped plot data was made in 
nearby sites which had either shallower or deeper soils. 

Two to four times during a daily sampling period, 10 replications 
of beta attenuation were measured at each height class in an area 
devoid of vegetation. These measurements were used to correct 
vegetation measurements for daily and seasonal differences in 
absolute humidity and electronic drift. Attenuation was calculated 
using the following equation: 

T:T 
Beta Attenuation = I - ~ 

Ti;‘i 
where T?< is the number of beta particles transmitted through the 
vegetation (in 6 sec.) at a given height (htS and Ti?c is the number of 
beta particles transmitted through the air. Leaf water potential 
(Yld) was measured concurrently with beta attenuation hourly on 
a clear day late in the 1982 growing season to determine if diurnal 
variations in the water relations of the vegetation influenced beta 
attenuation. Measurements of Yluf were made with a Scholander- 
type pressure chamber on 5-7 fully expanded leaves of big blues- 
tern (Andropogon gerardii Vitman), the dominant species in the 
study area. Additionally, midday Y1-r (1500 hr CDT) was mea- 
sured for 5-7 big bluestem leaves each week throughout the 1983 
growing season to examine the relationship between seasonal vari- 
ation in Y\~l*at and beta attenuation. 

Regression equations were developed with total, live and dead 
biomass as the dependent variables and the sum of the beta atte- 
nuation measurements for each of the 5 height classes (Xatt) and 
the mean midday Yl,r preceding the sampling date (X Y1.d) as 
independent variables. Data transformations and model fitting 
followed the techniques described by Neter and Wasserman (1974). 

Results and Discussion 

The relationship between aboveground biomass and Watt was 
exponential as reported by Teare et al. (1966) and Mitchell (1972). 
Because of heteroscedasticity of variance in data sets from burned 
and unburned sites, a log/log transformation was necessary to 
meet the assumptions of a linear model (ln(x+ 1); Zar 1974). Several 
combinations of the height class variables were used but Catt 
produced the highest coefficient of determination. 
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Two aspects of the relationship between the moisture content of 
the vegetation and beta attenuation were evaluated: diurnal and 
seasonal changes in leaf water potential. When the diurnal course 
of Yi,tand beta attenuation were monitored concurrently (Fig. 1) 
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Fig. 1. Diurnal course of leaf water potential (Y&t - open symbols) and 
beta attenuation (closed symbols) at 30 cm in tallgrassprairie burned in 
the spring. Measurements of \Yl,r were made on big bluestem leaves 
located approximately 30 cm above the soilsurface on 2 September 1982. 
Vertical bars represent fl standard error of the mean (n=IO beta read- 
ings, 5-7 Ybr measurements). 

a significant positive correlation was found after dew evaporation 
(r=O.85,p<O.O5). However, the magnitude of this diurnal variation 
in Iyl,d resulted in less than a 4% variation in beta attenuation. In 
contrast, dew on the vegetation caused as much as a 10% error in 
attenuation. On a seasonal basis, a mid-season drought resulted in 
a much greater decrease in midday Vi-tin big bluestem (-0.5 MPa 
to -6.6 MPa) than the diurnal change and consequently, the quan- 
tity X Pid was also a significant independent variable for both 
sites. During a summer with normal precipitation in tallgrass 
prairie, X Vi,r in A. gerurdii varies little throughout the season 
(Knapp 1984) and probably would not have a substantial influence 
on the relationship between beta attenuation and biomass. 

The regression equations with Xatt and Z! ?vid as independent 
variables used to predict biomass had coefficients of determination 
of 0.91 and 0.88 for live and total biomass in burned prairie and 
0.71 and 0.70 for live and total biomass in unburned prairie. Not 
including2 %kn the model reduced the coefficients to 0.87,0.77, 
0.53 and 0.58, respectively. The variances associated with biomass 
estimates from clipped plots and beta attenuation were equal (95% 
confidence intervals were fl0 and fl590 of the means in burned 
and unburned prairie, respectively). For the beta attenuation tech- 
nique to be successful, we decided that predicted values should be 
within the confidence limits of the harvest plot values and not 
significantly different when compared with Student’s f-test. A 
comparison of predicted and actual biomass values for the 1983 
growing season (Fig. 2) indicated that beta attenuation adequately 
predicted live and total biomass in the burned site @<O.OS and 
predicted values usually within f5% of harvest values) with the 
exception of the late season value when the proportion of dead 
biomass was high. Beta attenuation was not as accurate in 
unburned tallgrass prairie (predicted values often as much as 25% 
different from harvest values) due to the large amount of dead 
biomass (3-6 times the live component) which was poorly pre- 
dicted by beta attenuation (+0.24-0.49 during the growing and 
dormant seasons). These low coefficients of determination may be 
explained by the low moisture content of dead biomass. Further- 
more, the only significant difference between predicted and mea- 
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Fig. 2. Seasonal course of actual (closed symbols) and predicted (open 
symbols)aboveground biomass in burnedand unburned tallgrassprairie 
during the 1983 growing season. Asterisks denote when actual and 
predicted values are significrrntly different (t-test. pCO5), 

sured values in burned prairie occurred when the proportion of 
dead biomass increased to about 35% of the total near the end of 
the growing season. Errors in predicting biomass due to dead 
biomass have also been reported with other nondestructive tech 
niques (Campbell et al. 1962, Boutton and Tieszen 1983). 

Use of the equations developed in 1983 to predict biomass at 
other sites from 1982 and 1983 was not entirely successful. Pre- 
dicted biomass at mid-season (1983) was underestimated by about 
14% on a burned site with a shallow soil and, on a deeper soil than 
that used for the calibration, was overestimated by 10 and 24% for 
live and total biomass, respectively. Greater water stress at the site 
with a shallow soil and differences in species composition at both 
sites may have contributed to the errors in these predictions. Thus, 
for the beta attenuation method to be useful, separate calibrations 
for each site are warranted (Teare et al. 1966). Similarly, biomass 
predicted for the 1982 growing season using the 1983 calibration 
data was overestimated by about 25%, possibly because the 1982 
growing season was more mesic than 1983. 

In conclusion, beta attenuation predicted aboveground biomass 
in tallgrass prairie within f5% of harvest values when dead bio- 
mass did not constitute a major portion of the total. If sequential, 
nondestructive estimates of aboveground biomass are desired, this 
method is applicable on burned and probably mowed and grazed 
tallgrass prairie. If reduced accuracy is acceptable (f25%), then 
this method may also be useful in undisturbed tallgrass prairie. The 
addition of relatively simple midday Ii,fmeasurementsat the site 
may increase the accuracy of estimates in drought years or in 
ecosystems where water stress is common. 
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Technical Notes: 

The Relationship of Stocking Intensity and Stocking Pres- 
sure to Other Stocking Variables 
DAVID L. SCARNECCHIA 

Abstract 

Stocking intensity end stocking pressure have been defined and used as 
technical stocking variables describing aninuls on pasture. Relationships 
between these variables and stocking variables such M stocking density and 
stocking rate are discussed. One conclusion is that stocking intensity and 
stocking pressure are not informationally unique variables, but are equi- 
valent to stocking variables defined in other work. Retention of the terms 
stock@ intendty and stock&agpressure is recommended for nontechnical 
use in describing livestock guing. 

Quantifying animals on pasture requires descriptive stocking 
variables such as stocking density and stocking rate. To date there 
has been little uniformity in the use of these variables among 
individuals or among countries conducting grazing research. Scar- 
necchia and Kothmann (1982) presented a time-dynamic descrip- 
tion of stocking variables derivable from the basic variables of 
animal demand, forage quantity, land area, and time (Table 1). 
Missing from this description were 2 variables, stocking intensity 
and stocking presure, which have been discussed in previous works 
by other investigators (Voisin 1959, Booysen 1966, Society for 
Range Management 1974). Analyses of these 2 variables are 
offered here and their relationships to other stocking variables are 
discussed. 

Stocking Intensity 
Stocking intensity is described as a technical variable by 

Booysen (1966). The earliest description of stocking intensity dis- 
covered was that of Voisin (1959), who, in an effort to develop a 
single variable combining both the degree of animal concentration 
and the period of grazing, proposed the term grazing intensity. 
Calculation of grazing intensity over a discrete period of time 
involved multiplying a mean stocking density (SD) for that period 
of time (Table 1) (e.g., in animal-units (AU) per hectare) by the 
period of grazing. This product describes what has since been 
defined by the Society for Range Management (1974) and Scar- 
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necchia and Kothmann (1982) as the stocking rate, with units of 
animal-unitdays per hectare (AUDI ha) or animal-unit-months 
per hectare (AUM/ha) (Table 1). 

Booysen (1966) proposed that the technical term stocking inten- 
sity be obtained by dividing a mean stocking density (AU/ ha) for a 
discrete period of grazing by the length of that period of grazing. 
Using this definition, stocking intensity had units of AU/ ha-day 
and appeared to differentiate between situations in which the 
stocking rates were identical but were derived from different com- 
binations of mean stocking densities and grazing periods. For 
example, if pasture A had a mean stocking density (Scarnecchia 
and Kothmann 1982) of 20 AU/ ha for a grazing period of 2 days, 
and pasture B had a mean stocking density of 10 AU/ha for a 
grazing period of 4 days, both pastures had stocking rates of 40 
AUD/ ha. For pasture A, the stocking intensity (as defined above) 
was 20 AU/ ha i 2 days = 10 AU/ha-day, while the stocking 
intensity in pasture B was 10 AU/ ha f 4 days = 2.5 AU/ ha-day. 
Although stocking intensity apparently differentiates between the 
2 situations described here, further analysis of the variable produ- 
ces interesting results. 

For a given mean stocking density (AU/ha, Table l), as the 
grazing period increases the stocking intensity as defined here 
decreases. In fact, in either of the examples above, if livestock were 
allowed to graze forever (grazing time - infinity) the stocking 
intensity would approach zero. This apparent mathematical 
anomaly reveals the true identity of stocking intensity. Note that 
the typical unit of stocking intensity is AU/ haday, which is the 
same unit used to describe the rate of change in the stocking density 
(RCSD) (Table 1). RCSD is derived (Scarnecchia and Kothmann 
1982) by differentiating the stocking density with respect to time. 
Over a discrete period of time, mean RCSD is derived by calculat- 
ing its differences over a period of time, At. Mean RCSD and 
stocking intensity are derived over a discrete period of time from 
the same basic variables and have the same units. Any time a 
stocking intensity is calculated from a mean stocking density, it 
always is equal to the mean RCSD needed to increase stocking 
density from 0 to that mean stocking density. For example, in 
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Table 1. Summnry of stocking variables derived from basic variables of animal demand, forage quantity, pasture area, and time. 1 AU = 1 animal-unit = 12 
kg forage dry matter/day in animal demand. Adapted from Scuneccbir and Kothmann (1982). 

Animal/ Area Animal/ Forage 

Stocking Rate 
=fi stocking density l dt 

Units: AUD/ha 
AUMlha 

Stocking Density 
= animal demand per unit area at any instant 

Units: AU/ ha 

Rate of Change in Stocking Density 
= d (stocking density) 

dt 
Units: AU/ha-day 

AU/ ha-hr 

Grazing Pressure Index 
= j0 grazing pressure l dt 

Units: Ratio of animal demand to forage over 
a period of time 

Grazing Pressure 
= animal demand per unit weight of forage at 

any instant. 
Units: AU/ kg 

AU/ ton 

Rate of Change in Grazing Pressure 
q  d(grazing pressure) 

dt 
Units: AU/kg-day 

AU/ kg-hr 

pasture A in the example above, the value (10 AU/ ha-day) of the 
stocking intensity as defined by Booysen is actually the mean 
RCSD (Scarnecchia and Kothmann 1982) needed over the grazing 
period (2 days) to achieve a stocking density of 20 AU/ ha at the end 
of 2 days. Similarly, for pasture B, 2.5 AU/haday is the mean 
RCSD needed to achieve a stocking density of 10 AU/ ha at the end 
of the 4-day grazing period. Thus, the stocking intensity as defined 
by Booysen (expressed in AU/ha-day) is not a unique variable 
combining stocking density and duration of grazing, but is equi- 
valent to a mean RCSD needed to achieve a given stocking density 
from SD=O. The continuous and discrete forms of stocking rate, 
stocking density, and RCSD appear to completely summarize the 
physically meaningful stocking variables among the basic variables 
of animal demand, land area, and time. Any ad hoc variables 
produced by combining the basic variables by common mathemat- 
ical operations (multiplication, division, integration, differentia- 
tion, etc.) should be equivalent to either the continuous or discrete 
forms of one of these three stocking variables. 

Stocking Pressure 
Stocking pressure has been defined by the Society for Range 

Management (1974) as the weight of forage allocated per animal- 
unit for a relatively short grazing period of specified length. Her- 
bage allowance has been defined (Scarnecchia and Kothmann 
1982) as the weight of forage per animal-unit at any instant (Table 
1). Since herbage allowance is defined only instantaneously, the 
mean value of the weight of forage/animal-unit relationship over 
any discrete time period is the mean herbage allowance for that 
period. Stocking pressure, as defined by Booysen (1966) and the 
Society for Range Management (1974), corresponds to a mean 
herbage allowance, i.e., an herbage allowance for a discrete time 

Forage/ Animal 

Cumulative Herbage Allowance 
=&, herbage allowance. dt 

Units: kg - days/AU 
ton - months/ AU 

Herbage Allowance 
q  weight of forage per unit animal demand at 

= any instant 
Units: kg/ AU 

ton/AU 

Rate of Change in Herbage Allowance 
= d(herbage allowance) 

dt 
Units: kg/ AU-day 

kg/ AU-hr 

interval. Thus stocking pressure, like stocking intensity, is not a 
distinct technical variable, and is equivalent to another variable, in 
this case mean herbage allowance. 

Conclusions 

Based on the foregoing discussions, the terms stockingpressure 
and stocking intensity should be excluded from technical use as 
technical variables, but retained for nontechnical use to refer in a 
general way to the degree of grazing by livestock. Both terms are 
descriptive and useful in that capacity. 

Also, common mathematical operations (multiplication, div- 
ision, integration, differentiation, etc.) on the basic variables of 
animal demand, forage quantity, land area, and time have yet to 
yield new physically meaningful stocking variables other than the 
continuous and discrete forms of those already listed (Table 1). 
Future efforts should focus instead on the correct technical use of 
these variables in research and management, and on establishing 
quantitative relationships between these stocking variables and 
other variables in range management and livestock production. 
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Viewpoints: 

Observations on Why Mongrels May Make Effective 
Livestock Protecting Dogs 
R.P. COPPINGER, C.K. SMITH, AND L. MILLER 

Introduction 

Black and Green (1985) and Black (198 1) have done an extensive 
survey and interpretation of the environmental and training 
procedures that the Navajo use to produce livestock protecting 
dogs. They have given the best explanation to date of “the system” 
used to produce livestock protecting dogs not ony by the Navajo 
but, with minor regional modifications, the method used by Eura- 
sians as well. Anyone expecting to raise a successful protecting dog 
of any type should follow this recipe. 

There is, however, a danger for producers in too liberal a transla- 
tion of the Black papers. Very simply, these papers might imply 
that a successful protecting dog is the product solely of environ- 
mental conditioning and that any type of dog will do, provided it is 
raised and trained properly. No evidence is produced in the papers 
that this is so, nor is evidence advanced as to whether mongrels 
used by the Navajos have a success rate higher or lower than the 
Eurasian dogs specifically selected for the task of protecting live- 
stock. Black (198 1) argued that mongrel dogs would be cheaper, 
but we remain skeptical since the cumulative medical and mainte- 
nance costs quickly dwarf other expenses (excepting exorbitant 
purchase fees). The oercent of dogs culled for misbehaving 
increases substantially the cost to both the producer and to the 
industry. 

Studies of the effectiveness of livestock protecting dogs in the 
past several years have begun to show that these dogs are an 
effective deterrent to sheep predation by coyotes and domestic 
dogs (Coppinger et al. 1983). Our field studies have focused on 
Turkey, Yugoslavia, Italy, and Portugal (all these regions have 
developed sheep protecting varieties of dogs). However, recent 
studies in Mexico by us and studies of Navajo hybrid dogs by Black 
and Green published in the January ‘85 issue of this Journal have 
shown that mongrel dogs may indeed be useful in protecting 
livestock. 

Black and Green’s (1985) and Black’s (1981) argument is that 
small mongrel dogs are effective and that mongrels would be 
cheaper, more readily obtained and maintained, of lower liability, 
and more easily disposed of if their behavior proved unacceptable. 
Black and Green’s underlying assumptions are these: that intraspe- 
cific (dog-to-dog) social bonding patterns are the same for all 
breeds and thus for cross-breeds as well, that these relationships 
are transferable to livestock, and that behavior differences in dogs 
are matters of degree and not of kind (Black and Green 1985). We 
disagree with these assumptions. 

Nevertheless we believe that Black and Green are correct in their 
assessment of the efficacy of mongrels for livestock protection. For 
reasons we wish to make clear in the rest of this essay, mongrel dogs 
would likely be better livestock protection dogs than most pure 
breeds, except for Eurasian dogs bred specifically to protect sheep. 

Livestock protecting dogs are not new to the Southwest, Central 
and South America. Darwin (1845:15Off), for example, com- 
mented on the behavior and training of livestock protecting dogs 
that he saw during his visit to the province of Banda Oriental in 
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1833. He reported the castration of sheepdog puppies and of 
rearing the pups restricted from human contacts, keeping them 
with sheep and even suckling them on sheep, all of which is still 
practiced in Mexico. Missionaries imported from Europe special 
dogs to use with mission flocks to train Indians in proper hus- 
bandry. Baur (198256) quoted J.H. Lyman in the 1860’s as saying: 
“I very much doubt if there are shepherd dogs in any part of the 
world, except Spain, equal to those of New Mexico in value.” In 
the literature of the Southwest, frequent passages related how the 
dogs were raised and how good they were, even including a paint- 
ing by Harmer which appeared in the magazine Lund of Sunshine 
(Vol. 9, June 1898) of a classic large dog of the Spanish mastiff type 
guarding against buzzards the arrow-filled carcass of his master. 

Precisely what happened to the Castillian mastiff in southwest- 
ern North America can only be a matter for speculation, but three 
possibilities seem most likely. First, the dogs may have been killed 
by natives and soldiers while stealing sheep. Baur (1982) relates 
how a soldier in Colonel Stephen Kearny’s regiment stole a sheep 
and was faced with a livestock protecting dog. In that case the dog 
apparently survived, but in many cases the protecting dog must 
have been killed. Second, the Southwest was full of mongrel dogs 
in Santa Fe, Tucson, and Los Angeles, where one could not sleep 
nights for the noise. Orders finally went out such as Kearny’s, 
“Shoot all the dogs.” Third, the people of English ancestry who 
took over the sheep industry in the Southwest were most likely 
confused about the role of livestock protecting dogs. English 
sheepdogs are collies-conducting dogs-and there has been a 
pervasive misconception among Anglos that sheep dogs herd as 
well as guard or protect. 

This misunderstanding of the distinction between conducting 
and protecting is reiterated by Kupper (1945); after giving a short 
lesson on how to raise and train a livestock protecting dog, which is 
very reminiscent of Darwin’s 19th century description, she states, 
“If the master wanted to increase his usefulness and had the 
patience to train him, the dog was taught the art of herding.“The 
Spanish or Mediterraneans are seldom confused on his point. Baur 
(1982), however, quoted the frustration of the Anglos at the big 
“lazy” Mexican dogs which didn’t conduct, often causing them to 
get rid of the livestock protecting dogs. 

Add these events together and it is not hard to see the demise or 
more probably the mongrelization of the Castillian mastiff. For 
whatever reason, the pure protecting breeds did not persist. Yet the 
technique for employing such dogs and the mythology for their 
training lives on in Mexico and South America and with Native 
American shepherds who learned from the Spanish. The Navajos, 
who probably had experience with how Castillian Mastiffs (or 
Mastiff X mongrel hybrids) could protect, though not conduct, 
sheep, have apparently made good use of mongrel dogs ever since. 

Vines (1981) and Holmes (1966) suggested that conducting or 
herding is inhibited predatory behavior. Conducting or herding 
breeds are poor at livestock protecting because they have retained 
too much of the ancestral predatory patterns to establish interspe- 
cific social bonds with sheep. The same is true of other breeds such 
as retrievers, pointers, or bloodhounds, which inherit an incom- 
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plete predatory behavior sequence with the killing components 
attenuated. 

In contrast, livestock protecting dogs relate to sheep as though 
they were conspecitics and live with and protect sheep 24 hours a 
day without eyeing or stalking them as if they were prey. A second 
condition is the deactivation or disruption of species-specific 
recognition so that dogs can establish interspecific social bonds 
with sheep, goats, or cattle. Herders using European livestock 
protecting dogs or Navajo mongrels must select rigorously against 
the canid predatory sequence. Both selection within breeds and 
hybridization between breeds may supply the variation for protect- 
ing dog selection. 

Inactivating Predatory Behavior by Selected Retardation of 
Ontogeny 

Differences in organization of breed behavior as well as in onset 
and frequency of expression of single motor patterns can be most 
parsimoniously explained by positing ontogenetic selection-i.e., 
selection for mutations in genes that regulate rate of development 
in both morphology and behavior (see Fox 1978; Coppinger and 
Smith 1983:286). The wild canid predatory sequence that is 
expressed as an adult species-specific behavior is not evident in 
wolf neonates who first suckle for sustenance and later beg for 
parentally regurgitated food. Only later in ontogeny do all the 
motor components of species-specific predation become activated 
in young wolves. Furthermore, when these behaviors do begin to 
be expressed during ontogeny they remain, during the youthful 
phase, separable units of behavior capable of being mixed with 
various other motor patterns from diverse functional contexts 
(Fentress 1983). Such combinations and recombinations of recog- 
nizable species-specific motor patterns into contextually unpredic- 
table, seemingly non-functional, strings are commonly called 
“play”(Fagen 198 1) and are characteristic of the youthful phase in 
all canids. For example, D.K. Belyaev (1979) reported selecting for 
tameness during a period of about two decades to produce a 
domesticated “adult” silver fox ( Vulpesfulvus Desm.) with floppy 
ears, curled up tail and dog-like barks and with puppyish care- 
soliciting behavior, licking and fawning on humans. In very neo- 
tenic canids, such as livestock protecting dogs, these behaviors are 
characteristic of the adult phase as well (Coppinger and Coppinger 
1982). 

Disrupting Predatory Behavior by Hybridization 
Hybridization (or mongrelization) may result in radical genetic 

recombination. Hybridization affecting evolutionary change was 
called “crossing between individuals belonging to separate popula- 

tions which have different adaptive norms” (Stebbins 1959). 
Hybridization tends to be genetically disruptive to what was, in a 
parent, an innate adaptive behavioral sequence (Fox 1978). 
Hybridization of dogs adapted for different kinds of specialized 
work can produce a mongrel in which a parental sequence of 
behavior is often rearranged, truncated, or deactivated with few of 
the original components inherited intact. In other words, produc- 
ing a mongrel or hybrid is likely to accomplish the disruption of 
species (breed)-specific behavior as surely, and much more swiftly, 
than deactivating adult wild-type species-specific behavior sequen- 
ces through ontogenetic selection for permanently youthful non- 
predatory behavior. Indeed selection for tameness in the wild 
progenitor of dogs and other domestic species for the last 
lO,OOO-15,000 years may have been facilitated by hybridization 
and the resulting disruption of eco-specific behaviors. Thus mon- 
grel dogs not displaying the stereotyped ancestral behavior pat- 
terns might be acceptable mimics of the Eurasian guardians which 
have been purposefully selected for the task of protecting livestock. 
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The Role of Fourwing Saltbush in Mined Land Rec- 
lamation: A Viewpoint 
D. TERRANCE BOOTH 

Abstract 

Ease of establishment by direct seeding has resulted in fourwing 
saltbush [Atriplex cunescens (Pursh) Nutt.] becoming the princi- 
pal, sometimes the only, shrub on certain revegetated mined lands 
in Wyoming. To prevent dense stands that might exclude other 

Land &ality Div&on, now Bmits the amount of fourwing salt- 
bush that can be included in a reclamation seed mix. There is 
evidence that fourwing saltbush may aid, rather than hinder, the 
establishment of other shrubs. A thesis is developed for fourwing’s 
role as a pioneer species that creates ecosystem diversity, augu- 
ments the invasion of late-succession plants, and declines in density 
as succession progresses. The shrub is recommended as a means to 
direct succession toward successful reciamation. Mine managers 
are cautioned that the rate of natural invasion of climax species 
into seeded stands of fourwing saltbush is not known. 

Fourwing saltbush [Atriplex cunescens (Pursh) Nutt.] is proba- 
bly the most studied and most seeded of all western shrubs. The 
seed is relatively inexpensive and available from seed suppliers. 
Contrasted to other shrubs, successful stands are often established 
by direct seeding. This success, however, causes some to question 
its wide-spread use. Citing the need for plant diversity, Harju, staff 
biologist for the Wyoming Game and Fish Department, com- 
plained (1980) that, “The universal seed mix, three species of 
grasses and four-wing(sic) saltbush, is. . . unacceptable for wildlife. 
. . . “Wyoming Department of Environmental Quality-Land Qual- 
ity Division (WDEQ/ LQD) personnel, suggest that A. cunescens 
seeded at 2.2 to 5.6 kg/ ha, may exclude other shrubs and grow into 
monotypic stands (S. Tessmann, wildlife biologist, WDEQ/ LQD, 
personal communication). Their O&kg/ ha pure-live-seed (Boles 
1984) limitation emphasizes their concern about the relative suc- 
cess of this species on mined lands. Three areas are of concern when 
A. cunescens is the major shrub component of a seed mix: (1) its 
forage value (2) its potential for competitive exclusion of other 
plants-particularly shrubs, and (3) its value to all types of wildlife. 

The intent of this paper is to examine the role of A. cunescens in 
the reclamation of mined lands. Particular attention is paid to the 
wildlife biologist’s concern for loss of sagebrush habitat. The litera- 
ture reviewed is a basis for postulating A. cunescens’ role as a 
pioneer shrub useful in accelerating and directing plant succession 
on mined lands. A case is thereby made for the unregulated use of 
A. cunescens by reclamation specialists. 

Forage Value and Potential Toxicity 

The Range Plant Handbook (Dayton 1937) describes A. cunes- 
tens as one of the most valuable forage shrubs for all classes of 
livestock and wildlife in the arid Southwest and Intermountain 
Region. The handbook attributes A. cunescens’importance to its 
abundance, accessibility, size, large forage volume, evergreen 
habit, high palatability and nutritive value (citing work done 1900 
through 1931 in New Mexico, Nevada and by the U.S. Dep. of 
Agriculture). The winter crude protein, in vitro digestibility, and 
production for 43 accessions of A. cunescens (even-aged plants in a 
common garden) varied significantly among accessions with 
ranges of 6 to 14%for crude protein, 29 to 47%for digestibility, and 
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.05 to 2.0 kg for annual production per plant (Welch and Monsen 
1984). 

Yearling steers heavily use A. cunescens on mine sites revege- 
tated to native wheatgrasses (Agropyron spp.) in Shirley Basin, 
Wyoming (personal observation). A. cunescens interseeded with 
crested wheatgrass (Agropyron desertorum Schult.) on Idaho 
rangeland was also readily eaten by cattle which consumed about 
50% of the annual growth (Monsen 1980). Interplanting A. cunes- 
tens in grass stands is recommended to increase yield and quality of 
forage (Van Epps and McKell 1977, Rumba@ et al. 1982). A. 
cunescens is reported as good forage for sheep (Nemati 1977a), 
goats, deer, elk, and rabbits (Plummer et al. 1968, Blauer et al. 
1976, Wasser 1982) and fair for antelope (Wasser 1982). A number 
of birds and small mammals feed on both the seeds and the foliage 
(Anonymous 1968, Wasser 1982). 

Palatability of Atriplex spp. may be related to the amount of salt 
accumulated on the leaf surface since the last precipitation event; if 
true, the physiological mechanism for salt tolerance also protects it 
against overbrowsing during drought periods (Goodin and Mozafar 
1972 Wasser 1982). 

As with most Atriplex species A. cunescens, a secondary sele- 
nium absorber, will accumlate toxic selenium levels if grown on 
soils containing 2 pg/ g or more of the element (Schmutz et al. 1968, 
Davis 1972). Davis (1972) notes that seleniferous soils are limited 
in the rangeland areas of the western U.S. and that the use of 
Atriplex spp. should not be curtailed because of selenium accumu- 
lation. Evidence gathered in Wyoming and Montana indicate 
reclaimed mined lands pose no greater threat of selenium toxicity 
than do the undisturbed range sites (Stanley et al. 1982). 

Potential for Competitive Exclusion 

In some southwestern deserts A. cunescens may occur as a local 
dominant or a codominant; however, throughout most of its range 
it grows singly and more or less scattered among other members of 
the plant community (Dayton 1937, Wagner and Aldon 1978). A. 
cunescens does not form extensive dominant stands as does big 
sagebrush [Artemisiu tridentutu (Nutt.)] or juniper (Juniperus 
spp.), nor is it reported to be aggressive. Yet A. cunescens often 
dominates the mined land shrub population. This domination may 
be due to exclusive seeding, as noted by Harju (1980) to lack of 
survival of other seeded shrubs (personal observations at Hanna 
and at Shirley Basin, Wyo.) or to natural immigration as found by 
Wagner et al. (1978) in New Mexico. A. cunescens domination, in 
each case, is due to its capability to prosper on disturbed land. 
Wagner and Aldon (1978) suggested, and presented evidence 
(Wagner et al. 1978), that A. cunescens is an early-seral species as 
well as a constituent of mature ecosystems. If A. cunescens func- 
tions as a pioneer plant, then relatively pure stands should give 
way-with time-to a more diverse shrub population. This has 
been observed on 2 revegetated mined sites in Wyoming where big 
sagebrush, rabbitbrush (Chrysothumnus spp.), Gardner’s saltbush 
[Atriplex gurdneri (Moq.) D. Dietr.], shadscale [A. confertifolia 
(Torr. and Fren.) Wats.] and fringed sagewort [Artemisiu frigidu 
(Willd.)] have immigrated, after 2 years, onto sites where A. cunes- 
tens was the only shrub planted (Boles 1984). The immigration of 
these species contrasts with the limited success mine personnel 
have had establishing late-seral shrubs during initial planting pro- 
grams (Stelter and Mikol 198 1). 
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The foregoing is direct, though tenative, evidence for A. canes- 
cens’role as a pioneer plant. It is sufficient basis for postulating 
that A. canescens can be used to accelerate succession on mined 
lands, that such acceleration will encourage natural immigration of 
late-seral shrubs such as sagebrush and rabbitbrush, and that the 
density of A. canescens stands will decrease as succession pro- 
gresses. This thesis is supported by research of soil chemical and 
microbiological interactions with A. canescens and other shrubs, 
by documentation of A. canescens’affect on associated plants and 
by observations and research of A. canescensdecimating factors. 

Soil Effects 
A. canescens, and other shrubs, accelerate soil development. 

Soil profiles under shrubs are deeper, pH values more alkaline 
(Fairchild and Brotherson 1980), and N, P, K, (also S, Mg, Na, Ca, 
Cl, Zn, Fe, Mn, and Cu), organic matter, rate of water infiltration, 
and microbiological activity are all higher under shrub canopies 
than under the interspaces (Charley 1972, Sharma and Tongway 
1973, Tiedemann and Klemmedson 1973, Fairchild and Brother- 
son 1980, West 1981). 

The level of microbiological activity is of special interest, since 
microorganisms are responsible for improvements in the chemical 
and physical character of the soil (Cundell 1977). The reestablish- 
ment of vesicular arbuscular mycorrhizae is a specific concern in 
the revegetation of mined lands, as adequate populations of these 
symbionts may be prerequiste to healthy stands of late-successional 
shrubs (Reeves et al. 1979, Loree and Williams 1982, Allen, E.B. 
1984a). Plants colonizing disturbed lands are often nonmycor- 
rhizal and may hinder recovery because they do not provide an 
inoculum source for mycorrhizal-obligate species (Reeves et al. 
1979, Allen, E.B. 1984b Doerr et al. 1984). A. canescens can be 
infected (Williams et al. 1974, Aldon 1975, Lindsey 1984) and serve 
as a safe site for, and source of, mycorrhizal inoculum. Infection of 
A. canescens plants on mined land can occur through numerous 
avenues, including transportation of infected plant parts or myce- 
lia fragments by wind, water or mammals (Hull 198 I, MacMahon 
and Warner 1984). M.F. Allen (1984) observed that facultative 
mycorrhizal plants may be needed to build up organic matter and 
mycorrhizal inoculum prior to the establishment of mycorrhizal- 
dependent species on mined land. A. canescens is uniquely capable 
of filling that need. 

Plant Effects 
The effects of A. canescens on above-ground plant production 

are also noteworthy. Forage production increased three-fold after 
1 million A. canescens seedlings were transplanted to the Central 
Plateau of Iran (Nemati 1977b). This increase was attributed lar- 
gely to native grasses and forbs which benefited from the improved 
microclimate-especially protection from wind. Rumbaugh et al. 
(1982), who also found herbage production to be significantly 
greater for plants growing near A. canescens, credited the increase 
to better soil fertility near the shrubs. 

A. cunescens probably induces plant and animal diversity. The 
changes in soil character and in canopy+ffected microclimatologi- 
cal factors (i.e., moisture, temperature, and wind) produce a conti- 
nuum of plant niches between the shrub and the interspaces. This 
continuum is affected by and interacts with the overall pattern of 
shrub establishment and topography. The resulting array of niches 
would seem to favor a diversity of shrub-associated plant and 
animal species (Harju 1980, Reynolds and Trost 1980, Steele and 
Grant 1982; DePuit 1984). 

Decimating Factors 
At least two factors act as probable checks to the development of 

extensive pure stands of A. canescens. One is its palatability, which 
can lead to heavy browsing and, in some instances, to stand reduc- 
tion (personal observation). Basal decay, apparently caused by a 
variety of endemic pathogens, may also limit the density of an A. 

canescens stand. The disease, which results in dieback and subse- 
quent death of the plant (Van Epps 1974, Schnathorst and Davis 
1978, Nelson and Welch 1984), is especially evident where A. 
canescens plants are grown close together (personal observation at 
the Soil Conservation Service Plant Materials Center, Aberdeen, 
Idaho; Nelson and Welch 1984). 

Value to Wildlife 

The preceding sections review the value of A. cunescens as forage 
for big game, birds, and small mammals and as a factor in increas- 
ing production and creating diversity in the plant community. 
Perhaps the most important function of this fast-growing, pioneer 
shrub is as fauna1 cover (Anonymous 1968). As a cover plant, it is 
particularly useful for improving game-bird habitat on arid range- 
lands (Shaw et al. 1984). Because of ease of establishment and fast 
growth rate, A. canescens provides a woody plant component to 
the ecoystem several years sooner than slower-growing shrubs or 
shrubs requiring successionally mature soils for establishment. 
Significantly, Robinette (1972) found A. cunescens to be used by 
the same number of wildlife species (22) as were found to use big 
sagebrush, a climax dominant. 

Despite the documented value of A. cunescens to wildlife, there 
are some problems. Foremost is the fact that sagegrouse, a major 
game species, has a winter diet that is almost 100% sagebrush. 
While A. cunescens may aid the invasion of sagebrush by creating 
favorable microclimates for both the seedling and for supporting 
mycorrhizae, the process of succession will require time-perhaps 
as long as 20 years (though the observed invasion of nonseeded 
shrubs, including sagebrush, reported by Boles (1984) occurred 
within 2 years of the initial seeding). Some facts that impinge on the 
relative importance of sagebrush for sagegrouse habitat are: (1) 
sagegrouse will migrate 48 to 161 km from summer to winter range 
(Patterson 1952, Dalke et al. 1960, Hulet et al. 1984), (2) sage- 
grouse will nest under shrubs other than sagebrush (Hulet et al. 
1984), (3) sagegrouse leks can be successfully moved (Roberson 
1984), and (4) the spring (nesting), summer (brood rearing), and 
autumn diets are of forbs. The latter point is the reason the conver- 
sion of patches of sagebrush to forbs and grasses is a recognized 
method of sagegrouse habitat improvement (Rogers 1964, Rober- 
son 1984). 

A second problem may arise if browsing seriously limits A. 
canescens stature. Small or low growing plants do not provide 
enough cover or microclimate modification; therefore they are not 
“‘functional” in the sense of their expected contibution to the 
above-ground ecosystem. 

A third problem, related to the rate of nonplanted-shrub inva- 
sion (with its associated diversity) may be postulated. Vigorous 
grass growth adjacent to, and stimulated by A. cunescens may 
hinder shrub seedling establishment in the very microsites where 
success, otherwise, is most likely. This reasoning suggests that A. 
cunescens should be seeded without grass where invasion by non- 
seeded shrubs is desired. 

Summary and Conclusions 

Daubenmire (1968) described pioneer plants as relatively xero- 
phytic, lightdemanding, heatdemanding, frost-hardy, deep-rooting, 
and not exacting as to soil. That A. cunescens possesses these 
characteristics is well known and accounts for the shrub’s wide- 
spread success on disturbed lands. Daubenmire (1968) further 
described pioneer plants as intolerant of later successional stages 
such that their tenure is normally limited to a single generation 
(after arrival of later stage conditions). Whether or not this latter 
characteristic is true for A. cunescens is subject for debate and 
cause for concern by those charged with ensuring that postmining 
plant communities provide quality wildlife habitat and meet speci- 
fied criteria of production and species diversity and composition. 

Observations and research indicate that A. cunescens speeds 
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succession and aids development of diverse plant communities. 
Conditions have been identified which may limit the density of the 
plant in late-seral stages. It therefore seems appropriate to recom- 
mend A. canescens as a means to direct mined land succession. 
Caution should be observed by mine operators since the rate of 
invasion by climax species into seeded stands of A. canescens is not 
known. However, the use of early-seral plants to direct succession 
is more efficient, less expensive (&human et al. 1980), and may 
allow succession to proceed faster than techniques which endeavor 
to force climax plants onto early-seral soils. In conclusion, the 
WDEQ/LQD limitation on A. canescens seeding rates is not 
needed and may be restricting a means for enhancing climax shrub 
immigration. 
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Book Reviews: 
Management of Australia’s Rangelands. 1984. Editors: 

G.N. Harrington, A.D. Wilson, and M.D. Young. CSIRO 
Editorial and Publications Service, P.O. Box 89, East 
Melbourne, Victoria 3002. $A 30.00. 

This book is a series of papers, authored by a group of twenty- 
nine Australian scientists, and arranged in chapter format to cover 
the various subjects appropriate to cover the field of range man- 
agement. The editors declare that “the publication of this book 
signifies that Australian rangeland science has come of age." After 
study of the book, this is obviously no hollow claim, as evidenced 
by the quality of the presentations and the volume of Australian 
literature cited in each chapter. This is truly an Australian publica- 
tion, fitted expertly to the vegetation, livestock, climate, geo- 
graphy, livestock operations, and social order of that unique land. 

There are twenty-two chapters organized in five parts. These five 
are titled “Concepts and principles,” “Management processes,” 
“Management practices and procedures,” “Rangeland types,” and 
“Stocks and resources.” 

It is stimulating to find familiar concepts set in unfamiliar means 
of expression and applied to unfamiliar landscapes. Range man- 
agement principles are firmly based on ecosystems ecology, app- 
lied to Australian situations, so an American reader finds pleasant 
exercise in following the reasonings and recommendations of the 
Australian authors. 

Problems of desertification receive continuing attention through- 
out the book. Arid lands cover a significant part of the Australian 
continent and present the Australian range managers with their 
most persistent problem. As in the U.S., native wildlife foraging 
along with domestic stock grazing complicates management on 
these lands, where vegetation often has difficulty surviving even 
without loss of foliage to grazing. F.N. Ratcliff (1973) clearly 
stated the situation when he wrote, “The Australian inland must 
expect a smashing drought once every decade, and lesser droughts 
more often.” 

The Commonwealth Scientific and Industrial Research Organi- 
zation (CSIRO) has provided the major effort in organizing and 
accomplishing the research background for this book. Although 
range research is carried on at various locations throughout the 
country, concentration centers for range research personnel are 
located at Deniliquin, N.S. W. and Alice Springs, N.T. 

This excellent book will fit well on any range manager’s book- 
shelf, and is of particular interest to those of us who toured Austral- 
ian rangelands with some of the authors on our way to the 2nd 
International Rangeland Congress in May, 1984.-H. 

Las Gramineas de Mexico. Tomo I. 1983. by Alan A. Beetle. 
Secretaria de Agricultura y Recursos Hidraulicos. Comi- 
sion Tecnico consultiva para la Determination Regional 
de 10s Coeficientes de Agostadero. S.A.R.H. 0 ficina 
Central: Manzanillo 83 #202, Colonia Roma Sur, 06760, 
Mexico, D.F. 

CONGRATULATIONS, Mexico. 
This “Tom0 I”is clearly the beginning of a major undertaking by 

the federal government of Mexico and is frankly modeled after the 
very successful “Manual of the Grasses of the United States” by 
A.S. Hitchcock and Agnes Chase. This volume, in Spanish idiom, 
contains a detailed analysis of the distribution of Mexican grasses, 
a phylogenetic key to the genera, and alphabetically, a systematic 
treatment of the genera beginning with A. Here each species has 
been described and each is accompanied by a map showing their 
occurrence by states. 

The abundant original full-page illustrations are accurate line 
drawings made by several artists but all maintaining a high stand- 
ard of representation and understanding. 

The 1,000 copies are free but are being sent to those who will find 
them most useful. These are scientists scattered throughout Mex- 
ico. They may be expected to improvise new range management 
practices as they learn their grasses from this new source. Most of 
the information previously has been unavailable in Spanish. 

The careful reader may even find a smurf. Ensuing volumes are 
eagerly awaited.-Don Johnson, Hermosillo, Sonora, Mexico. 

North American Game Birds and Mammals. 1984. A. 
Starker Lepold, Ralph J. Gutierrez, and Michael T. Bron- 
son, Charles Scribner’s Sons, 597 Fifth Avenue, New 
York, NY 10017. $12.95 paperback 
“The purpose of this book is to present-in concise, summarized 

form-the latest information on habits, distribution, and status of 
important game species.” It covers 135 of the most common game 
birds and mammals endemic to the U.S., Canada, and northern 
Mexico. It is in 8% x Il-inch format, paperback, with 198 pages. 

Following a brief introduction of background material to orient 
the uninitiated, the chapters are organized on the basis of order, 
family, genus, and species. An exception to the usual taxonomic 
arrangement of birds is given to allow less experienced readers to 
become acquainted with some of the easier to recognize species 
before tackling the difficulty of identifying the ducks. 

A paragraph or two is given to the introduction of each order, 
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and a discussion of range, habitat, and general remarks is provided 
for each species. In addition, pen-and-ink drawings and range 
maps are also given for each species. Range maps include original 
range and present ranges for mammals, as well as breeding and 
winter ranges for birds. 

The book is loaded with useful and interesting information. You 
can get “hooked” by opening to almost any page. It would be more 
useful in the field if in a pocket-sized format.--Ed. 

Physiology and Biochemistry of Drought Resistance in 
Plants. 1982. Eds.: L.G. Paleg and D. Aspinall. Academic 
Press (Australia). Orlando, FL 32887 $70 hard cover. 
At this time of drought crisis in many parts of the world, and 

particularly on rangelands, it is appropriate to understand the 
basic impact of drought resistance in plants. Many thousands of 
people and livestock are suffering as a consequence of serious 
drought in Africa, Asia, and other locations. All life depends upon 
the ability of plants to efficiently photosynthesize energy into 
useable organic compounds, and drought is a major inhibitor of 
the process. 

This book is a collection of chapters authored by scientists from 
the many fields of knowledge which impinge on drought resistance. 
Fourteen of twenty authors are Australians, and the remainder are 
from the United States, England, Israel, India, Canada, and 
Scotland. 

Sixteen chapters cover a general discussion of the nature and 
consequences of drought for humans, to the microbiological 
effects in cellular structures. Chapter titles are: Introduction to 
human consequences of drought; mechanisms of drought resist- 
ance; water collection by roots; water relations during drought; ion 
uptake; solute accumulation and regulation of cell water activity; 
nitrogen fixation; nitrate reductase; betaines; proline accumula- 
tion: physiological aspects; proline accumulation: biochemical 
aspects; protein synthesis; photosynthesis; stomata and stomata1 
mechanisms; abscisic acid and other hormones; and ultrastructural 
consequences of drought. 

The aim of the book is to provide the researcher and advanced 
student a source of compiled information on this important sub- 
ject. This objective is admirably accomplished. There are 55 pages 
of references in addition to author and subject indexes. It might be 
used as an advanced text, and provides a comprehensive reference 
soure. --Ed. 

The Behavior of Domestic Animals. 1985. By Benjamin L. 
Hart. W.H. Freeman and Company, 41 Madison Ave., 
New York, NY 10010. 390 p. $29.95 
In the last two decades, E.S.E. Hafez’ three editions of the i‘7re 

Behaviour of Domestic Animals (third edition, 1975) has been a 
valuable source book for animal behaviorists and animal scientists. 
Since 1980, several new monographs have been added in this area, 
including Craig’s Domestic Animal Behavior (1981), Houpt and 
Wolski’s Domestic Animal Behaviorfor Veterinarians and Animal 
Scientists (1982) and Kilgour and Dalton’s Livestock Behaviour, A 
Practical Guide (1984). Benjamin Hart, a noted veterinarian and 
animal behaviorist at the University of California at Davis, has 
now added his new text to this list. Although strikingly similar in 
title to the previous publications, it is refreshingly different in its 
style and outlook. 

The purpose of Hart’s book is threefold. One, comparative 
animal behavior is presented using familiar animals as resource 
material. Species covered by the text are cattle (dairy and beef), 
sheep, goats, swine, horses, cats, and dogs. Second, behavioral 
information relevant to the care and management of both livestock 
and companion animals is presented. A third purpose, though not 
as openly stated, is to describe (warn?) how important behavioral 
patterns (such as mothering ability) have been allowed to degener- 
ate as a result of domestication, intensive agricultural practices, and 

emphasis of selection programs on more economically obvious 
production traits. 

Hart’s book is organized in two major and one minor section. In 
Chapters 1 through 5, species-typical behavioral patterns are des- 
cribed and compared. Chapter 1 is an introduction to the rest of the 
book. Chapter 2 discusses social organization, communication, 
and aggressive behavior including dominance hierarchies and how 
different species prefer to group themselves. Sexual behavior of 
male and females is covered in Chapter 3. Range management 
specialists will find of interest the comments on dominance hie- 
rarchy effects in pasture mating of rams and the comparisons of the 
amorous styles of beef and dairy bulls. The next chapter deals with 
maternal behavior and mother-young interactions. Mismothering 
in sheep and the problems of orphan lambs is given considerable 
attention. Feeding and eliminative behavior is the topic of Chapter 
5. Grazing and foraging behavior of the various domestic herbi- 
vores is discussed including selectivity and avoidance of feces. The 
question of whether rumination is a form of sleep is raised and 
briefly dealt with. The concept of specific hungers (salt, carbohy- 
drates, etc.) is examined. The feeding behavior of carnivores is 
covered and application of this knowledge to coyote control is 
included. 

The second major section of the book gives some theoretical 
background and examines the most important determinants of 
behavior regulating the expression of species-typical characteris- 
tic. These include genetics (Chapter 6), early experience (Chapter 
7), learning (Chapter 8), and hormones (Chapter 9). Hart gives a 
lucid description of behavioral genetics and gives convincing 
examples of dog and sheep breeds, as well as mice strains, that 
show genetic differences in such behaviors as trainability, mother- 
ing ability, and aggressive behavior. He also expounds on the 
“behavioral degeneracy”that has occured after eons of domestica- 
tion and the more recent intensification of animal agriculture. 
Early experiences that may affect behavior include prenatal, neon- 
atal, maternal, and peer influences and all are discussed in Chapter 
7. The concept of a “critical period” (for “imprinting” of the dam 
on the neonate, for example, is considered. Learning (aside from 
that of early experience) is detailed in the next chapter and is 
divided into classical conditioning and operant learning. Hart 
descibes how an animal’s behavior can be “shaped”and repeats his 
now-famous example of how one can train a cat to balance on the 
edge of a toilet bowl and use it as a litter box. Species differences in 
intelligence and learning ability are covered and behavioral thera- 
pies, such as for fear-induced aggression in horses, are outlined. 
Chapter 9 is titled “Hormonal influences on behavior”but actually 
begins with a discussion of how behavior can influence the secre- 
tion of hormones, including adrenal steroids, oxytocin, and gona- 
da1 hormones. Behavioral effects of testicular and ovarian hor- 
mones are analyzed in considerable detail as well as the effects of 
castration. The question of whether farm animals should be cas- 
trated is raised and briefly answered. 

The final chapter (and section) of Hart’s book debates the con- 
tributions of behavioral science to issue in animal welfare. Con- 
troversies in animal welfare concerns that are listed include animal 
awareness, our right to kill animals, double standards that apply to 
companion and farm animals and choices regarding the quality of 
care we provide animals. 

This book is highly readable, in part because Hart does not 
overwhelm us with countless citations, although the references that 
are listed at the end of each chapter are more than adequate, 
including both review and journal articles. Ethological jargon is 
kept to a minimum although the critical terms are necessarily 
introduced. The vast majority of the illustrations are original. Hart 
does an excellent job of outlining what is actually known and not 
known in each area and potential topics of research abound in each 
chapter. Hart’s book is an excellent introduction to domestic 
animal behavior in general but range scientists will specifically find 
its coverage of beef cattle, sheep, horses and even dogs of possibly 
greater interest.-Janet L. Wiebold, Pullman, Washington 
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INSTRUCTIONS FOR AUTHORS: This page is reproduced from the Handbook and Style Manual for the Journal of Range 
Management. Copies of the complete booklet ( 12 pages) are available for $1.25 (single copy) or $1 .OO each for 2 or more copies 
from the Society for Range Management, 2760 West Fifth Avenue, Denver, CO 80204. 

Preface 
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 submitted after 30 
June, 1984, and 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. Previously pub- 
lished papersareunacceptableand will not beconsidered 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 non- 
technical 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 else- 
where while they are being considered for this journal. 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 Paper 
may be printed in the journal. Viebppoint articles or Research 
Observationsdiscussing opinion or philosophical concepts regard- 
ing topical material or observational data are acceptable. Such 
articles are identified by the word viewpoint or observationsin the 
title. 

Manuscript Submission 
Contributions are addressed to the Editor, Journal of Range 

Management, 2760 West Fifth Avenue, Denver, Colorado 80204. 
Manuscripts 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 the complete 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. Where reviewers disagree, the Associate Editor, at his 
discretion, may obtain additional reviews before accepting or 
rejecting a manuscript. 
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The Associate Editor sends the approved manuscript, with 
recommendation for publication, to the Editor, who notifies the 
author of a projected publication date. Manuscripts found inap- 
propriate 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 correspondence relating to the original review of 
the manuscript. If the appeal is sustained, a new review of the 
manuscript may be implemented at the discretion of the Editor. 
Manuscripts will not be sent for second reviews merely on the 
possibility of finding Associate Editors more favorable to the 
manuscript. 

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 
Where funds are available, authors are expected to pay current 

page charges. Since most research is fundtd 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 unavailable to an author, no page charges will be 
assessed. Only the Editor will have knowledge of fund status for 
page charges. 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 price and 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. 

Both authors and reviewers are responsible for insuring that the 
Journal manuscripts are clear, concise, and accurate. Editors 
encourage authors to have manuscripts thoroughly reviewed by 
colleagues in their own institution and elsewhere before being 
submitted. Peer review before submission insures that publications 
will present significant new information or interpretation of pre- 
vious data,and will speed JRM review processes. 
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the unique Vertical Measurement Module for Bausch & Lomb’s 
Stereo Zoom Transfer Scope. 

The Vertical Measurement Module is microprocessor controlled 
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joystick control, floating illuminated mark [patent pending1 for 
accurate positioning over and ovec and digital readout. In fact, 
positional accuracy of the parallax system is up to five micm- 
meters which ensures precise, repeatable measurements. 

If you need to measure only relative heights, Bausch & Lomb also 
offers a VM Module with this capability. Best of all, the Stereo 
ZTS-VM Module is priced up to ten times less than the closest 
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AS EASY AS X-Y-Z 
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sion now. 
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