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Some Major Plant Toxicities of the Western 

United States 

LYNN F. JAMES AND A. EARL JOHNSON 

Highlight: Poisonous pluntr rank high among the causes of 
economic loss fo the livestock industry. Losses come nor only through 
death and disabiliry of livestock but through co.m nssociared wirh 
interference with management progmms such a addirional fencing 
and a/wed &7-‘IZiQ’ pro,$‘UJm. 

One of the best meant of avoiding poisonous plant problems is by 
complrre familiariry with poisonousplmm likely fo be encountered by 
livestock. Impoportant plants causing congeniral birth dcfecrs; plants 
containing cyanide, oxalate, nirrates, selenium, and pyrrolizidine 
alkuloids; as well as ~1 few specific plants a.~ lrrrkspurs and hemlock 
and those producing phorosensitizarion are reviewed briefy nnd 
resu,rs of more recenf research ore considered. 

Poisonous plants rank high among the causes of economic 
loss to the livestock industry (Schmitzet al., 1968; Sperry etal., 
1968). They take their toll through death of livestock, abortions, 
birth defects, photosensitization, chronic illnesses, debilitation, 
etc. Additionally, land managers and livestockmen have 
stgniftcant costs ana problems generated by the presence of 
poisonous plants on ranges and pastures. These include con- 
struction of additional fences, altered grazing programs, de- 
creased forage production and utilization, and in some in- 
stances, supplemental feeding programs. 

The National Academy of Science, 1968, estimated that 
8.7% of the nutritionally sick animals in western United States 
were sick as a result of eating poisonous plants and it has been 
estimated (Sampson, 1952) that the mortality rate, due to 
“oisonous “lants. of livestock erazine the western ranees 
1~ 

approaches’5%. 
Y _ 

Annroximatelv 75% rf the land area of the western United 
Stat& is rangela~d. The forage on this land can be utilized only 
by ruminants, i.e., cattle, sheep, and wildlife, which convert 
forage into red meat and fiber for human “se. However, this is 
economically feasible only if the ranges can be developed and 
maintained in productive condition by proper grazing programs. 
Many of these ranges cannot be properly and fully utilized 
because of poisonous plants that grow on them. They may also 
interfere with the development of grazing programs by land 
management agencies. 

One of the first steps in preventing livestock losses due t” 
poisonous plants is to recognize the plants and understand their 
effects on animals. 

Plants Producing Teratogenic Effects in Animals 

For many years the main problem of plant poisoning of live- 
stock was considered to be that of acute intoxication. In recent 
years, however, another inlportant dimension has been recog- 
“ized-that of teratology, wherein the congenital malfornx- 
tions are related to dietary factors. 

Several important causes are: deficiencies or excesses of 
nutrients (Palludon, 1961), chemicals (James and Keeler, 
1968), and plants containing natural teratogens (Keeler, 1972). 

Veratrum californicum, or western false hellebore, a plant 
growing in the mountain meadow areas ofthe West, was show” 
to be the cause of cyclopian and related cephalic malformations 
in lambs born t” ewes that had ingested the plant on the 14th day 
of gestation (Binns et al., 1963). This condition occurs in 
southwestern Idaho, where the incidence varies from less than 
1% to 25% of the lambs born in a band of sheep. The anomaly is 
characterized by the following which occur in varying degrees: 
cyclopia, anophthalmia, kydrocephalus, harelip, cleft palate, 
and a proboscis protruding above the eye. These deformed 
lambs may live and continue to grow in ufero, and prolonged 
gestation may occur. Lambs weighing up to 14 kg have been 
taken from ewes in prolonged gestation, while the normal birth 
weight of lambs is about 3.6 kg. 

Ii veratrum 1s eaten on the 28th or 30th day of gestation, 
lambs may be born with shortened metatarsal and metacarpal 
bones (Binns et al., 1972). 

Signs of intoxication are rare in ewes producing malformed 
young. 

Approximately 50 to 60 alkaloids occur in the plant, “early all 
of which are toxic t” animals, but only three are teratogenic. 
These are the steroidal alkaloids I I-deoxojervine, jervine, and 
3.glucosyl-1 I-deoxojervine (Keeler, 1972). 

Research has provided the livestock industry with a practical 
solution t” the problem. Malformations can be avoided by 



preventing sheep from grazing the V. californicum plant during 
the critical stages of gestation. 

Lupinus sericeus and L. caudatus, when ingested by cattle 
between the 40th and 70th days of gestation canse congenital 
skeletal malformation in the offspring known as “crooked calf 
disease” (Shupe et al., 1967). This disease occurs in nearly all 
the western states and Alaska and herd incidence mav varv from - . 
0 to 35%. 

The deformity is characterized by malformation of the legs, 
back. and neck and occasionallv bv cleft oalate (Shuoe et al.. 
1967). Affected calves appear’to’be not&al o&e&e. Thd 
joints are generally immobile because of a malalignment and 
malpositioning of the articular surfaces and the limbs are usually 
rotated laterally. These animals do not recover and the condition 
should not be confused with contracted tendons, wherein the 
joints are all in proper alignment without lateral or medial 
rotation. Joints of calves with contracted tendons can be 
extended with pressure, whereas the joints of lupine-deformed 
calves cannot. 

Lupine toxicosis is related to the high alkaloid content of the 
plant. Current research suggests that the teratogenic agent may 
be the alkaloid anagyrine (Keeler, 1973). 

Traditionally, lupine has been considered a poisonous plant 
affecting orimarilv sheeo and we rarelv hear of luoine uoisonine 

Astragalus Plants 

The teratogenic problems associated with the Astragalus 
plants just discussed are only one of several toxic phenomena 
ascribed to this group of plants. Over 300 species ofAsrragalus 
grow in North America (Kingsbury, 1964). These can be 
divided into groups according to their effect on animals: (I) 
those that are acutely toxic (Anonymous, 1968), (2) those 
chronically toxic (MacDonald, 1952, (3) those that cause the 
locoweed syndrome (Marsh, 1909), (4) those that are toxic due 
to their selenium content (Rosenfeld and Beath, 1964), and (5) a 
group that is nontoxic. 

A. miser represents the species that are acutely toxic to 
animals. Animals grazing this plant die quickly after consuming 
a lethal dose. The toxic agent is an organic nitro compound, 
miserotoxin (Stermitz et al., 1969). The signs of poisoning 
include nervousness, weakness, rapid weak pulse, coma, con- 
vulsion, and death (Anonymous, 1968). 

Those species causing chronic toxicity characterized by 
huskiness in the voice and posterior paralysis include A. 
enolyanus (Mathews, 1940) and A. tempterus (Marsh and 
Clawson, 1920). There is an overlap in symptoms between 
Astragalus plants causing acute intoxication and those causing 
chronic poisoning. The toxic agent is the same, and the 
difference in effect appears to be related to rate of consumption. 

The locoweeds are so called because of their effect on 
animals. Approximately 13 species of Astragalus are included 
in this grouping, which also includes some species of the genus 
Oxyrropis. The consequences of animals grazing the locoweeds 
include: (1) habituation, (2) emaciation, (3) neurological dis- 
turbances, and (4) reproductive disturbances (James et al., 
1969). 

--~~-~c. , & 

of cattle on the ranges. Cattle, however, are more susc’eptible o; 
a weight basis to poisoning by this plant than are sheep. This 

l”<0wwl iA\ira&ll”s le”ugin”\“r, one <>I& piu,ii\ mos, &zmuginX I0 ,ii,e- 
srock in r,,e wesi. 

suggests that more sheep than cattle are poisoned by lupine 
because of differences in management procedures. Locoweeds are not especially palatable to livestock (Marsh, 

1909); however, when the loco is green and other forage dry, 
livestock may be enticed to eat it (James et al., 1968). When an 
animal starts to graze the plant, it develops a liking for it and 
may graze it to the exclusion of other forage (Marsh, 1909). 
Signs of poisoning do not develop until animals have grazed this 
plant for about 30 days. They include depression, dullness, 
excitement when disturbed, and loss of sense of direction 
(Marsh, 1909). Symptoms may disappear after an animal is 
prevented from grazing the plant; however, it may show signs of 
poisoning the remainder of its life when placed under stress 
(James et al., 1968). If grazing of the locoweed is allowed to 
continue, the animal becomes recumbent and eventually dies 
(James et al., 1968). 

Some of the Astragalus species that are classified as loco- 
weeds may cause malformations and abortions in livestock 
grazing them. Skeletal malformations induced by consumption 
of the plant may be any or all of the following: curvature and 
rigidity of the joints, aplasia of the mandible, hypermobility of 
the stifle joint, flexture of the carpus, and a greatly increased 
incidence of contracted tendons (James et al., 1967). Abortions 
mav occur in as maw as 60% of the sheer, Doisoned bv 
locbweed, and can oc& any time during the &&ion perioh 
(James et al., 1967, 1969; Mathews, 1932). 

Ewes fed locoweed between their 90th and 120th davs of 
gestation produce fetuses with enlarged hearts, spleens, and 
thyroids. Bones of lambs from these ewes appear osteoporotic. 
Fetal edema may also be present (James, 1972) and many lambs 
are small and weak at birth, and may not survive. There appears 
to be a higher than normal death rate in normal appearing lambs 
that are born to locoed ewes (Balls et al., 1973). 

The toxic agent(s) in the locoweed is not known. 

In addition to the reproductive consequences already dis- 
cussed, sexual desire and spermatogenesis of the male (James 
and Van Kampen, 1971) and estms of the female is suppressed 
in locoweed poisoning. If the animal is removed from the plant, 
these functions are recovered. 



Pathologic changes in locoweed-poisoned animals have been 
described as cytoplasmic vacuolation of the neurons of the 
central nervous system and the cells of certain internal organs 
(Van Kampen and James, 1969). 

Poisoning can best be diagnosed by observation of the gross 
symptoms, by identifying the histopathologic lesions, and by 
determining that the plant has been grazed. 

Approximately 2 1 species of Asrragalus, including A. 
bisulcatus (Rosenfeld and Bath, 1964) and A. pattersonii, 
accumulate the toxic element selenium from the soil (Rosenfeld 
and Bath, 1964). Plants other than Astragalus can accumulate 
selenium. These include Stanleya pinnata, Atriplex nuttallii, 
and certain grasses (Rosenfeld and Bath, 1964). 

Intoxication of livestock by seleniferous plants has been 
classified as both acute and chronic (Moxon, 1937; Rosenfeld 
and Beath, 1964). In acute poisoning the animal dies rapidly 
after eating the seleniferous plant. 

Chronic selenosis has been classified into two types: blind 
staggers and alkali disease. Blind staggers is characterized by 
the animal wandering, moving in a circle, having little desire to 
eat or drink, and frequently having impared vision. Alkali 
disease is characterized by lack of vitality, anemia, stiffness of 
joints, lameness, roughened hair coat, and hoof deformities 
(Rosenfeld and Beath, 1964). The selenium content of the hair 
can be used as a diagnostic aid. Jensen et al. (1956) have 
suggested that blind staggers is not due to selenium intoxication 
but to some other etiologic agent. 

Plants such as A. bisulcarus, A. patrersonii, and Stan[eya 
pinnata have been termed as obligate species because they 
require selenium for growth and are therefore termed indicator 
or converter plants. Other plants may accumulate selenium if 
they grow on soil high in selenium. In these areas, the grasses or 
other shallow-rooted plants that accumulate selenium may be 
dependent on the deeper rooting plants to bring selenium to the 
soil surface before they can accumulate it. 

toxic to sheep. Larkspur are of two types, low and tall. Low 
larkspurs are smaller plants that inhabit the drier plains and 
foothill areas, while the tall larkspurs are larger, more robust 
plants growing in the higher mountains or sites with abundant 
soil moisture. Low larkspurs include species as D. nelsonii and 
D. andersonii, while the most important representatives of the 
tall larkspurs are D. barbeyi, D. occident&, and D. glaucum. 

Both groups of larkspur arc toxic and animal responses to 
poisoning are similar. However, there are variations in toxicity 
associated with the species eaten and stage ofplant growth. Low 
larkspurs grow early in the season and poisonings occur in the 
spring prior to hot weather. Tall larkspurs found at higher 
elevations grow later in the year, and poisonings occur primarily 
in the summer and fall. 

Young plants of both groups of larkspur are most toxic, 
Toxicity decreases as the plants mature, but it again increases in 
the seed stage. 

I’he larkspurs are readily grazed by cattle, which makes 
prevention of poisoning more difficult than with most poisonous 
plants. However, as with many other poisonous plants, cattle 
may graze and utilize small amounts of the plant over prolonged 
periods without apparent effect. Rapid consumption of lzger 
amounts in short periods of time may result in death in a very 
short time. Compounds responsible for larkspur toxicity are 
alkaloids which appear to affect the nervous system principally. 
Thus, signs are related to a general weakness of the animal. It 
may display a straddle-legged stance as it attempts to stand and 
may suddenly collapse if pushed or pressed (Anonymous, 
1968). After collapse it may or may not regain sufficient 
strength to arise. Thus, the quieter a poisoned animal can be 
kept the better chance it has for survival. At present prevention 
lies either with avoiding grazing or control of the plants with 
herbicides. Tall larkspur can be successfully controlled by 
spraying it two successive years with 2,4,5-T (Cronin, 1974). 

Larkspur 
Hemlock 

The larkspurs (Delphinium spp.) cause more cattle deaths 
Two common poisonous plants which are often confused due 

than any other plant species grazed on the ranges of the western 
to their names and similar appearance (Kingsbury, 1964) are 

United States and Canada (Kingsbury, 1964). They are less 
water hemlock and poison hemlock. Water hemlock, Cicuta 
species, is found only in swampy or wet habitats as along 
streams, in marshes, or other areas which are wet at least part of 



the year. It is of the Limbelliferae family and has as its known to be in the area, little concern has been shown until the 
distinguishing features fascicled tuberous roots, chambered 
swollen rootstock, and a characteristic odor (Anonymous, 

past 10 years (Johnson, 1976). It has now gained such a strong 

1968). It is toxic to all classes of livestock and humans, and 
foothold that eradication is virtually impossible and numerous 

poisoning in humans is not uncommon. 
losses occur annually in horses and cattle grazing the young 

Cicutoxin, the toxic principle of water hemlock. is one of the 
plant and eating contaminated ensilage and hay. Additionally, 
there are oublic health concerns as PAS are known to he 
hazardous ?o humans. most powerful of the piant t&ins. Cicutoxin acts directly on the 

nervous system, causing violent convulsions. Death follows 
rapidly after consumption of a lethal dose. Control of the plant 
or avoiding it is about the only means of the prevention of 
poisoning. 

Poison hemlock can be distinguished from the water hemlock 
by observing that the stems are usually spotted with purple on 
the lower portions and that the root is usually an unbranched 
white tap root. Poison hemlock has a mousy odor (Anonymous, 
1968). 

The toxic principle is coniine, a volatile alkaloid which is also 
toxic to all classes of livestock and humans. The signs of 
poisoning include nervousness, trembling, ataxia, dilation of 
the pupils, weakened and slowed heartbeat, coldness of extrem- 
ities, coma, and death from respiratory failure. 

This plant has recently been shown to be responsible for a 
birth defect in calves similar to the “crooked calf disease” 
caused by lupine (Keeler, 1974). Prevention of poisoning lies in 
control of the plant and avoidance of it. Animals eat this plant 
only when forced to do so. 

Plants Containing Pyrrolizidine Alkaloids 

Some of the most insidious problems in livestock are caused 
by plants which contain pyrrolizidine alkaloids (PAS) (Bull et 
al., 1968). There are many PAS, all of which arc structurally 
similar and found in several plant genera throughout the world. 
Senecio, Crotalaria, and Heliotropium are representative gen- 
era, with three Senecio species being of most importance in this 
country: tansy ragwort (Senecio jacobaea), found in coastal 
Washington, Oregon, and California; threadleaf groundsel 
(Senecio km&bus);’ and Riddell’s groundsel (Senecio rid- 
d&i), found in semidesert areas of the Southwest. 

Powming caused by PA-containing plants is usually chronic 
unless abnormally large quantities of plants are consumed in a 
short time. The primary target in the animal is the liver, and 
most animals are susceptible to PAS. Sheep are generally more 
resistant than horses and cattle. 

PAS produce a cirrhosis-like condition of the liver, which 
may not manifest itself until weeks or months after a toxic dose 
has been consumed (Bull et al., 1968). Signs of poisoning may 
appear gradually and include: depression, anorexia, weakness, 
uneasiness, emaciation, and reduced sensibility; or the affected 
animal may suddenly fill with fluid in the abdominal area, 
become either diarrheic or constipated, may become very dull 
rapidly, and may walk or pace aimlessly and die suddenly in a 2. 
to 4-day period. Due to the delay in appearance of symptoms, it 
is difficult to diagnose and many poisonings go unrecognized or 
are blamed on other causes. The most consistent postmortem 
findings are a tough? fibrotic liver with an enlarged gall bladder. 
Definitive diagnosis may be made through histopathologic 
examination of the liver. 

Since symptoms often do not appear until an animal has 
received a lethal dose of the plant, treatment in PA poisoning is 
usually of little value. 

The grounds& flourish principally in time of overgrazing 
and drought, and plants are eaten primarily when ranges are dry 
and other food IS scarce (Sperry et al., n.d.). As I” tansyragwort 
poisonings, many toxicities may go unrecognized and the 
relationship of groundsel poisoning to other stresses may be of 
more importance than is realized. 

Tansy ragwon was introduced into the northwest United 
States probably through a seaport early in this century. Though 
it was recognized as a plant poisonous to livestock and was 

Some Related Members of the Compositae Family 

A few plants in the compositae family are especially trouble- 
some to the livestock industry. These include sneezeweed 
(Helenium hoop&i), bitterweed (Hymenoqs odorata), rubber- 
weed (Hymemnys richardsonii, xx. floribunda) and broom- 
weed (Gutierrezia microcephala). Their effects on livestock are 
similar. All four plants green early in the spring and remain 
green into late fall. Livestock generally eat these plants (with the 
exception of sneezeweed) only when hungry or searching for 
green feed in early spring. Increased populations of these plants 
have been considered indicative of overgrazing. All are more 
troublesome to sheep than to cattle except broomweed. All have 
caused considerable losses to the livestock industry. All except 
broomweed have recently been shown to have the same toxic 
principle, a sesquiterpene lactone (Ivie et al., 1975). 

Sneezeweed is a herbaceous perennial growing in the Inter- 
mountain West at elevations above 7,000 feet. Sneezeweed 
poisoning (spewing sickness) occurs primarily when over- 
grazing encourages the plants to increase in number. Both cattle 
and sheep arc poisoned by this plant, hut it is principally a 
problem in sheep. Poisoning occurs only when sheep graze the 
plant continually over extended periods (about 2 weeks). Signs 
of poisoning include dullness, depression, weakness, and in 
more advanced intoxication, vomiting, which is a sign of 
permanent injury. Lesions include gastrointestinal irritation and 
congestion of the liver and kidneys (Anonymous, 1968). 
Prevention lies in alternating (at IO-day intervals) between 
grazing sneezeweed-free and infested ranges. 

Rubberwed, or pingue, is a perennial herbaceous plant that 
grows in dry soils at elevations of 4,COO to lO,ooO feet in the 
southern parts of Utah and Colorado, and the northern part of 
Arizona and New Mexico. It is principally a problem in range 
sheep. Signs of poisoning include salivation, anorexia, turnen 
stasis, abdominal pain, uneasiness, weakness, and prostration. 
Lesions are those associated with gastrointestinal irritation and 
degeneration of the liver. 

Bitterweed, an annual, grows primarily in southwestern 
United States. Signs of bitterweed intoxication include anor- 



exia, salivation, vomiting, depression, and weakness (Sperry et Awareness of the cyanide-producing plants and avoiding 
al., n.d.). Lesions are confined primarily to the lungs and them during periods of potential danger is the best means of 
gastrointestinal tract. Prevention of intoxication at the present 
time lies in avoiding areas where these plants can be grazed in 

prevention. 

excessive amounts. Oxalate-Producing Plants 
Broomweed is a perennial that grows on the drier ranges of 

the West (Sperry et al., n.d.). In snme areas it covers many 
thousands of acres of rangeland but toxicity to livestock is 
related to the soil types on which it grows; it is reported to be 
most toxic on sandy soil. Cattle and sheep are. poisoned if forced 
to graze heavily on broomweed. Signs of broomweed poisoning 
in cattle and sheep arc listlessness, anorexia, rough hair coat, 
diarrhea or constipation, mucus in the feces, and vaginal 
swelling in females. The principal result of such poisoning is. 
abortion and the production of light-weight and weak offspring, 
and retention of the placenta, which may also occur in dams 
giving birth to normal young. Lesions in the dam include severe 
digestive tract irritation, and degenerative changes of the liver 
and kidneys. 

Cyanide-Producing Plants 

There are. a number of plants that under the proper conditions 
produce an excess of the glycoside of the hydrocyanic acid. The 
two important range plants that accumulate hydrocyanic acid 
are chokecheny (Prunus virginiana) and arrowgrass (Tri- 
glochin maritima). The hydrocyanic acid is produced in exces- 
sive amounts during drought, frost, or other conditions that 
might stress the plants (Kingsbwy, 1964). 

Four factors are of importance in cyanide poisoning: (1) 
cyanide content of the plant, (2) rate of intake, (3) speed of 
release of cyanide from the plant material, and (4) relative rate 
of absorption and detoxification by the animal’s tissue 
(Kingsbury, 1964). The cyanide content of the plant as indi- 
cated varies with environmental conditions. If the toxic plant 
material is eaten slowly, enzymatic processes in the body can 
detoxify the cyanide. The release of the toxic plant material 
requires a certain amount of moisture. Thus, drinking water 
may prompt a quick release of cyanide material and rapid death 
of the animal may result. 

Signs of intoxication include nervousness, abnormal respira- 
tion, trembling, blue coloration of the lining of mouth, spasm or 
convulsion ending in death (Anonymous, 1968). 

Oxalate-producing plants are worldwide in distribution. A 
fairly com&te list of plants that may contain dangerous 
amounts of soluble oxalates may be found in Kingsbury (1964). 

Oxalates are found in plants in both soluble and insoluble 
forms. Soluble oxalates are toxic to livestock; insoluble oxalates 
are not. The soluble oxalates have a strong affinity for calcium. 
Calcium oxalate is the principal insoluble form. The two most 
important toxic oxalates are sodium oxalate found in sap that is 
mildly acidic (pH6), and acid potassium oxalate found in sap 
that is highly acidic (pH2) (James, 1968). 

There are two principal oxalate-producing plants in North 
America. They are halogeton (Ha&won glomerarus), a natur- 
alized annual introduced from Asia, and greasewood (Sarco- 
batus vermiculatus), a native perennial. Both plants belong to 
the Chenopodiaceae family and are readily grazed by sheep and 
cattle. They have caused a multitude of sheep deaths but only 
occasional deaths in cattle. 

Halogeton usually contains 15% to 18% of its dry weight as 
oxalate hut may reach as high as 36%; greasewood contains 
slightly less. Oxalate content varies with factors such as 
moisture, site of growth, stage of growth, and leaching 
(Williams, 1960). 

When oxalate is consumed by a ruminant it combines with 
calcium to form insoluble oxalate and is excreted; or it may be 
degraded by the turnen microorganisms; or it is absorbed from 
the mmen where it may exert its toxic effects. 

Oxalate produces its toxic reactions in three principal ways. 
(1) It may be absorbed into the blood stream from the rumen, 
where it may combine with calcium resulting in a hypocal- 
cemia (James, 1968). (2) Accumulation of calcium oxalate 
crystals may mechanically damage renal tubules and rumen 
mucosa and thus interfere with kidney and rumen function (Van 
Kampen and James, 1969). (3) Oxalate may interrupt energy 
metabolism by interfering with the enzymes succinic and lactic 
dehydrogenases (James, 1968). The immediate cause of death 
may be the disruption of energy metabolism (James, 1968). 

Halogeton poisoning in sheep is characterized by depression, 
weakness, and some salivation. There is increased heart rate, 
complete stasis of the digestive tract, and finally cnma and death 



(Cook and Stoddart, 1953), which usually occurs within about 
12 hours. Some animals may linger for several days. 

Oxalate poisoning appears to be an all or none situation: i.e., 
a sheep either eats enough to kill it, or there are few sympto- 
matic effects (James and Butcher, 1972). Sheep can eat large 
amounts of halogeton with no ill effects if they consume the 
plants slowly, but are poisoned when they eat large amounts in a 
short period of time. This usually occurs when they arc 
excessively hungry Thus, the problem is principally one of 
management. There is no effective treatment for sheep or cattle 
poisoned by halogeton. 

Prevention of oxalate poisoning can best be attained by 
following three rules:,(l) Move sheep slowly into areas where 
oxalate-producing plants grow to allow mmen microflora time 
to become accustomed to degrading oxalate. Oxalate is rapidly 
degraded by rumen microflora (James et al., 1967) and theirde- 
gradative effectiveness can be increased if oxalate is supplied 
over a time at small nontoxic levels. The efficiency of these 
organisms can be increased by as much as 75% (James et al., 
1970) by exposing livestock to gradually increasing amounts of 
oxalate-producing plants or first allowing them to graze low 
oxalate-producing plants such as shadscale. (2) Prevent hungry 
sheep from grazing heavy stands of halogeton. Hunger can 
result from either insufficient feed or water (James et al., 1970). 
However, if water is withheld, feed intake declines. (3) Develop 
grazing plans that allow critical halogeton areas to be ap- 
proached only after proper preparations have been made for the 
sheep to graze these areas (James and Butcher, 1972). 

Various calcium-containing mineral supplements have been 
recommended for the prevention of halogeton poisoning (James 
and Binns, 1961). However, they are ineffectwe because the 
high level of calcium necessary to prevent poisoning can be 
maintained for only a short time after the calcium is consumed 
(James and Johnson, 1970). 

Nitrates - Nitrites 

Several plants have the potential for containing nitrate at toxic 
levels. These include crop plants such as oat hay, corn, and 
soybeans, and weeds such as pigweed (Amaranthus rem- 
jlexus and A. palmerii), and lambsquarter (Chenopodium 
album) (Kingsbury, 1964). Plants containing more than 1.5% 
nitrate (KNO, dry weight) may prove lethal to livestock. Nitrate 
poisoning also results from animals eating fertilizers and drink- 
ing water high in nitrate. 

Factors that influence the nitrate content of plants include 
drought and fertilization. Treatment with the herbicide 2,4-D 
may increase nitrate accumulation by the plant as well as cause 
some unpalatable plants to become palatable. 

In the rumen of an animal the nitrate is converted to nitrite. 
The nitrite is about IO times more toxic than is nitrate. 

The gross symptoms of acute nitrate poisoning include 
cyanosis, severe dyspnea, trembling, and weakness. Nitrate 
poisoning can be successfully treated. 

Chronic poisoning can occur when animals eat feeds contain- 
ing between 0.5% and 1.5% nitrate. The response is varied but 
the principal result is unthriftiness. 

Photosensitization 

Photosensitization is an allergy-like disease caused by a 
hypersensitivity of animals to sunlight (Johnson, 1974). It 
occurs in livestock more frequently than realized. Photosensi- 
tivity results when a phototoxic substance is allowed to reach the 
skin from an internal route, i.e., it is eaten by the animal, is 
absorbed from the digestive tract into the bloodstream, and thus 
circulated to the skin (Johnson, 1974). Here it is acted on by 
sunlight to cause its irritating effect. This type is called primary 
photosensitization and may be caused by many chemical 
compounds, usually pigments which may contaminate water or 
feed consumed by livestock. Plants which contain primary 
photosensitizers include buckwheat (Polygonurn fagopyrum), 
St. Johnswort (Hypericum perforatum), and desert parsley 
(Cymopterus watsonii) (Kingsbury, 1964). 

Of far more .importance to livestock, however, are those 
classes as secondary photosensitizers. In this type the photo. 
toxic agent is a pigment called phylloerythrin, a product of 
chlorophyll breakdown. Normally chlorophyll is broken down 
in the stomach and the resultant phylloerythrin absorbed into the 
blood which goes to the liver. The normal functioning liver 
removes the phylloerythrin and it is excreted in the bile. A liver 
damaged in such a way that it cannot remove phylloerythrin 
allows this pigment to reach the skin and thus be activated by 
sunlight. 

Photosensitization occurs only in skin that is unprotected by 
thick wool or hair, or by skin coloration. Thus, in sheep the 
problem occurs principally in the face, ears, udder, or unpro- 
tected rear parts. In cattle it occurs in the white or light-colored 
skin areas. Symptoms of photosensitization are: uneasiness, 
itching and thus rubbing of sensitive areas, redness of the skin, 



fluid accumulation in the affected areas which may be so severe 
that the skin cracks and fluid leaks out. Affected skin may die 
and slough off in large sheets, especially in cattle. Sheep may 
also lose their herding instinct as they seek shade. 

Though there are several plants in the western United States 
which have been incriminated in secondary photosensitization, 
only the horsebrushes (Tetradymia glabrata and T. canescens) 
are responsible for sizeable losses to livestock. Photosensiti- 
zation caused by these plants in sheep is known as “bighead” 
because tissue swelling may cause the head to be almost twice 
its normal size. Though the extremely large losses of years ago 
no longer occur, many sheep are still affected when they are 
trailed through horsebrush infested areas. Livestockmen using 
these areas must be well informed and continually alert, and 
may be forced into expensive and time-consuming practices to 
avoid the problem at times of greatest risk. 

Though one of the tetadymia liver toxins has recently been 
isolated, its relationship to photosensitization has not been 
determined (Jennings, 1974). Apparently the liver changes 
necessary for secondary photosensitization to occur are subtle, 
and preconditioning of the sheep by other range plants, notably 
black sagebrush, is necessary for tetradymia-related photosensi- 
tizations to occur (Johnson, 1974). 

Sheep usually eat sufficient T. glubrata to damage them only 
when forced by poor management practices, or under unusual 
weather conditions when they may change their feeding habits. 

There is no treatment available to relieve severe symptoms 
after they develop; however, less severe symptoms may be 
relieved by moving animals to sheltered areas where good food 
is available. 

As with many other poisonous plant problems, knowledge of 
the condition (and its relation to other range plants) may allow 
the institution of proper management practices to avoid the 
intoxication. 

Pine Needle Abortion 

Ponderosa pine (Pinus ponderosa) causes abortions in cattle 
when grazed during pregnancy (Stevenson, 1972). Pine needle- 
induced abortions in cattle have been reported in western 
Canada, Washington, Oregon, Idaho, Montana, Wyoming, 
South Dakota, California, Colorado, and New Mexico, and 
probably occur to some extent in all states where ponderosa pine 
grows. Abortions occur primarily during the late fall, winter, 
and early spring. Several factors seem to induce cattle to eat pine 
needles: (1) sudden weather changes, (2) hunger, (3) changes in 
feed, (4) sudden access to pine needles, and (5) boredom. Field 
observations indicate that both dried and green needles can 
cause abortions. 

Abortions may start as early as 24 hours after pine needles are 
consumed and continue for 2 weeks after the cattle are removed 
from access to the needles. If the abortion is near term, the calf 
may survive. The abortions are characterized by weak parturi- 
tion contractions, excessive uterine hemorrhages, and incom- 
plete dilation of the cervix. A persistently retained placenta is a 
constant finding regardless of stage of gestation. 

Rules of Thumb for Preventing 
Livestock Poisoning by Plants 

1. Know your poisonous plants-especially those associated 
with your range. 

2. Know how these plants affect your livestock and the 
conditions under which they are poisonous. 

3. Avoid holding animals on, trailing through, or unloading 
from trucks into areas infested with poisonous plants. If these 
situations cannot be avoided, special preparation should be 
made such as supplemental feeding. 
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4. Avoid grazing hungry animals in areas infested with 
poisonous plants. Animals can be made hungry by withholding 
feed or water and overgrazing. Provide animals with adequate 
forage, of good variety and quality, and water. 

5. Provide an adequate mineral and salt supplement. 
6. Where possible, control or eradicate poisonous plants, 

especially from problem areas. 
7. Where possible, develop a grazing plan. 
8. Keep your range in good condition. Avoid overgrazing. 
9. It is the consensus of most people who have written on 

poisonous plants that good management will prevent most cases 
of plant poisoning. 
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THESIS: UNIVERSITY OF IDAHO 

Mountain Lion Social Organization in the Idaho Primitive Area, by John C. 
Seidensticker , PhD, Wildlife Science. 1973. 

As part of a comprehensive study of mountain lion ecology, 
the social organization of a lion population in the Idaho 
Primitive Area was investigated using radiotelemetry. 
Important to the analysis was the fact that general population 
dynamics and relationships had been established through 
recapture methodology over the five previous winters, After 
independence from the female, mountain lions dispersed, 
showing no attachment to any particular area. The “transient” 
females did not reproduce and the “transient” males only 
rarely bred. When an area adequate in size and resources and 
free of too many but not independent of other residents was 
located, the young lion restricted itself more and more to that 
area. 

Only with attachment to site did the lion enter the 
reproductive phase of its life (population component termed 
“resident”). Home area utilization by resident lions was 
influenced by the localizing effects of the large ungulate kills 
and, for females, kitten mobility. The localizing effect of 
kittens was diminished their second winter; home area 
utilization by females during these different stages of kitten 
development differed considerably as a result. In the short run, 
a lion’s home area was in a constant state of flux in terms of 
location of mule deer and elk (the most important prey 
resource 9 months of the year) in situations where they could 
be successfully stalked and killed. But over the long run, the 
conditions in certain areas were such that lions tended to be 
more successful there in making kills. This demonstrated the 
advantage of familiarity with the home area, especially for 
females rearing kittens. 

Resident lions occupied fairly distinct but usually 
contiguous winter-spring and summer-fall home areas. No 
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substantial part of any resident lion’s winter home area was 
maintained to the exclusion of all other conspecifics. Resident 
male home areas overlapped but little. Those of resident 
females often overlapped completely and were overlapped by 
resident male areas. Transient lions of both sexes moved about 
these areas but did not remain. In summer, the pattern was the 
same. Land-tenure was based on prior right, but the system 
was not static. Home areas were altered in response to the 
death or movement of other residents. 

Young adults established only as vacancies became 
available. The mountain lion’s essentially solitary existence 
was maintained visually and chemically. A lion’s response to 
close approach of another was dependent upon its population 
and reproductive status. Over the seven winters from 1965 to 
1972, the resident male portion of the lion population 
remained stable; resident female numbers were constant for 
three winters but later deaths were never quite compensated. 
Dispersal of young lions reared on the study area was 
independent of resident adult density. 

It was concluded that the lion land tenure system acted to 
maintain the density of breeding adults below a level set by 
the food supply in terms of absolute numbers of mule deer 
and elk. Variation in lion environmental structure resulted in 
variation in the suitability of home areas and affected the 
amount of terrain a resident lion utilized. The amount of 
terrain used by a resident lion as well as the degree of home 
area overlap between resident females, i.e., density of breeding 
population, was set by a vegetation-topography/prey 
numbers-vulnerability complex. The evolution and adaptive 
values of mountain lion social organization are discussed. 

363 



Cattle Losses, Tall Larkspur, and Their 
Control 

E. H. CRONIN, D. B. NIELSEN, AND NED MADSON 

Highlight: Correlation analyses of records of cattle poisoned by 
tall larkspur (Delphinium barbeyi Huth.) on three similar and 
adjacent cattle allotments on the Wasatch Plateau produced low F, 
indicating that losses are not related to annual fluctuations in 
environmental conditions or other factors shared by all three allot- 
ments. Control of the large, dense patches of tall larkspur with herbi- 
cides in one 2,000 acre subalpine pasture on the Manti Canyon Cattle 
Allotment dramatically reduced cattle losses. Small patches and 
scattered plants, which are difficult to locate and laborious to treat, 
apparently contribute very little to cattle losses. Examination of 
ruminal contents of calves found dead in the subalpine pasture in a 
2-year period revealed large quantities of tall larkspur. None of the 
calves were orphans. All evidence suggests that the calves dying in the 
subalpine pastures were poisoned by tall larkspur. While mature 
cattle ingest lethal levels of tall larkspur in the large, dense patches, 
calves are apparently intoxicated by ingesting tall larkspur growing in 
small patches in the groves of trees scattered over the subalpine 
grazing units. 

Previously, our researches have been directed toward devel- 
opment of effective herbicide treatments for controlling tall 
larkspur (Delphinium barbeyi Huth.) (Cronin, 197 1; Cronin and 
Nielsen, 1972; and Cronin, 1974) and measurements of the im- 
pact of these treatments on the plant community (Cronin, 1976). 
However, the ultimate measurement of the effectiveness of 
herbicide treatments can only be measured in terms of livestock 
losses. 

Applications of herbicides become inceasingly laborious and 
expensive as remaining tall larkspur patches are smaller, more 
widely scattered, and contain fewer plants per unit area. 
Eventually, more time is expended in travelling between sites 
than in treating plants; ultimately, locating isolated plants 
utilizes almost all the control effort. However, our observations 
indicate that larkspur becomes less dangerous to grazing cattle 
as it becomes more widely dispersed. Most cattle losses appear 
to be associated with large, dense patches of larkspur growing 
on late-melting snowdrift sites (Cronin, 1971). 

The objective of this study was to determine if control of 
large, dense patches of larkspur would reduce cattle losses. To 
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achieve this objective, it was necessary to make an assessment 
of deaths due to tall larkspur poisoning of cattle in the treated 
pasture as well as the other subalpine pastures of the Manti 
Canyon Cattle Allotment. In attempting to verify tall larkspur 
poisoning deaths, we made some observations not previously 
reported. 

Materials and Methods 

Records of losses for Manti Canyon Cattle Allotrnent were ob- 
tained from the District Forest Service Office and from the Manti 

Canyon Cattleman’s Association. Since 1969, the records have 
included date of death, age, breed, ownership, and location of each 
animal. The rumen contents of many animals were examined within 18 
hours of death for the presence of nodes of tall larkspur plants. Tracks 
of dead animals were often followed back to grazed tall larkspur 
plants. 

Records of losses for two other allotments south of Manti Canyon 
were also obtained from the Forest Service. Six Mile Canyon Cattle 
Allotment is about equal in area and carrying capacity to Manti 
Canyon. Twelve Mile Canyon Cattle Allotment on the south is the 
largest of the three allotmets and has the greatest carrying capacity. 

North Fork Grazing Unit was selected for measuring the effects of 
controlling tall larkspur on cattle losses because relatively higher 
losses have consistently occurred on this unit. The 2,000 acre unit 
includes the subalpine portions of the North Fork and Jollys Hole 
drainages of Manti Canyon. Evaluation of the effects of controlling 
tall larkspur in the North Fork Grazing Unit of Manti Canyon was 
accomplished by comparing losses on the treated grazing unit to losses 
on the remaining subalpine grazing units of Manti Canyon. The 
expected loss ratio was established from records of losses on the 
allotment from 1956 through 1969. 

Control treatments consisted of two to three repeated applications of 
2,4,5-T [(2,4,5trichlorophenoxy)acetic acid] at 4 lb/acre (Cronin and 
Nielsen, 1971; and Cronin, 1972). Only two applications were 
normally required to control the tall larkspur but on a few sites three 
treatments were needed. Treatments were applied by various methods 
including mist blowers, boomless sprayers, and by hand sprayers 
attached to a pump on a truck. 

Herbicide treatments began in 1969, but no treatments were applied 
in 1970. By August of 1972 all but two of the large, dense patches of 
larkspur had been treated at least once. No treatments were applied in 
the North Fork unit in 1973 but applications in 1974 completed the 
treatment regime for most of the patches scheduled for control. 

Grazing activities were observed during 197 1 through 1974. Obser- 
vations were made from first light to dusk for the first 2 weeks after 
cattle were turned into the subalpine grazing units each year. Most of 
the observations were made with binoculars and a spotting scope. 
Blinds near selected large patches of tall larkspur were sometimes used 
for close observations. 

Individual cows were observed with the spotting scope while 
grazing a patch of tall larkspur to identify species being grazed. When 
the animal moved away from the patch, the vegetation was examined 
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to verify identification of the plants grazed. Animals grazing in these 
patches were also observed for signs of larkspur poisoning. 

Twice each day, once in the morning between 9 and 11 a.m., and 
once in the afternoon between 4 and 6 p.m., the grazing area was 
toured to locate dead animals. Dead cattle were examined for gross 
signs of poisoning such as bloating, position of the body on the slope, 
and evidence of struggling to stand before death. Rumen contents were 
then examined to identify plant species whenever possible. Nodes of 
tall larkspur ingested shortly before death occurs are easily identified 
for a week or more after death. It was assumed that the digestive 
process would alter the nodes beyond recognition with a few hours of 
ingestion. Beginning in 1972, the rumina of dead calves were also 
examined for evidence of tall larkspur ingestion. 

Because there was concern that the herbicide might contaminate 
Manti Creek, the U.S. Forest Service requested the Utah State 
Division of Health to monitor the streams one-half to one mile below 
the sprayed areas for 2,4,5-T. The Division of Health agreed and had 
the streams below the sprayed area sampled in 1972 when 60 acres of 
the North Fork Unit were treated and again in 1973 when 50 acres were 
sprayed in the South Fork-Hougaard Fork Grazing Unit. In 1972, they 
received three pre-spray water samples but only one post-spray sample 
for analyses. In 1973, they received and analyzed two pre-spray and 
nine post-spray samples. The post-spray samples were obtained at 
intervals of from 1 to 72 hours after applications of the herbicide 
treatments. l 

Results and Discussion 

Treated plants may increase in palatability immediately 
following applications of herbicides. The total alkaloid content 
of tall larkspur increases following applications of 2,4,5-T or 
silvex [2-(2,4,5-trichlorophenoxy) propionic acid] (Williams 
and Cronin, 1963). Therefore, any increased use of tall larkspur 
would probably increase losses and cattle should not be per- 
mitted to graze treated areas until the aerial portions of tall lark- 
spur are dead and dried. 

Tabulation of cattle losses on the Manti Canyon, Six Mile 
Canyon, and Twelve Mile Canyon allotments reveals large 
annual variations in losses over the 14-year period (Table 1). 
Analyses of these data also show very low correlations between 
annual losses on the three allotments. The 1-2 for Manti and Six 
Mile Canyon allotments is 0.36, between Manti Canyon and 
Twelve Mile Canyon it is 0.24, and between Six and Twelve 
Mile Allotments the 9 is only 0.21. 

It is generally accepted that the toxicity of tall larkspur varies 
between years. The annual variation in total alkaloid content has 
been documented (Williams and Cronin, 1963). However, if 
losses were solely dependent on annual variations in toxicity or 
total alkaloid content of tall larkspur, it would be logical to 
assume that a high correlation would exist between the adjacent 
allotments. Further, low correlations obtained from our data 
suggest that weather, snow pack, total aerial cover of the 
vegetation, apparent degree of use of the grasses, and other 
shared factors do not strongly influence losses on these three 
adjacent allotments. 

Therefore, the number of poisonings must be correlated with 
factors varying within an allotment, as for example, the grazing 
management. Our observations tend to implicate a relationship 
between grass maturity and tall bluebell (Mertensia arizonica 
Greene) palatability as contributing to losses. The cattle appear 
to change abruptly from a grass diet to a diet high in forbs 
without regard to the degree of use or availability of grass 

‘Pesticide analyses were performed pursuant to contract 68-02-057 I between the Environ- 
mental Protection Agency and the Utah State Department of Social Services Division of 
Health under the direction of Dr. J. W. Southwick. 

Table 1. Percent of cattle on the allotment killed each year and whose 
death was attributed to tall larkspur poisoning, for three adjacent 
cattle allotments on the Wasatch Plateau. 

Allotment 

YEtI 

Manti Six Mile Twelve Mile 
Canyon’ 4 ’ Canyon2 4 6 Canyon3 5 6 

(%) (%I (%) 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

Averaee 

6.3 
6.9 

12.3 
5.4 
2.3 
2.0 
4.4 
1.5 
1.5 
2.3 
2.1 
2.6 
6.8 
3.8 
4.0 

- 
1.1 

- 
6.9 
1.3 
0.9 
1.9 
2.0 
0.9 
1.4 
1.4 
3.2 
4.6 
2.7 
2.0 
3.7 

2.4 

0.7 
0.3 

- 
2.0 
0.9 
1.5 
0.5 
1.0 
0.2 
0.7 
0.7 
1.0 
0.4 
2.0 
1.7 
1.7 

1.02 

1 Manti Canyon Allotment contains 20,000 acres with an annual 
carrying capacity of about 4,225 AUM’s. 

2 Six Mile Canyon Allotment contains 17,000 acres with an annual 
carrying capacity of about 3,750 AUM’s. 

3Twelve Mile Canyon Allotment contains 40,000 acres with an annual 
carrying capacity of about 8,420 AUM’s. 

4r2 (Manti Canyon vs Six Mile Canyon) = 0.36. 
’ r2 (Manti Canyon vs Twelve Mile Canyon) = 0.24. 
6r2 (Six Mile Canyon vs Twelve Mile Canyon) = 0.2 1. 

forage. When the change in grazing preference occurs, they 
apparently seek out the tall bluebell growing on the snowdrift 
sites in association with tall larkspur. Losses commence each 
summer as the cattle deplete the tall bluebell or find it unpalata- 
ble due to the development of powdery mildew on the leaves. 
The relationship between changing grazing preferences of cattle 
and larkspur poisoning appears to warrant further investigation 
by animal behavioral scientists. 

The correlation analyses also emphasize the fallacy of using 
losses on one allotment to predict losses on another allotment 
even when they are similar in topography, vegetation, and 
weather. 

On the other hand, when losses in the North Fork Grazing 
Unit (on the Manti Canyon Allotment) are compared with losses 
in the other subalpine grazing units of the allotment, correlation 
analyses revealed an ? of 0.98 (Table 2). Data for 1968 were not 
included in these analyses because a change in grazing regimen 
was imposed that year. (In 1968, cattle were turned into the 
North Fork Unit before they grazed the other subalpine units. 
When 1968 is included in the correlation analyses, the ? drops 
to 0.56.) 

Loss records in Table 2 also permit comparison of early 
season losses to late season losses in the subalpine zone of Manti 
Canyon. Early season losses from 1956 through 1970, including 
1968, have consistently been twice the late season losses. The 
high correlation (1-2 = 0.98) of the data in Table 2 (an early 
grazing period versus a late grazing period) justifies the use of 
data on losses in one area to predict losses in another area of the 
subalpine zone of Manti Canyon as long as the period of use is 
known and considered in the prediction. 

Control of tall larkspur in the North Fork Grazing Unit has 
progressed slowly. Administrative restriction on the use of 
2,4,5-T, lack of money for herbicides, and the unavailability of 
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Table 2. A record of the yearly losses of mature cattle attributed to Table3. Qffle losses from 1971 through 1975 in the North Fork 
tall larkspur poisoning on the Manti Canyon Cattle AUotment from Grazing Unit as compared with predicted losses that could have been 
1956 through 1970. expected without contmt of the larkspur. 

North Fork 
Grazing Unit Total 

Tota, losses 
recorded in 

North Fork Grazing Unit’ 

Cattle lasses with unit 

Manti canyon Actual Predicted’ 
A”otment tosses losses Gmzing period 

Year (numbers) (numbers) (numbers) in unit 
1971 14 0 7 
1972 

September 
14 3 25 July 15sAug. 10 

1973 23 0 1 Aug. 1Odct. I 
1974 6’ 0 3 
1975 

Sept. I-Oct. 1 
32 0 16 Sept. l-O& 1 

I The tall k?dQP”~ CO”trDl program was initiated in the North Fork 
Gr.%ing ““it in 1969 with ~“,a,, areas of the unit being treated each 
year. 

‘The Predicted ID~S~S are based on losses that occurred on the 
=mai”i”g subalpine w,zing units in each oftbe 5 years, and where ta,, 
tarks~ur bad not been controlled. 

‘After these two cattle were poisoned, the herd was moved into the 
North Fork-Jottys Hole Grazing ““it to prevent further losses. 

‘Some patches of tall larkspur in the south Fork.Hougaard pork 
Grazing ““it were treated in 1973 which probably reduced losses for 
1974. 

Year 

,956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

18’ 
19’ 
341 
151 

i: 

12’ 

36’ 
11’ 

9’ 

194 

13 

(number) 

35 
39 
69 
30 
13 
11 
25 

8 
9 

13 
13 
14 

:: 
25 

(number) 

53 
58 

103 
45 
19 
17 
37 
13 
13 
19 
18 
22 
57 
32 
34 

346 540 

23 36 
‘Grazed during September. 
‘Grazed during the period July 15 to August 10. 

suitable equipment for applying herbicides to this steep, rough 
terrain have all contributed to prolonging the process. By 1975, 
approximately 63 acres had received two or more applications 
of herbicides (Fig. I). The potential for future cattle poisoning 
can be further reduced by a second application to 3 large patches 
of tall larkspur. This represents about 60% of the acreage in- 
fested with tall larkspur in the North Fork Grazing Unit. 

The effects of tall larkspur control on cattle losses have been 
even more dramatic than indicated by the data in Table 3. Since 
the first treatments were applied on the west side of Jollys Hole 
in 1969, no mature cattle have died in this area. Further, since 
197 1, no mature cattle have been poisoned in the North Fork 
Grazing Unit, except for3 cows in 1972 (Table 3). This was the 
first year this unit had been grazed at the first of the subalpine 
grazing season since 1968, when the cattle were moved fmm the 
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unit after only 3 weeks’ grazing because 36 cows had died. 
Based on losses sustained on the remaining subalpine units, we 
have estimated the 1972 losses at 25 head rather than 3 cows, 
had most of the large patches of tall larkspur not been controlled 
in the North Fork Unit. Had the tall larkspur not been controlled, 
it is estimated that more than 49 head in addition to the 3 
cattle that were poisoned would have died from 1971 through 
1975. However, patches of plants recognized as potentially 
dangerous still exist on the east side of the unit. Unless these 
patches are controlled, future losses are likely to occur. 

Rumina of 11 cows were examined from 197 I through 1973. 
All but one of these animals ingested very large amounts of tall 
larkspur prior to death. Each of the animals that had ingested 
larkspur became severely bloated before body heat was lost and 
before knee joints became stiff. If these signs are indeed 
indicative of tall larkspur poisoning, our experience indicates 
deaths due to causes other than tall larkspur poisoning in the 
subalpine zone are infrequent because almost all of the dead 
animals observed over the past I2 years exhibit these signs. 
These cows ranged in age from yearlings to cows at least 6 years 
old as determined by ear tags. 

Calf losses in the subalpine zone have usually been attributed 
to the death of the mother because the calves were still nursing 3 
to 4 times a day when the mother died. However, they also 
ingest substantial amounts of vegetation while nursing (Dwyer, 
1961). Rumen contents of six calves that died near the first of 
August (four in 1972 and two in 1973) were examined. The 
presence of tall larkspur in their rumina, the rapidity of bloating 
following death, and observations of their grazing patterns 
indicate that all six were poisoned by tall larkspur. Five of the 
six calves had been grazing small patches of tall larkspur 
associated with groves of conifer trees. The calves typically 
remain in these groves while their mothers graze. Calves display 
little selective grazing behavior as it appears to be a learned 
process, and because of their small size, they can easily ingest 
enough larkspur to cause death. 

Although the number of water samples analyzed was low, the 
results indicate that applications of 2,4,5-T for controlling tall 
larkspur can be done without contaminating the streams. In 
1962, the Environmental Protection Agency established the 
maximum acceptable level of 2,4,5-T in culinary water at 2.0 



ppb. The highest concentration found in the streams below the 
sprayed areas was 1.62 ppb. (Water from Manti Creek is not 
used for culinary purposes except perhaps by campers.) 

Summary and Conclusions 

No significant correlation exists for cattle losses due to tall 
larkspur poisoning among three similar and adjacent grazing 
allotments. The lack of correlation suggests that factors com- 
mon to all three allotments such as temperature, precipitation, 
total alkaloid concentrations in tall larkspur or phenological 
development of the vegetation have little influence on cattle 
losses. Therefore, losses must depend on factors which vary 
within each allotment, such as grazing management. 

Within the Manti Canyon Allotment, twice as many losses 
occurred in the subalpine unit grazed first as in the grazing unit 
used for late grazing. An ? of 0.98 confirms the consistency of 
this ratio over a 14-year period. 

Cattle losses in one 2,000-acre subalpine grazing unit were 
controlled by treating about 60% of the area infested with tall 
larkspur (approximately 3.2% of the area in the grazing unit) 
with applications of 2,4,5-T. Without control of the large, dense 

patches it is estimated that 49 or more additional cattle would 
have died in the period of 197 I-1975. 

Calves are poisoned by ingestion of tall larkspur. Like the 
mature animals, calves typically appear to ingest amounts far in 
excess of a lethal level. However, the infested sites where 
mature cattle and calves ingest lethal amounts of tall larkspur are 
not the same. Cattle typically are poisoned while grazing large, 
dense patches, while calves are poisoned by grazing the smaller 
patches associated with small groves of trees. 
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Highlight: The importance of several plant communities for 
summer cattle range was evaluated. Based on understory produc- 
tion, eight communities were separated into three groups, i.e., bunch- 
grass, forested, and clearcutforested. Forested communities that had 
been clearcut and seeded to forage were the most productive. Soil 
depth and canopy cover were dominant environmental factors de- 
termining understory production on the study area. These two 
variables accounted for 96% of the variability in understory pro- 
duction. Clearcut forested communities seeded to forage provided 
63% of the forage consumed by cattle and made up 3 I % of the study 
area. Seeded grasses accounted for 55% of the cattle diet. Environ- 
mental factors highly correlated with utilization by cattle during the 
summer were distance to salt and water, soil depth, and canopy cover. 
Relations of soil depth and canopy cover were a result of their in- 
fluence on plant growth. There appeared to be no direct forage 
competition between big game and cattle when livestock werepresent 
during the last half of summer. 

Forested foothills in northeastern Oregon have been used as 
summer cattle (Bos tuurus) range for many years. Besides 
providing an important forage resource for livestock, these 
lands also provide timber, water, recreation, wildlife, and fish. 
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Understanding relationships between animals and their environ- 
ment is essential to effectively integrate land resource use. Spe- 
cific objectives of this study were to determine understory pro- 
duction of each plant species and the amount utilized by cattle 
and big game, mule deer (Odocoileus hemionus hemionus) and 
Rocky Mountain elk (Cervus canadensis nelsonii)., in important 
plant communities; to define environmental factors influencing 
use of different plant communities by cattle; to evaluate the 
importance of forest communities that had been clearcut and 
seeded to forage plants for summer cattle range; and to evaluate 
grazing interrelationships between big game and cattle. 

Study Area 
The study area was located in the foothills of the Wallowa Moun- 

tains in northeastern Oregon at the Eastern Oregon Experiment 
Station. Elevation ranged between 3,300 and 4,000 feet. Pumicite, a 
dacite, silt-size volcanic ash, was found in varying amounts in the soil 
series occurring throughout the study area (Strickler, 1965). Pumicite 
in the soil profile has a strong influence on the kinds and amount of 
vegetation present since it has a relatively high moisture holding 
capacity. Annual precipitation averages 25 inches, the bulk falling in 
the form of snow in winter. 

Plant communities sampled are typical of those found in north- 
eastern Oregon, eastern Washington, and northern Idaho. Habitat 
types present in the study area were ponderosa pine-bluebunch wheat- 
grass (Pinus ponderosa-Agropyron Jpicatum); ponderosa pine-snow- 
berry (Pinus ponderosa-Symphoricarpos albus); Douglasfir-snow- 
berry (Pseudotsuga menziesii-Symphoricarpos albus); Douglasfir- 
ninebark (Pseudotsuga menziesii-Physocarpus malvaceus); and grand 
fir-pachistima (Abies grandis-Pachistima myrsinites) as described by 
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vegetation present since it has a relatively high moisture holding 
capacity. Annual precipitation averages 25 inches, the bulk falling in 
the form of snow in winter. 

Plant communities sampled are typical of those found in north- 
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types present in the study area were ponderosa pine-bluebunch wheat- 
grass (Pinus ponderosa-Agropyron spicatum); ponderosa pine-snow- 
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Daubenmire (1970) and Daubenmire and Daubenmire (1968). A 
Sandbag bluegrass-Kellogg onion (Poa sandbergii-Allium anceps) 
community was also important in the study area but it did not reflect 
any previously identified habitat type. 

The grand fir-pachistima habitat type was represented by a grand fir- 
adenocaulon (Abies grandis-Adenocnulon bicolor) community. Also 
included in the study area was a 66.acre clearcut, logged in 1969 and 
broadcast burned and seeded to timothy (Phkum pratcnse), archard- 
grass (Dactylis glomerara), blue wildrye (Elymus glaucus), tall 
oatgrass (Arrhenarherum elatius), smooth brome (Bromus inermis), 
and Dutch white clover (Trifolium repens) in 1970. Habitat types con- 
tained in the clearcut were ponderosa pine-snowberry, Douglasfir- 
ninebark, and grand fir-pachistima. Plant communities established in 
the clearcut were: Kentucky bluegrass-goatsbeard (Pea prafensis- 
Tragopogon dubius) in the ponderosa pine-snowberry habitat type; 
ninebark-timothy in the Douglasfir-ninebark habitat type; and tim- 
“thy-orchardgrass in the grand fir-pachistima habitat type, 

Cattle were stocked on a 360.acre pasture luly 31, ,973. The herd 
was composed of 94 cows and 90 calves. The cattle were removed to 
wean calves on August 21; on August 27,88 cows were stocked back 
on the pasture until September 12. 

Methods 
Plant communities were delineated by frequency transects placed 

throughout the study area. Frequency of occurrence of plant species 
from 40 to 120 plots (I x 2 ft) was recorded for each community. All 
plant species in each plant community were listed. Frequency data 
were used to help characterize the plant communities and identify 
habitat types. 

Herbage production for all plant species was determined by the 
weight estimate method (Pechanec and Pickford, 1937) from thirty 4.8 
fi’ circular plots in each community. Ten of these plots were protected 
by utilization cages (Brown, 1954). The weight estimate method was 
also used to determine utilization of each species in forty 4.8 f? circu- 
lar plots in each community. Eight belt transects I60 feet long and 4.4 
feet wide were placed in each community to measure browse produc- 
tion. Annual growth was calculated from measurements of leader 
length which were converted to dry weight production. Percent of use 
of annual leader growth was estimated for browse occurring within the 
transects. Production and utilization measurements were made in 
March, May, July, September, and October. One-acre exclosures 
were built to separate deer and elk utilization from cattle utilization in 
six of the eight communities. Exclosures were not placed in the grand 
fir-adenocaulon or Sandberg bluegrass-Kellogg onion communities 
due to their limited size. 

Cattle and big game diets were determined from utilizatianmeasure- 
men&. Livestock preference for each plant species was evaluated with 
a relative preference index (Van Dyne and Heady, 1965). This was a 
ratio between percent composition by weight of a plant in the animals‘ 
diet to percent composition by weight of the same plant on the range: 

% diet 

Relative Preference Index (RPI) = 
% composition of forage 

Canopy cover of the tree overstory was measured on each produc- 
tion plot with a Type C forest densiometer (Lemmon, 1956). Soil sur- 
veys conducted on the study area in 1956 and again in 1965 were used 
to describe soil characteristics.’ Percent slope was measured with a 
hand level (Giles, 1971). Distances from the center of each stand to 
water and salt facilities were also measured. 

Four statistical techniques were used to help interpret data. They 
were simple linear regression, multiple regression using the backstep 
technique, analysis of variance with a completely randomized design, 
and Duncan’s new multiple range test. Throughout this paper the term 
significant refers to P < 0.05. 

Results and Discussion 

Forage Production 

Total production of herbaceous and shmbby species during 
the peak growing season in eight communities sampled was 
segregated into three groups. Production was significantly dif- 
ferent between groups. Based on understory pmduction and 
physiognomy these assemblages were clearcut fonxted, bunch- 
grass, and forested groups. 

The most productive communities were those constituting the 
clearcut forest (Fig. 1). Plant communities in the clearcut were 

represented by Kentucky bluegrass-goatsbeard; ninebark-tim- 
othy; and timothy-orchardgrass. Total understay production 
ranged from 513 to 565 lb/acre. The bunchgrass group was the 
second most productive (Fig. 2). These communities were 

Sandbag bluegrass-Kellogg onion and pondemsa pine-blue- 
bunch wheatgrass. They were located on shallow rocky soils 
with moderate to steep south slopes. Understory production 
averaged 312 lb/acre with tree canopy cover averaging 4% or 



Fig. 3. Forested communities were on the 
amount of forage as a result of shading. 

best soils but produced the least 

less. Forested communities produced the least amount of under- 
story vegetation (Fig. 3). These communities-ponderosa pine- 
snowberry; Douglasfir-snowberry; and grand fir-adeno- 
caulon-grew on deeper soils than the bunchgrass communi- 
ties. Production ranged from 63 lb/acre on the grand fir-adeno- 
caulon community to 125 lb/acre on the remaining two com- 
munities. Tree canopy cover ranged between 55 and 99%. 

Soil depth and canopy cover were the two most important 
environmental factors determining forage production on these 
foothill communities and accounted for 96% of the variability in 
understory production. Soil depth was assumed to be an indirect 
measure of soil water potential. Production of plant species 
requiring a moist environment increased with soil depth. Soil 
depth also interacted with canopy cover. On unlogged com- 
munities tree overstory had a linear coefficient of determination 
(?) equaling 0.98 with understory production. 

Forested sites had a high potential for producing forage after 
logging. The grand fir-pachistima habitat type had the greatest 
potential for producing seeded forage. Moisture availability was 
relatively high on these sites, and competition from previously 
established species was less than on other forested com- 
munities. Plant species established on these north slope sites 
prior to logging were low in density due to light interception by a 
dense tree overstory. Most species in these communities such as 
adenocaulon, twinflower (Linnaea borealis), and western 
meadowrue (7’haZictrum occidentalis) are adapted to dense 
shade. With removal of the tree overstory they were unable to 
compete with seeded grasses. Orchardgrass, timothy, blue 
wildrye, tall oatgrass, and smooth brome constituted 69% of the 
vegetation on the logged grand fir-pachistima habitat type. Bull 
thistle (Cirsium vulgare) made up approximately 19% of 
production. Hedrick et al. ( 197 1) found that mixed coniferous 
forests which produced 100-200 lb of forage per acre increased 
forage production tenfold after clearcutting and seeding to 
grass. If the clearcut is not seeded to grass, low value forages 
such as bull thistle naturally establish themselves (Pettit, 1968; 
Sassaman, 1972). 

The site producing the least forage in the clearcut was the 
ponderosa pine-snowberry habitat type. Situated on a south 
exposure, this site was relatively more xeric than the Douglasfir- 
ninebark and grand fir-pachistima habitat types in the clearcut. 
Timothy was the most successful seeded species that became 

established, constituting 10% of the herbaceous layer. Seeded 
species made up 18% of the total vegetation on this site. Poor 
establishment was attributed to relatively lower moisture avail- 
ability and heavier competition from previously established 
species than on other logged sites. Kentucky bluegrass estab- 
lished prior to logging made up 27% of the vegetation. 

Establishment of seeded grasses was better on the moister 
Douglasfir-ninebark habitat type than on the ponderosa pine- 
snowberry habitat type, although competition from Kentucky 
bluegrass was still high. Seeded forages made up 33% of the 
total production on this site. Timothy and orchardgrass ac- 
counted for 28% of production while Kentucky bluegrass 
represented 24%. This ninebark-timothy community produced 
significantly more browse than any other community in the 
study area, averaging 21 lb/acre annually. Ninety-five percent 
of this was ninebark. 

Timothy and orchardgrass were the most successful intro- 
duced species in the clearcut. They represented 79% of the 
seeded forage production or 35% of the total vegetation oc- 
curring in the clearcut. Timothy and orchardgrass were also 
readily consumed by both livestock and big game. 

Utilization 

Utilization of forage by cattle was variable among com- 
munities. Forage use ranged from 4 lb/acre in the grand tir- 
adenocaulon community to 209 lb/acre on the timothy-orchard- 
grass community (Table 1). The heaviest levels of utilization by 

Table 1. Forage removed (lb/acre) from each community by cattle. 

Plant communities 
Utilization 

(lb/acre) 

Bunchgrass 
Sandberg bluegrass-Kellogg onion 
Ponderosa pine-bluebunch wheatgrass 

Forest 
Ponderosa pine-snowberry 
Douglasfir-snowberry 
Grand fir-adenocaulon 

Clearcut forest 
Kentucky bluegrassgoatsbeard 
Ninebark-timothy 
Timothy-orchardgrass 

63 
41 

20 
8 
4 

56 
63 

209 

cattle were in the seeded clearcut sites. The three logged sites 
provided 63% of the forage consumed by cattle and made up 
3 1% of the study area (Table 2). The most important forages on 
these communities were seeded grass species. Seeded grasses 

B unchgrass 
Sandberg bluegrass-Kellogg onion 10 
Ponderosa pine-bluebunch 

wheatgrass 18 
Forest 

Ponderosa pine-snowberry 3 
Douglasfir-snowberry 3 
Grand fir-adenocaulon 0 

Clearcut forest 
Kentucky bluegrassgoatsbeard 9 
Ninebark-timothy 18 
Timothy-orchardgrass 34 

Total 95 

0 0 10 

0 1 19 

0 1 4 
0 1 4 
0 0 0 

0 0 9 
0 1 19 
1 0 35 
1 4 
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accounted for 55% of the cattle diet. Very few forbs remained 
on the study area by late summer. Browse made up only 5% of 
the understory composition. Cattle removed 52 lb of herbaceous 
forage per acre on the bunchgrass communities. These .com- 
munities provided 29% of the forage consumed and made up 
28% of the study area. The most important species in the diet of 
cattle on bunchgrass communities were Sandberg bluegrass and 
bluebunch wheatgrass. Ten pounds of forage per acre were har- 
vested by cattle on the forested communities. Although forested 
communities accounted for 41% of the study area, they pro- 
vided only 8% of the total forage consumed by cattle. These 
results confirm earlier observations in this area that indicated 
variable preference for different plant communities made it 
difficult to obtain uniform utilization of forage. For example, 
cattle prefer-ed open areas to dense forests (Hedrick et al., 1968; 
Pickford and Reid, 1948). Pickford and Reid (1948) also found 
open areas were grazed throughout summer, but forested ranges 
were grazed primarily in early summer in the Blue Mountains of 
Oregon. Other studies have indicated cattle use was influenced 
by forage availability (Mackie, 1970; Edgerton, 1971). 

Environmental factors that accounted for most of the varia- 
bility in pounds of forage harvested from a community by cattle 
were distance to water, distance to salt, soil depth, and percent 
tree canopy cover. The combined effect of distances to salt and 
water accounted for 79% of the variability in the amount of 
forage consumed by cattle. As distances to salt and water 
increased, forage use decreased. Canopy cover and soil depth 
appeared to relate indirectly with pounds of forage utilized by 
cattle. The additional effects of soil depth and canopy cover 
explained 99% of the variability in forage use. These two 
environmental factors strongly correlated with forage produc- 
tion in each community. The coefficient of determination in a 
simple linear regression between production and pounds utili- 
zation by cattle in each community equaled 74%. Cook (1966) 
in his study of 21 factors associated with cattle distribution on 
mountain rangeland in Utah found location of water to be much 
more important than salt in their relation to forage utilization. 
He noted that percent slope, distance from water, thickness of 
brush, and the percent of palatable species on a site were the 
primary factors relating to utilization. We did not evaluate brush 

Table 3. Percent composition of selected plant species in the diet of 
cattle and their relative preference index (RPI), July 31 to Sept. 12, 
1973. 

Species Percent diet RPI 

Grasses and sedges 
Orchardgrass (Dactylis glomerata) 28 2.4 
Timothy (Phleum pratense) 16 1.7 
Kentucky bluegrass (POQ pratensis) 11 1.5 
Sandberg bluegrass (Poa sandbergii) 7 1.2 
Tall oatgrass (Arrhenatherum elatius) 6 1.5 
Elk sedge (Gzrex geyeri) 6 0.5 
Idaho fescue (Festuca zdahoensis) 6 1.3 
B lue w ildrye (Elymus glaucus) 5 2.3 
Bluebunch wheatgrass (Agropyron spicatum) 4 1.8 
Field woodrush (Lazula campestris) 2 2.6 
Ross sedge (Gvex rosin) 2 0.8 
Foxtail barley (Hordeurn jubatum) 1 0.6 
Smooth brome (Bromus inermis) 1 0.7 

Browse 
Shinyleaf spirea (Spkaea betulifolti) 1 0.7 
Snowberry (Symphoricarpos albus) 1 1.6 
Ninebark (Physowpus malvaceus) 1 1.2 

density as no brush stand was dense enough to restrict animal 
movement. Slope also had no significant influence on utili- 
zation. This range is not steep and few areas had a slope in 
excess of 15%. We did not find percent of palatable species to 
influence utilization levels significantly during the mid-summer 
grazing season. 

Only three plant species had preference indices greater than 
2.0 during August and the first half of September (Table 3). 
These were orchardgrass, blue wildrye, and field woodrush 
(Luzulu campestris). None of these exceeded a relative prefer- 
ence index rating of three. Influence of forage preference on diet 
selection was not pronounced during mid-summer to late 
summer. 

Canada milkvetch (Astrugahs cunadensis) and prickly let- 
tuce (Lactuca serriola) were highly palatable forbs but both 
made up only minute amounts of the vegetation composition. 
Forbs were most important in the vegetation composition during 
spring and early summer on these foothill rangelands. Very few 
remained by late summer. 

Table 4. Contribution (%) of important plant species to diets of cattle in mid-summer and big game in spring and early summer, and combined 
minimum and maximum levels of utilization in the study area. 

Species 
Per cent Percent 

cattle diet big game diet 

Combined utilization (%) 

Minimum Maximum 
Grasses 

Orchardgrass (Dactylis glomemta) 
Timothy (Phleum pratense) 
Kentucky bluegrass (Poa pratensis) 
Sandberg bluegrass (Poa sandbergii) 
Tall oatgrass (Arrhenatherum elatius) 
EJk sedge (Orrex geyerz] 
Idaho fescue (Festuca idahoensis) 
Blue wildrye (Elymus glaucus) 
Ross sedge (Gzrex rosin] 

Forb s 
Goatsbeard (Tragopogon dubius) 
Tailcup lupine (Lupinus caudatus) 
Prickly lettuce (Lactuca serriola) 

Brow se 
Snowberry (Symphoricarpos albus) 
Ninebark (Physocargus malvaceus) 
0 ceanspray (Holodiscus discolor) 
Redstem ceanothus (Ceanothus sanguineus) 

28 
16 
11 
7 
6 
6 
6 
5 
2 

0 
0 
t 

1 
1 

6 
18 

1 

8” 

2 
2 
1 

25 
2 
2 

4 
3 
2 
1 

7 
12 

6 
t 

ii 
t 
4 
1 

t 
t 
t 

0 
9 

14 
30 

48 
50 
33 
31 

6 
17 

3 
19 
30 

28 
10 

3 

4 
24 
38 
54 
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Cattle and Big Game Diets 

Big game animals were present on the study area during 
winter, spring, and early summer. By mid-summer both elk and 

the majority of deer had moved to high elevation summer 
ranges. Only a few deer were present when cattle were stocked 
on the pasture July 3 1. Although the presence of cattle and big 
game did not coincide, potential competition could occur from 
combined use on important forage species. Since big game and 
cattle used the range in different seasons, plant species composi- 
tion at the time of grazing and therefore available forage was dif- 
ferent for each of these animals. 

Grasses and grass-like plants accounted for 95% of the cow 
and calf diet in mid-summer and 52% of the big game diet in 
spring and early summer. Many plant species overlapped in the 
diets of both cattle and big game (Table 4). Ninety-one percent 
of the grasses and sedges making up the diet of cattle were the 
same species as in 47% of the big game diet. The most important 
grass species found in both the diets of cattle, deer, and elk were 
orchardgrass, timothy, Sandberg bluegrass, and tall oatgrass. 
Although there was substantial overlap in diet composition 
between big game and cattle, over-utilization on forage species 
did not occur from the period of initial growth in the spring 
through fall at which time measurements were terminated. The 
most heavily grazed species were timothy and orchardgrass. 
These results agree closely with the work of Skovlin et al. 
( 1968) in the Blue Mountains of Oregon. 

No direct forage competition occurred between livestock and 
big game during the growing season on these foothill range- 
lands. However, cattle were present on the pasture only during 
the last half of summer. The impact that cattle and big game had 
on each other’s forage resource may have been minimized by 
different seasons of use. 

Management Considerations 

Uniform utilization by cattle on foothill rangelands is difficult 
to obtain. Forage preference for different plant communities 
varies widely. Fencing these communities as individual units 
generally is impractical due to their limited size. A land 
manager can improve utilization on less preferred sites by 
strategically locating salt and water facilities. The distribution 
of clearcut forested communities that have been seeded to 
forage plants will also affect livestock distribution. Proper 
clearcut location may increase utilization of less preferred 
communities adjacent to the seeded clearcut forest. Inter- 
spersion of clearcuts with bunchgrass and forested range should 
increase use of these less preferred types as cattle graze among 
the more preferred clearcuts. However, if the manager wants to 
reduce levels of grazing on bunchgrass and forested ranges, 
cattle could be concentrated in a smaller area of the range if 
clearcuts were located in that portion of the range rather than 
interspersed throughout a large area. A great deal of flexibility 
in grazing programs can be developed by locating clearcuts 
properly. Specific grazing and forestry objectives can be 
integrated and met corlcllrrently with correct distribution pat- 

terns of both forest practices and grazing. 
Soil depth and plant species established prior to logging in a 

community will influence the success of establishment and 
production of seeded species. As soil depth increases, forage 
yields will also increase; but if the site has an established 
understory, introduction of new species through seeding will 
not greatly enhance total yield or carrying capacity. Deep soils 
are also the best timber producing sites. If clearcuts are seeded 
to forage plants, management programs to minimize inter- 
specific composition will need to be implemented if refores- 
tation is an objective of the land manager. 

There appeared to be no direct forage competition between 
big game and cattle when livestock were present during the last 
half of summer. However, changes in season or intensity of use 
by big game or cattle could modify this. On these ranges careful 
monitoring of levels of utilization on key forage plants should 
indicate potential competition. As long as livestock do not over- 
use the range there should be adequate forage for big game. 
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Steer Gains under Six Systems of Coastal 
Bermudagrass Utilization 

RICHARD I-I. HART, W. I-I. MARCHANT, J. L. BUTLER, R. E. HELLWIG, w. C. MCCORMICK, B. L. SOUTHWELL, 
AND G. W. BURTON 

Highlight: Steer gains on ‘Coastal’ Bermudagrtzss (Cynodon 
dactylon (L.) Per-s.), utilized by continuous, weekly rot(ation, or daily 
strip grazing, or green chop, dehydrated hay, or pellet feeding, were 
studied for 3 years. Previous studies had included fewer methods of 
utilization, or had run for only a short time. Average daily gains and 
gains per hectare were: continuous, 594 g and 600 kg; rotation, 449 g 
and 469 kg; strip, 392 g and 487 kg; green chop, 369 g and 647 kg; 
hay, 671 g and 971 kg; and pellets, 800 g and 967 kg. Diferences 
among grazing methods in average daily gain were largely accounted 
fQr by differences in grazing pressure. DifSerences among feeding 
methods reflected diflerences in forage intake and lignin content of the 
forage. Seasonal changes in gain andforage intake were influenced by 
seasonal changes in lignin content and increasing #steer weights. 

‘Coastal’ Bermudagrass (Cynodon dactylon (L,.) Pers.), re- 
leased in 1943, quickly became one of the most important 
pasture grasses in the southeastern United States and in other 
areas with similar climate. Continuous grazing, the most 
common method of using Coastal, has been evaluated at a range 
of stocking and nitrogen rates, and has produced as much as 
1,029 kg/ha of beef gain, when 448 kg/ha of N was applied 
(Suman et al., 1962). Burton ( 1954) suggested that production 
might be further increased, perhaps as much as 50%, by daily 
rotation or strip grazing. Suman et al. (1962) found that weekly 
rotation grazing of Coastal produced 14% more gain/ha than 
continuous grazing when 112 kg/ha of N was applied, but had 
no advantage at higher rates of nitrogen. 

Although rotation grazing was first recommended in print in 
1598 (Smith, 1956), both Wheeler (1962) and Blaser et al. 
( 1973, 1974) noted that few studies had shown any advantage of 
rotation over continuous grazing. Blaser et al. pointed out that 
continuous grazing allows for greater forage selection by the 
grazing animal, an important consideration in grazing warm- 
season grasses, which tend to lose quality rapidly with in- 
creasing maturity. They also stated that the low availability of 
forage at the end of a rotation grazing period depresses gains and 
reduces total forage production. McMeekan ( 1960) and 
Wheeler noted that when an advantage was found for rotation or 
strip grazing, those pastures were stocked more heavily than the 
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continuously grazed pastures. McMeekan concluded that, if 
both systems were stocked equally, rotation grazing would 
produce higher gains or milk production only at high stocking 
rates. However, high stocking rates increase forage waste from 
trampling and from fouling with dung and urine. 

The problem of high stocking rate can be avoided by 
mechanical harvesting of forage. Brown ( 196 1) nearly doubled 
average daily gain and gain/ha by feeding Coastal Bermuda- 
grass as soilage instead of grazing it continuously. At the 
Southeast Georgia Branch Station, steers made average daily 
gains of 467, 476, 621, and 943 g, respectively, from Coastal 
used as soilage, hay, continuous grazing, and pellets (Beaty et 
al., 1960; and Hogan et al., 1962), but this test was conducted 
for only 60 days. Other workers have reported higher average 
daily gain on pellets than on hay (Brooks et al., 1962) or pasture 
(Chapman et al., 1972). 

Previous studies had been concerned with only a few methods 
of using Coastal Bermudagrass, or had been conducted for only 
a short time. In 1960, we decided to initiate a 3-year experiment 
which would include most of the possible methods of using 
Coastal. The methods, in order of increasing intensity of 
management, were continuous grazing, rotational grazing with 
cattle moved to fresh pasture weekly, strip grazing with cattle 
moved daily, green chop or soilage with grass cut and fed daily, 
chopped dehydrated hay, and pellets made from chopped 
dehydrated hay. All treatments except continuous grazing were 
to be managed so that cattle would be eating grass approximate- 
ly 4 weeks old. 

Materials and Methods 
Coastal Bermudagrass was sprigged on 16.2 ha of Tifton fine sandy 

loam in July and August, 1960. In 1961, the area was fertilized with 
224,25, and 93 kg/ha of N, P, and K, respectively, and two cuttings of 
hay were taken, totalling about 11 ton/ha. In early spring of 1962, the 
area was subdivided into 24 paddocks of 0.67 ha, in four replications 
of six paddocks each. One-half of each replication was fenced, to be 
used for grazing; the remaining half, to be used for green chop, hay, 
and pellets, was left unfenced. 

Electric fences were installed to limit the grazing are:as on the strip 
and rotation grazing treatments. Permanent concrete watering troughs 
were placed in the continuously grazed paddocks, and portable metal 
watering cups, supplied by plastic hoses, were used in the strip and 
rotationally grazed paddocks. In 1962, these paddocks were divided 
into quarters; if cattle did not graze the entire quarter during a week, 
they were moved to the next quarter, and the ungrazed area was 
mowed, the forage removed, and dry matter yield determined. 
Occasionally, when forage supply was low, a quarter was grazed in 
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Table 1. Management of the experiment and initial weight of steers. 

Management Treatment 1962 1963 1964 

Fertilizer (kg/ha) 
N All 224 224 280 
P All 25 25 25 
K Grazed 93 93 93 

Harvested 93 93 149 
Grazing and 
feeding dates 

Began Grazed May 9 Apr. 18 Apr. 22 
Harvested May 30 May 7 May 20 

Ended Grazed Oct. 12 Sept. 5 Sept. 16 
Harvested Oct. 24 Sept. 5 Sept. 16 

Days Grazed 156 140 147 
Harvested 147 121 119 

Initial weight (kg) All 261 245 265 

less than a week. In 1963 and 1964, this subdivision was abandoned; 
the grazing area was moved across a paddock for 4 weeks, or less if the 
grass was exhausted sooner, and then was returned to the starting 
point. Any remaining ungrazed forage was harvested. 

Five steers were allotted to each paddock (7.4 steers/ha), except 
from July 23 to October 11, 1962, when drouth forced us to remove 
two or three steers from each grazed paddock. On rotation and strip 
grazing, yields of the area to be grazed next were used to determine the 
size of the area to be allotted. We allotted 7.3 kg dry matter per steer 
per day at the beginning of each season, and graduallyincreased this to 
13.5 kg at the end of the season, as steer weight increased and forage 
quality decreased. 

The paddocks providing harvested forage were divided into quarters 
in 1962. Green chop was cut daily for a week or until all had been cut 
from the appropriate quarter; then forage was cut from any remaining 
area and harvest began in the next quarter. In 1963 and 1964, paddocks 
were not subdivided; harvesting continued across each paddock for up 
to 4 weeks, and only then was surplus forage harvested. In 1962, hay and 
pellets were made weekly from one-fourth of each paddock; in 1963 
and 1964, they were made every 4 weeks from the whole paddock. A 
forage harvester, set to cut forage into 8-mm lengths, cut the grass for 
green chop, hay, and pellets, leaving a 4-cm stubble, and blew it into a 
self-unloading wagon. Forage to be fed as hay was put through a drier 
rated to evaporate 2,700 kg/hour of water, and bagged. Forage for 
pellets was dehydrated and ground in a hammermill, through a 3.2-mm 
screen. Water was added as needed, partly in the form of steam, and 
the material was pelleted with a 50-hp California Pellet Mill, Standard 
Model, through a die having straight bore holes 9.5mm in diameter 
and 6.4-cm long. The pellets, extruded at a temperature of about 7l”C, 

* were elevated into a cooler, cooled to ambient temperature, scalped, 

and bagged. The scalped fines were returned to the pellet mill hopper 
by a screw conveyor. 

Steers fed harvested forage were grazed on Coastal Bermudagrass 
until feeding started. Each group of five steers fed hay or pellets was 
placed in a lot approximately 9 x 38-m, with a trough 7-m long under 
a shelter at one end. The steers fed green chop were in lots twice as big, 
with twice as much trough space. The steers were fed each morning. 
Green chop, hay, or pellets were weighed into the troughs, in amounts 
well in excess of daily consumption, after refused material was 
weighed out. Samples were taken for the determination of dry matter 
and, in the case of the forage as fed, crude protein, ether extract, 
cellulose, lignin, other carbohydrates, and ash. Green chop, both as 
fed and refused, was sampled daily; hay and pellets were sampled 
weekly. Forage intake was estimated by difference, with no allowance 
for waste. 

All cattle were sprayed regularly to control horn flies, and were 
weighed every 4 weeks. Grass was burned every spring to control 
spittlebug, and the grazed paddocks were dragged with a tine harrow 
to break up manure piles from the year before. Fertilization of the 
paddocks, beginning and ending dates of grazing and feeding, and 
initial weights of the steers in each year are shown in Table 1. 

Results and Discussion 

Stocking rates, grazing pressures, and animal performance 
under each system in each year are shown in Table 2. Forage 
production varied from year to year; mean dry matter yields 
from the paddocks cut for hay and pellets were 12.8, 11 .O, and 
11.1 tons/ha in 1962, 1963, and 1964, respectively. Stocking 
rate on the grazed paddocks also varied; we removed some of 
the cattle in 1962 because of drouth, and we varied the size of 
the daily or weekly allotment of grass on strip and rotation 
grazing, according to yield and season. Therefore, grazing 
pressure, expressed as animal days/ton of harvested forage dry 
matter, was different each year on each treatment. However, it 
was generally lightest under continuous grazing; slightly 
heavier under rotation and strip grazing and pellet feeding; still 
heavier when hay was fed; and heaviest on green chop. 

Under grazing, average daily gain (ADG) was strongly and 
negatively correlated with grazing pressure (Fig. 1). If we 
assume ADG on pellets was an estimate of the maximum 
performance of which the steers fed in that year were capable (as 
determined by initial weight, previous level of gain, genetic 
potential, etc.), and express the ADG under grazing in percent 
of this assumed maximum, we can remove the effects of 

Table 2. Stocking rate, grazing pressure, forage intake, and steer gains on Coastal Bermudagrass. 

Grazed Harvested 

Measurement Year Continuous Rotation Strip Green chop Hay Pellets 
Animal days/ha 1962 890 896 1311 1742 1712 1361 

1963 1048 1129 1273 1925 1289 1140 
1964 1090 1155 1151 1553 1419 1161 

Animal days/ton of forage dry matter 1962 70 70 103 137 134 107 
1963 95 103 116 175 117 104 
1964 98 104 104 140 128 105 

Intake (kg dry matter/steer/day) 1962 - - - 6.3 b’ 6.9 ab 8.2 a 
1963 - - - 6.1 b 7.9a 8.5a 
1964 - - 6.1 b 8.3a 8.9 a 

Average daily gain (g) 1962 599 ab 535 b 331 c 268 c 508 b 667 a 
1963 567 c 422 d 445 d 458 cd 730b 880 a 
1964 617 b 390 c 399 c 381 c 776a 85 3 a 

Gain/ha (kg) 1962 533 b 479 b 434 b 467 b 870 a 908 a 
1963 594b 476b 566 b 882 a 942 a 1003 a 
1964 673 c 451 e 460 e 592 d 1101 a 990 b 

1 Utilization system means in the same year, followed by the same letter, are not significantly different (Duncan’s multiple range test, 5% level of 
probability). 
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Fig. 1. Grazing pressure (animal days/metric ton of forage dry matter) and 
relative average daily gain (ADG) of steers grazing Coastal Bermudagrass. 

differences among the lots of steers used in the different years. 
This relative ADG was predicted by the equation 

ADG= 140 - 0.795 D/F, 
in which D/F’ equals animal days/ton harvested forage dry 
matter; ti = 0.60. This equation is a modification of the model 
proposed by Hart ( 1973) and confirmed and further developed 
by Jones and Sandland ( 1974). Analysis of covariance indicated 

no significant differences in ADG among grazing treatments in 
1962 and 1963, after the effect of differential grazing pressure 
was removed. In 1964, ADG on continuous grazing remained 
significantly higher than that on rotation or strip grazing, after 
grazing pressure effect was removed, although grazing pressure 
was only 6% higher on rotation and strip than on continuous 
grazing. Therefore, we concluded there was no evidence that 
rotation or strip grazing produced higher average daily gains 
than continuous grazing, at equal grazing pressures or stocking 
rates. 

ADG of steers fed green chop was consistently low, as was 
forage intake. We thought intake might be increased by feeding 
twice a day, so we tried it with two of the four lots of steers for 
two weeks in 1963. During the test period, steers fed twice daily 
ate 5% more than steers fed once daily, but they also ate 2% 
more in the 2 weeks before the test, and 4% more in the 2 weeks 
after the test. Intake was not improved by feeding twice a day. 
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Fig. 3. Seasonal variation in average daily gain (ADG) of steers fed Coastal Bermudagrass, and in the lignin content of the forage. 
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The low forage intake made it possible to carry more steers/ha 
on green chop than on any other system, but gain/ha remained 
low. Hay and pellet feeding produced significantly higher ADG 
and gains/ha than continuous grazing, but the value of the addi- 
tional gain must be balanced against the costs of harvesting, 
processing, storing, and feeding. 

Mean weekly gains for a 14-week period are shown in Figures 
2 and 3. We included only those weeks for which we had 3 
years’ data, but omitted weeks at the end of the season if the last 
weigh period was less than 4 weeks in any year. ADG of steers 
on grazing or green chop showed a marked slump in late June 
and early July; this coincided with an increase in the lignin 
content of the harvested forage (grazed paddocks were not 
sampled, because it was not possible to select forage corre- 
sponding to that actually eaten by the cattle). The same increase 
in lignin and slump in ADG occurred a few weeks later when 
hay and pellets were fed, because of the delay imposed by 
harvesting, processing, and storing before feeding. This pattern 
of gain and lignin content is similar to that reported by Beaty et 
al. ( 1966) and Hawkins and Rollins ( 1960). Forage availability 
influenced the level of response, but did not change the seasonal 
pattern. 

Lignin content of hay was slightly higher than that of pellets, 
and that of green chop was much higher still, although there was 
no apparent reason for the differences. ADG, both within and 
among feeding systems, was highly correlated with percent 
lignin (L). Across all three feeding systems, 

ADG = 3976 - 388 L; 
r2 = 0 77 . . 

Intake of green chop, hay, or pellets was correlated with 
lignin content, but this relationship was obscured because intake 
increased throughout the season as steer weight increased. With 
steer weights in kg (W) as the only variable, intake in kg/steer/ 
day, or I, was predicted by the equation 

I = 0.0397 W - 4.23; 
r2 = 0.61. Including lignin content (L) in the equation changed 
it to 

I = 0.0307 w - 1.071 L + 7.74; 
R2 = 0.89, which represents a 7 1% decrease in unaccounted-for 
variation. 

Crude protein content showed no consistent seasonal pattern. 

Neither intake nor gains were significantly correlated with any 
chemical fraction other than lignin. 
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Forage Losses Caused by the Grasshopper 

Aulocara elliotti on Shortgrass Rangeland 

GEORGE B. HEWITT, WAYNE H. BURLESON, AND 
JEROME A. ONSAGER 

Highlight: Afield-cage study was conducted in 1973 and 1974 to 
determine the amount of forage (mainly grasses) destroyed by 
different population densities of the grasshopper Aulocara elliotti. 
The amount offorage consumed during the third instar and through 
the adult stage averaged 34 ..5 mg of forage per grasshopper per day. 
Thus, an estimated loss of 23. I lb offorage per acre will resultfrom a 
density of one Aulocaralm2 if the grasshopper lives for 7.5 days (45 
days as a nymph and 30 days as an adult). Based on total available 
forage (standing dead and new growth), a 63% forage loss was 
recorded in I973 at one site and losses of 24% and 29% at two sites in 
1974 resulting from about 20 grasshoppers/m”. Severe grazing by 
grasshoppers also resulted in reduced production offorage during the 
subsequent (1974) season. 

Grasshoppers are the principal invertebrate consumers of 
forage on approximately 665 million acres of rangeland in the 
western United States. The damage they do to forage varies geo- 
graphically and from year to year depending on the grasshopper 
complex present, the density of the insects, the vegetation 
complex, and the weather patterns. Thus, the amount of forage 
that may be destroyed at any location is difficult to predict. 
Federal, state, and private landowners need a reliable method of 
predicting potential forage losses due to grasshoppers in any 
growing season. With such information, it would be possible to 
make sound decisions concerning grasshopper control. 

Several workers in the United States have attempted to 
measure forage losses caused by grasshopper populations of 
known densities (Morton, 1936, 1939; Pepper et al., 1951; 
Anderson and Wright, 1952; Nemey and Hamilton, 1966, 
1967). However, Anderson (1961) pointed out that determina- 
tion of the losses resulting from a particular grasshopper 
population on the basis of numbers alone is not valid because the 
food preferences of individual species are ignored. To quanti- 
tatively assess these losses, one must determine the amount of 
forage destroyed (forage consumed plus forage clipped and let 
fall to the ground) by individual species. Other workers (Parker, 
1930; Smith, 1959; Misra and Putnam, 1966) have studied food 
consumption by individual grasshopper species in the labora- 
tory; however, laboratory results of this type cannot usually be 
applied to field conditions. 

We therefore attempted to determine the amount of preferred 
rangeland grasses destroyed at two sites by known populations 
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of Aulocaru elliotti (Thomas), an economically important 
grasshopper on shortgrass rangeland. Our loss figures were then 
compared to the forage loss figures due to grasshoppers deter- 
mined by other workers. In general, Aulocara elliotti, the 
species chosen for the test, is among the most damaging 
grasshopper species on rangeland (Mulkem et al., 1969). It has 
been reported as a pest on rangeland over a long period (Cooley, 
1904; Swenk, 1913; Corkins, 1923; Strand, 1937; White and 
Rock, 1945; Anderson, 1961; Brusven and Lambley, 1971). 
The species apparently prefers the wheatgrasses (Pfadt, 1949b; 
Brooks, 1958; Anderson, 1961; Mulkem et al., 1969). Pfadt 
( 1949a) estimated forage losses due to this species on Wyoming 
rangeland by using field cages. He concluded that populations 
of 15 to 35/yd2 could destroy as much forage as is normally pro- 
duced each year on shortgrass rangeland. 

Materials and Methods 
1973 Study 

A 15.7 ha area of native rangeland near Three Forks, Mont., was 
selected as the 1973 study site because one grass species, needleand- 
thread (Stipa comata) was dominant, that is, it comprised approxi- 
mately 92% of the vegetation (dry weight basis). The entire site was 
fenced to exclude large herbivores. Then 10 plots of approximately 36 
m2 each were established in 2 rows, S/row. Eight cages measuring 6 X 

6 x 1 m and constructed of Saran@ screen were placed over 8 of the 
plots in two rows of four cages each (Fig. 1). One plot in each row was 
not covered by a cage. Twenty-five steel rods 25 cm high were placed 
at l-m intervals within each cage (and throughout the uncovered plots) 
to provide resting sites for the grasshoppers and thus a more uniform 
distribution within the cages or plots. 

On June 13, three in each row were infested with one of three 
densities of field-collected 3rd- and 4th-instar A. elliotti, 28/m2 for the 
high density cages, 14/m2 for the medium density cages, and 7/m2 for 
the low density cages. The desired densities were 20, 10, and 5 adults/ 
m2, but the higher rates of infestation allowed for some mortality of 
nymphs as they developed to the adult stage. Density was moni- 
tored weekly beginning July 9 by counting the number of grass- 
hoppers in eight l-m2 quadrates within each cage, the four corner 
quadrates plus the four quadrates that touched the comer quadrates and 
were located on a diagonal line from the center toward the opposite 
comer. Quadrates were not selected randomly because the center 
quadrates could not be observed without removing the cage top, cages 
would disturb the grasshoppers. The vegetation in the two empty cages 
(which contained miscellaneous species that hatched within the cage) 
and in the two plots without cages were used to measure forage 
production and to determine the effect of the cages on plant growth. 

The standing crop of vegetation on all 10 plots was estimated twice 
during the test, at 27 days after infestation when needleandthread seed 
heads were mature and at 55 days after infestation, when grasshopper 
mortality approached 100%. To make these estimates, we randomly 
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selected 18 quadrates measuring 25 x 40 cm (0. I m’) in each plot and 
clipped all growth to the ground. It was felt that this amount of 
clipping would not drastically affect grasshopper distribution within 
the cages. Clipped plants were divided into three groups (needleand- 
thread, forbs, and other grasses), dried at 60°C. and weighed. 
Standing dead vegetation was not separated from the current-year’s 
growth. The number of inflorescences on eighteen l-m’ quadrates in 
each plot was also coupted at the time of the first clipping. 

1974 Study 

In 1974, the 15.7-ha area near Three Forks was used again, and 
another I .2-ha area near Norris, Mont., was fenced in the spring and 
used. At the Norris site, westem wheatgrass (Agropyron smirhii), a 
preferred food plant of A. ellioni, was one of the major grasses (24% 
by dry weight). However, bluebunch wheatgrass (A~ropyro” @a- 
turn) and prairie Junegrass (Kdaria crisram) were ah abundant, as 
were two forbs, fringed sagewort (Artemisia fri,yida Willd.) and 
broom snakeweed [Xanthucephalum sarothrae (Pursh.) Shinnersl. 

At each site, eight plots (36 m’) were established. Cages were 
erected as in 1973 and two plots in each row were not covered by 
cages. On June 18, four cages on each site were infested with 3rd. to 
5th.instar field-collected A. elliorri, two cages with B high density 
(28/m”) and two with a low density (S/m’). Two were not infested. 
The test was terminated August 12, after 55 days, at the Three Forks 
bite and August 2, after46 days, at the Norris site. Weekly estimates of 
grasshopper density were not made in 1974, but counts were made of 
the number of live grasshoppers ofeach species in the cages at the end 
of the study. 

In this year, 18 randomly selected quadrates (0.5 m*) were clipped 
from each plot, on Aug<~t 12, at the Three Forks site and on August 2 
at the Norris site. Also. the plots established at the Three Forks site in 
1973 were resampled in 19’74 to assess carry-over effects of grass- 
hopper feeding. Sixteen quadrates (0.5 m’) were clipped from each of 
the IO original plots. Clipped plants from the Three Forks site were 
divided into three groups (needleandthread, forbs, and miscellaneous 
grasses); those from the Norris site were divided into five groups 
(western wheatgraw, prairie Junegrass, bluebunch wheatgras\, forbs, 
and miscellaneous grasses). All clipped plant material was dried at 
60°C and weighed. Standing dead vegetation was not separated from 
new growth. 

1973 Study 
Linear regression was used to develop a formula for pm- 

dieting daily grasshopper density within each infested cage 
(Table I). Such amodel is theoretically not tenable for an entire 
generation ofgrasshoppers (from egg through adult stages), but 
our data for 3rd.instar nymphs through adults did not suggest a 
significant departure from linearity. Therefore, the linear model 
was considered an acceptable means of predicting daily grass- 
hopper density with the cages. Integration techniques were then 
used to determine the area under each regression line for days I 

Table 1. Regression coefficients for the formula i = a + bx where ? is 
the number of @asshoppers/m’ in cages and x is the number of days 
after introduction; Three Forks site, Bozeman, Mont, 1973. 

Gmsshopper 
density a b 

High 26.6100 -0.4212’ 
High 28,8000 - .4470’ 
Medium 13.4792 .1642’ 
Medium 12.2347 .1594’ 
Low 6.5374 - .0519” 
LOW 6.7857 .0553 

1 Slope is significant at rile 5% level Of error. 
*Slope is significant at the 6% level Of error. 
“Slope is significmf at the 15% level Of error. 

tbmugh 28 (time to first clipping) and for days 1 through 55 
(time of second clipping). These axas represented the estimated 
cumulative number of grasshoppers that fed for I day on I rn’ 
within each plot (designated grasshopper feeding days [GF’DI). 
The GFD were considered a reliable index of grazing pressure 
because they took into account both the density and longevity of 
grasshoppers per unit area. However, they did not take into 
account sex differences in feeding habits of adults, which may 
be important. When GFD are plotted vs the amount of un- 
consumed forage, the slope of the regression curve equals the 
rate of daily consumption. 
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Table 2. Forage and seed production and losses, Three Forks site, Bozeman, Mont, during a 55-day period in 1973.’ 

Measurement and Avg no. 
grasshopper treatment inflorescence/m2 2 Needleandthread Forbs Misc. grasses 

First clipping-27 days after infestation 
Forage production in Lb/acre 

Empty cage 9.2 541.5 13.4 12.5 
No cage 18.4 55 0.4 7.3 2.7 

Forage loss in lb/acre (% 10s~)~ 
High population 0.8 188.2 (34.8) 0 10.5 (84.0) 
Med. population 8.7 43.7 (8.1) 0 11.7 (93.6) 
Low population 9.3 59.1 (10.9) 0 10.5 (84.0) 

Second clipping-at end of 55 days 
Forage production in lb/acre 

Empty cage - 680.7 42.9 0 
No cage - 507.5 34.8 4.5 

Forage loss in lb/acre (% 10s~)~ 
High population - 419.3 (61.6) 35.6 (83.0) 0 
Med. population - 227.4 (33.4) 17.8 (41.5) 0 
Low population - 262.2 (38.5) 14.2 (33.1) 0 

I Seed head counts and clipping weights of vegetation in each quadrate were averaged for both replicates. 

Total 

567.4 
560.4 

198.7 (35.0) 
55.4 (9.8) 
69.6 (12.3) 

723.6 
546.8 

454.9 (62.9) 
245.2 (33.9) 
276.4 (38.2) 

‘Seed head counts were only recorded at the time of the first clipping. 
3 Loss is based on forage production within the empty cage. 

The first clipping of the 1973 study showed that a significant 
total reduction in forage (35%) had been produced by the high 
population; also, this population reduced the number of in- 
florescences 91%. During the first part of the test, the popu- 
lations were near those desired. 

In the other cages forage reduction was not consistent with the 
lower densities, despite the fact that at the end of the test, the 
second clipping showed a total forage loss of 63% in cages with 
high density and a loss of approximately 33% in the cages with 
the other two densities (Table 2). Losses during the first half of 
the test resulted mainly from Aulocara. After the first clipping, 
the other species that hatched within the cages undoubtedly 
contributed somewhat to forage losses. However, these spe- 
cies generally did not develop beyond the 4th instar so their 
forage consumption was minimum compared to that of Aulo- 
cara. Also, population densities of other species were about the 
same in all cages so differences in available forage at 55 days 
were still primarily attributed to differences in densities of 
Aulocara. 

The relationship between GFD (Aulocara) and available 
forage of needleandthread is shown in Figure 2. The slopes of 
the regression curves indicated essentially identical average 
losses of 22.0 & 2.12 and 18.8 k 1.82 mg of forage/m2/GFD 
for the 27-day and 55-day intervals, respectively. 

t FIRST CLIPPPJG 

l SECOND CLIPPING 

Table 3. Forage production and losses, Three Forks site, Bozeman, Mont., in 1974.’ 

lo- 
0 
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Fig. 2. Relationship between available forage and grasshopper feeding pres- 
sure at two clipping times during a 55-day period. 

1974 Study 
The plots that were first established in 1973 at the Three Forks 

site showed a reduction in total forage (compared with the 
control in 1974) of 32.5% in plots exposed to the high density 
population, of 8.2% for exposure to the medium density, and of 

Measurement and 
grasshopper treatment Needleand thread Forbs Misc. grasses Total 

Forage production on plots treated in 197 3 in Lb/acre 
Empty cage 
No cage 

Forage loss on plots treated in 197 3 in Lb/acre (% 10s~)~ 
High population 
Med. population 
Low population 

Forage production on plots treated in 1974 in lb/acre 
Empty cage 
No cage 

Forage loss on plots treated in 1974 in lb/acre (% 10s~)~ 
High population 
Low nonulation 

339.9 11.3 13.8 365.0 
307.6 59.1 11.7 378.4 

105.2 (31.0) 0 13.6 (98.5) 118.8 (32.5) 
20.2 (6.0) 0 9.6 (70.0) 29.9 (8.2) 
48.6 (14.3) 0 11.8 (85.6) 60.3 (16.5) 

433.0 10.1 1.2 444.4 
477.5 2.4 1.6 481.6 

109.3 (25.2) 17.7 (100.0) 1.78 (100.0) 128.7 (29 .O) 
113.3 (26.2) 12.9 (100.0) 0 126.2 (28.4) 

r Weights of vegetation in each quadrate were averaged for both replicates. 
2 Loss is based on forage production within the empty cage. 
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Table 4. Forage production and losses, Norris site, Bozeman, Mont., in 1974.’ 

Measurement and Western B luebunch 
grasshopper treatment wheatgrass wheatgrass 

Forage production in Lb/acre 
Empty cage 128.3 61.9 
No cage 15 1.4 83.2 

Forage loss in Lb/acre (% 10s~)~ 
High population 12.3 (9.6) 0 
Low population 11.9 (9.3) 9.3 (15.0) 

‘Weights of vegetation in each quadrate were averaged for both replicates. 
2 Lo& is based on forage production within the empty cage. 

Prairie Misc. 
Junegrass Forbs grasses Total 

12.8 231.9 283.9 7 18.8 
30.5 188.8 181.1 634.9 

0 10.4 (4.5) 165.1 (58.2) 187.8 (26.1) 
0 61.2 (26.4) 97.9 (34.5) 180.3 (25.1) 

16.5% for exposure to the low density (Table 3). This lower 
production in 1974 in plots exposed to a medium density 
reflected the slightly greater losses in those plots in 1973. Thus, 
the effects of grasshopper feeding seemed to extend beyond the 
season of feeding. However, less forage was produced in 1974 
than in 1973, even in plots where grasshoppers were not 
present. 

The 1974 clippings from the Three Forks site showed no dif- 
ference in available forage between low and high densities of 
grasshoppers (Table 3). However, both yields were significant- 
ly lower than that of the control cages (P<O. 10). Miscellaneous 
grasshopper species again hatched within the cages and contrib- 
uted to some of the total forage loss. 

Forage reduction at the Norris site was 26% for the high 
density population and 25% for the low density population of 
Aulocura (Table 4). The losses can again be attributed primarily 
to Aulocuru since the control cages conained as many miscella- 
neous grasshoppers [mostly Melunoplus sunguinipes (F.)] as 
the treated cages. 

assumed to be linear as it had been in 1973. Formulae for esti- 
mating the daily densities were therefore determined graphical- 
ly and subjected to integration to obtain an estimate of GFD for 
each cage. Then the seasonal forage loss per cage was divided 
by GFD to estimate forage loss per grasshopper per day. 
Aulocaru losses were based on production of needleandthread at 
the Three Forks site and on total production of grasses at the 
Norris site. The estimates are shown in Table 5 along with 
forage loss figures for Aulocura reported by other workers. 

Discussion 

Densities of grasshoppers in the cages were not estimated 
during the test at either site in 1974. Thus, data for population 
decline such as is shown in Figure 2 were not available for 1974. 
However, the daily reduction in density of Aulocaru was 

Table 5. A summary of forage losses (mg/grasshopper/day) caused 
mainly by A ulocara elliotti as reported by several workers.’ 

Forage 
Reference Vegetation fed on loss 

Morton ( 1936) ( 1939) ) Rangeland grasses 35.7 
Pfadt ( 1949a) Rangeland forage 28.2 

20.4 
23.6 

Anderson& Wright (1952) Agropyron smithii 20.3 
Anderson (1961) 

195 6 Studies-Harlowton Site: Bou teloua gracilis 15.7 
Agropyron smithii 24.6 
Stipa comata 38.4 

-Townsend Site: Bou teloua gracilis 63.5 
Agropyron smithii 36.5 
Koeleria cristata 20.3 

1957 Studies Agropyron smithii 12.5 
Mitchell& Pfadt (1974) Bou teloua gracilis 71.5 
Hewitt, Burleson, & Onsager Stipa comata 21.9 

18.8 
27.2 

6.8 
5 6.7 
24.6 

Rangeland grasses 42.7 
8.8 

97.2 
40.6 

1 The amount of forage lost is based on the feeding of both nymphs and 
adults in the field except that Mitchell and Pfadt (1974) worked with 
adults in the laboratory. 

In the present study, the amount of forage consumed during 
the 3rd instar and through the adult stage averaged 34.5 mg per 
grasshopper per day. Thus, an estimated loss of 23.1 lb of for- 
age per acre would result from a density of one AuZocuru/m2 if 
each grasshopper lived for 75 days (45 days as a nymph and 30 
as an adult). The loss includes both food consumed and forage 
wasted or destroyed. According to Mitchell and Pfadt (1974), 
only 50% of the forage lost due to the presence of Aulocaru is 
actually consumed. However, the loss estimate does not take 
into account feeding differences due to sex. It also does not 
account for forage lost to grasshoppers that die before they reach 
the adult stage or that feed beyond 75 days. Also, the actual 
amount of forage lost at any one location will depend on many 
environmental variables that cannot be predicted. Putnam 
(1962) reported forage losses caused by field populations of 
Camnula pellucida (Scudder) and Amphitornus coloradus 
(Thomas), two species of rangeland grasshoppers that are 
somewhat smaller than Aulocaru. From his data, a loss of 8.5 
mg per day per nymph results when the losses due to the two 
species are averaged; the loss per adult is 74.5 mg per day. 
These values convert to a loss of 23.3 lb/acre for a 75day 
feeding period, which is only slightly higher than our estimates 
for Aulocaru. However, these findings are only an estimate of 
forage losses and should be validated in the field to determine 
their validity in estimating actual forage losses. 
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Effects of Grazing Management on Natural 

Pastures in a Marginal Area of Southeastern 

Australia 

D. L. MICHALK, C. C. BYRNES, AND G. E. ROBARDS 

Highlight: The main reason for examining grazing management as a means of con- 
trolling barley grass (Hordeum leporinum) was that in marginal areas between reliable 
cropping and true semiarid rangeland areas, it is uneconomic to consider a chemical or 
mechanical eradication program, particularly as there is no desirable improved grass 
species which can be sown as a replacement. The study shows that in this environment the 
removal of barley grass by heavy grazing early in the autumn may result in crowfoot 
(Erodium spp.) dominant pastures, which although productive in winter-spring, does not 
carry over as dry feed and also produces seed which cause damage to stock. Alternative- 
ly, hard grazing in late winter increased the proportion of barley grass in the pasture and 
the number of seedheads per unit area. However, this pasture may be suitable for sheep 
grazing, since the seedheads were formed close enough to the ground to make the areas 
effectively seed free areas for livestock. 

Barley grass (Hordeum leporinum) 
was introduced into Australia soon 
after settlement and has spread rapidly 
so that it is now ubiquitous in the annual 
pasture zone of southern Australia. It 
produces large quantities of feed in 
winter and early spring when many 
other species are slow growing or dor- 
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mant, and when young and vegetative it 
is highly acceptable to sheep (Leigh 
and Mulham, 1966). Hence barley 
grass is a valuable plant in drier 
areas where improved grass species 
cannot be sown. However, at flowering 
the nutritive value of barley grass de- 
clines rapidly and the long barbed awns 
of the inflorescence can cause substan- 
tial losses to the sheep industry. For 
example, barley grass seeds can injure 
the eyes and mouths of grazing sheep 
(Belschner, 1965), damage skins and 
carcasses (Loughnan, 1964; Hartley, 
1973), and cause death through bac- 

terial infection (Seddon and Belschner, 
1927), tetanus (Belschner, 1925), and 
fly strike (Campbell et al., 1972). 

Since barley grass in the reproduc- 
tive stage is a troublesome weed in all 
locations, various management prac- 
tices have been examined to control or 
eradicate it. These include spraying 
with herbicides (Collins, 1955; 
Squires, 1963; Cuthbertson, 1964) and 
mechanically removing seed h,eads by 
mowing. Eradication may be warranted 
in New Zealand (Thompson, 1962; 
Meeklah, 1964) or in the higher rainfall 
areas of southeastern Australia, where 
it can be followed by oversowing with 
improved species, such as subterranean 
clover (Trifolium subterraneum)- 
annual ryegrass (Lolium rigidum) pas- 
tures. However, it would be quite im- 
practical to eradicate it from the drier 
marginal cropping areas where there 
are no improved grass species which 
can be maintained as a replacement, 
and where improved legume pastures 
such as luceme (Medicago sativa) 
(Clinton, 1968) and barrel medic 
(Medicago runcatula) (Michalk and 
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Beale, 1976) are rapidly invaded by Table 1. Grazing 

barley grass following establishment. September. 

In many marginal areas the general 
approach is to avoid barley grass- 
infested paddocks in the late spring by 
moving stock to perennial dominant 
natural pastures and luceme pastures of 
cultivation paddocks. This is not al- 
ways possible and so a number of 
workers have considered grazing meth- 
ods which, although they will not eradi- 
cate the species, may afford some de- 
gree of control in the late spring. For 
example, Myers and Squires (1970) 
substantially reduced the density of 
barley grass plants in an irrigated clover 
pasture by continuous heavy grazing 
from 20 days after the first watering in 
autumn. In a dryland pasture, severe 
defoliation with sheep between mid 
winter and early spring delayed the 
maturation of the pasture and reduced 
the height of seedheads, but did not 
reduce the number of seedheads 
(Robards and Leigh, 1967). 

Grazing management 

1. Ungrazed control 
2. Set stocked all year 
3. Grazed from the single leaf stage of 

barley grass development until September 
4. Grazed from the multileaf stage of 

barley grass development until September 
5. Grazed from the tillering of stage 

barley grass development until September 
6. Heavily grazed from late July until early 

Sentember 

with the highest rainfall intensity usually 
occurring in summer. 

Treatments 

This report summarizes the results of 
an experiment which examined the ef- 
fects of a range of grazing management 
treatments on the growth habit of barley 
grass in a natural rangeland pasture, 
marginal between cropping and semi- 
arid (Box and Perry, 1971). The suc- 
cess of each management treatment 
was assessed by measuring changes in 
barley grass parameters such as seed- 
head height, seedhead density, and the 
proportion of barley grass and broad- 
leaf species (particularly Et-odium spp.) 
to total production. The effects of 
changes in seedheads and botanical 
composition are discussed in terms of 
the probable effects on sheep produc- 
tion. 

Five management systems and an un- 
grazed control; each replicated twice, were 
examined between May and September 
1973 (Table 1). The treatments included: 
1) Ungrazed control 
2) Continuously grazed for several years 
3) Grazed from the single leaf stage of 
barley grass development until September 
4) Grazed from the multileaf stage of bar- 
ley grass development until September 
5) Grazed from the tillering stage of barley 
grass development until September 
6) Heavily grazed through late winter until 
September. 

Treatment 2 had been continuously 
grazed at the stated stocking rates for sever- 
al years before this study, whereas the other 
treatment plots had not been grazed for 12 
monthspriortoMay, 1973. Treatments3,4, 
and 5 (plot size of approximately 1.2 hec- 
tares) were based on observations by 
Robards and Leigh (1967), and the set 
stocked treatment (plot size 2.4 hectares) 
was shown to be an effective method of 
barley grass control by Campbell, Robards 
and Saville ( 1972). Within each treatment a 
range of stocking rates was examined and is 
summarized in Table 1. 

Materials and Methods Pasture Measurements 
Site 

The experiment was carried out at Tran- 
gie in central-western New South Wales, 
which is on the western margin of the 
sheep-wheat belt and thus the western fringe 
of the semiarid rangeland (Michalk and 
Beale, 1976). The pasture studied was des- 
cribed by Campbell et al. (1973) as being 
normally barley grass dominant from au- 
tumn to late spring. The soil type is classi- 
fied as an alluvial red-brown earth (North- 
tote Dr 2.33). When considered over a long 
period, the distribution of average rainfall 
between seasons is reasonably uniform. 
However, the variation of rainfall both 
between seasons in any year and within 
seasons from one year to another is very 
high. Also, the intensity of rainfall varies 
considerably within and between seasons, 

Botanical composition and available dry 
matter were estimated by cutting five ran- 
dom 0.84 mZ quadrats in each treatment 
plot. Samples were separated into three 
categories: barley grass, crowfoot, and 
other species. Each category was dried at 
80°C for 24 hours and weighed. 

The average height of barley grass seed- 
heads and the height of crowfoot were 
measured by four observers each making 
five observations per plot with a measuring 
plank similar to that described by Makkink 
(195 I ). The density of barley grass seed- 
heads in each plot was estimated by count- 
ing the number of seedheads in twenty 
quadrats each 25 cm x 25 cm. 

Statistical Analyses 

Analyses of variance for unequal sub- 

management treatments and rates examined between May and 

Stocking rate (sheep/ha) 

None 
2.5 ) 3.7 ) 4.9 

7.4 ) 12.3 , 17.3 

7.4 ) 12.3 , 17.3 
7.4 , 12.3 , 17.3 

50.0 , 125.0 
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class numbers were used to determine the 
effect of grazing management on total 
available dry matter, barley grass and crow- 
foot height, and the density of barley grass 
seedheads. Within grazing management 
treatments the data for the different stock- 
ing rates were averaged. The percentage 
contributions by weight of barley grass and 
crowfoot were transformed to arcsin values 
and analyzed in a similar way. 

As stocking rates were not the same in 
each management system traditional meth- 
ods of testing significance of interactions 
between main effects were unsuitable for 
this data. Hence, an orthogonal approach 
was adopted (Steele and Torrie, 1960). 

Within each grazing management system 
stocking rate was tested for linear and quad- 
ratic effects on the plant parameters. 

Results 

Effects of Management on Available 
Dry Matter and Pasture Composition 

The amount of dry matter and the 
proportion of barley grass and crowfoot 
present at the spring harvest for each 
stocking rate within each management 
system are set out in Figure 1. In 
general, grazed plots had less dry mat- 
ter available than did the ungrazed 
control, but the differences were not al- 
ways significant. Similarly, within 
management systems, stocking rate 
had little effect on the amount of pas- 
ture available to the sheep, except in the 
set stocked (Treatment 2) and single 
leaf grazed (Treatment 3) treatments 
where significant linear declines in dry 
matter were observed with increased 
stocking rate (P < 0.05). 

While the effects of grazing manage- 
ment and stocking rate on pasture quan- 
tity were small, their effect on botanical 
composition was large and significant. 
It was noted generally that where the im- 
posed treatment decreased the propor- 
tion of barley grass in the pasture there 
was a corresponding increase in the 
proportion of crowfoot (r = -0.688). 
The heavy late winter grazing (Treat- 
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GRAZING MANAGEMENT 

UNGRAZED CONTROL 

SET STOCKED 

SINGLE LEAF GRAZING 

MULTILEAF GRAZING 

TILLER GRAZING 

HEAVY LATE WINTER GRAZING 

STOCKING 

(sI-%i ‘) 

0 

2.5 
3.7 
4.9 

7.4 
12.3 
17.3 

74 
123 
17.3 

7.4 
12.3 
17 3 

50.0 
125.0 

cxYMAllER 

(kg ha-‘) 

7120 

5360 
6310 
3460 

6220 
4630 
4110 

5280 
5390 
4390 

6810 
5800 
6600 

5830 
5290 

SE =lO.l 

PERCENTAGE GROUND COVER 

I 

Fig. 1. Available dry matter and the contribution of barley grass and crowfoot to total ground cover at the spring harvestfor stocking rates within manage- 
ment systems. 

ment 6) significantly increased the pro- in crowfoot with increased stocking 
portion of barley grass (PC O.Ol), and rate was observed only in the multileaf 
at the same time reduced the contribu- grazed treatment. On the other hand, 
tion of crowfoot (P < 0.01) when com- grazing at the tillering stage (Treatment 
pared with multileaf grazed (Treatment 5) significantly reduced the proportion 
4) treatments were similar, both reduc- of crowfoot as stocking rate was in- 
ing the proportion of barley grass rela- creased. 
tive to the ungrazed control. In these Effects of Management on Barley 
treatments stocking rate was important, Grass Seedhead Density and Height 
with the higher rates causing the big- The effects of grazing management 
gest reduction in the proportion of bar- on barley grass seedhead density and 
ley grass (Fig. l), although an increase height are presented in Table 2. Where 

the imposed treatment significantly re- 
duced the proportion of barley grass in 
the pasture, there were also corres- 
ponding reductions in the number of 
seedheads per unit area. Conversely, 
where treatments increased the contri- 
bution of barley grass to pasture pro- 
duction, there was a corresponding in- 
crease in the number of seedheads rela- 
tive to the ungrazed control. Both the 
multileaf grazing and set stocked treat- 
ments reduced seedhead density, the 
reduction being magnified as stocked 
rate increased. The remaining treat- 
ments increased density relative to the 
ungrazed control, with the most signifi- 
cant increases occurring in the heavy 
late winter grazing. In this treatment 
stocking rate played a significant role 
in increasing seedhead density. 

Table 2. Density (plant/m*) of barley grass, height (cm) of barley grass seedheads, and the 
height (cm) of crowfoot in natural pasture at Trangie, N.S.W., by grazing management 
method stocking rates (sheep/ha). 

Grazing management Barley grass Crowfoot 
and 

stocking rate 
Density Height height 
(plants/m*) (cm) (cm) 

Ungrazed control 109.2 42.1 31.3 

Set stocked 
2.5 167.8** 45.0** 39.0 
3.7 37.4** 38.2** 46.4 
4.9 4.8** 20.6”” 45.1 

Single leaf grazing 
7.4 148.4 43.6** 37.7* 

12.3 168.0 33.0** 17.4* 
17.4 118.4 30.6** 19.1* 

Multileaf grazing 
7.4 104.8 42.1** 28.2 

12.3 82.4 35.7** 38.9 
17.3 37.2 27.8** 33.8 

Tiller grazing 
7.4 173.6 47.9 37.3** 

12.3 117.2 42.4 38.9”* 
17.3 141.2 42.7 23.8** 

Heavy late winter grazing 
50.0 161 .O* 26.5 NA 

125.0 251.4* 24.0 NA 

Standard error 31.1 4.1 5.2 

* and ** indicate significant linear effect of stocking rate within grazing managements at the 5 and 1% levels 
respectively. 

Although heavy late winter grazing 
significantly increased seedhead densi- 
ty, it also significantly reduced seed- 
head height relative to the control. 
Stocking rate appeared to be unimpor- 
tant in producing this result, but in early 
grazed treatments (Treatments 2,3, and 
4) where small reductions in height were 
observed, the results were influenced 
significantly by stocking intensity. 

In general, crowfoot height showed 
little response to either grazing man- 
agement or stocking rate, and there was 
no consistent relationship between the 
height of barley grass and crowfoot. 
Variable results were observed in all 
treatments, except in the single leaf 
and tiller grazings in which crowfoot 
height was significantly reduced by 
increasing the stocking rate. 
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Discussion 
In the drier, marginal crop- 

ping areas of central western New 
South Wales, grazing management as a 
means of controlling barley grass is 
considered more practical than com- 
plete elimination by herbicides or me- 
chanical means because barley grass is 
a valuable contributor as one of the 
major components of natural pasture, 
except when the mature awned seed- 
heads are troublesome to stock. Also, if 
the rapid invasion of barrel medic 
(Michalk and Beale, 1976) or lucerne 
pastures (Clinton, 1968) by barley 
grass can be taken as an indication, 
elimination by any means will only be 
temporary. 

In this study the quantity of dry 
matter produced by the pasture was 
relatively unaffected by grazing man- 
agement . However, there were marked 
effects on botanical composition and on 
the development and flowering of spe- 
cies, particularly barley grass. Thus, 
pastures were created which, although 
similar in quantity, probably had dif- 
ferent potentials for animal production. 

The proportion of barley grass in the 
pasture was lower in the continuously 
set stocked plots and the plots grazed at 
the multileaf stage. However, in gener- 
al a reduction in barley grass was asso- 
ciated with an increase in the propor- 
tion of crowfoot (r = -0.69). The 
effect of this change on subsequent 
animal production is not known, but it 
may be that the barley grass was re- 
placed by an equally undesirable spe- 
cies. Crowfoot has a long sharp seed, 
which although not as much of a prob- 
lem in wool as barley grass seed, may 
more readily penetrate the skin and 
enter the underlying tissue (Cannon et 
al., 1973). Observations at Trangie (J. 
M. Thompson, unpublished data) have 
shown that in lambs slaughtered at the 
end of spring, the ratio of crowfoot to 
barley grass seeds penetrating the skin 
and lodging in the carcass was 3:l. 

Grazing in late winter at high stock- 
ing intensities resulted in the greatest 
production of barley grass. Several fac- 
tors could have been responsible for 
this increase, but the most likely ap- 
pears to be the increased tillering that 
was recorded in this experiment and 
described elsewhere (Burt, 1966; 
Robards and Leigh, 1967). Increases in 
tiller number, stimulated by grazing, 
have also been noted by Aitken ( 1962) 
and Booysen et al. (1963), although 
data for production or changes in pas- 

ture composition were not given. 
Increases in the proportion of barley 

grass in the pasture were observed in 
treatments grazed at the single leaf and 
tillering stages of development, but 
these increases were small compared 
with those observed for the heavy late 
winter grazing. At the single leaf stage 
sheep selected dead material and warm 
season species (for example Chloris 
acicularis and Chloris truncata) in pref- 
erence to the newly germinated barley 
grass seedlings (Myers and Squires, 
1970). These results support those of 
Burt ( 1966), who reported that because 
sheep remove leaf material only, graz- 
ing at the single leaf stage was ineffec- 
tive in barley grass control and had no 
effect on the growing point which, at 
this stage, is below the ground surface. 
By the tillering stage, other pasture 
components, particularly crowfoot, 
had developed to the multileaf stage, 
hence making physical separation by 
sheep difficult, a condition Myers and 
Squires ( 1970) report as adverse to 
selective grazing. 

Although seedhead density is stimu- 
lated by certain grazing management, 
particularly heavy late winter grazing, 
Smith (1968) suggested that such man- 
agement practices may reduce seed in- 
festation in sheep. That is, the decrease 
in height of seedheads may be enough 
to make the areas effectively seed free 
for livestock in the year of treatment, 
even though there may be no advantage 
in subsequent years (Cornish and Beale, 
1974). Thus sheep have access to a 
larger portion of “seed free” pasture. 
In this experiment a delay in the onset 
of flowering in the late grazed treat- 
ment confirmed results reported by 
Burt ( 1966) and Smith ( 1968) that there 
would be a reduction in seedhead 
height. The quality of such a pasture 
may be increased above that of the 
other treatments, since Robards and 
Leigh ( 1967) reported that heavy late 
grazing produced a pasture with higher 
nitrogen and in vitro digestibility levels 
than those observed in ungrazed or 
lightly grazed pastures. 
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Soil Compaction in Eastern Nebraska after 25 

Years of Cattle Grazing Management and 

Weed Control 

M. K. MCCARTY AND A. P. MAZURAK 

Highlight: The effect of 2.5 years of weed control and grazing 
management on several physical properties of surf&e soil was 
measured. 

Bulk density of continuously grazed plots was I .22 g/cm” in the top 
7.6 cm of soil as compared to I. 14 g/cm” on deferred and rotationally 
grazed plots, and 1.02 glen? on plots protected from grazing. 
Saturated hydraulic conductivities of 7.6 cm top soil cores from the 
protected plots were four times higher than from the two grazed plots. 
Those for warm-season grasses averaged 28.3 cmlhour, whereas 
mowed and smooth brome plots averaged 14.8 cmlhour. The valuefor 
the continuously grazed mowed plots was 3.0 cmlhour. 

The eflect of long-term weed control and grazing management was 
reflected in the physical properties of soil which, in turn, influenced 
forage production by the increased water entry into soil. 

Many pastures in eastern Nebraska and surrounding areas 
have decreased in forage productivity as numbers of weeds have 
increased. In addition, traffic of grazing animals changed the 
physical condition of soil in the pastures. Reduced water 
infiltration rate further reduced the productivity of the site. 

Most investigations of animal traffic on soil have been on 
sites of rather short duration of grazing and showed increased 
bulk density of soil (Gradwell, 1968), increased resistance of 
penetrometer into soil (Keen and Cashen, 1932; Tanner and 
Mamaril, 1959), decreased air permeability (Steinbrenner, 
195 1; Tanner and Mamaril, 1959)) decreased rate of water entry 
(Steinbrenner, 195 1 ), increased runoff (Alderfer and Robinson, 
1947)) and reduced percentage of large pores (Gradwell, 1968). 
Literature on the effect of different grazing management and 
weed control treatments over a long period as they affect soi1 
properties is limited. 

We report here the long-term effects of common weed control 
practices and grazing management on bulk density, porosity, 
water-air relationships, hydraulic conductivity, and soil 
strength. 

Materials and Methods 
The pasture plots used in this study were part of an experiment that 

continued from 1950 through 1974 (McCarty et al., 1974a, 1974b). 
The soil type is a Pawnee silty clay loam of glacial origin, located 12.9 
km (8 miles) south of Lincoln, Nebr. The soil is classified as Aquic 
Argiudoll. 

The weedy pasture site has no history of tillage, except forestablish- 
ment of certain seeding treatments in 1950. The surface soil is 20-30 

Authors are research agronomist, Agricultural Research Service, U.S. Department of 
Agriculture, and professor of agronomy, University of Nebraska, Lincoln 68583. 

The report is a contribution of the Agr. Res. Serv., U.S. Dep. Agr., and the Dep. of 
Agronomy, Univ. of Nebraska, Nebraska Agr. Exp. Sta. Journal Series Paper No. 4032. 

Manuscript received October 18, 1975. 

cm thick and is in excellent physical condition. 
Weed control treatments and grazing managements were started in 

1950. The weed control and seeding treatments were applied across 

three levels of grazing management in a split-plot design with three 
replications. The treatments used in this study were: 

1. Check, no weed control treatments applied. 
2. Mowed with a tractor at a height of 6-8 cm about June 10. 
3. Isopropyl ester of 2,4-D [(2,4-dichlorophenoxy)acetic acid] at 
I. 12 kg/ha (1 lb/acre) applied about June 10. 
4. Smooth bromeseededand supplementally sprayed with 2,4-D. 
5. Warm-season grass mixture seeded and supplementally sprayed 
with 2,4-D. 
Land for Treatments 4 and 5 was plowed in October 1949. On 

March 30, 1950, it was thoroughly disced and compacted with a 
treader. On March 3 1 smooth brome was seeded, and on May 17 the 
warm-season grass mixture was seeded after the soil had been 
double-disced and treaded again. The plots for weed control and 
seeded areas were 9.1 m wide and 70 m long. Continuously grazed, 
rotationally grazed, and nongrazed management treatments were 
superimposed across the weed control and seeded plots to give the 
split-plot design. The two grazing management strips were each 30.5 
m wide and the nongrazed strip was 9.1 m wide. 

About 20 cattle grazed the 24-ha (60-acre) pasture from early May 
through October or November, depending on grazing conditions. Age 
of livestock ranged from l-year-old to mature cows. Utilization of the 
rotationally grazed portion of the pasture started about June 15 each 
year. The cattle were removed from these areas when the warm-season 
grass mixture reached about a 9- to 12-cm stubble height. When re- 
growth of grass warranted grazing, the livestock were again allowed 
into these areas. No livestock were present on the nongrazed areas 
since 1950. 

Three cylindrical soil cores 7.6 X 7.6 cm were taken from the sur- 
face of each plot in November, 1973. The top and bottom portion of 
each soil core was trimmed to the exact volume of metal cylinder. 
Moist cores from the field were weighed and stored at 5°C until physi- 
calmeasurements were taken. Natural soil cores taken from storage 
were wetted from below. After overnight wetting, a hydraulic gradient 
of 1.5 was established on the cores for measuring saturated hydraulic 
conductivities. Five hundred milliliters of water flowed from the 
bottom to the top of the inverted soil core. The saturated core was 
weighed and placed on a ceramic plate in a pressure cell with 60 cm 
water suction on the plate. When drainage ceased, the soil core was 
reweighed. Difference in weight from saturated and 60 cm water 
suction was measured air porosity. Soil cores were dried at 105°C and 
their weights recorded. The oven-dried cores were removed from the 
metal cylinder and placed in a hydraulic press and the modulus of rup- 
ture was recorded. Particle density for each weed control treatment and 
management practice was obtained with a pycnometer bottle. Porosity 
of soil was calculated from the bulk and particle densities. Calculated 
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saturation was obtained by assuming that all the soil pores were filled 
with water; hence, the air content of saturation is the difference 
between calculated saturation (or porosity) and measured saturation. 
The calculated air porosity is the difference between calculated total 
porosity and air volume at 60 cm water suction. 

Results and Discussion 

Bulk density data of surface soil from plots with different 
weed control treatments and grazing management are shown in 
Table 1. Continuous grazing for the past 25 years showed signi- 
ficant compaction in the top 7.6 cm of soil as compared to 
deferred-rotation and protected plots. In 1957, after 8 years of 
grazing, the bulk density was 1.17 g/cm3 on continuously 
grazed plots (McCarty et al., 1974b). Seventeen years later the 
bulk density had increased to 1.22 g/cm3. Plots protected from 
grazing averaged 1.04 g/cm3 in 1974. Plots deferred and 
rotationally grazed averaged 1.14 g/cm3 and showed no change 
in bulk density over the past 17 years. 

Table 1. Bulk density (g/cm”) of surface soil from plots with different 
weed control treatments and grazing management (means of 9 values). 

Grazing management 

Deferred & 
Weed control Continuous rotated Protected Average 

Mowed 1.23ab’ 1.15d 1.08e 1.15p 
2,4-D 1.26a 1.14d 1.04f 1.15p 
Check 1.14d 1.14d 1 .OOfg 1.09q 
Smooth brome 1.25 a 1.17cd 1.01 fg 1.14p 
Warm-season 1.20 bc 1.09e 0.97 g 1.09q 

grasses 

Average 1.22x 1.14y 1.02z 

‘Means in a column or row followed by the same letter are not significantly different 

at the 5% level. 

Total porosity of the surface soil (Table 2) followed the same 
trend as the bulk density with regard to weed control treatments 
and grazing management. 

Table 2. Total porosity (%) of surface soil plots with different weed 
control and grazing management (means of 9 values). 

The water contents at saturation and at 60 cm water suction 
did not show any significant differences among the weed control 
treatments. The grazing management practices, however, 
showed significant difference both on the weight and volume 
basis. Of interest is the air content of saturated soil cores, that is, 
the difference of saturated volume of water in soil cores from the 
total porosity as shown in Table 3. Soils with the warm-season 
grass mixture had the highest air content, ranging from 8.3 to 
9.5%. The large air content is attributed to the dense root system 
in the soil cores in which the water did not displace the air ad- 
sorbed. The air content of mowed plots was the lowest, with 
7.0%. 

Table 3. Air content (%) in saturated soil cores from plots with different 
weed control treatments and grazing management (means of 9 values). 

Grazing management 

Weed control Continuous 
Deferred 
& rotated Protected Average 

Mowed 6.8 bed’ 6.3 cd 7.9 a-d 7.0 s 
2,4-D 6.6 bed 7.7 a-d 8.1 a-d 7.5 s 
Check 7.6 a-d 8.0 a-d 8.0 a-d 7.9 s 
Smooth brome 6.2 d 6.9 bed 8.8 ab 7.3 s 
Warm-season 

grasses 8.6 abc 8.3 a-d 9.5 a 8.8 r 

Average 7.2 x 7.4 x 8.5 y 

‘Means in a column or row followed by the same letter are not significantly different at 

the 5% level. 

Two types of air porosity were calculated: (a) Total porosity 
minus percent of water on volume basis at 60 cm suction = 
calculated air porosity, and (b) percent water on volume basis at 
saturation minus percent volume of water at 60 cm suction = 
measured air porosity. The calculated air porosity is larger than 
the measured porosity (Table 4). In both types of calculation the 
effects of the grazing management were significant. The differ- 
ences among the weed control treatments were not pronounced. 
The warm-season grass mixture contained the most calculated 
air porosity, 23% at 60 cm suction. The amount of air porosity 
needed for growth of grasses according to Kopecky (1928) 
should exceed 5%. If consideration is based on measured air 

Weed control I Continuous 

Grazing management 

Deferred 
& rotated Protected Average 

Table 4. Measured and calculated air porosity (%) of soil cores at 60 cm 
suction from plots with different weed control treatments and grazing 
management (means of 9 values). 

Mowed 

2,4-D 

52.8 gh’ 55.9 e 58.7 d 55.8 s Grazing management 

51.9 h 56.3 e 60.2 e 56.1 s Deferred 
Check 56.3 e 56.3 e 61.8 ab 58.1 r Weed control Continuous & rotated Protected 
Smooth brome 52.2 h 55.2 ef 61.3 bc 56.2 

Average 
s 

Warm season Measured air porosity 

grasses 
Average 

53.9 fg 58.1 d 63.0 a 58.3 r Mowed 4.3 ef’ 7.3 cd 11.5 b 7.7 rs 
53.4 x 56.4 4.1 ef 6.9 cde 13.0 ab 8.0 rs y 61.0 z 2,4-D 

Check 6.0 def 6.4 cde 15.2 a 9.2 r 
‘Means in a column or row followed by the same letter are not significantly different at 

the 5% level. 

Water contents of :oil cores on a volume basis (26.3-26.8%) 
at field sampling from plots with different weed control treat- 
ments were not significantly different. On a weight basis, the 
continuously grazed plots averaged 19.5% water content and 
were significantly lower than the protected plots, which con- 
tained 25.3% water. The value for deferred and rotated plots 
was 23.5%. The grass cover for the continuously grazed plots 
was less dense and the soil was more compact. This allowed less 
water to enter the soil profile and provided less protection from 
water evaporation from the surface. 

Smoothbrome 3.3 f 
Warm-season 

grasses 4.2 ef 
Average 4.4 x 

Calculated air porosity 

Mowed 11.2 ef 
2,4-D 10.7 ef 
Check 13.6 cde 
Smooth brome 9.5 f 
Warm-season 

grasses 12.6 de 
Average 11.5 x 

5.8 def 

8.9 c 
7.0 y 

13.6 cde 
14.6 cd 
14.4 cd 
12.7 de 

16.0 c 
14.3 y 

12.4 b 7.2 s 

13.8 ab 9.0 r 
13.2 z 

19.4 b 14.7 t 
21.1 ab 15.5 St 
23.2 a 17.1 rs 
21.3 ab 14.5 t 

23.3 a 17.3 r 
21.7 z 

‘Means in a column or row followed by the same letter are not significantly different at 

the 5% level. 
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porosity, the continuously grazed plots restricted grass produc- 
tivity. Protected plots were well above the required 5% air 
porosity. If consideration is based on calculated air porosity, the 
continuously grazed plots had adequate air porosity. Field 
observation and measured yields from the plots indicated that 
Kopecky’s value of 5% would be a good index for measured air 
porosity and 12-14% should be used for calculated air porosity. 

The saturated hydraulic conductivities of soil cores are given 
in Table 5. The mean values for continuous grazing and deferred 
grazing are not statistically significant. The protected plots are 
four times higher in conductivities than the other two grazing 
plots. The conductivities for soil cores seeded to warm-season 
grasses averaged 28.3 cm/hour, whereas the mowed plots and 
smooth brome plots averaged roughly half as much, 14.8 cm/ 
hour. The value for the continuously grazed mowed plot was 3 .O 
cm/hour. Although forage production was lower on the mowed 
plots, the cattle spent extra time grazing because of the regrowth 
following mowing. 

Table 5. Saturated hydraulic conductivities (cm/hour/hydraulic gradi- 
ent) of soil cores as affected by weed control treatments and grazing man- 
agement (means of 9 vaues). 

Grazing management 
___- .~ ___ 

Deferred 

Weed control Continuous & rotated Protected Average 

Mowed 3.0 e’ 16.0 cde 25.2 bed - 14.7 s 
2,4-D 9.0 cde 9.9 cde 38.6 ab 19.2 rs 
Check 7.8 de 7.9 de 53.7 a 23.1 rs 
Smooth brome 9.9 cde 4.7 de 29.7 bc 14.8 s 
Warm-season 

grasses 16.1 cde 11.3 cde 57.6 a 28.3 r 

Average 9.2 x 10.0 x 40.9 y 

‘Means in a column or row followed by the same letter are not significantly different at 

the 5% level. 

Modulus of rupture of oven-dried soil cores is given in Table 
6. The cores from protected plots were significantly more 
friable than were, the other two grazing management plots. It 
appears that the lower modulus of rupture values for mowed, 
2,4-D, and check plots was associated with fewer roots for 
binding the core. The roots were more prevalent in cores with 
smooth brome and warm-season grasses. 

Et Forage production on the various plots was last summarized 
in 1969 (McCarty et al., 1974b). This reflected the accumula- 

Table 6. Modulus of rupture (kg/cm2) of oven-dried soil cores from plots 
with different weed control treatments and grazing management (means 
of 9 values). 

Grazing management 

Deferred 
Weed control Continuous & rotated Protected Average 

Mowed 0.54 b-f’ 0.65 a-d 0.48 c-f 0.56 qr 
2,4-D 0.54 b-f 0.61 b-e 0.36 f 0.50 r 
Check 0.45 d-f 0.65 a-d 0.35 f 0.48 r 
Smooth brome 0.72 ab 0.85 a 0.62 b-e 0.73 p 
Warm-season 

grasses 0.73 ab 0.68 abc 0.40 ef 0.60 q 

Average 0.60 x 0.69 x 0.44 y 

‘Means in a column or row followed by the same letter are not significantly different at 

the 5% level. 

tive effect of 20 years of weed control and grazing management 
on botanical composition. It is difficult to separate out the many 
factors that have an effect on production of desirable forage. In 
the check plots, total production was about 70% weeds where 
continuously grazed and 55% weeds where deferred and rota- 
tionally grazed. In the warm-season grass plots rotationally 
grazed, desirable forage made up more than 95% of the total 
production, and roughly 75% in the smooth brome and sprayed 
plots. The average production of the plots deferred and rotation- 
ally grazed was about 13% greater than those continuously 
grazed. 
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Residency in Zoo Medicine 

The College of Veterinary Medicine, University of Missouri-Columbia, in cooperation with the St. Louis 
Zoological Park, is offering a residency program designed to produce specialists in the field of Zoo Animal 
Medicine. The resident will assist the Senior Staff Veterinarian in the zoo’s animal health care, including the main- 
tenance and treatment of some 2,500 zoo animals. 

This is a 2-year program. Reappointment for the second year is contingent upon successful completion of the 
first year. Annual salary is $11,000. 

Prerequisites: DVM degree or equivalent, and l-year internship or its equivalent experience in clinical 
veterinary medicine. Contact: William J. Boever, D.V.M., Senior Staff Veterinarian, St. Louis Zoological Park, 
St. Louis, Missouri 63110. 
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Summer Diets of Steers on a Deep Hardland 

Range Site of the Texas High Plains 

JACK E. McCLUNG, ROBERT C. ALBIN, AND JOSEPH L. o-yptandrus), silver bluestem (Bothriochloa saccharoides), and 
SCHUSTER belvedere summercypress (Kochia scopuria) are common increaser 

Highlight: Botanical and chemical compositions of the summer 
diets of esophageal-fistuluted steers were determined on a deep hurd- 
land shortgrass range site of the Texas High Plains. Consumption of 
belvedere summercypress was highest in June, but decreased to 
September; whereas, consumption of blue grumu, buffulograss, and 
sand dropseed increased during this period. Belvedere summer- 
cypress wus eaten in considerable quantities until it approached 
dormancy. Dietary crude protein and calcium percentages were 
highest in June, but declined to September. Daily forage consumption 
averaged 10.9 kg during June and July. A forage utilization of 17.4% 
was obtained during the summer grazing period and the steers gained 
an average of .45 kg/day. 

Little information is available concerning chemical composi- 
tion of plants growing on range sites of the Texas High Plains. 
Estimates of nutrient and energy intake from available forage 
would aid in determining supplemental nutrient and energy 
needs to maximize cattle gains during summer grazing periods. 
In addition, the most economical gain could be estimated if 
estimates of animal performance on the Texas High Plains were 
available. The objectives of this study were: (1) to determine the 
botanical composition of the summer diets of steers grazing on a 
typical native shortgrass deep hardland range site of the Texas 
High Plains; (2) to determine the chemical composition of the 
diets; (3) to determine the daily forage consumption rates; and 
(4) to measure animal performance. 

Study Area and Procedures 
The study area was a 40-acre pasture on a deep hardland range site 

on the Texas Tech University Center at Amarillo, 14 miles east of 
Amarillo, Tex., in Randall County. The soil is a Pullman silty clay 
loam, a highly productive soil, most of which is now under cultivation 
on the High Plains. Average annual precipitation is 50.8 cm, ranging 
from 25.4 to 106.7 cm (Jacquot, 1962). Peaks ofrainfall occur in May 
and August with mo:t of the precipitation occurring in August. 

Blue grama (Boutelouu grucilis) and buffalograss (Buchloe duc- 
tyloides) are the most common grasses. Sand dropseed (Sporobolus 

species. 
Four Angus x Holstein cross steers, each weighing about 473 kg 

were fitted with esophageal fistulas and cannulae. The esophageal 
fistulation method and sample collection technique were similar to 
those described by Van Dyne and Tore11 ( 1964) and Hoehne ( 1966) 
and discussed by Lesperance et al. (1974). Collections of forage from 
esophageal fistulas were made during the third weeks of June, July, 
August, and September, 1969. The steers were kept off feed each night 
prior to the day diet samples were taken. The samples were taken by 
attaching collection bags around the steers’ necks after removal of 
cannulae. After 1 hour of grazing, the collection bags were removed 
and the samples prepared for analysis. Each diet sample was separated 
into two sub-samples, one for botanical analysis and one for chemical 
anaiyses. The sample for botanical analysis was stored at 0°C until it 
was examined. 

The sub-samples for chemical analyses were dried in a force draft 
oven for 5 minutes at 100°C and then 24 hours at 70°C. The dried 
samples were ground through a Wiley mill using a0.8-mm sieve. Crude 
protein and dry matter were determined by procedures outlined by the 
Association of Official Agricultural Chemists (A.O.A.C., 1960). 
Gross energy was determined by the procedure outlined by Hunt 
( 1963) and phosphorus by the procedure of Sumner (1944). 

Botanical analysis of the diet was conducted with a point frame 
microscopic technique developed by Shamrad and Box (1964). One 
hundred points were recorded for each fistula sample, using a key 
prepared from a reference collection of plants which was made on each 
collection date. The relative frequency of each species was recorded 
and converted to percent composition. 

An estimate of daily forage disappearance was obtained by the 
paired plot method (Subcommittee on Range Research, 1962). 
Twenty-seven paired, .89-mZ plots were used. Wire cages were used 
to exclude grazing on one of each paired plot. The plots were hand 
clipped monthly and the herbage oven-dried. The cages were moved 
bimonthly to determine percent utilization by the steers. 

The steers were weighed in June, August, and October. Analysis of 
variance and Duncan’s new multiple range test were used to analyze 
the data (Steel and Torrie, 1960). 

Results and Discussion 
Botanical Composition of Diets 

At the time of this studv, authors were graduate assistant and orofessor. Denan- Belvedere summercypress, blue grama, buffalograss, sand 
ment of Animal Science, and professor, Depazment of Range and Wildlife Management, 
Texas Tech University, Lubbock. At present Jack E. McClung is sales supervisor, 

dropseed, and silver bluestem were major components of the 
Diamond V Mills, Inc., Cedar Rapids, Iowa, and J. L. Schuster is head, Department of steer diets during the study (Table 1). The percentage of 
Range Science, College Station, Tex. 

This study is Texas Tech University, College of Agricultural Sciences Publication No. 
belvedere summercypress in steer diets decreased from a high of 

T - 5 - T-5-l 12. 
6 1.3% in June to a low of 18.1% in September; whereas, blue 

Manuscript received September 22, 1975. grama and buffalograss percentages were lowest in June but 
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Table 1. Species composition (% of total intake) of the diets of steers 
on a deep h&land range site near Amarillo, Tex., (summer, 1969).’ 

Species 
June July 
diet diet 

Aug. 
diet 

Sept. 
diet 

B uffalograss 
Blue grama 
Belvedere summercypress 
Sand dropseed 
Silver bluestem 
Other species 

6.8 a2 6.5 a 12.8 a 23.6 b 
12.1 a 26.4 a,b 33.5 b 51.3 c 
61.3 a 36.1 b 31.9 b , 18.1 b 
9.6 a 24.9 b 7.7 a 3.0 a 
3.9 1.0 13.2 1.6 
6.3 5.1 0.9 2.4 

’ For the 132-day period. 
‘Within each row, means followed by the same letter are not 

significantly different at the .Ol level. 

highest in September. Sand dropseed and silver bluestem were 
consumed in highest proportions during July and August, 
respectively. Mean composition of the sward for the 132-day 
period was: buffalograss, 34.0%; blue grama, 28.0%; belvedere 
summercypress, 10.5%; sand dropseed, 8 .O% ; silver bluestem, 
3.0%; and other species, 16.5%. Belvedere summercypress 
began its growth in early April and became somewhat dormat 
during August; whereas, blue grama and buffalograss did not 
start active growth until the latter part of June. Silver bluestem 
remained green throughout the study period. Blue grama 
consumption was highest during September and higher in 
August than in June. No significant differences were found 
among the months of June, July, and August for buffalograss in- 
take, but intake in September was significantly greater than in 
earlier months. Most species were eaten readily during periods 
when they were growing rapidly. However, the intake of most 
species declined from the peak growth stage to dormancy. The 
exception was blue grama, which received increased utilization 
toward the end of the season. 

Chemical Composition of Diets 
The crude protein content of the diet samples was highest 

( 14.6%) in June, but decreased progressively to a low of 7.8% 
in September (Fig. 1). An inverse trend was noted for percent 

15 
c 14.6 

Fig. 1. Mean percent crude 
during the summer months 
Plains, 1969. 

protein ccntent of forage consumed by steers 
on a deep hardland site on the southern High 
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Fig. 2. Mean percent calcium and phosphorus in diets of steers. 

dry matter of forage consumed. These data indicate a decline in 
quality of the diet as the vegetation reached maturity. Rodgers 
and BOX ( 1967) and Hoehne ( 1966) have also reported a general 
decline in crude protein percentage in steer diets from June to 
September. 

Calcium content of the forage ingested declined from June to 
September (Fig. 2). At an approximate forage intake of 11.3 kg/ 
head daily, calcium would not have become deficient in the diet 
even in September‘ 

Dietary phosphorus percentage did not vary significantly 
during the 4 months (Fig. 2). Phosphorus content of the diet was 
lowest in June, which coincided with highest percentages of 
calcium and crude protein. The general trend showed a slight 
increase in percentage of phosphorus as the percentage of 
belvedere summercypress decreased and as the percentage of 
dry matter increased. These trends are similar to the findings of 
Hoehne (1966). 

Forage Utilization and Animal Gains 
An average of 2,372 kg/ha of forage were available during 

the 132-day study. An average of 4 13 kg/ha were utilized by the 
steers ( 17.4% utilization) during the 4-month study. 

Average daily forage disappearance per steer was 10.9 kg of 
oven-dry biomass from June 12 to August 18, and 11.8 kg from 
August 19 to October 2 1. The four steers gained an average of 
0.4 kg/head/day during the first one-half of the study and 0.5 
kg/head/day during the second one-half. 

Daily nutrient and energy requirements recommended by the 
National Research Council (N.R.C.) (1970) were surpassed in 
all 4 months (Table 2) for all nutrients tested. Crude protein and 
calcium intakes declined from June to September. Daily re- 
quirements for phosphorus were met for the 132-day study 
period but were closer to minimum daily N.R.C. requirements 
than crude protein or calcium. 

Gross energy was similar for each sampling period (Table 2), 
as expected. With an average daily disappearance of 10.9 
kg/head/day and an estimated forage digestibility of 57.5%, 
digestible energy intake would have been sufficient to meet the 
N. R.C. ( 1970) recommendations for steers gaining .45 kg/ 
head/day. Based on available forage, and forage consumption, 
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Table 2. Average daily estimated nutrient and energy intake of 
yearling steers on a deep hardland range site near Amarillo, Tex., 
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(summer, 1969). 
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protein Calcium Phosphorus energy energy’ 
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Sept. .91 43.6 18.6 43,879 2 1,940 
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Diets of Wild Horses, Cattle, and Mule Deer in 

the Piceance Basin, Colorado 

RICHARD E, HUBBARD AND RICHARD M. HANSEN 

Highlight: Diets offree-roaming wild horses, domestic cattle, and 
mule deer were estimated for three altitudinally different vegetation 
zones in the Piceance Basin, northwestern Colorado. Wild horses and 
cattle ate mostly grasses and sedges in each of the vegetation zones. 
Mule deer diets consisted primarily of browse. Wild horse and cattle 
diets compared within a vegetation zone were more similar to each 
other than diets of a single herbivore compared between vegetation 
zones. The percentages of the diets of wild horses and cattle that were 
identical ranged from 59% to 75% in the three vegetation zones. Diet 
overlap of wild horses or cattle with mule deer was always less than 
I I %. The diversities of plants on the diets were lower for mule deer 
than for cattle or wild horses. 

The Piceance Basin is an area where information on the inter- 
active feeding relations of mule deer (O&co&us hem&us), 
cattle (Bos tam-us), and wild horses (Equus caballus) is particu- 
-- 
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larly necessary. l Long-time residents of the area agree that wild 
horses are increasing and mule deer are decreasing in the study 
area. Since 197 1, the wild horses have been increasing on many 
other National Resource Lands (Cook, 1975). There is growing 
concern about the effects which wild horses and cattle may have 
had on the declining deer populations. Much of the area seems 
destined for oil shale development and subsequent reclamation. 
If an objective of revegetation is to provide forage for the large 
herbivores of the area, or if it is desirable to revegetate with less 
palatable plants to insure the success of the revegetation (Cook 
et al., 1974)) the most important foods of the large herbivores of 
the area must be determined. 

Allocating forage for big game and livestock has usually been 
done by intuition and at the expense of one of the species. Cook 
(1954) determined stocking conversion ratios for sheep and 
cattle. Davis (1952) and the Committee of the Soil Conservation 
Workshops (1957) estimated ratios for cattle and deer on Texas 
rangelands. To estimate combined populations of wildlife, 
livestock, and wild horses that can be supported on a given 
range, it is necessary to know the diets of the animals, and the 
kinds, amounts, and distribution of forage plants. Studies on 

‘Scientific names not included are in the Tables. 
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deer and livestock diets and relationShips show large variation 
between year of study, location, and sampling technique 
(Schwan, 1945; Julander, 1955; Mackie, 1970; McKean and 
Bartmann, 1971; Constan, 1973; Kufeld et al., 1973; Hansen 
and Reid, 1975). 

This study determined the consumption ratios of preferred 
plant species by three herbivores in three different vegetation 
zones. Mule deer, cattle, and wild horses had a free choice of 
range plants on the same areas. Results of the study may be use- 
ful for evaluating stocking rate manipulations between wild 
horses, cattle, or mule deer. 

Study Areas 
The study areas were about 60 km southwest of Meeker in the 

western portion of Piceance Basin, Rio Blanc0 County, northwestern 
Colorado (Fig. 1). Five study areas were used on each of three 
altitudinal vegetation zones. The mixed mountain shrub areas were 
along the top of Cathedral Bluffs at 2,590 to 2,63 1 m in elevation. The 
pinyon-juniper woodland study areas were about 15 km east at 2,000 
to 2,190 m elevation (Fig. 1). The annual precipitation rate varied 
from an excess of 60 cm in the mountain shrub zone to about 38 cm in 
the pinyon-juniper zone (Cook, 1974). 

LEGEND 
I * MOUNTAIN SHRUB VEGETATION 
2 = ECOTONE VEGETATION 
3 5 PINYON - JUNIPER VEGETATION 

MOFFAT COUNTY 

N 

t 

Fig. 1. Map showing generalized locations of the vegetation zones sampled 
within the Piceance Basin, which includes lands in the drainages of Yellow 
Creek and Piceance Creek, Rio Blanc0 County, Colorado. 

Many species of plants occur in all three zones, but some are charac- 
teristically most abundant at either the highest or lowest elevational 
zones (Baker, 1970; Cook, 1974). A few pockets of Douglasfir 
(Pseudotsuga menziesii), quaking aspen (Populus tremuloides), and 
chokecherry (Prunus sp.) occur only in the mountain shrub zone. Utah 
serviceberry, Gambel oak, snowberry, and sedges are most bundant in 
the mountain shrub zone, least abundant in the pinyon-juniper, and 
intermediately abundant in the ecotone zone. Pinyon pine, junipers 
(Juniperus osteosperma and J. scopulorum), and basin big sagebrush 
are dominant plants at the lowest zone. Indian ricegrass and blue- 
grasses are more abundant as elevations decrease. 

Resident wild horses lived in each vegetation zone throughout the 
year and appear to be least abundant in the pinyon-juniper zone (W. 
Lawhorn, BLM, personal communication, 1974). Cattle are present 
on all the areas from early July to late September each year (Lawhom, 
pers. commun.). Resident deer occur in each zone from mid April to 
early November. Migratory mule deer concentrate in the pinyon- 
juniper zone from early November until mid April (Baker, 1970). 

Methods 
The botanical compositions of diets were determined by micro- 

scopic analyses of samples of fecal material. Fecal samples for the three 
herbivores were collected in June, 1974, from each of the 15 areas. 
Sample areas varied from 10 to 20 hectares in size. Collectors random- 
ly subsampled undecomposed fecal droppings as they came upon them 
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with no regard to season. A subsample of feces weighing about two 
grams was taken from each wild horse, cow, or deer defecation. A 
minimum of 50 of each herbivore’s defecations were subsampled at 
each of the 15 areas and composited into a single sample for each 
herbivore diet at each area. The majority of the fecal material probably 
represented the previous 2 years of feeding activity by mule deer, 
cattle, and wild horses while they used an area. 

An experienced technician identified and quantified the plant 
fragments in feces as described by Sparks and Malechek (1968), 
Flinders and Hansen ( 1972), and Hansen et al., (1973). Fields on each 
microscope slide were viewed under a binocular microscope at 100x 
for identifiable plant fragments. Twenty slides were made per fecal 
sample and 20 fields were examined per slide, for a total of 400 fields 
per fecal sample. 

The relative percentage of recognized plant fragments in each fecal 
sample was estimated by procedures described by Sparks and 
Malechek (1968) and Flinders and Hansen (1972). Previous studies 
indicate the estimated percentage of identified plant fragments is a 
good approximation of the percentage relative dry weight of each food 
category in the diet (Dearden et al., 1975; Hansenet al., 173; Todd and 
Hansen, 1973). 

Multivariate analyses of variance (Morrison, 1967; Dixon, 1972) 
were used to compare the 45 diets. Major foods used as variables 
included sedges, wheatgrasses, needleandthread, prairie Junegrass, 
Indian ricegrass, Utah servicebeny, common winterfat, bromes, 
bluegrasses, pinyon, junipers, barberry, bladderpod, and big sage- 
brush. These categories of foods comprised at least 80% of the total 
percentage composition of each of the 45 diets. 

Similarity of diets was calculated using Kulcyznski’s formula 
(Oosting, 1956). The similarity index represented the percentage of 
the forage shared by two herbivores that was identical. Plant cate- 
gories were ranked in the order of their percentage of the diet, and a 
correlation coefficient was calculated betwen the orders of abundance 
of foods in two diets (Siegel, 1956). 

The “diversity” of foods in diets was calculated by Shannon’s 
(1948) formula. This diversity index when calculated from percent- 
ages in diets was named “trophic diversity” by Hurtubia (1973). 
Analysis of variance (Snedecor and Cochran, 1973) and the Newman- 
Keuls multiple range test (Miller, 1966) were used to test for 
differences in trophic diversities among vegetation types and among 
species of herbivores. 

Unless otherwise noted, means and standard deviations are shown 
in text and tables. Statistical differences were accepted at the 5% level 
of significance. Common and scientific names of plants follow those 
recommended by Beetle ( 1970). 

Results 
Mean diets averaged over the three vegetation zones were sig- 

nificantly different for the three herbivores, and mean diets 
averaged over the three herbivores were significantly different 
for the three vegetation zones (Table 1). At least two herbivores 
made diet adjustments in the three vegetation zones in a differ- 
ent manner. 

Wild horse and cattle diets were significantly more similar 
than either was to diets of mule deer. Wild horse and cattle diets 
within a vegetation zone (Table 2) were significantly more 
similar to e&h other than were the diets of a single herbivore 
compared between vegetation zones (Table 3). 

Analysis of variance of trophic diversities indicated that 
sources of variation for herbivore species and vegetation zones 
were highly significant (a! X .Ol). The trophic diversity indexes 
for the three vegetation zones for the wild horses and deer were 
not different and for cattle, the only significant difference was 
between pinyon-juniper and mountain shrub zones (Table 4). 
Mule deer had lower trophic diversities in the diets than either 
wild horses or cattle, except in the mountain shrub zone where 
deer and cattle had similar trophic diversities (Table 4). 
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Table 1. Foods (mean % + standard deviation) making up 2% or more of an average diet of wild horses, cattle, and mule deer in three vegetation 
zones, Piceance Basin, Colo., 1974. 

Plant name 

Wild horses Cattle Mule deer 

Mountain Pinyon- Mountain Pinyon- Mountain Pinyon- 
shrub Ecotone juniper shrub Ecotone juniper shrub Ecotone juniper 

Grasses and grasslikes 
Sedge (Carex spp.) 
Needleandthread (St@ comatu) 
Wheatgrasses (Agropyron spp.) 
Prairie Junegrass (Koeleriu cristutu) 
Bromes (Bromus spp.) 
Indian ricegrass (Oryzopsis hymenoides) 
Bluegrass (Pou sp.) 
Fescue (Fesrucu spp.) 

Forbs and shrubs 
Utah servicebeny (Amelunchier utahensis) 
Pinyon pine (Pinus edulis) 
Junipers (Juniperus spp.) 
Bladderpod (Lesquerellu sp.) 
Barberry (Berberis sp.) 
Big sagebrush (Artemisiu tridenruru) 
True mountainmahogany (Cercocurpus 

montunus) 
Snowberry (Symphoricarpos sp.) 
Bluebells (Mertensiu spp.) 
Rabbitbrushes (Chrysothumnus spp.) 
Gambel oak (Quercus gambefi) 
Common winterfat (Eurotiu lunara) 

46+ 23 
8+ 6 

10-t 4 
122 7 

1+ 2 
4+ 6 
l+ 1 
3-+ 2 

8-t 11 

<l 

<I 
<I 

<I 
Cl 
<l 
422 

20+ 11 
24-e 13 
18& 13 
lo+ 3 
12-e 7 
9c 2 
42 7 

<l 

<1 

<I 

<I 

221 

6r+ 7 601t8 
32 ? 16 624 
104 7 927 
7+ 4 923 

132 11 <l 
8+- 5 221 

13 2 18 526 
<l 322 

<I 
<l 
<l 
<l 

<I 

72-4 

<I 

(1 

<l 
<I 
<l 

5+-l 

21& 8 
222 5 
31+ 14 

9+ 2 
8t 7 
3+ 3 

<l 
<l 

<l 
<I 

<l 
<l 

<l 

<I 
<l 

3&2 

13 +9 
11 26 
921 

18+3 
14 ‘- 6 
827 

1128 
<l 

<l 
<l 
<I 
<I 
t1 

<l 

<I 

1+2 
<I 
<l 

<I 
l-t2 
<l 
<I 
<I 
<I 

<l <I 

74 -r 9 68k 15 
324 112 10 
222 3+ 4 
322 3+ 2 
4*5 3+_ 1 

<I 3+ 4 
322 2+ 1 

3?2 
3-+1 

<l 
2+2 

Cl 

<l 
<I 

2+ 2 
<I 
<I 

<l 
<l 
<l 
<l 
<I 
<l 
<l 
<l 

13 2 10 
40+- 14 
38+ 16 

3+ 3 
<1 

3-+ 4 
<l 

<l 
<I 

1+ 1 
<1 
<1 

Table 2. Mean similarity indexes (%) and rank-order correlation co- 
efficients (r,) comparing plant components of horse, cattle, and mule 
deer diets within three vegetation zones, Piceance Basin, Colo. 

Herbivores compared 

Horse vs Horse vs Cattle vs 
cattle mule deer mule deer 

Vegetation zone % ‘S % ‘S % ‘S 

Mountain shrub 71 0.83’ 11 -0.14 4 0.15 
Ecotone 75 0.86’ 4 -0.26 4 -0.09 
Pinyon-juniper 59 0.79’ 2 -0.02 2 -0.02 
‘Correlation coefficients significant at the 2% level of probability. 

Table 3. Mean similarity indexes (%) and rank-order correlation co- 
efficients (r,) comparing plant components of horse, cattle, and mule 

deer diets between three vegetation zones, Piceance Basin, Colo. 

Vegetation zones compared* 

Mountain shrub Mountain shrub Pinyon-juniper 
vs ecotone vs pinyon-juniper vs ecotone 

Animal % ‘s % ‘S % ‘S 

Horse 53 0.86 37 0.67 53 0.80 
Cattle 48 0.84 44 0.78 53 0.75 
Mule deer 74 0.66 21 0.59 33 Q. 84 
‘Five pairs of diets were used in each comparison. 

‘All correlation coefficients are significant at the I% level of probability. 

The principal foods (>5%) of both wild horses and cattle were 
sedges, needleandthread, wheatgrasses, prairie Junegrass, 
bromes, Indian ricegrass, bluegrasses, and common winterfat 
(Table I). Utah serviceberry, one of the most abundant plants in 
the upper zones, was a principal food of wild horses only in the 
mountain shrub zone. Utah serviceberry, pinyon pine, and 

JOURNAL OF RANGE MANAGEMENT 29(5), September 1976 

Table 4. Mean trophic diversity indexes for horse, cattle, and mule deer 
diets in three vegetation zones, Piceance Basin, Colo. 

Herbivore 

Vegetation type Horse Cattle Deer 

Mixed mountain 
shrub 1.66 abd’ 1.41 acd 2.24 c 

Ecotone 1.83 ab 1.75 ab 1.23 cd 
Pinyon-juniper 1.88 ab 2.12 b 1.41 cd 

‘,Means followed by the same letter are not significantly different (a = .05) by Newman- 

Keuls multiple range test. 

juniper were the only forages which averaged at least 5% of the 
mule deer diet in any vegetation zone (Table 1). 

Discussion 
The rank-order correlation coefficients for foods eaten by 

wild horses and cattle were significantly correlated within each 
vegetation zone (Table 2). The correlation coefficients between 
deer diets and wild horses or cattle were not significant and the 
coefficients were negative in each zone except in the mountain 
shrub zone for diets of wild horses and deer. High dietary 
overlaps and significant positive correlation coefficients bet- 
ween wild horses and cattle suggest competitive potential food 
relationship could develop if the stocking rates of horses and 
cattle are not balanced with the production of sedges and grasses 
in the Piceance Basin. 

The negative correlation for deer diets and those of wild 
horses or cattle suggests complemetary rather than competitive 
potential food relationships. The wild horses and deer both 
consumed high percentages of Utah serviceberry in the moun- 
tain shrub zone, and although the correlation coefficient was 

positive but not significant, we do not believe they could be in 
competition for food at the present time because of the apparent 
superabundance of nonbrowsed serviceberry plants in this zone. 
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We feel that the combined use by wild horses and cattle was and stabilization of surface mined areas in the western states. Range Sci. Dep. 

currently not excessive. The condition of [he deer browse plants Sci. Ser. 16, Colo. State Univ., Fort Collins. 70 p. 

in this area suggests that deer are understocked, especially in the Davis, R. B. 1952. The use of rumen contents data in a study of deer-cattle 

mountain shrub and ecotone zones. Excessive grazing by either 
competition and “animal equivalence.” Trans. N. Amer. Wildl. Conf. 
17:448-458. 

wild horses or cattle may cause plant successions which favor Dearden, B. L., R. E. Pegau, and R. M. Hansen. 1975. Precision of micro- 
increased production for deer forage. histological estimates of ruminant food habits. J. Wildl. Manage. 39: 

When sampling for herbivore dung we observed that the 402-407. 

relative amounts varied for species of herbivores between the 
Dixon, W. J., Ed. 1972. University of California publications in automatic 

different zones. Assuming that the amount of dung per species 
computation no. 3, BMD biomedical computer programs, x-series supple- 

of herbivore reflected amount of herbage eaten, we 
ment. Univ. Calif. Press, Berkeley, Los Angeles, London. 

Flinders, J. T., and R. M. Hansen. 1972. Diets and habitats of jackrabbits in 

feel that wild horses were consuming more forage than cattle, northeastern Colorado. Range Sci. Dep. Sci. Ser. 12, Colo. State Univ., Fort 

and cattle more than deer in the upper two vegetation zones. In Collins. 29 p. 

the pinyon-juniper zone, we believe mule deer may consume 
Hansen, R. M., D. G. Peden, and R. W. Rice. 1973. Discerned fragments in 

more forage than either wild horses or cattle, and cattle 
feces indicates diet overlap. J. Range Manage. 26:103-105. 

Hansen, R. M., and L. D. Reid. 1975. Diet overlap of deer, elk, and cattle in 
consumed more forage than wild horses. We believe cattle and 
wild horse grazing is not responsible for the recent decline in 
mule deer populations in the Piceance Basin. 

There is need for additional research on the food relationships 
of large and small herbivores in the Piceance Basin. In future 
studies it would be desirable to simultaneously quantify food 
habits, food distribution, herbage production and herbivore 
populations by seasons. 
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THESIS: TEXAS TECH UNIVERSITY 

The Effects of Fertilizer-Herbicide Interaction on the Control of Honey Mesquite 
(Prosopis ghndulosa), by James D. Arnold, PhD, Range and Wildlife Management. 
1976. 

The effects of fertilizer (ammonium nitrate at 5 application rates) 
and herbicide (2,4,5-T LV ester applied on 3 dates) on root-kill, 
phenology, niacin concentration, and percentage of reduced-nitrogen 
of 3-year-old multistemmed honey mesquite trees were studied. The 
study was conducted during 1974 and 1975 near Tahoka, Texas, in an 
effort to determine how nitrogen fertilization would affect honey 
mesquite growth and control. In addition, niacin concentrations and 
percentage of reduced-nitrogen were examined in trees from which 
samples were taken at biweekly intervals during the growing season of 
1975. 

Nitrogen fertilizer did not affect percentage of root-kill, pheno- 
logical development, percentage of reduced-nitrogen in the new 
growth, or concentration of niacin in the stem bases of honey 
mesquite. There was an indication that-a fertilizer application of 67 kg 
N/ha accelerated phenological development and thereby increased 
root-kill of honey mesquite when herbicide was applied at the low 

points of the total available carbohydrate assimilation curve. Under 
the dry conditions of 1974, there was no change in the niacin 
concentration of honey mesquite as maturation progressed. However, 
under the more favorable moisture conditions of 1975, there was a 
general upward trend in the niacin levels of honey mesquite stem 
bases, with advance in season. 

The stable level of nitrogen in the plant after nitrogen fertilization 
was not unusual. In many legumes, rhizobia do not fix nitrogen if 
nitrogen is available from the soil solution. As the soil nitrogen is 
depleted or otherwise becomes unavailable, the activity of the rhizobia 
is stimulated and the concentration of nitrogen in the plant remains 
relatively constant. 

It was hypothesized that the translocation of herbicides resulting in 
root-kill, and the translocation of niacin closely follow the total 
available carbohydrate storage pattern in honey mesquite. 
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Selectivity of Range Grass Seeds by Local 

Birds 

CARL J. GOEBEL AND GREGG BERRY 

Highlight: A study was completed in depleted semiarid Pacijk 
Northwest range to determine types of seeds preferred by local 
roosting birds. It was found that of the species tested, the two small- 
seeded species of Sherman big bluegrass and sheep fescue were 
removed more frequently than the larger-seeded wheatgrasses. The 
introduced annuals, cheatgrass and medusahead, were least removed 
of all species tested. Local birds can thus contribute to continued 
degradation of range communities by their seed diet preferences. 

Broadcast aerial seeding on depleted rangelands has been 
especially appealing to range managers. If successful, costs 
would be much lower than if mechanical seeding techniques 
were used. There are many range areas in which mechanized 
equipment is not practical to use because of steepness or 
mckiness, or a combination of both. Broadcast seeding might 
also be accomplished on many ranges earlier in the season, 
before it is physically possible to reseed with mechanical 
equipment. Thus, seedings could often be made earlier, to better 
utilize the frequently limited moisture supply. 

Although not generally recognized or identified, the influ- 
ence of birds upon broadcast seedings can be significant. This 
factor alone may account for almost complete destruction of a 
potentially successful reseeding (Nelson et al., 1970). Man- 
agers normally do not observe bird activity at its peak, possibly 
because of disruption of bird activity while workers are present. 
Inadequate knowledge of bird habits, however, is probably the 
greatest source of inaccuracies in determining the magnitude of 
this problem. 

Identifying the species and population densities of birds 
responsible for seed depredation is difficult. Adequate sampling 
techniques have not been available in the past, although some 
procedures are now being reported (Hooper et al., 1973/ Noble 
and Shepperd, 1973). 

Of the studies reported upon bird depredation of seedings, 
most work concerns forest seedings. Mann ( 1968) stated that 
broadcast seeding attempts in the south before the 1950’s were 
nearly always defeated by seed-eating animals-chiefly birds; 
but small mammals and insects also contributed to the seeding 
failures. Royal1 and Ferguson ( 1962) reported results which 
indicated that birds were the controlling factor in longleaf pine 
(Pinus palustris, Mill.) seeding establishment. Spencer (1954, 

Authors are professor and range scientist, Washington State University, Pullman; and 
range conservationist, Bureau of Land Management, Susanville, California. 

The report is Scientific Paper 4509, Project 0019, College of Agriculture Research 
Center. Washington State University, Pullman. 

Manuscript received November 14, 1975. 

1958, and 1959), who has worked extensively on bird and 
mammal seed protectants for range and forest seedings, has con- 
cluded that damage by birds, small rodents, and insects is so 
extensive at times that some failures have resulted. 

Study Areas 

Seed-preference studies were conducted on range sites near Asotin, 
Wash., during the spring of 1969 (Fig. 1). The residual vegetation was 
typical of depleted semiarid ranges of the Pacific Northwest, where 
seeding of desirable species naturally or artifically is desired. These 
sites are dominated by cheatgrass (Bromus tectorum) and soft chess 
(B. mollis), with Sandberg bluegrass (Poa secunda) the dominant 
perennial. Medusahead (Taeniatherum asperum) may partially or 
completely replace other more desirable species. Bluebunch wheat- 
grass (Agropyron spicatum) was formerly dominant, but remains only 
as a relic. The vegetation, before depletion, was the Agropyron-Poa 
habitat type (Daubenmire, 1942). Annual precipitation averaged 33 
cm and occurred most abundantly from October through May. Soils 
are silt loam in texture and shallow Asotin-silt loam, 6 1 to 66 cm deep 
over fragmented basalt. 

Bird species and density were observed in the vicinity of the Asotin 
test site of approximately two hectares. Relative abundance was 
derived by the method recommended by Dice ( 1930). Four counts 
were made in August and three in March. Abundance is expressed as a 
density index number based on the time spent examining a given area. 
Density indices observed are presented in Table 1. 

Fig. 1. Rangelands representative of steep rocky areas where broadcast seeding 
may aid re-establishment of desirable species within a reasonable period. 
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Table 1. Density 
study area. 

of birds observed vicinity 

Bird species 

Red tailed hawk 
Marsh hawk 
Sparrow hawk 
California quail 
Ringnecked pheasant 
Chukar 
Mourning dove 
Short eared owl 
Eastern kingbird 
Western kingbird 
Bank swallow 
Barn swallow 
Cliff swallow 
Magpie 
crow 
Rock wren 
Robin 
Starling 
House sparrow 
Western meadow lark 
Brewer blackbird 
Vesper sparrow 
Lark sparrow 
White crowned sparrow 
Song sparrow 

Study area 8 .O km transect 

0.4 
0.3 
0.4 

1.7 

2.7 

1.0 
0.3 
1.4 
0.2 

0.3 
0.2 
0.5 
2.4 

1.1 
0.3 
0.3 

2.1 
3.1 
1.3 
0.4 
0.2 
4.2 
2.8 
3.8 
0.5 
1.4 
4.7 
2.1 
5.2 
2.1 
0.2 
0.6 
2.3 
1.4 
3.2 
5.3 
0.8 
0.2 
2.3 
1.2 
0.5 

Wild birds had access to seeds cafeteria-style on the range sites 
during the spring of 1969. Feeding stations were established 1% m 
above the ground, complete with a roosting area. Stands were used 
because of the higher density of roosting birds in the study area. 
Feeding trials continued from early March, when travel to the area was 
first possible, until late spring, when the predominant birds apparently 
changed their diet from seeds to insects or other forms of food. 

Seeds of species made available to the wild birds included six grass 
species. These were Whitmar beardless wheatgrass (Agropyron 
inerme), Greenar intermediate wheatgrass (A. inter-medium), thick- 
spike wheatgrass (A. dusystachum), Luna pubescent wheatgrass (A. 
trichophorum), Sherman big bluegrass (Poa ampla), and sheep fescue 
(Fesrucu ovina). For comparison, seeds of the annuals, cheatgrass and 
medusahead, were also available. 

Ten grams of seed of each grass species was randomly placed in the 
feeding stand. Remaining seeds were weighed weekly throughout the 
study period. Before weighing, all debris was removed from the re- 
maining seed. Seed was made available beginning in early March until 
the 1st of June. After May 1 no utilization of seed occurred, even 
though the seed was made available until June I. 

Results and Discussion 
There was some variation in the amount of seed removed by 

birds over the period of the study (Table 2). In general, the 

Table 2. Average percent removal of grass seeds by roosting birds during 
the Spring 1969 seeding period near Asotin, Wash. 

Date of sample 

March April 

14 21 28 4 1 I 18 24 Average 
* 

Species 

Perennials 
Sherman big bluegrass 
Sheep fescue 
Intermediate wheatgrass 
Thickspike wheatgrass 
Pubescent wheatgrass 
Bluebunch wheatgrass 

Annuals 
Cheatgrass 
Medusahead 

98 13 99 39 45 18 83 67 
81 3 98 39 43 69 40 53 
55 30 82 26 25 60 51 47 
67 10 99 11 8 30 5 33 
10 15 6 19 18 85 30 26 
3 4 97 8 11 7 5 19 

11 13 11 9 9 18 18 13 
3 3 12 2 3 14 II 7 

small-seeded Sherman big bluegrass seed was removed at a 
significantly faster and more consistent rate than any wheat- 
grasses tested. This was in sharp contrast to an earlier study 
(Nelson et al., 1970) in which the Sherman big bluegrass seed 
within treatments retaining litter showed little removal by bird 
depredation, while 93% of the broadcast wheatgrass seed had 
been removed. Thus, when available free-choice, there does not 
appear to be any natural color or taste deterrent in Sherman big 
bluegrass seed to consumption by local roost birds. The small 
size of the seed probably explains why this bluegrass has been 
successfully broadcast under certain range reseeding practices 
in which litter remained in place and competition had been 
chemically controlled. 

Sheep fescue, another relatively small-seeded species, was 
also removed readily by birds. Although not as desirable a 
forage species as Sherman big bluegrass on range sites, never- 
theless, it could be used in reseedings to maintain a litter cover 
that would hide small-seeded species from most birds until 
germination. 

The Agropyrun seed most preferred by birds tested was the 
intermediate wheatgrass. On an average, one-third of the 
thickspike and pubescent wheatgrass was removed during the 
course of the study. Except for two feeding periods, beardless 
bluebunch wheatgrass was consistently less preferred than any 
of the other wheatgrasses studied. 

The annuals, cheatgrass and medusahead, on the average 
were removed in much smaller amounts than most of the 
perennials, especially during the early phases of the study. 
These averages were significantly less than the small-seeded 
species at the .05 level. Twice as much cheatgrass seed was 
removed by birds as medusahead. 

This study substantiates that seed of desirable forage grass 
species is preferred by birds over the annual grass species 
abundantly found in the area. Thus, local bird preferences could 
indirectly contribute to the degradation of a range community. 
While domestic grazing animals may be consuming established 
plants of the more palatable species, birds may intensity the 
degradation of the community by consuming seed that is 
produced by the native bunchgrass or desirable forage species. 

Medusahead, which is seldom grazed by domestic animals, 
especially after the development of awns, has an advantage over 
cheatgrass (seed stages) on normal density bird ranges. Since 
medusahead seeds appear to be less preferred than cheatgrass 
seeds, the additional advantage of fewer seeds consumed by 
birds may result in further replacement of cheatgrass by the less 
desirable medusahead in areas where both are adapted. 

Summary 

The results of this study are applicable on steep and/or rocky 
range sites which may not be artificially revegetated except by 
broadcast seeding. 

It was found that approximately 25 species of birds inhabit the 
area during the spring reseeding period. When grass seeds were 
made available “cafeteria-style” it was found that the two 
small-seeded species, Sherman big bluegrass and sheep fescue, 
were removed more frequently than the larger-seeded wheat- 
grasses. The annuals, cheatgrass and medusahead, were least 
removed of all species tested. It was established that no natural 
repellent quality exists for the small-seeded species tested. In 
addition, birds may inhibit improvement of range sites by their 
seed diet preference for seeds of the perennial species tested. 
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Plant-Soil-Microsite Relationships on a Salt- 

grass Meadow 

WILLIAM J. MeGINNIES, LANE W. OSBORN, AND 
WILLIAM A. BERG 

Highlight: At least one million acres of potentially productive The purpose of this study was to d&ermine relationships 
meadows in the central great plains are dominated by low value between existing vegetation and soil characteristics within a 
saltgrass. Soil chemical and physical factors have been measured to 
establish a microsite classification of vegetation-soil relations. The 

saltgrass meadow. Then, revegetation could be more readily 

microsites are “slickspot,” “level,” “mound,” and “swale.” The 
planned because soil characteristics that influence seeding 

mound microsite is dominated by alkali sacaton and produces the 
success and forage production could be predicted by using 

highest basal area ground cover. The slickspots were dominated by vegetation as an indicator to lessen the need for extensive soil 

saltgrass, but average basal area was less than 10%. The level sites sampling. A knowledge of soil characteristics is also necessary 

produced a mixture of saltgrass, blue grama, and alkali sacaton. The when conducting seeding research on this site. Establishing 
swales contained a mixture of saltgrass, western wheatgrass, and improved forage species on this site has been extremely difficult 
threadleaf sedge. The greatest hindrance to the conversion of these and seeding failures have been frequent. 
meadows to high quality pasture is that they are on a solonetz soil. The 
A horizon was a favorable habitat for plant growth; it was neither Methods and Procedures 
saline nor alkaline. The B horizon was a serious problem to plant 
growth because it is hard when dry and impermeable when wet. The C 
horizon is saline, but it remains moist or wet throughout the growing 

Study Area 
Saltgrass meadows studied were in the Eastman Creek drainage on 

season. the Central Plains Experimental Range (CPER), operated by the 
Agricultural Reserch Service, U.S. Department of Agriculture, 19 km 

Saltgrass (Distichlis stricta (Torr.) Rydb.) meadows that 
(12 miles) north of Nunn, Colo. Elevation is 1,650 m (5,400 ft). 

cover an estimated one million acres in Colorado and Wyoming, 
The mean annual precipitation is 3 1 cm ( 12 inches), 85% of which 

are of little value for livestock production. Extensive saltgrass 
falls between May and September; mean temperature for these months 

acreages also occur in Kansas, Utah, Nevada, Oklahoma, North 
is 15.5”C (60°F) with an average minimum temperature of 9°C (47°F) 
and an average maximum temperature of 25.5”C (78°F). 

Dakota, South Dakota, Nebraska, and Canada. The saltgrass Soils within the saltgrass meadows had been identified as an 
sites are usually saline or natric, drainage is usually poor, and alkali-saline complex but have not been named (Hyder et al., 1966). 
high water tables are common. Soils adjacent to the meadows were sandy loams and loams of the 

Saltgrass meadows might become important forage resources Havre, Greeley , Terry, Vona, and Ascalon series; the adjacent native 

if they could be seeded to more palatable and nutritious forage vegetation was shortgrass plains. 

species. Before these meadow areas can be rehabilitated, the The meadows sloped 0 to 3% toward the Eastman Creek drainage 

site characteristics mu>: be better understood. 
channel that bisected the meadow. The study area sampled was 4 km 
(2-s miles) long and 0.2-0.6 km (‘/8-3/g mile) wide, but Eastman 

~- --_ ____- ~-- Creek drains a broad area that extends upstream at least 9.6 km (6 
Authors are range scientist, Agricultural Research Service, U.S. Department of Agri- 

culture; Natural Resource Specialist, Bureau of Land Management, U.S. Department of 
miles) beyond the study area. The drainage channel does not have 

Interior (formerly graduate research assistant, Colorado State University); and associate 
year-round surface water flow. There were seepage pools and exca- 

professor, Department of Agronomy, Colorado State University, respectively. vated stock-water developments that have contained water during 
The study involved cooperative investigations of the Agr. Res. Serv., U.S. Dep. Agr., 

Fort Collins, Colorado, and the Colorado Agricultural Experiment Station, Fort Collins, 
most summer months. These are fed by an apparently permanent sub- 

Colo. It is published with the approval of the director of the Colorado Agricultural 
surface flow. Thirteen holes were dug to depths of 4.5 m (15 ft) with a 

Experiment Station as Scientific Series Paper No. 2078. hand auger. Free water was measured in 8 of the 13 holes at depths of 2 
Manuscript received September 29, 1975. to 4 m. Conductivity of the water averaged 1 mmho. 
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Procedures 

The saltgrass meadow boundaries were delineated on the basis of 
presence or absence of saltgrass, and sampling of the soils and 
vegetation was confined to these areas. 

Study sites within the salt meadow were chosen to represent 
different vegetational and microrelief types. Microrelief areas some- 
times appeared to be relatively distinct, but plant associations were not 
readily definable in the field. Aerial photographs aided in locating the 
study sites prior to sampling and served as a guide to relocating the 
individual plots at a later date. Microrelief data were based on 
reference to the drainage channel and other microrelief aspects. 

Forty-seven meter-square plots were permanently marked. Vege- 
tation on each plot was sampled during July and August for percent 
basal area with twenty 0.05 m” quadrats marked into quarters. Ocular 
estimates were used to estimate the amount of basal cover of each 
species. Vegetation cover which approached that of a lawn was 
considered to be 100%. Growth potential data were based on average 
culm height of saltgrass because it was the only species that remained 
ungrazed during the period of the study, and it was also the only 
species present on all plots. 

After completion of the vegetation sampling, a soil pit was dug in 
the center of each plot. From each pit two slices of soil, one from each 
side of the pit, were removed and soil horizons and horizon depths 
were determined. Depth of the pits depended upon depth to the C 
horizon, and ranged from 61 cm to 91 cm (24 inches to 36 inches) 
deep. 

Because of the extreme variability within this meadow, and because 
of unsuccessful attempts to measure differences within the horizons, 
only three horizons were included in the data. In all sample pits the 
characteristic column tops in the B2 could be clearly seen and the 
change from B2 to C was relatively sharp. All material below the B2 
was considered to be the C horizon. Because of the sharp demarcation 
at the top of the B2, everything above the B2 was classed as A horizon. 
Some profiles contained a distinct A2 horizon while others did not. It 
is believed that many of the profiles at one time contained an A2 
horizon, but it may have been destroyed by erosion. Many A horizons 
also showed evidence of deposition and sometimes contained one or 
two buried strata. 

Field observations on each horizon included depth, color, structure, 
consistency, and presence or absence of calcium carbonate. 

Soil samples were cornposited by horizon from the two soil slices 
obtained from each soil pit. Samples were frozen in polyethylene bags 
until laboratory analyses could be made. 

Soil samples were brought to saturation following the procedures of 
Richards (1954). pH values were determined with a pH meter on the 
soil paste. Pastes were then vacuum filtered to obtain a saturation 
extract. Electrical conductivity (EC) was determined on saturation 
extracts with a conductivity cell standardized with a 0.01 N KC1 
solution. 

Sodium was measured in the saturation extracts with a flame 
photometer. An atomic absorption spectrometer was used to determine 
the Ca and Mg in the soil extracts. 

Sodium adsorption ratios (SAR) were calculated from Na, Ca, and 
Mg data as follows: 

Na (meq/liter) 
SAR = 

Ca(meq/liter) + Mg(meq/liter) 
7 

The exchangeable sodium percentage increases as the SAR increases, 
and the larger the SAR, the greater the amount of the adsorbed sodium 
ion (Richards, 1954). 

Mechanical analyses were made by the hydrometer method to 
determine percent of sand, silt, and clay (Day, 1965). 

A total of 47 plots was analyzed for 32 soil and vegetation variables. 
The 47 plots were then separated into four microsite types (slickspats. 
level, mound, and swale) and data were analyzed for each microsite 
type. Means, variance, standard deviations, standard error of the 

means, and correlation coefficients (r) were computed for all plots 
together and for the individual microsites. Relationships for all 
possible combinations of individual soil and vegetation variables were 
determined from correlation coefficient matrices. Most vegetation 
relationships presented in this paper were based on the actual basal 
cover percentage. 

Results 
Saltgrass Meadow Vegetation 

The dominant perennial species in descending order of their 
cover were saltgrass, alkali sacaton (Sporobolus airoides 
(Ton-.) Torr.), blue grama (Bouteloua gracilis (H.B.K.) Lag. 
ex Steud.), threadleaf sedge (Carexfilifolia Nutt.), and western 
wheatgrass (Agropyron smithii Rydb.). Average actual basal 
area for the dominants was 13.6, 8.4, 5.6, 3.6, and 2.3%, 
respectively. Average total cover for the 47 sample plots was 
33.5%. Thirty-one other species were found on this area, mostly 
in trace amounts, but none was found in sufficient abundance to 
be used as an indicator plant of soil physical or chemical 
conditions. Forage production of all species was generally low 
because of below average precipitation in 1973, and the annual 
and perennial weeds were scarce in areas where they would 
normally be expected to occur. 

There were no significant correlations between basal area 
percentages of any of the dominant species (Table 1). The 
percentage composition of saltgrass to the total basal area was 
negatively correlated to each of the other dominant species. 
Because of its low palatability and its ability to use moisture 
from greater soil depths, saltgrass probably fills the voids 
grazing and drought create in the other species and it gradually 
occupies the area at the expense of these other species. 

Table 1. Correlation coefficients (r) for species relationships based on 
basal area and on percent composition on 47 plots in a saltgrass 
meadow at Central Plains Experimental Range. 

Dominant vegetation species 

Alkali Western B lue Threadleaf 
sacaton wheatnrass grama sedge 

Basal area 
Saltgrass -.20 
Alkali sacaton 
Western wheatgrass 
Blue grama 

Percent composition 
Saltgrass -0.44x*’ 
Alkali sacaton 
Western wheatgrass 
Blue grama 

l *=p<.os; **=p<.o1. 

-.22 -.13 -.27 
-.24 -.15 -.04 

-.09 .20 
.05 

-0.36* -0.40 * -0.42** 
-0.25 -0.22 -0.18 

-0.12 0.19 
-0.01 

Saltgrass Meadow Soils 
Soil in the saltgrass meadow at CPER was similar to the 

Beckton soil described by Larson and Brown (1971) in 
Arapahoe County, Colo. The Beckton soil is of alluvial origin 
and is classified in the Suborder, Typic natrustolls; Family, fine 
montmorillonitic, mesic. Slickspots, or barren areas, are com- 
mon. Under the old classification, this soil was in the Great 
Group of Solonetz. However, some solodization had occurred. 
Soil development appeared to have followed the classic solo- 
netz pattern described by Kellogg (1934). No salinization stage 
was found, nor was soil without a columnar B horizon found 
within the meadow. The Eastman Creek soils were derived 
largely from alluvial materials, and contained some strata of 
sand and waterwom gravel within the soil profle. The sand and 
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gravel layers were most noticeable in the C horizon and were 
mostly found 2 m (6.6 ft) or more below the surface. 

Based on the average of all 47 plots (including seven plots on 
slickspots), thickness of the A, B2, and depth to C horizon were 
15.2 cm (6 inches), 22.7 cm (8.9 inches), and 37.9 cm (14.9 
inches), respectively. Average texture of the A horizon was a 
loam, and texture of the B2 and C horizons was a sandy clay 
loam. Percolation was usually very slow because the B2 horizon 
was nearly impermeable when wet. 

The pH averaged 7.0 in the A, 8.2 in the B2, and 8.8 in the C 
horizons. Effervescence, when treated with HC 1, ranged from 
none to violent in the A and B2 horizons, and from moderate to 
violent in the C horizon. 

Electrical conductivity measurements indicated that salt in- 
creased in the soil profile from top to bottom. Most of the B2 and 
all of the C horizons had salt concentrations high enough 
(electrical conductivity exceeding 4 mmho/cm) to require 
special management practices (Richards, 1954). Salt content 
was below 1 mmholcm in the A horizons of most of the sample 
plots, and salinity effects were negligible. 

Microsites 
Correlation coefficients were computed to determine the 

relationship between several soil factors and basal area of five 
species, and also between the soil factors and total basal area 
(Table 2). Although a number of these coefficients were 
significant and meaningful, most of the coefficients were lower 
than expected. 

The saltgrass meadow was extremely variable from plot to 
plot in both vegetation and soil, and it appeared that the 
variability produced the low correlation values. The microrelief 
on the meadow was similar to that shown by Kellogg (I 934) in 
his drawing of a cross section “through an eroded spot on the 
solonetz-complex . ’ ’ 

Hanson and Whitman (1938) and Redmann (1972) reported 
that vegetation-microsite criteria were significant enough to 
stratify study areas based on similar criteria. Because the micro- 

relief appeared to cause much of the variability and because 
there appeared to be four distinct microsites, each plot was 
classified into one of four microsites. The microsites were 
“slickspot,” “level,” “mound,” and “swale.” 

The slickspots were characterized by shallow, somewhat 
circular depressions 1 to 4 m in diameter and by the absence of 
an A horizon which had probably been lost through wind 
erosion. Vegetation on the slickspots was usually sparse and 
sometimes absent in the center. 

In contrast to the slickspot, the mound microsite was a very 
slightly to moderately raised, round to elongated area that was 
one to several meters across. Vegetation on the mounds was 
usually dense and vigorous. The A horizon was usually very 
deep and appeared to contain the soil the wind had eroded from 
the adjacent level and slickspot sites. 

The level site was intermediate between the slickspot and the 
mound microsites. The A horizon was always present but was 
frequently thin. Vegetation was usually relatively dense but it 
lacked the vigor of that on the mounds. 

The swale microsite consisted of the sometimes indistinct and 
discontinuous drainageways that carried runoff across the 
relatively level meadows to the channel that bisected the 
meadow. The swale is characterized by finer-textured surface 
soils and a dense, characteristic vegetation containing a high 
percentage of western wheatgrass and threadleaf sedge. The 
slickspot, level and mound microsites tended to form a con- 
tinuum, but the swale seemed to be a distinct microsite that cut 
across the other three microsites. 

When viewed on aerial photograhs, the meadow had the 
appearance of “patterned ground” or “mima-type” microrelief 
as described by Arkley and Brown (1954) and McGinnies 
(1960). 

Microsite-Vegetation-Soil Relations 

After the individual plots had been assigned to a microsite, all 
possible correlations between vegetation and soil factors were 
calculated. The correlation coefficients for microsite vegeta- 

Table 2. Correlation coefficients showing the vegetation-soil realtionships within the saltgrass meadow located at Central Plains Experimental 
Range, Nunn, Colo. 

Alkali Western Blue Threadleaf Total 
Soil factor Horizon Saltgrass’ sacaton wheatgrass grama sedge cove? 

Thickness A -.16 .63** -.12 -.06 .oo .52** 
Thickness B2 .34d .07 .13 .12 .26 5 3** 
Depth to C .18 .s4** -.Ol .ll .22 .75** 

PH A -.13 .41** -.Ol .Ol -.07 .38* 
B2 .I8 .54** .30* .09 -.23 .33* 
C .26 .51** .32* -.13 -.20 .39* 

Electrical conductivity A .06 .09 -.lO -. 31* -.14 -.30* 
B2 -.lO .I4 -.32* -.37** -.31* -.42** 
C .02 -.02 -.26 -. 30* -.16 -.35* 

Sodium adsorption ratio A .15 -.04 -.24 -.31* -.24 -.39** 
B2 -.02 .20 -.33* -.36** -.26 -.29* 
C .19 .32* -.22 -.28* -.17 -.09 

Sand A .20 -.22 -.21 .15 -.ll -.06 
B2 .I4 .23 -.30* .29* -.05 .38”* 
C .15 -.15 -.09 .12 -.28* -.08 

Silt A -.I0 .I9 .09 -.07 .22 .20 
B2 .03 -.38** .08 .02 .05 -.30* 
C .Ol .14 -.I6 .04 .OS -.08 

Clay A -.28” .I7 .31* -.22 .04 -.lO 
B2 -.26 -.02 .31* -.33* .02 -.29* 
C -.20 .08 .24 -.19 .32* .03 

’ Species data used in correlations was basal area. 
‘Total cover is percent of ground occupied by basal area of all species. 
3*=p<.os; **=p<.o1. 
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Table 3. Average percent basal area and average species composition for four microsites on a saltgrass meadow. 

Average basal area (%) Average species composition (%) 

Slick- Slick- 
Species spot Level Mound Swale spot Level Mound Swale 

Saltgrass 5.7 16.8 13.6 12.0 82 51 32 31 
Alkali sacaton 0.7 

o”-; 
23.9 2.3 7 20 50 7 

Western wheatgrass 2.8 
8:l 

1.6 7.6 11 1 3 25 
Blue grama 0.0 3.2 6.1 0 23 7 14 
Threadleaf sedge 0.0 1.5 4.0 10.7 0 5 8 23 

Total 9.2 33.5 46.3 38.7 100 100 100 100 

tion-soil relationships were generally higher than when these 
relationships were examined on the meadow as a whole. The 
most meaningful and important vegetation-soil relationships 
within each microsite are reported below. All correlation 
coefficients shown are significant at the 5% level or better. 

Slickspot Microsite 

The slickspot microsite was the most unfavorable for plant 
growth within the saltgrass meadow; this was indicated by the 
sparse total basal cover (Table 3) and the low plant height of the 
saltgrass (Table 4). 

Saltgrass dominated the slickspot microsite (Table 3). The 
surface of many slickspots were barren of vegetation except near 
the edges. Saltgrass rhizomes grew under these bare spots in a 
layer between the B2 and the C horizons but did not penetrate 
upward through the B2 horizon. In a few cases, these rhizomes 
actually formed a dense network under the barren surface (B2) 
horizon. When these rhizomes reached the opposite boundary of 
the slickspot, where the profile contained an A horizon, the 
rhizomes tillered upward normally. Average plant height (9.3 
cm) indicated that this microsite type had the poorest growth 

Table 4. Summary of soil factor means stratified by horizon for the 
four microsite types located on a salt meadow at Central Plains 
Experimental Range, Nunn, Colo. 

Soil factor 

Microsite 

Slick- 
Horizon spot Level Mound Swale 

Horizon thickness 
(cm) 

Horizon thickness 
(cm) 

Depth to (cm) 

Saltgrass height (cm) 

PH 

Electrical 
conductivity 

(mmho/cm) 

Sodium adsorption 
ratio 

Sand (%) 

Silt (%) 

Clay (%) 

A 

B2 
C 

- 

A 
B2 
C 

7.7 
8.4 

A 
B2 
C 

4.5 
11.8 

A 
B2 
C 

31.7 
54.3 

A -- 
B2 56.9 
C 55.9 

A 
B2 
C 

A 
B2 
C 

1 - 

10.7 
10.7 

9.3 

_- 
14.4 
13.1 

28.7 
31.0 

13.3 

23.0 
36.2 

13.8 

6.8 
8.3 
8.8 

0.6 
3.1 
9.4 

5.0 
26.9 
80.8 

66.7 
62.2 
55.1 

18.0 
13.8 
18.4 

14.6 
24.8 
26.5 

39.7 7.2 

24.7 29.6 
64.3 36.8 

19.4 14.8 

7.4 7.1 
8.7 8.0 
9.2 8.8 

0.6 0.7 
4.0 2.1 

10.3 8.5 

1.8 3.0 
35.8 16.7 

106.5 7 3.5 

64.2 57.5 
67.3 54.4 
43.6 44.6 

18.1 24.1 
6.3 15.5 

18.0 16.6 

17.7 19.9 
26.4 30.2 
38.4 38.8 

’ The A horizon was absent on the slickspots. 
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potential of any of the four microsites studied. 
Soils on the slickspots lacked an A horizon and had columnar 

B2 horizon with the domed column tops visible at the soil 
surface. The C horizon was massive. 

Electrical conductivity values were the highest of any of the 
microsites, but the SAR values of the C horizon were lower than 
for the other microsite types (Table 4). Both electrical con- 
ductivity and SAR increased as depth or thickness decreased. 
There was a high correlation between EC and SAR of the B2 
horizon (r = .94). 

Total basal area was adversely affected by the amount of salt 
(EC) in the C horizon (r = - .89;; P < .Ol). Saltgrass was the 
only species present on all slickspots, and its basal area in- 
creased with pH at the C horizon (r = .88). 

Level Microsite 

The dominant species on the level microsite was saltgrass, but 
blue grama and alkali sacaton were important subdominants 
(Table 3). Total basal area was intermediate between the 
slickspot and mound microsites. The relative amounts saltgrass 
and alkali sacaton showed a negative relationship (r = -.47) 
which indicated that as alkali sacaton decreased, saltgrass 
increased. Saltgrass was reported by Sampson (1924), Aldous 
and Shantz ( 1924), and Shantz and Piemeisel ( 1940) to be 
resistant to damage by grazing livestock, but alkali sacaton was 
reported to be less resistant to heavy grazing (Klipple and 
Costello, 1960). Past grazing could have influenced the present 
species composition because alkali sacaton is much more 
palatable to livestock than is saltgrass. 

Plant height of saltgrass and total basal area indicated that this 
site was intermediate in productivity when compared to the 
slickspots and the mounds. 

The A horizon of the level microsites varied from fine 
granular to massive. The B2 horizon was columnar, and the C 
was massive. Soil texture was sand to sandy clay loam’for A, 
sandy loam to sandy clay for the B2, and loam to clay for the C 
horizons. An A2 horizon was present between the Al and B2 
soil horizons in approximately half of the soil pits dug in this 
microsite. 

There was a correlation (r = .66) between thickness of the B 
horizon and saltgrass basal area; this correlation indicates that 
other species have difficulty competing with saltgrass where 
there is a thick B horizon. The correlation between thickness of 
the A and cover of alkali sacaton was positive (r = S9). 

Alkali sacaton was correlated with pH in all horizons (r = .52 
to .67), whereas western wheatgrass was negatively correlated 
(r = .46 to -.63). 

Blue grama had relatively large basal area and composition 
percentages (Table 3). Blue grama basal area was greatest in 
those plots in which the EC and SAR values were low. In no 
case did blue grama occur where the EC was greater than 2 



mmho/cm in the A horizon. Total cover also increased as EC 
and SAR values in the lower horizons of the soil profile 
decreased. Hanson and Whitman (1938) suggest that, in time, 
rejuvenation may allow blue grama to become the dominant 
species for areas such as these. Because blue grama is a shallow 
tooted species, it grows well in the well-leached A horizon. 

Mound Microsite 

The mound microsites contrasted sharply with the slickspots. 
The mounds produced the densest vegetation cover of the four 
microsite types (Table 3). Similar types of microrelief have 
been referred to in the literature as mounds, patterned ground, 
hummocks, and mima-relief (Hanson and Whitman, 1938; 
Arkley and Brown, 1954). 

Origin of these particular mounds is uncertain. One possi- 
bility is that the soil was blown in from what had been the A 
horizon on the slickspots or from upland sources outside of the 
meadow, and this windblown material was trapped by the 
existing alkali sacaton tussocks. The bigger the mounds grew, 
the more soil they trapped (Shantz and Piemeisel, 1940). Arkley 
and Brown (1954) reported that the digging of fossorial rodents 
created mounds where there was a claypan, a hard B2 horizon, 
or a high water table that restricted the rodents’ digging 
activities. Rodent activity was not observed in any of the mound 
microsite study plots, but pocket gopher (Thomomys tulpoides) 
mounds were common on the meadow. It was also suggested 
that the mounds may have been formed by an upwelling of the 
ground water table which pushed the soils upward (Gardner, H. 
R., Personal communication, 1973). However, if this was the 
force that formed the mounds, it would be expected that the B2 
horizon would also have been moved upward to undulate with 
the micro-relief, or that gaps in the B2 horizon would occur at 
the u,)weIlings. No gaps in the B2 horizon were found, and the 
B2 horizon remained relatively level from the slickspots to 
under the thick A horizon that made up the mound. 

Species on the mound microsites in order of decreasing 
importance 2. cre alkali sacaton, saltgrass, threadleaf sedge, 
blue grama, and western wheatgrass (Table 3). 

Correlation analysis indicated a negative association between 
saltgrass and alkali sacaton (r = - .90). This was a displace- 
ment effect, because where alkali sacaton was able to persist on 
mounds, saitgrass did not invade. Alkali sacaton commonly 
occurred in large clumps (sor:lc over 152 cm (60 inches) in 
diameter) near the edges of the mounds, and many of the clumps 
had dead centers. The alkali sacaton plants on the mounds were 
coarser and more robust than those on the level site. 

Total basal area was greater on mound microsites than any of 
the other microsites (Table 3). The very large soil volume of the 
A horizon allowed for greater water storage capacity above the 
impermeable B2 horizon and, therefore, apparently favored 
more plant growth. SAR and EC values were low in this A 
horizon (Table 4). The amount of alkali sacaton was positively 
correlated with the more clayey textures in all three horizons. 
Saltgrass favored the sandier soils. 

Mound microsites had a very deep A horizon in comparison 
with the other soil profiles studied (Table 4), but the B2 horizon 
was comparable in thickness to that of the B2 found in the level 
and swale microsites. Texture for the profile was sandy loam to 
clay, but the mound microsite soils tended to contain more clay 
than the level microsite in all horizons. 

Swale Microsites 

The swale areas were slight depressions that had a drainage 

slope of 0- 1% toward the main drainage channel, but the swales 
themselves did not form a definite drainage channel. 

Soils in the swale microsite areas were sandy loam to clay in 
texture. Structure was granular in the A horizon, columnar in 
the B2 horizon, and massive in the C horizon. These soils had 
the highest amounts of clay in the A, B2, and C horizons of any 
of the microsite types observed (Table 4). The high amount of 
clay in the A horizon was the most distinctive soil characteristic 
of this microsite. Because of the high moisture holding capacity 
of the clays, the collection of runoff, and the shallower depth to 
the water table, the swales were more moist than other micro- 
sites. 

The dominant species in the swale microsites in order of 
decreasing dominance were saltgrass, western wheatgrass, 
threadleaf sedge, blue grama, and alkali sacaton (Table 3), and 
total cover averaged 38.7%. Together, threadleaf sedge and 
western wheatgrass made up almost 50% of the average total 
basal area. The abundance of one or both of these species was 
one of the most pronounced and consistent indicators of the 
swale microsite. Basal area of saltgrass was associated (but not 
significantly correlated) with alkali sacaton, but both were 
negatively correlated to western wheatgrass (r = - .63). West- 
em wheatgrass and threadleaf sedge seemed to grow well on 
these high clay content soils. 

Alkali sacaton was associated with high salt concentrations (r 
= .f54 to .85), while saltgrass was associated with high pH (r = 
.68 to .86). The other three species occupied the less saline, less 
alkaine swales. For example, whenever there was a high 
percentage of threadleaf sedge, the pH of the A horizon was less 
than 7.0 and was usually between pH 5.5 and pH 6.0. 

Discussion and Conclusions 

The presence of at least some saltgrass was the most con- 
sistent vegetation characteristic of these solonetzic soils 
throughout the saltgrass meadow. At the saltgrass meadow mar- 
gins where the presence of saltgrass stopped abruptly, these 
soils also stopped abruptly, almost exactly where the saltgrass 
stopped. Outside the meadow boundary the soils were the typi- 
cal soils of the local uplands. Some saltgrass was found outside 
the saltgrass meadows primarily on undeveloped alluvial soils 
or around “buffalo-wallows” on the uplands, but the saltgrass 
was generally restricted to small areas or patches and was a 
minor component of the vegetation. Plants from these upland 
patches of saltgrass did not appear to be a different ecotype than 
plants from the meadow soils when plants from uplands and 
various microsites were all grown under uniform greenhouse 
conditions. 

Blue grama was highly sensitive to salt. Basal area and 
relative abundance of blue grama increased with a decrease of 
salt in the A and B2 horizons. Blue grama was not an indicator 
of soil conditions below the B2 horizon because the shallow 
rooting depth of blue grama made its survival relatively in- 
dependent of the sodium and salt content of the C horizon. 

Total basal area and plant height increased markedly when 
the thickness of the A horizon and the depth to the C horizon 
increased. The A horizon was considerably deeper on the 
mound microsites than on the other three microsites. Because of 
low salt and a greater soil volume for water retention above the 
inhospitable C horizon, more optimum growing conditions 
existed within the deeper A horizons. On individual plots within 
the level microsite where the A horizon was deep, alkali sacaton 
constituted the greatest portion of the total cover. Where the 
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basal area of alkali sacaton was high, the pH was also higher 
than average. The increase of pH in the mounds was believed to 
be in part caused by the presence of calcium carbonate contained 
in relatively recent deposits of windblown materials that were 
trapped by the stemmy alkali sacaton. Thus, a high total cover, a 
mound microrelief, or a deep A horizon generally indicated that 
the A horizon had lower salt, higher calcium carbonate, and 
lower sodium contents. An abundance of western wheatgrass 
generally indicated a more clayey site, and western wheatgrass 
and threadleaf sedge usually indicated lower pH vaues in the B2 
and C horizons. 

The saltgrass meadow was highly variable, not only among 
microsites, but also between individual plots within microsites. 
The soils on the Eastman Creek saltgrass meadow are not 
entirely similar to other soils reported in the literature. They lack 
the high magnesium of the solonetzic soils in North Dakota 
(Hanson and Whitman, 1938), and have higher sodium and less 
silt than the solonetzic soils in Canada (Toogood and Cairns, 
1973). Eastman Creek soils appeared to be similar to the 
Beckton series in Arapahoe County, Cola., (Lawson and 
Brown, 1971), but the Eastman Creek soils were more saline. 

In past attempts to revegetate these meadows with improved 
forage species, stand establishment has been extremely vari- 
able. Much of this variability appears to be related to the 
intermixed pattern of the microsites. It will be impractical to 
treat each microsite separately in a pasture seeding because of 
the smallness of the individual patches in each microsite. Based 
on the results reported by Toogood and Cairns (1973) there is 
little reason to hope for more uniform stands if one attempts to 
eliminate the microsites by land leveling. Our own limited 
experience indicated that plowing may even increase vari- 
ability, particularly if it brings the C horizon to the surface. 
Even when the seeded stand is established on all the microsites, 
extreme variability in yields is to be anticipated. 

Our preliminary studies indicated that the quantity and 
quality of underground water were quite good and that there was 
an apparently permanent water table within 2 to 4 m (6 to 13 ft) 
of the soil surface. If this water could be used for irrigation, it 

might be possible to leach the salt and sodium out of the profile. 
However, legal restrictions prevent the development of new 
irrigation wells and no other source of water is available. The 
utilization of any underground water will have to be by plants 
that can penetrate the saline soil layers with their root systems to 
reach the water table. 
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Yields of Dissolved Solids from Aspen= 

Grassland and Spruce-Fir Watersheds in 

Southwestern Alberta 

TEJA SINGH 

Highlight: Water quality samples representing variousjlow conditions were collected 
from the main creeks of Streeter and Marmot experimental watersheds in southwestern 
Alberta. Total dissolved solids were determined gravimetrically after evaporating aliquots 
of filtered samples. An excellent correlation between stream discharge and yield of 
dissolved solids was found in the two watersheds. The regression models thus established 
were used to estimate the yields of total dissolved solids from the streamjlow data on a 
daily, monthly, and annual basis. The highest yield occurred in the month of June and the 
lowest during the low-flow months of winter. The yield of total dissolved solids transported 
annually amounted to 27 metric tons per square kilometerfor aspen-grassland vegetation, 
compared to 69 metric tons per square kilometer for spruce-fir forest. 

Transportation of inorganic solutes 
(dissolved solids) by running waters is 
an important hydrologic process. It is 
an indicator of the chemical weathering 
of the earth’s outer crust and contains 
essential information on the quantities 
of constituents that are continuously 
being dislodged and removed from the 
source areas by stream waters. 

Although many of the solute mate- 
rials are also being replenished gradual- 
ly the natural inputs may not be ade- 
quate to replace the losses, especially 
when such losses have been accelerated 
by the activities of man. Excessive 
exports of dissolved solids over pro- 
longed periods can result in marked 
deterioration in site quality through loss 
of nutrients. Although acutely conscious 
of erosion, land managers have seldom 
considered the harzards of nutrient loss 
(Cooper, 1969). Accelerated loss of 
nutrients from upstream areas can also 
create problems in lower reaches 
through enrichment of streams because 
dissolved solids are the basis of plant 
growth (Hynes, 1969). 

At present there is little available 
information on the amounts of dis- 
solved solids transported annually to 
rivers and oceans from range and forest 
__-_ 

The author is research scientist, Northern Forest 
Research Centre, Canadian Forestry Service, Environ- 
ment Canada, Edmonton, Alberta, Canada, T6H 3S5. 

The paper was presented at the 28th Annual Meeting 
ofthe Society for Range Management, February l&14, 
1975, Mexico City, Mexico. 

Manuscript received July 31, 1975. 

lands. Amounts of total dissolved sol- 
ids carried in the flow of the large rivers 
of the world have been estimated by 
Living stone ( 1963). These estimates, 
however, are for large drainage basins 
climatically much different from the 
cool. upland catchment areas reported in 
this study. Surprisingly, even when the 
concentration of solutes is minimal, the 
total yearly transported quantities of 
dissolved constituents from undis- 
turbed wildlands are large (Singh and 
Kalra, 1974). 

It is essential to know the yields of 
dissolved solids from source areas be- 
cause, apart from their importance 
mentioned above, the undisturbed for- 
ests set a base line for water quality. 
The present study was undertaken to 
provide such base lines for two impor- 
tant range and forest types of south- 
western Alberta as represented by 
Streeter and Marmot basins (Figs. 1 
and 2). These basins are the experi- 
mental watersheds established under 
the International Hydrological Decade 
and the Alberta Watershed Research 
Program to study the hydrologic and 
related effects of land management. 
Streeter (area 5.96 km2) represents the 
montane aspen (Populus tremuloides 
Michx.) forest and associated grass- 
lands of the foothills, while Marmot 
(area 9.40 km2) is typical of the spruce- 
fir (Picea engelmannii Parry, P. 
glauca (Moench.) Voss, and Abies 
lusiocarpa (Hook.) Nutt.) forests found 
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along the eastern slopes of the Rocky 
Mountains. Both basins contain range- 
lands: in Streeter the grasslands com- 
prise 44% of the total area and in 
Marmot alpine meadows occupy 32% 
of the area. 

The objective of the study was to 
determine the amounts of total dis- 
solved solids being drained annually 
fmm the two watersheds. In addition, a 
comparison was also made of the yield 
patterns throughout the year. 

Study Areas and Methods 
Study Areas 

Detailed information on geology, soils, 
vegetation, and meteorology of the two 
watersheds has been provided by Steven- 
son (1967), Beke (1969), Kirby and 
Ogilvie (1969), and Storr (1970), respec- 
tively. The hydrology of these watersheds 
has been described by Jeffrey ( 1965), 
Singh et al. ( 1969), and Singh and Kalra 
(1972). 

The bedrock of Streeter Basin is the 
Porcupine Hills Formation of early Tertiary 
age. The formation consists of fine- to 
coarse-grained, flaggy to massive, cross- 
bedded, argillaceous sandstone. The sur- 
ficial material is a light brownish-grey to 
brown, silty to sandy, calcareous, benton- 
itic till, containing a few scattered lime- 
stone and/or granite boulders. The surficial 
material thickens down valley to approxi- 
mately 30 m at the base of the basin. The 
bedrock is actively involved in the storage 
and conductance of groundwater to differ- 
ent degrees in various parts of the basin. 

Marmot watershed is formed of predomi- 
nantly fine-grained, well-cemented Meso- 
zoic sedimentary rocks of generally low 
permeability. The bedrock consists of silt- 
stone, shale, interbedded sandstone and 
shale, coal, cross-bedded sandstone, and 
conglomerate. The surficial materials in- 
clude glacial and post-glacial deposits. 
Glacial deposits cover the major part of the 
watershed and consist mainly of a mantle of 
stony till. The formations from the top of 
the watershed to the confluence area at the 
base are Blairmore, Kootenay, Fernie, 
Spray River, and Rocky Mountain. 
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The dominant species of the grasslands 
in Streeter Basin are Idaho fescue (Festuca 
iduhoensis Elmer), Parry danthonia (Dan- 
thoniapanyi Scribn.), and timothy (Phle- 
urn pratense L.); the main associated spe- 
cies are Columbia needlegrass (Sripa col- 
umbriana Macoun), awned wheatgrass (Ag- 
ropyronsubsecundum (Link) Hitch=.), wild 
bxgamot (Monardafisrulosa L.), northern 
txdstraw (Galium bore& L.), rough fes- 
cue (Fe-mm .scabrella Ton.), silvery Iu- 
pine (Lupinus argenteus Push), and yar- 
row (Achilles millefolium L.). The forest 
vegetation is mostly aspen (Populus frem- 
loides Michx.); small portions of the water- 
shed are dominated by black poplar (Popu- 
/us trichocarpa T. & G.), Douglasfir 
(Pseudorsuga menziesii (Mirb.) France), 
and willow-birch (Salix spp:Betula occi- 
dentalis Hook.). The understory vegetation 
consists mainly of marsh reedgrass (Cala- 
magrosti.x canadensis (Michx.) Beauv.), 
prickly rose (Rosa acicularis Lindl.), hairy 
wildrye (Elymus innovarus Beal), snow- 
berry (Sympkoricqos a/bus (L.) Blake), 
cream-colored vetchling (Larkyrus ockro- 

leucus Hook.), American vetch (Vicia am- 
ericuna Muhl.), smooth wild strawberry 
(Frayaria gfauca (S. Wats.) Rydb.), fire- 
weed (Epilobium anyustifolium L.), and 
showy aster (Aster conspicuus Lindl.). 

The forest vegetation of Marmot water- 
shed is generally overmature spruce-fir 
(Picea en,&mmni Parry, P. gfauca 
(Moench) Voss, and Abirs lasiocarpa 
(Hook.) Nutt.). Lodgepole pine (Pinus 
conforfa Dougl. var. latifolia Engelm.) is a 
frequent concomitant and occupies a large 
portion of the lower area in the eastern part 
of the watershed. Aspen occurs occasional- 
ly with the young lodgepole pine. Near 
timberline the forest is mostly alpine larch 
(Larix lyaNii Parl.) associated with the 
alpine fir. The ground vegetation includes 
grouseberry (Vaccinium scoparium Lei- 
tw& false azalea (Menziesia ferruginea 
Smith), clubmoss (Lycopodium annorinum 
L.), feather moss (Hylocomium splendens 
(Hedw.) B.S.G.), bunchbeny (Cornus 
canadensis L.), pinegrass (Calamayrosris 
rubescensBuckl.), bearberry(Arctosrapky- 
los uva-ursi (L.) Spreng), horsetail (Equi- 

~furn spp.), willow (Salti spp.), peat moss 
(Sphagnum spp.). Labrador tea (Ledum 
groenlandicum Oeder), and dwarf birch 
(Bet& @zndufosa Michx.). The alpine 
meadows are dominated by a large number 
of sedges, grasses, and forbs. 

Methods 
Samples for determining the concentra- 

tion of total dissolved solids were taken 
from the main Marmot Creek and the main 
Streeter Creek gauging stations. Discharge 
of the streams was also obtained at the time 
of sampling. Although sampling was 
spread over the entire year, the intensity of 
sampling during the high-flow months was 
greater than that during the low-flow 
months. Sampling from Marmot watershed 
continued over a longer period (May 1963 
to December 1971) than for Streeter water- 
shed (luly 1966 to October 1969). Most of 
the flow conditions were adequately repre- 
sented in the sampling scheme for the two 
watersheds. 

The total concentr?tion of dissolved sol- 
ids was determined by the residue-on- 
evaporation method (Hem, 1970) at the 
Water Survey of Canada Laboratory in 
Calgary, Alberta. The drying temperature 
used was 105°C. The mean and standard 
deviation of the monthly and annual 
streamflows were calculated for each water- 
shed. 

Linear regression models of the form Y = 
aY + b, where X is streamflow (litreisec) 
and Y s the yield of dissolved solids (kg/ 
day), were fitted to the data by the method 
of least squares. Goodness of fit and the 
standard error of coefficient a were also 
determined (Snedecor, 1956). The models 
thus established were used for estimating 
the amounts of dissolved solids being 
drained from the two watersheds on a mean 
daily basis in varous months and years. The 
mean and standard deviation of the esti- 
mated amounts were also determined. 

ReSUltS 
The physical characteristics of the 

two watersheds and the estimates of the 
model parameters based on 371 sam 
pies for Marmot and 99 samples for 
Streeter are given in Table 1. The mean 
Streamflow in Marmot for each month 
is shown in Table 2 and for Streeter in 
Table 3. 

The mean daily exports of the dis- 
solved solids for the two watersheds as 
estimated from the models are pi- 
sated inTables4and5. Themeandaily 
stt’eamflow and the export of total dis- 
solved solids on an annual basis are 
given in Table 6. 

The mean estimated yield of dis- 
solved solids was the highest during 
June in each watershed: 1,457 kg/day 
from the aspen-grassland watershed 
compared to 7,504 kg/day from the 
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Table 1. Physical characteristics of drainage basins, summary ofeonected data, and spruce-fir watershed. The mean highest 
least-squares estimates of mode, parameters. [Madel: Y = ax + b, where x is ,Jis. 
charge (litrelsec) and Y is total dissolved solids (kg,day).] 

mean monthly yield occurred during 
May in Streeter and during July in 

Physical charactetistlcs Marmot. Yields were very low during 
and paranleten sweeter M,Xlll”t the winter freeze-up, the lowest yield 

_ for Streeter occurring in February and 
Physical charactenstlcs 
Area (km’, 

for Marmot in March. 
5.96 9.4” 

Elevation (In) 1,32&1,66I / ,52&2,743 
Mean elevation (In) 1,465 2,113 Discussion 
Land slope (%I 21-27 39-52 
Vegetation ASpe”-gra~Sl*“d Spruce-fir A number of meteorologic, geo- 

Precipitation (cm) 56 90 logic, edaphic, and vegetative factors 

Data summary determine the concentration and yield 
Number of samples 99 371 of dissolved solids. Precipitation and 
Streamnow (litreiaec) temperature are the main meteorologic 
Range ,413 tCu.315 
Mean 66 329 

inputs which influence the solubility 

Standard deviation 93 384 and rate of dissolution of rock minerals. 

Concentration of dissolved solids Cmgilitre) Water held longer in soil and bedrock is 
Range 148-331 62-244 likely to have a higher concentration of 
Mean 270 17” 
Standard deviation 36 40 

minerals than water delivered quickly 

Model parameters and SIB1ISUCS~ 
to streams. There are inherent vaia- 

22.5277 1” X”“” tions in these and other factors between 

E 1.8518 414.2726 the two watersheds. 
.9902 ,981” The higher yields of dissolved solids 

L.Ea .3*21 .1112 in Marmot are attributable mainly to the 



Table 2. Mean streamflow (litre/sec), Marmot watershed. 

Month 1966 1967 

Year 
Standard 

1968 1969 1970 1971 Mean deviation 

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

28.3 18.4 16.1 21.8 13.6 14.2 18.7 5.6 
22.1 16.1 14.2 17.8 13.6 13.0 16.1 3.4 
22.4 14.2 13.9 16.1 11.6 11.9 15.0 4.0 
33.4 15.3 16.7 56.6 11.9 25.8 26.6 16.7 

291.7 169.9 147.2 354.0 138.7 294.5 232.7 91.8 
569.2 804.2 532.3 594.6 617.3 821.2 656.5 1 24.4 
300.1 311.5 271.8 472.9 195.4 226.5 296.4 97.0 
102.8 88.9 133.1 90.6 62.3 73.6 91.9 24.6 
56.6 39.4 104.8 48.1 39.6 39.6 54.7 25.5 
48.7 31.7 84.9 36.8 31.1 31.1 44.1 21.1 
32.0 24.1 39.6 27.7 22.4 23.2 28.2 6.6 
24.4 17.8 28.3 18.7 17.6 15.3 20.4 4.9 

Table 3. Mean streamflow (litre/sec), Streeter watershed. 

Month 1966 1967 

Year 
Standard 

1968 1969 1970 1971 Mean deviation 

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

_* 0.6 2.8 5.7 0 0 1.8 2.5 
- 1.7 0.8 4.0 0 0 1.3 1.7 
- 6.8 2.0 4.5 0.3 0.6 2.8 2.8 
- 8.5 3.4 73.6 6.2 5.9 19.5 30.3 
- 113.0 4.5 76.5 18.4 6.8 43.8 48.5 
- 161.1 9.9 93.4 39.6 19.0 64.6 62.9 

25.5 27.5 9.9 135.9 20.7 9.6 38.2 48.5 
9.6 6.5 7.1 14.4 4.8 2.3 7.5 4.2 
4.0 2.0 8.5 5.1 2.8 1.7 4.0 2.5 
3.4 1.7 28.0 4.0 1.7 1.4 6.7 10.5 
2.8 1.7 20.4 2.8 0.8 - 5.7 8.3 
1.4 1.1 10.8 0.8 0.3 - 2.9 4.4 

*Incomplete data. 

Table 4. Mean estimated yield (kg/day) of total dissolved solids, Marmot watershed. 

Month 1966 1967 

Year 

1968 1969 1970 1971 Mean 
Standard 
deviation 

January 720 613 589 650 561 567 617 60 
February 653 589 567 607 561 555 589 37 
March 656 567 564 589 540 543 577 43 
April 775 579 595 1,026 543 693 702 180 

May 3,564 2,249 2,004 4,237 1,913 3,595 2,927 991 
June 6,561 9,099 6,164 6,836 7,081 9,283 7,504 1,343 
July 3,656 3,778 3,350 5,521 2,524 2,861 3,615 1,048 
August 1,524 1,375 1,852 1,393 1,087 1,209 1,407 266 
September 1,026 839 1,546 934 842 842 1,005 275 
October 940 757 1,332 812 751 751 891 228 
November 760 674 842 714 656 665 719 72 
December 677 607 720 616 604 579 634 53 

Table 5. Mean estimated yield (kg/day) of total dissolved solids, Streeter watershed. 

Month 1966 1967 

Year 

1968 1969 1970 1971 
Standard 

Mean deviation 

January _* 15 66 129 0 0 42 56 
February - 40 21 91 0 0 30 38 
March - 155 47 104 8 15 66 63 
April - 193 78 1,660 142 136 442 682 
May - 2,547 104 1,724 416 155 989 1,093 
June - 3,631 225 2,107 895 429 1,457 1,418 
July 576 621 225 3,064 468 219 862 1,092 
August 219 149 161 327 110 53 170 95 
September 91 47 193 117 66 40 92 57 
October 78 40 633 91 40 34 153 236 
November 66 40 461 66 21 - 131 186 
December 34 27 244 21 8 - 67 100 

*Incomplete data. 

precipitation area typical of spruce-fir 
vegetation (Table 1) in comparison to 
the low precipitation area represented 
by the aspen-grassland vegetation in 
Streeter watershed. Because of more 
rain there is more frequent flushing and 
leaching of dissolved materials from 
Marmot. 

The concentration of dissolved sol- 
ids in Streeter waters is higher (Table 
1) although the total amount of materials 
exported is lower than in Marmot 
(Table 6). The higher temperatures in 
Streeter (which is located at a lower 
elevation than Marmot) account for 
greater solubility of weathered prod- 
ucts which remain in substrata longer 
due to less frequent and lower rainfall. 
The sampled concentration of solutes in 
Streeter averaged 270 mg/litre as com- 
pared to 170 mg/litre for Marmot. The 
total dissolved solids in the river waters 
representing approximately 90% of the 
total streamflow in the United States 
have a median value of 169 mg/litre 
(Environmental Protection Agency, 
1973). 

Quantitative and qualitative differ- 
ences exist in the nutrient require- 
mets, decomposer microorganisms, 
and nutrient cycling of plants. Among 
trees, perhaps the most outstanding 
examples of such differences are bet- 
ween deciduous and conifer species 
(Voight, 1968). The difference in con- 
centration of solutes in the two water- 
sheds suggests that large amounts of 
mineral nutrients remain tied up in the 
thick litter layer usually found under 
the cool spruce-fir forests. 

The concentration of dissolved sol- 
ids in each watershed is higher in winter 
than in the rest of the year. This is 
primarily due to the presence or ab- 
sence of dilution effects as reported 
previously by Singh and Kalra (1972): 
Similar dilution effects have been ob- 
served and studied by, among others, 
Keller (1970) and Hall (1970), 1971). 

The variations in the two watersheds 
in streamflow and concentration ac- 
count for the difference in their total 
yields of dissolved solids when com- 
pared on an equal area basis. These 
yields amount to 27 metric tons (t)/ 
km” for Streeter and 69 t/km2 for Mar- 
mot annually. The higher water yield 
for Marmot more than compensates for 
the lower concentration of dissolved 
solids. 

The net annual dissolved solute 
yields for two forest and pasture catch- 
ments in Wales were reported by Oxley 
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Table 6. Mean streamflow and estimated 
watersheds during the study period. 

yield of dissolved Streeter Marmot 

Year 

1966 
1967 
1968 
1969 
1970 
1971 

Mean 

Streeter 

Yield of 
Streamflow dissolved solids 

(m”/da y ) (kg/day) 

-* - 
2,393 627 

786 206 
2,938 767 

683 180 
- - 

1,700 445 

Marmot 

Yield of 
Streamflow dissolved solids 

(m3/day) (kg/day) 

11,059 1,797 
11,154 1,809 
IO,03 I 1,668 
12,718 2,004 
8,562 1,485 

11,500 1,852 

10,837 1,769 

Standard 
deviation 1,138 297 1,411 176 

*Incomplete data. 

(1974) as 77 and 45 t/km2, respective- 
ly. The forest catchment (0.07 km2 ) 
had a dominant cover of Quercus spp. 
over 85% of the area; the other catch- 
ment, more gentle in slope, had 98% of 
its area under pasture. The rates of 
chemical degradation in each case were 
much higher than the suspended sedi- 
ment yields ( 11 and 13 t/km2, respec- 
tively). The suspended sediment yield 
for the high flow period (April to Sep- 
tember) in the Cabin sub-basin of Mar- 
mot watershed averaged 23 t/km2 dur- 
ing 1969-1973 (R. L. Rothwell, per- 
sonal communication). The gross 
chemical degradation rates in both wa- 
tersheds were considerably higher than 
the yields of suspended sediment. 

The trend in the hydrologic function- 
ing of the two watersheds is provided 
by the coefficient a of the model in each 
case. For each unit (litre/sec) increase of 
streamflow, the aspen-grassland water- 
shed shows an increase of 22.53 kg/day 
compared to 10.80 kg/day for the 
spruce-fir watershed. As indicated by 
the standard errors of the coefficient, 
both trends are highly significant. 

Preliminary analyses as to the nature 
of the dissolved solids show that the 
waters in both watersheds are generally 
of the calcium-magnesium type. Data 
analyses in the treatment phase would 
show the effects of forest clearing on 
the composition, concentration, and 
yield of dissolved constituents. 

As geologic, topographic, and 
edaphic features are more or less fixed 
characteristics of an area, the vegeta- 
tive factors operative in the two water- 
sheds are the main avenues for exerting 
any modifying influence. The abun- 
dance and type of vegetation influence 
the rate and type of weathering by 
determining the extent of rock outcrops 
and the amount of decaying organic 
matter from which carbon dioxide and 

humic acid may be derived (Thom- 
bury, 1954). Water moving through 
soils dissolves some of this carbon 
dioxide, and the hydrogen, bicarbon- 
ate, and carbonate ions are potent fac- 
tors in attacking rock minerals (Hem, 
1970). Vegetation also exercises its 
modifying influence on temperature, 
which affects the rate of chemical re- 
actions. Large clearcuts could result in 
increased temperatures and reduced 
transpiration and interception losses. 
The increased activity of soil microbes 
due to higher temperature would favor 
rapid disappearance of organic fraction 
and consequent release of nutrients 
(Fredriksen et al. , 1975). The increased 
leaching and higher streamflows due to 
large clearcuts can thus be expected to 
increase the export of nutrients and 
other dissolved constituents from the 
two watersheds. 

Manipulation of vegetation cover in 
either watershed will affect the nature 
and yield of total dissolved solids. An 
increase in the dissolved solids would 
raise the base line of chemical constitu- 
ents and decrease the receiving and 
assimilative capacity of the stream wa- 
ters (Environmental Protection Agen- 
cy, 1973) and thus have repercussions 
on the downstream uses of such waters 
and on biological communities charac- 
teristic of particular habitats. 
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Influence of Fertilization and Supplemental 

Runoff Water on Production and Nitrogen 

Content of Western Wheatgrass and Smooth 

Brome 

CLAYTON L. HANSON, GILBERT A. SCHUMAKER, AND 
CARL J. ERICKSON 

Highlight: Simulated water spreading and nitrogen fertilization 
were studied on soils developed from Pierre Shales in western South 
Dakota. When both supplemental water and nitrogen fertilizer were 
applied, forage yields increased almost nine-fold. Western wheat- 
grass and smooth brome yields ranged from about 1,000 lb/acre on 
the untreated control to about 8,700 lb/acre with optimum supple- 
mental water and 320 lb/acre nitrogen fertilizer. Forage yields 
increased with April and June supplemental water as compared with 
annual application in either April or June. 

Nitrogen content of harvested hay increased as nitrogen application 
rate increased above 80 lb/acre. Percent nitrogen decreased with 
increased supplemental water and ranged from about 1.2 to 2.2% in 
western wheatgrass and from about I .O to 2.3% in smooth brome. 

Least squares analysis, considering all nitrogen and water treat- 
ments, indicated that each lb/acre of nitrogen fertilizer applied 
increased the forage yield by about 19 lb/acre, and that each inch of 
additional water increased forage yields by about 50 lb/acre. 

Western South Dakota’s economy is based primarily on the 
livestock industry. Productivity in this industry will probably be 
increased to meet the demand for red meat. Forage production 
can be increased by applying fertilizer and supplemental water 
to grasslands so that forage production is not dependent solely 
on natural fertility and precipitation. 

Native grassland res&rcl? on clay soils of western South 
Dakota has shown that fertilizer b and supplemental water in- 
creased forage production and percent c-&de protein (Cosper 
and Thomas, 196 1). Thomas and Osenbrug ( 1964) found that 
production from an old stand of crested wheatgrass and smooth 
brome in western South Dakota was increased by nitrogen (N) 
and phosphorus (P) fertilization. Johnson and Nichols (1969) 
studied productivity of ’ 11 irrigated grasses in western South 
Dakota and found that grasses with N and alfalfa had greater 
production than did the-grasses alone. They also foundthat N 
fertilization increased the protein percentages of the forages 
with higher protein percentages in the alfalfa-grass combi- 
nations than in either the nonfertilized or the N fertilized 
treatments. 

Authors are agricultural engineer and soil scientist, Northwest Watershed Research 
Center, Agricultural Research Service, U.S. Department of Agriculture, Boise, Idaho 
83701; and use investigator, Environmental Protection Agency, Pesticide Branch, 
Chicago, Illinois 60606; respectively. 
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This paper reports a simulated water spreading study at the 
Newell Irrigation and Dryland Field Station in western South 
Dakota. This study was conducted to determine the influence of 
supplemental water and N fertilization on hay production and N 
content of western wheatgrass (Agropyron smithii) and smooth 
brome (Bromus inermis). 

Study Area and Experimental Methods 
The 63-year ( 1908 through 1970) average annual precipitation at the 

Newell Field Station was 15.40 inches, of which 12.08 inches fell 
from April through September. The 13-year (1958 through 1970) 
annual pan evaporation averaged 55 inches. The growing season, 
determined by killing frosts, was approximately 131 days (Spuhler 
et al., 1968). 

Soils in the experimental area were developed from Pierre shale and 
have been classed in the Pierfe-Kyle Association (U.S. Department of 
Agriculture, 1970). Thomas and Osenbrug (1964) described the top 6 
inches of these soils as containing 1.92% organic matter, slightly basic 
with high cation exchange capacity (37 meg/lOO g) and soluble 
phosphorus of 7.0 ppm. The study site was on a bench leveled field 
with water available to supply needed supplemental water. 

A split-plot design experiment was used with water levels as whole 
plot treatments (36 x 45 ft) and N rates as subplots (9 x 45 ft). Two 
grasses, western wheatgrass and brome, were seeded in pure stands 
and were replicated three times in each water treatment. The whole 
plot water treatments applied to each species were: (1) no supple- 
mental water (M,); (2) supplemental water inAprilevery other year, 
1967, 1969, and 197 1 (M,); (3) supplemental water in April every year 
(M:<); (4) supplemental water in June every year (M,); (5) supple- 
mental water in April and June every year (M;); and (6) bptimum 
supplemental water (MG). 

Actual amounts of supplemental water for treatments Mz through 
Mti varied with the yearly precipitation. More water was applied if an 
extended dry period preceded watering. Both precipitation and water 
application were measured throughout the study. 

Initially, a blanket application of 40 lb N/acre and 100 lb P/acre was 
applied to all plots in March 1965. Nitrogen rates of 0, 20, 40, 80 
lb/acre were applied to the grasses in 1966 and repeated in 1967. 
Nitrogen rates were doubled in 1968, and the same rates applied in 
1969. The N rates were increased again in 1970 to 0,80, 160, and 320 
lb/acre and were repeated in 197 1. These increasing rates were applied 
so that plots receiving 20 lb N/acre in 1966 and 1967 received 40 lb 
N/acre in 1968 and 1969 and 80 lb N/acre in 1970 and 197 1. 

Nitrogen was applied each year in March before supplemental water 
application. Water was applied on or near April 10 and June 10 on 
plots receiving supplemental water, while the optimum treatmet (MC) 
was watered in April and June before the first cutting of hay and two or 
three times after harvesting. 
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All plots were harvested in late June or early July, with the least- 
watered plots being harvested first since they were generally the first to 
mature. The optimum treatment was harvested again in August to 
determine the regrowth yields. A sickle-bar mower set at a l-inch 
height was used to harvest 19.5 ft2 from each plot. Subsamples were 
taken from each forage sample for moisture determination and N 
analysis. Yield for each plot was computed by adjusting the wet forage 
weight by the percent moisture, as determined from the wet and 
oven-dried subsample weight. After sampling the entire experimental 
area was harvested for hay. 

A 15year record of runoff data was analyzed from two small 
watersheds (W- 14 and W- 15) located southeast of Newell, S. Dak., to 
determine the reliability of available water for water spreading. These 
watersheds were selected for analysis because they represented the 
hydrologic characteristics of most watersheds on the Pierre shale 
formation. Detailed information on the soils, geology, and vegetation 
characteristics of these watersheds can be found in Hanson et al. 
( 1973), and Hobbs and Crammatte ( 1965). 

Results and Discussion 

Water 

Precipitation for various periods in 1965 through 197 1 is 
shown in Table 1, and supplemental water applied to the various 
water treatments is shown in Table 2. Precipitation variation 
within years was moderate, but variation between periods 
within the growing seasons of the various years was great. April 
through June 1967 was very wet with a good seasonal distribu- 
tion, while 1968 had very low precipitation in April. 

Watering the area earlier than April 10 would have been 
advisable because, as observed during this 6-year period, the 
least amount of precipitation was recorded between March 20 
and .4pril 10, while little difference was noted in June. 

Table 1. Precipitation (inches) at Newell, S. Dak., 1965 through 1971. 

Perior or 
month 1965 1966 1967 1968 1969 1970 1971 

Winter’ 1.87 1.72 1.55 1.88 1.82 3.05 
April 2.00 4.12 0.49 1.98 2.27 2.31 
May 0.70 0.95 1.59 2.53 4.07 2.78 
June 1.66 4.38 3.87 3.14 1.66 2.54 
July-August 3.79 5.32 1.28 2.61 1.58 2.57 0.69 
Fall’ 1.38 2.46 3.68 2.05 0.64 1.03 5.82 
Annual 14.01 16.13 12.16 11.75 13.42 17.19 

‘November, December, January, February, and March. 
“September and October. 

Table 2. Supplemental water (inches) applied from 1966 through 1971. 

Treatment l 

Year Ml M2 M3 Ms M5 M6 

1966 .OO .OO 6.01 8.16 11.56 29.77 
1967 .OO 8.39 7.37 7.02 12.18 22.59 
1968 .OO .Oo 7.35 7.82 11.91 30.01 
1969 .OO 6.85 6.78 6.21 9.26 23.02 
1970 .OO .OO 5.79 7.36 13.36 33.09 
1971 .OO 7.41 6.19 6.29 10.36 28.04 

‘M, = no supplemental water; M, = supplemental water in April every other year, 
1967, 1969, and 197 I; M,, = supplemental water in April every year; M, = 
supplemental water in June every year; M, = supplemental water in April and June 
every year; M, = optimum supplemental water. 

Forage Yields 

Table 3 shows western wheatgrasses and smooth brome 
yields, as affected by N fertilization and supplemental water 
application. Production generally increased as applied N in- 
creased within all water treatments. Production also increased 
as the amount of available water increased. Little difference was 
noted between the two grass yields. However, yield increases 
were small when less than the 80 lb N/acre was applied. Total 
yields were lowest (about 1,000 lb/acre) for 0 or 20 lb N/acre 
and no supplemental water. Highest yields (between 7,900 and 
8,800 lb/acre) were from treatments MS and M6 under the 
highest N rates. 

However, for treatment MP yields were as large or larger than 
from treatments MS and Md with supplemental water once 
yearly. Yields on treatments M2 were always greater than those 
from treatments MS and Mq for years when supplemental water 
was applied, except for the smooth brome yields in 197 1. This 
increase may have been due to the increased grass stands during 
watered years and carry-over effects of N in nonwatered years. 

There was no significant difference in yield between treat- 
ment MB and Mq; however, there seemed to be some yield 
advantage to applying supplemental water in June (Md), a trend 
more pronounced for smooth brome yields than for western 
wheatgrass yields. Treatments M2, MS, and M4 produced about 
1.5 times more forage for each fertilization level than treatment 
MI. Treatment MS usually produced more forage for each fertili- 
zation level than treatments M3 and M.4. 

Forage yields were highest from the optimum supplemental 
treatment (Me), which produced about twice the forage har- 
vested from treatment Ml. Yields from treatment M6 were not 
significantly greater than from treatment MS. 

Table 3. Production (lb/acre, oven dry) of western wheatgrass and smooth brome under six supplemental water and nitrogen fertilizer (lb/acre) 
treatments. ’ 

Fertilizer 
Western wheatgrass Smooth brome 

N MI M:! M:, M, MS Me MI M2 M:< M4 M5 M, 

0 1163 a2 2008 a 1734 a 1671 a 1834 a 2386 a 1007 a 1687 a 1490 a 1825 a 2145 a 2209 a 
20 1163 a 2085 a 1798 a 1623 a 1523 a 1978 a 1276 a 2216 a 1644a 1709 a 1616 a 2288 a 
40 1739 a 2688 a 2339 ab 2271 ab 2223 ab 2975 ab 2 124 ab 2966 ab 2680 ab 2668 ab 2656 a 3271 a 
80 2759 ab 4378 ab 37 18 b 4119 b 3681 b 4360 b 3466 bc 4528 bc 4139 b 4321 b 4315 b 4911 b 

160 3882 bc 6154 b 5799 c 6178 c 6587 c 6812 c 4308 c 5720 c 6366 c 6521 c 7290 c 6859 c 
320 5153 c 6698 b 6640 c 6947 c 8228 d 8635 d 4706 c 5715 c 6436 c 7117 c 7944 c 8803 d 

Average” 2643 ’ 40022:s 36712 3802’ 40 13’:’ 4524:% 2814 ’ 38052 37932 40272” 4328’:’ 4724” 
‘M, = no supplemental water; M, = supplemental water in April every other year, 1967, 1969, and 1971; M:, = supplemental water in April every year; M, = supplemental 
water in June every year; M, = supplemental water in April and June every year; M, = optimum supplemental water. 

‘Means within each column with the same letters are not significantly different at the 5% level. 
,lMeans within this row with the same superscript numbers are not significantly different at the 5% level. 
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Table 4. Nitrogen content (%) of western wbeatgrass and smooth brome under six supplemental water regimes and six fertilizer (lb/acre) treatments. l 

Fertilizer Western wheatgrass Smooth brome 

N M, M2 M3 M‘l M, M, M* J% M, M, MS M, 

0 1.50 a2 1.44 a 1.57 ab 1.52 a 1.53 a 1.37 a 1.18 a 1.30 a 1.22 a 1.22 a 1.25 a 1.25 a 
20 1.38 a 1.51 a 1.37 a 1.57 a 1.46 a 1.31 a 1.23 a 1.12 a 1.10 a 1.26 a 1.12 a 1.00 a 
40 1.55 a 1.55 ab 1.32 a 1.54 a 1.56 a 1.25 a 1.26 a 1.19 a 1.04 a 1.27 a 1.02 a 1.05 a 
80 1.69 ab 1.47 a 1.35 a 1.54 a 1.40 a 1.15 a 1.35 a 1.32 a 1.07 a 1.26 a 0.99 a 1.03 a 

160 2.04 b 1.64 ab 1.35 a 1.59 a 1.38 a 1.25 a 1.95 b 1.67 ab 1.20 a 1.59 ab 1.04 a 1.13 a 
320 2.15 b 1.99 b 1.84 b 2.05 a 1.54 a 1.32 a 2.32 b 2.25 b 1.89 b 1.96 b 1.55 b 1.22 a 

Average” 1.72” 1.60= 1.472 1 .6323 I .482 1.27’ 1.55:s 1.48’3 1.25” 1 .43’:’ 1.16’ 1.11’ 

‘M = no supplemental water; M, = supplemental wafer in April every other year; M:, = supplemental water in April every year; M, = supplemental water in June every 
year; M, = supplemental water in April and June every year; M, = optimum supplemental water. 

‘Weans within each column with the same letter are not significatly different at the 5% level. 
“Means within each row with the same superscript number are not significantly different at the 5% level. 

Nitrogen Content 

Table 4 presents N contents of forage samples from the 
various fertilizer-water treatments. 

Water available for plant growth seemed to control the 
percent N in the forage. The N content in forage from the MI 
treatment increased as applied N increased while the M6 
(optimum supplemental water) showed little effect of increasing 
N rates even at 320 lb N/acre. 

Percentage N in forage from treatments MI, M2, MJ, and Mq 
tended to remain about the same at low N rates and then 
increased as N fertilization rates increased above 80 lb N/acre. 
This trend was most significant at the lower levels of supple- 
mental water. 

There was no significant difference between N content at any 
of the fertilization levels in treatment M6 for both forages and in 
treatment MS for western wheatgrass. Western wheatgrass 
forage ranged from 1.15 to 2.15% N. Forage N contents were 
lowest from the optimum water treatment, and the highest from 
the no-water (MI) treatment and 320 lb N/acre. Smooth brome 
N content ranged from about 1 .O% under the two highest water 
applications (MS and M6) at fertilizer rates of 20 to 80 lb N/acre 
to 2.32% with no supplemental water (MI) and 320 lb N/acre. 

I I I 

too 150 200 

NITROGEN (lb/acre) 

The N contents for smooth brome agreed quite favorably with 
those reported by Johnson and Nichols (1969) and with the 
results for native forage reported by Cosper and Thomas ( 196 1). 

Fig. 1. E@ect of nitrogen fertilization on forage yield at different levels of 
supplemental water. (MI = no supplemental water; M3 = supplemental 
water in April every year; M4 = supplemental water in June; every year; 
M5 = supplemental water in April and June every year; and M6 = optimum. 

Forage Yield Estimates 

A least-square fitting technique was used to obtain estimates 
of the yields expected under the various water and fertilization 
treatments (Fig. 1). Because the western wheatgrass and smooth 
brome yields were nearly the same in each water-treatment 
group, the yields for both forages were included in each water 
treatment analysis. Separate curves were fitted to the data for 
treatments MI, M3 and Md (combined), MS, and Ms. These 
curves suggested that an increase of 100 lb N/acre will increase 
forage yields about 1,350, 1,920,2,290, and 2,250 lb/acre for 
treatments MI, M3 and M+ MS, and M6, respectively. 

with runoff (Table 5). The percentages were computed from the 
total runoff each year for the periods January through March, 
April, May, and June. Total January through March snowmelt 
runoff was used because little if any water was used during this 
period. About a third of the years (27%) had less than 0.10 inch 
of runoff during January through March (Table 5). There was 
also less than 0.10 inch runoff in about one-half of the years 
during April, May, or June. Between 0.11 and 0.49 inch of 
runoff can be expected about one-third of the time during any of 

Table 5. Percentage of years with runoff (inches) during given time 
periods, 1958 through 1972. 

Runoff 

The least-squares analysis, using all N and supplemental 
water treatments, is shown in Figure 2. This figure indicated 
that each lb/acre of N applied increased the forage yields about 
19 lb/acre and each inch of additional water increased the forage 
yields about 50 lb/acre. 

Period 5 .lO .l l-.49 .50 > 

Availability of Supplemental Water 

The average monthly runoff (0.01 or more) from the two 
small watersheds was used to compute the percentage of years 

Total January-March 27 33 40 
April’ 54 33 13 
May 60 27 13 
June 47 33 20 
January-June2 00 27 73 
April-June” 20 40 40 

‘Based on total monthly runoff for a year. 
‘)Values are based on the maximum runoff for any of the periods during a year. The 

periods were: January-March, total runoff; April, May, and June. 
“Values are based on the maximum runoff from any of the months each year. 
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EfSect of nitrogen fertilization and supplemental water on forage 

the periods considered. About 40% of the years had more than 
0.50 inch runoff during January through March, but during 
April, May, and June only two to three of the years out of 15 had 
more than 0.50 inch of runoff. This would indicate that there 
would be at least some available water almost every year and 
that at least 0.50 inch could be expected about three-fourths of 
the time. 

When the period from April through June was considered, 
using the maximum from each of the months, 20% of the years 
did not yield yearly runoff. This statistic should be considered 
when analyzing the economics of construction of a water 
spreading system. 

Summary 
The effects of applying supplementary water and N ferti lizer 

on forage yields and N content of western wheatgrass and 
smooth brome were investigated on Pierre shale soils in western 
South Dakota. 

Total yields of both grasses were similar. Supplemental water 
significantly increased the forage yields of both grasses. Yields 
ranged from about 1,000 lb/acre with no supplemental water 
and no N fertilizer to about 8,700 lb/acre with optimum supple- 
mental water and 320 lb N/acre. Forage yield increased signifi- 
cantly as supplemental water increased. Yield also increased as 
fertilization increased within water treatments. There was not a 
significant yield difference between the treatments when addi- 
tional water was added annually in April or June, but the trend 
indicated that the June water treatment may have a slight 
advantage. The supplemental water treatment yields, when 
water was applied in April every second yew were about as 
good as those obtained when water was added every year in 

April or June. The treatment where water was added every April 
and June had somewhat greater yields over only one supple- 
mental watering. Yields were maximum on the optimum water 
treatment with the 320 lb N/acre. 

Forage N content remained about the same at the low N rates 
and then increased as the N rate increased over 80 lb/acre in no 
supplemental water treatment. However, this trend generally 
became less as supplemental water increased. At the high 
supplemental water levels, no significant difference was noted 
in forage N content between fertilization levels. Percent N 
tended to decrease as supplemental water increased. Percentage 
N varied from about 1.15 to 2.15% on the western wheatgrass 
and from about 1.00 to 2.32% on the smooth brome. 

A least-square analysis indicated that without supplemental 
water an increase of 100 lb N/acre increased the forage yields 
about 1,350 lb/acre. When supplemental water was added each 
spring, 100 lb N/acre increased forage yields about 1,920 
lb/acre and, under the optimum supplemental water regime, 
1OOlb N/acre increased forage yields about 2,300 lb/acre. 

The least-squares analysis using all N and supplemental water 
treatments indicated that each lb/acre of N applied increased 
forage yields by about 19 lb/acre, and each inch of additional 
water increased the forage yields by about 50 lb/acre. 

Fifteen years of runoff data from two watersheds located on 
Pierre shale soils indicated that a supply of supplemental water 
could be expected most years. The amount of water and the time 
that water was available varied greatly from year to year. 
The most reliable source of water, when considering both 
amount and consistency, was from snowmelt runoff. The 
availability of water during April, May, or June was about the 
same each month. When these 3 months were considered 
together, 80% of the time there was at least 0.10 inch, and 40% 
of the time there was 0.50 inch of runoff during one of the 3 
months each year. 
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Survival of Cool-Season Species under 
Texas-Pecos Conditions 

GARY S. KEMPH, JOSEPH L. 
SCHUSTER, AND TOMMY G. 
WELCH 

Highlight: Four cool-season species 
were grown for I year under controlled 
conditions simulating a dry, a typical, and 
a wetfall planting season in far west Texas. 
Crested wheatgrass and Russian wildrye 
had higher survival percentages than side- 
oats grama at the end of the study. Both 
species appear capable of reducing the 
cool-season forage shortage in the Trans- 
Pecos region of Texas. Neither wintergreen 
hardinggrass nor burnet appear adapted 
to the Trans-Pecos. Seedling morphology 
did not afSect plant survival. 

A shortage of cool-season range for- 
age in the Trans-Pecos land resource 
area of far west Texas necessitates 
costly supplemental livestock feeding. 
Sparse winter and spring moisture is the 
primary cause of the shortage. A plant 
species that would lengthen the green 
forage period would help reduce feed 
costs. Attempts to introduce cool- 
season forage species have been largely 
unsuccessful, either due to the lack of 
adapted species or low establishment 
success in the harsh environment. 
Seedling survival under harsh environ- 
mental conditions has been related to 
various plant morphological character- 
istics, particularly presence or absence 
of an elongated subcoleoptile internode 
in range grasses (Hyder et al., 197 1). 

The purpose of our study was to 
evaluate selected cool-season forage 
species for possible range seeding in 
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the Trans-Pecos, and to determine the 
correlation between plant survival and 
various plant growth parameters in a 
controlled environment chamber. 

Materials and Methods 
Thirteen species initially were evaluated 

relative to establishment and survival on 
the Chillicothe Ranch, 90 km west of 
Marfa, Tex. Plots were established on a 
rootplowed ovefflow deep upland range 
site with a Musquiz loam soil. Elevation of 
the site is 1,500 m and mean annual precipi- 
tation at Marfa is about 36 cm. Most pre- 
cipitation occurs in late summer and early 
fall. Vegetation on the deep upland range 
site surrounding the plots included tobosa- 
grass (Hilaria mutica), sideoats grama 
(Bouteloua curtipendula), buffalograss 
(Buchloe dactyloides), and various annual 
grasses and forbs. 

In I3 species of cool-season grasses, 
forbs, and browse were planted in 76-cm 
rows at 13 mm depth in late August, 1972. 
At first frost in early December, the four 
species exhibiting the highest emergence, 
survival, and leaf production were selected 
for further study in the controlled environ- 
ment chamber. The 7 cm of precipitation 
received on the plots during the 3-month 
pilot study was below average. 

Species selected for further study in the 
controlled environment chamber were 
crested wheatgrass (Agropyron cristatum 
(L.) Gaertn.), Russian wildrye (Elymus 
junceus Fisch.), wintergreen hardinggrass 
(Phalaris tuberosa var. stenoptera (Hack.) 
Hitch cv. TAM), all of which are grasses, 
and burnet (Sanguisorba minor Stop.), a 
forb. Sideoats grama (Bouteloua curti- 
pendula (Michx.) Torr. cv. Premier) was 
used for comparison due to its known 
adaptability to the Marfa area. 

The controlled environment chamber 
was programmed as closely as possible to 
climatological data from Marfa, Tex., for 
the period from August 1, 1972, to July 3 1, 
1973, published by the U.S. Department of 
Commerce ( 1972, 1973). Air temperature 
was programmed using 2-week averages 

for the daily 12-hour high and 12-hour low 
temperature cycle. Photoperiod was pro- 
grammed using the 2-week average day- 
length for the Marfa latitude. Light intensi- 
ty was controlled with timed light banks 
containing both fluorescent and incan- 
descent bulbs. Photosynthetically active 
light (400 to 700 nm wavelength) intensity 
averaged 220 kergs/m”sec at the soil sur- 
face. Relative humidity was programmed at 
40% and 70% during the daily high and low 
temperature periods, respectively. Three 
precipitation regimes, 75, 100, and 150% 
of daily-recorded precipitation, were ap- 
plied with a syringe until first frost, then a 
single 100% regime was applied through 
the end of the study. Precipitation totals 
under each regime were 41,46, and 56 cm, 
respectively. 

A representative sample of soil was col- 
lected from the Chillicothe Ranch test 
plots, screened, and 1,200 g placed in each 
of 180 plastic bags. The bags were packed 
side-by-side in a large wooden box to 
provide mutual insulation in the controlled 
environment chamber. The soil was packed 
to uniform density, and seven pure live 
seed were planted at 13 mm depth in each 
container. Thirty-six containers were 
planted for each species. Seedlings were 
thinned to five per container after 21 days. 

Plant samples were collected 32 days, 
120 days (first frost), 248 days (last frost), 
and 365 days (beginning of fall rainy sea- 
son) after planting. Three samples of each 
species-precipitation regime combination 
were evaluated on each sampling date. 
Measurements included percent emer- 
gence, percent survival, shoot and root 
weight, number of adventitious roots, num- 
ber of tillers, crown depth, subcoleoptile 
internode length, coleoptile length, and 
length of longest leaf per plant. 

The experimental design was com- 
pletely random with a factorial arrangement 
of treatments and three replications per 
treatment. A treatment consisted of a com- 
bination of plant species, precipitation 
regime, and collection date. Data were 
subjected to analysis of variance and factor 
effects were evaluated using orthogonal 
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Fig. 1. Average seedling survival (70) on four dates forfive species averaged over three precipitation 
regimes in the controlled environment study of cool-season species for range seeding in the Trans- 
Pecos. AC = Agropyron cristatum, Ej = Elymus junceus, Bc = Bouteloua curtipendula, 
Pt = Phalaris tuberosa, and Sm = Sanguisorba minor. 

contrasts. Correlation coefficients were 
determined for selected parameters. 

Results and Discussion 

Russian wildrye had the highest sur- 
vival percentage under each of the three 
precipitation regimes after 365 days 
(Pig. 1). Survival percentage after 365 
days was negatively correlated with fall 
(120-day) root weights (r = - .65), ad- 
ventitious root numbers (r = -.59), 
and shoot weights (r = -.45). The 
association of smaller fall plants with 
year-end survival was also noted in 
sideoats grama, which had the heaviest 
average shoot weight of all species 
(Fig. 2). Previous research on individu- 
al species indicated that larger fall 
plants were normally better adapted for 

winter survival than were smaller 
plants (Troughton, 1957). The opposite 
results of this study could be attributed 
to differential growth as influenced by 
precipitation regime. The smallest 
Russian wildrye and sideoats grama 
plants were grown under the driest 
regime, and the largest plants were 
grown under the higher precipitation 
regimes. Plants grown under drouth 
conditions during early development 
normally are physiologically hardened 
and better able to survive severe 
drouths than are plants grown under 
more optimum moisture conditions 
(Hsiao, 1973). Higher survival per- 
centages of Russian wildrye and side- 
oats grama indicate that under the driest 
regime of this study physiological hard- 

600- 

DATE 
(days after planting) 

Fig. 2. Average shoot weight (mglplant) on four dates for$ve species averaged over three precipita- 
tion regimes in the controlled environment evaluation of cool-season speciesfor range seeding in the 
Trans-Pecos. AC = Agropyron cristatum, Ej = Elymus junceus, Bc = Bouteloua curtipendula, 
Pt = Phalaris tuberosa, and Sm = Sanguisorba minor. 
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ening may have been an important 
factor in survival of these species. 

Crested wheatgrass had the second 
highest average survival percentage 
after 365 days.Contrary to the findings 
for Russian wildrye and sideoats 
grama, crested wheatgrass survival was 
positively correlated with heavier fall 
mot weights (r = .33), shoot weights 
(r = .41), and numbers of adventitious 
roots (r = .47). Thus crested wheat- 
grass survival was favored more than 
the other species by rapid root and 
shoot development after germination. 
Its year-end survival correlated posi- 
tively with 32-day root weights (r = 
.5O), numbers of adventitious roots (r 
= .60), shoot weights (r = .47), and 
lengths of longest leaves (r = .53). 

Crested wheatgrass survival and root- 
weight responses to increased precipi- 
tation regime were much higher than 
that of the other species. These results 
indicate that crested wheatgrass sur- 
vival is favored by high fall precipita- 
tion and the resulting development of 
large roots and shoots prior to winter. 

Premier sideoats grama had a slight- 
ly lower average survival percentage 
than crested wheatgrass at the end of 
the study, Year-end survival was nega- 
tively correlated with fall root weights 
(r = - .79), adventitious root numbers 
(r = -.41), and shoot weights (r = 
- .65). There was also a negative corre- 
lation of survival with root weights (r = 
- .70), and shoot weights (r = - .47) 
32 days after planting, and fall tiller 
numbers (r = - .56). Sideoats grama 
had 100% seedling survival and rela- 
tively small plants under the driest pre- 
cipitation regime, as did Russian wild- 
rye. The data indicate that physiologi- 
cal hardening may have been important 
in sideoats grama survival in this study, 
as it apparently was with Russian wild- 
rye. Sideoats grama and Russian wild- 
rye should be better able than the other 
species studied to survive fall plantings 
in years with below-average fall pre- 
cipitation. 

No wintergreen hardinggrass plants 
survived the first year of growth. Most 
of the plants (87%) died during the 
winter and the remaining plants died 
during the spring-summer, between the 
248-day and 365-day sampling dates. 
There were no apparent differences 
among the growth parameters meas- 
sured which could account for the large 
differences in survival percentages bet- 
ween wintergreen hardinggrass and the 
other grasses. Survival of wintergreen 
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AC E j Be Pt Sm 
Fig. 3. Typical seedling morphology of the jive species studied for range seeding in the Trans- 

Pecos. AC = Agropyron cristatum, Ej = Elymus junceus, Bc = Bouteloua curtipendula, 
Pt = Phalaris tuberosa, and Sm = Sanguisorba minor. Note elongatedsubcoleoptile internode on Bc 
and Pt. 

hardinggrass was reported to be ad- 
versely affected by dry winters and low 
soil nitrogen (U.S. Dep. Agr., 1972; 
Brown and Pratt, 1972). Winter pre- 
cipitation in this study totaled 6.2 cm 
for the period November through April, 
much lower than that for the more 
eastern areas of Texas where this 
species is known to be adapted. Soil 
tests indicated that the soil used in this 
study was low in nitrogen. Thus low 
winter precipitation or low soil nitrogen 
may have adversely affected winter- 
green hardinggrass survival in this 
study. 

Only 4% of the burnet plants sur- 
vived at the end of the study. Most of 
the plants (89%) died during the winter 
and all but 4% died by the end of the 

spring-summer. The limited informa- 
tion available on bumet indicates that it 
is best adapted to areas with higher 
winter precipitation than that of the 
Trans-Pecos (U.S. Dep. Agr., 1972). 
Limited winter precipitation could have 
caused the high bumet seedling mor- 
tality observed under the Trans-Pecos 
environmental conditions simulated in 
this study. 

Presence or absence of an elongated 
subcoleoptile internode was not an im- 
portant factor in plant survival in this 
study (Fig. 3). In general crested 
wheatgrass and Russian wildrye, with 
no internode elongation, had higher 
survival percentages than did sideoats 
grama and wintergreen hardinggrass, 
with elongation. Sideoats grama which 

had the longest subcoleoptile inter- 
nodes, had as high a survival percent- 
age as either of the wo species with no 
elongation when grown under the driest 
regime. This indicates that presence or 
absence of an elongated subcoleoptile 
internode was not a dominant factor in 
plant survival in the harsh environ- 
mental conditions of this study. 

Based on these controlled environ- 
ment results, crested wheatgrass and 
Russian wildrye apparently are adapted 
to the Trans-Pecos region of west 
Texas. Further study is required to 
evaluate their adaptability under actual 
field conditions before planting recom- 
mendations can be made. 
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Effect of Repeated Herbicide Applications on 

Green Sagewort in North Central Nebraska 

L. A. MORROW AND M. K. MCCARTY 

Highlight: Plots were established in 19 71 to determine the 
effect of herbicides on stands of green sagewort (Artemisia 
campestris L.). Treatments were applied in 1971, 1972, and 
1973 for one study and in 19 72 and 19 73 for another study. 
Visual estimates of green sagewort control were made in 19 71, 
1972, 1973, and 1974. Repeat applications of 2,4-D ester at 
2.24 or 3.36 kg/ha effectively controlled green sagewort 
whether applied in 2 or 3 consecutive years. Dicamba or 
picloram, each in combination with 2,4-D ester, also effective- 
ly reduced the stand of green sagewort. Green sagewort was 
not controlled effectively by 2,4-D ester alone at rates less 
than 2.24 kg/ha or 2,4,5-T at rates of 1.12 or 2.24 kg/ha. 
Picloram, when applied alone, was not as effective as in 
combination with 2,4-D ester. Retreatment is necessary when 
attempting to control green sagewort. Two consecutive annual 
application of 2,4-D ester eflectively reduced the stand. After 
reducing the stand of green sagewort, spraying every 2nd or 
3rd year as a maintenance program may be adequate to keep 
populations of green sagewort plants at a minimum. 

Productivity of grazing lands is often limited by unpalata- 
ble, nonnutritious, or poisonous plant growth (Arnold and 
Santelmann, 1966; Morrison, 1972). Green sagewort is a 
short-lived perennial that is native to the Great Plains. It does 
not produce vegetatively but is a prolific seed producer and 
will occur in dense stands when it becomes established. 

Weed infestations on grazing lands are usually the result of 
mismanagement (Dalrymple et al., 1964; Klingman, 1953; 
Klingman, 1956). Green sagewort spreads rapidly under heavy 
grazing. A dense stand not only decreases forage production, 
but also alters livestock grazing patterns. Improved methods of 
weed control can be used in combination with improved 
grazing management. The most efficient way to control weeds 
is to prevent their occurrence, because when weeds are 
established, it is difficult to return these lands to a more 
productive state by management alone. If used properly, 
herbicides can be an effective tool in the total management 
program. 

Retreatment is necessary to control certain weeds, particu- 
larly perennials. Selleck (1959) found that a single application 
of 2,4-D ester at 1.68 kg/ha did not effectively control 
Artemisia absinthium L., but nearly complete control was 

Authors are research agronomists, Agricultural Research Service, 
U.S. Department of Agriculture, Department of Agronomy, University 
of Nebraska, Lincoln 68503. 

Morrow’s present address is Northern Great Plains Research Center, 
P.O. Box 459, Mandan, North Dakota 58554. 

The study is a contribution of the Agr. Res. Serv., U.S. Dep. Agr. in 
cooperation with the Nebraska Agricultural Experiment Station. (Paper 
No. 3967.) 

obtained when the same treatment was applied in the 2nd 
year. In Nebraska, McCarty and Scifres (1972) found that 
western ragweed (Ambrosia psilostachya DC.), was effectively 
controlled by two annual applicatons of 2,4-D, picloram or 
dicamba, but not by a single treatment. Bovey (1964) reported 
that 2,4-D, 2,4,5-T, or silvex gave excellent topkill of sand 
sagebrush (Artemisia fiZifoZia Torr.), but regrowth occurred the 
year, after herbicide application. 

This study was conducted to determine the response of 
green sagewort to repeated applications of several common 
herbicides. 

Methods and Materials 

In 1971, experimental plots were established in the 
Nebraska Sandhills to study green sagewort control. Plots 6.1 
by 10.7 m were arranged in a randomized complete block 
design with four replications. The soil is a Valentine fine sand. 
The area receives an average of 50 cm of precipitation 
annually. 

Plant species in the study area, in addition to green 
sagewort, include little bluestem (A ndropogon scoparius 
Michx.), prairie sandreed [ Calamovilfa longifolia (Hook.) 
Scribn.], blue grama [Bouteloua gracilis (H.B.K.) Lag. ex 
Steud.], prairie Junegrass [Koeleria cristata (L.) Pers.], needle- 
andthread (Stipa comata Trin. and Rupr.), sixweeks fescue 
(Festuca octoflora Walt.), annual bromes (Bromus spp.). and 
western ragweed (Ambrosia psilostachya DC.). Green sagewort 
was present in moderate to dense stands and comprised 
approximately 80% of the weedy vegetation. 

Herbicide treatments included the alkanolamine salt of 
2,4-D [(2,4-dichlorophenoxy)acetic acid] and the propylene 
glycol butyl ether ester of 2,4-D, at 1.12, 2.24, and 3.36 
kg/ha; 2,4,5-T [ (2,4,5-trichlorophenoxy)acetic acid] as the 
propylene glycol butyl ether ester at 2.24 kg/ha; the dimethyl- 
amine salt of dicamba (3,6-dichloro-o-anisic acid) at 0.28 and 
0.56 kg/ha in combination with 1.12 and 2.24 kg/ha 2,4-D 
ester, respectively; and picloram (4-amino-3,5,6-trichloro- 
picolinic acid) as the potassium salt at 0.14 and 0.28 kg/ha in 
combination with 1.12 and 2.24 kg/ha 2,4-D ester, respective- 
ly. All treatments were applied with a tractor-mounted sprayer 
in 187 liters/ha solution with 0.3% of the surfactant X-77.’ 

Herbicide treatments were applied in 1971, 1972, and 1973 
during late May or early June. The green sagewort plants were 
5 to 10 cm tall at the time of herbicide application. Percentage 
of green sagewort control was visually estimated during the 
spring and fall of each year. 

In 1972, another experiment was initiated to determine 
green sagewort control response to repeated herbicide treat- 
ments. Treatments and application methods were the same as 

‘Mention of a trade name, proprietary product, or specific equipment 
does not constitute a guarantee or warranty by the U.S. Dep. Agr. and 
does not imply its approval to the inclusion of other products that may 
be suitable. Manuscript received July 5, 1975. 
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Table 1. Visual estimates of percentage of green sagewort control from 
herbicide treatments applied in 1971, 1972, and 1973.’ 

Rate Control (%) 
Herbicide (kg/ha) 9/30/71 8/l/72 8121173 7111174 

Check 0 oc Ob oc Od 
2,4-D ester 1.12 50b 63 a 55 b 81 b 
2,4-D ester 2.24 84 ab 89 a 90 a 98 a 
2,4-D ester 3.36 83ab 93a 95 a 95 ab 
2,4,5-T 2.24 74 ab 76 a 58b 68~ 
Dicamba + 0.28 

2,4-D ester 1.12 76ab 90a 100 a 96 ab 
Dicamba + 0.56 

2,4-D ester 2.24 89 a 89a 93a 91 ab 
Picloram + 0.14 

2,4-D ester 1.12 78ab 93a 93a 98a 
Picloram + 0.28 

2,4-D ester 2.24 98 a 95 a 93a 99a 

‘Means in the same column followed by the same letter do not differ 
significantly at the 5% level, by Duncan’s multiple range test. 

previously described, except that 2,4,5-T at 1.12 kg/ha and 
picloram at 0.28 kg/ha were added. These treatments were 
applied in either study in 1974. 

Results and Discussion 

All herbicide treatments applied in 1971 resulted in some 
topgrowth control of green sagewort at the end of a single 
growing season (Table 1). Dicamba at 0.56 kg/ha or picloram 
at 0.28 kg/ha, each in combination with 2.24 kg/ha of 2,4-D 
ester, resulted in a topkill of 89 and 98%, respectively. The 
1.12 kg/ha rate of 2,4-D ester applied alone resulted in about 
50% control by the end of the first growing season. The other 
tteatments ranged in effectiveness from 74 to 84% topkill of 
green sagewort. 

Herbicide treatments were reapplied in 1972. In August 
1972, all herbicide applications applied for 2 consecutive years 
effectively reduced the stand of green sagewort. All treat- 
ments, with the exceptions of 2,4-D at 1.12 kg/ha and 2,4,5-T 
at 2.24 kg/ha, reduced the green sagewort population by about 
90%. 

In 1973, herbicides were again applied. Evaluations from 
1973 indicated that 2,4-D ester at the rate of 1.12 kg/ha or 
2,4,5-T at 2.24 kg/ha reduced the stand of green sagewort by 
about 55%. All other treatments resulted in more than 90% 
stand reduction of green sagewort. After three annual applic- 

Table 2. Visual estimates of percentage of green sagewort control from 
herbicide treatments applied in 1972 and 1973. ’ 

Rate Control (%) 

Herbicide (kg/ha) 8/l/72 7121173 7111174 

Check 0 Od oc oc 
2,4-D ester 1.12 40 bc 83 ab 89 ab 
2,4-D ester 2.24 68 a 85 ab 98 a 
2,4-D ester 3.36 69 a 93a 1OOa 
2,4,5-T 1.12 34 bc 58 b 72 b 
2,4,5-T 2.24 59 ab 80 ab 70 b 
Dicamba + 0.28 

2,4-D ester 1.12 40 bc 95a 98a 
Dicamba + 0.56 

2,4-D ester 2.24 68 a 100 a 99 a 
Picloram + 0.14 

2,4-D ester 1.12 58 ab 93a 98a 
Picloram + 0.28 

2,4-D ester 2.24 79 a 100 a 100 a 
Picloram 0.28 19c 78 ab 82ab 

1 Means in the same column followed b‘y the same letter do not differ 
significantly at the 5% level, by Duncan’s multiple range test. 

ations of herbicides, all treatments except 1.12 kg/ha of 2,4-D 
ester gnd 2.24 kg/ha of 2,4,5-T were equally effective for the 
control of green sagewort. In 1974, all treatments except 1.12 
kg/ha of 2,4-D ester or 2.24 kg/ha 2,4,5-T resulted in more 
than 90% stand reduction of green sagewort. No treatment was 
applied in 1974. 

In 1972, the same treatments, with the additions of 2,4,5-T 
at 1.12 kg/ha and picloram at 0.28 kg/ha, were applied in 
another study (Table 2). In August 1972, all treatments 
resulted in some degree of topkill compared with the 
untreated check. 

Picloram at 0.28 kg/ha in combination with 2.24 kg/ha of 
2,4-D ester resulted in 79% topkill of green sagewort. The 
2,4-D ester at 2.24 or 3.36 kg/ha and dicamba at 0.56 kg/ha in 
combination with 2.24 kg/ha of 2,4-D ester resulted in about 
68% topkill. 

Treatments were reapplied in 1973. All treatments reduced 
the stand of green sagewort. Dicamba at 0.56 kg/ha or 
picloram at 0.28 kg/ha, each in combination with 2.24 kg/ha 
of 2,4-D ester resulted in complete stand reduction of green 
sagewort when applied in 2 consecutive years. Dicamba at 0.28 
kg/ha in combination with 2,4-D at 1 .12 kg/ha resulted in 95% 
control, and picloram at 0.14 kg/ha in combination with 1.12 
kg/ha 2,4-D ester and 2,4-D ester alone at 3.36 kg/ha reduced 
the stand of green sagewort by about 93%. The 1.12 or 2.24 
kg/ha rates of 2,4-D ester resulted in about 85% control of 
green sagewort compared with the untreated check. Green 
sagewort stand reduction was 58% when 1.12 kg/ha of 2,4,5-T 
was applied. 

Picloram at 0.14 or 0.28 kg/ha in combination with 1 .12 or 
2.24 kg/ha of 2,4-D ester, respectively, dicamba at 0.28 or 
0.56 kg/ha in combination with 1.12 or 2.24 kg/ha of 2,4-D 
ester, respectively, and 2,4-D ester alone at 3.36 kg/ha were 
very effective in controlling green sagewort when treatments 
were applied in more than 1 year. In 1974, even though no 
treatments were applied, all treatments from previous years 
reduced the stand of green sagewort. All treatments except 
1.12 kg/ha of 2,4-D ester, 1.12 or 2.24 kg/ha of 2,4,5-T or 
0.28 kg/ha of picloram achieved more than 90% stand 
reduction. 

Green sagewort can be controlled effectively with herbi- 
cides if applied in more than 1 year. Application of herbicides 
in consecutive years is an effective measure for green sagewort 
control in grazing lands. After stands of green sagewort are 
reduced, it may be possible for the application of herbicides in 
alternate years to be effective in keeping weed populations at a 
minimum. 
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Orchardgrass Growth on Nitrogen and Sulfur 
Fertilized Volcanic Ash Soil 

J. MICHAEL GEIST 

Highlight: Growth responses of orchardgrass to additions of N and 
Sfrom various sources were studied in the greenhouse on a volcanic 
ash soil. Sources with soluble S were superior to those with elemental 
S in producingfaster growth, greater growth, and greater N recovery. 
Results indicate fertilizers with formulae of 2 I -0-o-24, JO- l-O-6, 
27-12-O-4, or 16-20-O-15 should eflectively aid rapid establishment of 
new orchardgrass seedings. Rapid early growth will take optimum 
advantage of stored soil moisture prior to the onset of dry summers 
which typically occur in much of the Northwest. Grazing at late 
growth stages will maximize returns from applied fertilizers. 

Seeding of grasses and forbs on skid trails, landings, and 
cutting areas is a common practice following logging in eastern 
Oregon. Native understory is often sparse before dense over- 
story canopy is removed, and seeding can speed establishment 
of erosion control cover where soil disturbance has occurred. 
These revegetated areas offer increased forage supplies for 
summer grazing by livestock and big game populations. 

Volcanic ash soils are common in forests of the Blue and 
Wallowa Mountains in eastern Oregon. These soils are derived 
from varied thicknesses of silt-sized Mt. Mazama ashfall 
(Harward and Youngberg, 1969). They are moderately deep, 
have comparatively high water-holding capacity, and occur in 
annual precipitation zones ranging from 45 to 125 cm. Con- 
siderable interest has been expressed in fertilizing these soils to 
promote better seeding success and greater vegetation produc- 
tivity. Fertilization guidelines are needed for upland soils, and 
progress has been made toward developing such information in 
eastern Oregon and eastern Washington. Growth responses to 
nitrogen (N) and sulfur (S) addition have been found in field and 
greenhouse studies on several soils (Pumphrey, 197 1; 
Pumphrey and Hart, 1973; Klock et al., 197 1). Responses to N, 
phosphorus (P), and S added singly and in combinations have 
been studied on a number of soils (Geist, 197 1). Plant growth 
responses on volcanic ash soils were particularly impressive 
with N and S additions. Little has been done to determine which 
fertilizer sources, particularly commercial types, should be used 
on deficient ash soils, although some preliminary field results 
from other studies have been obtained (Geist, 1972). 

This paper describes the response of orchardgrass (Dactylis 
glomeruta L.) to several sources of N and S applied on Mazama 
ash soil (To10 silt loam) as a guide to fertilizer selection in 
tevegetating areas disturbed by logging. 

Methods 

A bulk sample of surface soil (0 to 15 cm) was collected from the 
Starkey Experimental Forest and Range, 30 miles southwest of La 
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Grande, Ore. The soil was air dried, thoroughly mixed, passed 
through 6.6-mm (G-inch) mesh screen, and 2,000-g portions were 
weighed into pots lined with plastic bags. Each pot was planted with 
10 seeds of Latar orchardgrass and thinned to four plants at the 
two-leaf stage. Deionized water was added by weight to maintain a 
minimum stress condition of l/ 10 to l/3 bar. Plants were grown in the 
greenhouse a total of 265 days after planting at 22°C with a 14-hour 
photoperiod. Successive clippings of top growth 4 cm above the soil 
surface were made at 66-, 65-, 69-, and 65-day intervals. Clippings 
were oven dried for 24 hours at 65”C, weighed, and ground to pass a 
40-mesh screen. 

Nine fertilizer treatments were applied in a completely random de- 
sign with four replications. Nitrogen sources lacking S were supple- 
mented with either elemental S (0.25 to 0.5-mm size) or calcium sul- 
fate (CaS04*2H20). The nine treatments (T) were: 

Tl-check, no N or S 
T2-200 ppm N as ammonium nitrate (33-O-O) + 50 ppm elemental 

S 
T3-200 ppm N as ammonium nitrate + 50 ppm S as CaSO,.2HZ0 
T4-200 ppm N, 229 ppm S as ammonium sulfate (2 l-O-O-24) 
T5-200. ppm N, 40 ppm S as ammonium nitrate sulfate (30- l-O-6) 
T6-200 ppm N as urea (46-O-O) + 50 ppm elemental S 
T7-200 ppm N as urea + 50 ppm S as CaSOd.2HZ0 
T8--200 ppm N, 30 ppm S as ammonium phosphate sulfate 

(27- 12-O-4) 
T9---200 ppm N, 188 pm S as ammonium phosphate sulfate 

( 16-20-O- 15) 
Fertilizers were mixed into the upper layer of dry potting soils before 
seeding and initial watering. All pots received 25 ppm Mg and 25 ppm 
K as dissolved chloride salts at both 53 and 68 days postplant. 

The potting soil was analyzed for organic matter (modified 
Walkley-Black method, Jackson, 1958), total N (Kjeldahl method, 
Jackson, 1958), available phosphorus (NaHCOZs method, Watanabe 
and Olsen, 1965), exchangeable potassium (K), and magnesium (Mg) 
(U.S. Salinity Laboratory Staff, 1954), total S (Bardsley and 
Lancaster, 1960), and pH (1:2 in O.OlM CaC12). 

Differences among treatments were tested by analysis of variance 
and means were compared by Scheffe’s test at the 0.05 level (Scheffe, 
1959). Tests were made on each clipping and, in the case of yield and 
percentage N recovery, for totals over all clippings. 

Results 

Soil analyses indicated an acidic reaction and relatively low 
levels of organic matter, nitrogen, and sulfur: 

PH 5.2 
Organic matter (%) 2.31 
Total N (%) 0.076 
Total S (%) 0.0063 
N:S ratio 12 
Available P (ppm) 52.6 
Exchangeable K (meq/lOOg) 1.47 
ExchangeableMg(meq/lOOg) 1.21 
Size classes (S, Si, C) (%) 33,54,13, 

The N:S ratio showed the balance between the two was adequate 
for normal protein production. Available P was fairly high, and 
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sufficient levels of exchangeable K and Mg were present for 
normal growth. Hence, precautionary additions of K and Mg 
were unnecessary. 

Yield and other response variables are discussed individual- 
ly, with treatment effects summarized into major group differ- 
ences. 

Three major groupings in response to treatments are apparent 
in the yield data. Significant differences in yields occurred 
among treatments for each clipping and for cumulative yield 
(Fig. 1). Statistical tests of means showed significant differ- 
ences between T3-5, 7-9 and Tl, 2, 6 at the first clipping. 
Differences in cumulative yield at the fourth clipping occurred 
between T 1 and T2-9. Growth on T2 and 6 containing elemental I- 
S, began slowly, but a higher percentage of total growth 
occurred during the second through the fourth growing periods 

o5 
’ 

compared with T3-5, 7-9 containing sulfate - S. This caused a 
slight convergence in cumulative yield curves, but T3-5 and 7-9 
were still almost 50% greater than T2 and 6 through the fourth 1 2 3 4 
clipping. Approximately 75% of the total growth was made by CUTTING 

plants in T3-5 and 7-9 by the first clipping compared to 50% by Fig. 2. Nitrogen concentrations in orchardgrass (treatment code in paren- 

T2 and 6, and 60% by Tl. theses). 

T-group 2 declined much like nitrogen by the second clipping, 
then generally increased through clippings three and four. Con- 
centrations in check plants were low and changed relatively 
little over the four clippings. Plants with elemental S added 
(T-group 1) had rather low S concentrations at the first and 
second clippings but increased by the third and fourth clippings. 
Soluble sulfur sources maintained significantly higher S con- 
centrations than other treatments in most instances and supplied 
adequate sulfur throughout all growth periods. 

Further clarification of N and S status of treated plants is pro- 
vided by N:S ratios (Table 1). Significant differences at every 
clipping are again reflected in three response patterns. Check 
treatment values were moderate initially, then increased to a 
fairly high level. T-group 1 began high, then declined to 

0 2 4 
CUTTING 

moderate values. T-group 2 remained comparatively low 
(4-8/l) over all clippings. Thus, although the check and 
T-group 2 differed from T-group 1 in the first two clippings, 
these trends ended with only the check differing from other 
treatments by the final two clippings. 

Fig. 1. Cumulative top growth of orchardgrass (treatment code in parentheses). 

The similarity in effects of certain treatments noted in yield 
data occurred with other response variables. They are sub- 
sequently grouped and discussed as T2 and 6 = T-group 1; 
T3-5, 7-9 = T-group 2. 

Table 1. Mean sulfur concentration, nitrogen to sulfur ratio, and 
nitrogen recovery of orchardgrass according to fertilizer treatment 
and clipping. Nitrogen concentrations (Fig. 2) were also significantly dif- 

ferent at each of the four clippings, with T-group 1 substantially 
higher than the check and T-group 2 at clipping one. The means 
of T-group 2 were intermediate at clipping one but declined to 
lowest by clipping two, and plants assumed a chlorotic color. 
Means of T-group 1 also declined by clipping two but remained 
highest; the check declined slightly and assumed an inter- 
mediate position in about the midrange position. By clippings 
three and four, plants in T-group 1 and T-group 2 had similar N 
concentrations. Concentrations in check plants increased to 
higher N percentages than all other treatment plants by clipping 
three and maintained this level through four. However, yields of 
fertilized plants were similar to or exceeded check plants over 
growth periods three and four (Fig. 1). 

Sulfur concentrations differed among treatments at each 
clipping. Concentrations of T-group 2 were higher than T-group 
1 and the check at clipping one, but no concentration differences 
occurred among T-group 1 and the check treatment (Table 1). 
Sulfur concentrations of T-group 2 at clipping one generally 
reflected the concentrations applied initially. Concentrations of 

Treatment 

T-group 1 T-group 2 

ClinuiflP; 1 2 6 3 4 5 7 8 9 

Sulfur concentration (ppm) 

First 891 875 876 2,453 4,547 2,422 3,235 2,078 4,094 
Second 953 829 828 1,279 1,532 1,126 1,110 1,000 1,922 
Third 1,172 1,672 1,688 3,157 3,782 2,422 2,704 2,297 4,328 
Fourth 875 2,438 2,110 3,500 4,531 2,636 3,031 2,156 5,188 

Nitrogen to sulfur ratio 
First 13 30 28 6 4 7 5 8 4 
Second 11 18 16 5 4 6 6 7 3 
Third 17 11 10 4 4 6 5 6 3 
Fourth 22 9 10 4 3 6 5 7 3 

Recovery of fertilizer nitrogen (%) 
First - 36 39 62 65 58 61 60 62 
Second - 11 10 5 4 5 5 5 3 
Third - 8 5 2 2 2 2 1 1 
Fourth - 3 3 0 0 0 0 0 0 

Total recovery 58 57 69 71 65 68 66 66 
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Fertilizer N recovery percentages were computed on the basis 
of N uptake over the check plants (Table 1). Most fertilizer 
recovery occurred in the first clipping, and the percentage 
recovery was significantly higher for T-group 2 than T-group 1. 
This relationship reversed in subsequent.clippings with T-group 
1 higher. Percentage recovery universally declined with each 
cutting, in fact, to zero by the fourth clipping in T-group 2. Total 
recovery, however, showed T-group 2 significantly higher than 
T-group 1. 

Discussion and Conclusions 

Nitrogen sources containing readily soluble sulfur stimulated 
rapid seedling growth and development more than sources 
supplemented with elemental S. Rapid growth would favor early 
plant establishment in the field before other limiting factors of a 
site restrict growth. Early season growth is important in the 
Northwest because precipitation occurs primarily in winter and 
spring, and a pronounced drought usually occurs in July and 
August. Thus, utilization of water and nutrients during the early 
growing season takes optimum advantage of this weather 
pattern. 

Stewart and Whitfield (1965) reported the N:S ratio of plant 
protein is about 16. Thus, a tissue ratio above 16 indicates S 
supply is low relative to N or N supply is high relative to S, but 
the ratio alone does not tell whether supply of either nutrient is 
adequate. N:S ratios and concentrations are both helpful for 
interpretation of results; however, the overall adequacy of 
supply and success of treatments is best judged from growth 
data. 

Ratio and concentration data for plants in T-group 1 show that 
S supply was inadequate relative to N during the first growth 
period. This imbalance was corrected the second period, but 
thereafter N supply was low relative to S. The initial nutrient 
imbalance was apparently due to the inability of micro- 
organisms to oxidize elemental S for plant use at a rate com- 
mensurate with N supply and growth potential. Differences in 
growth among treatment replicates of T-group 1 indicate that 
oxidation rates were variable. 

The low ratios associated with T-group 2 show that S supply 
was excessive relative to N; however, concentration and growth 
data indicate that supplies of both were adequate during the first 
growth period. Supplies of S continued high relative to N over 
the next three growth periods. This, coupled with reduced 
growth, indicates nitrogen supply was limiting growth after the 
fmt clipping. 

The decline in N and S concentrations of fertilized plants from 
the first to the second clipping was apparently a response to the 
initial clipping, which removed a sizeable percentage of the 
applied nutrients. Luxury consumption of N and S the first 
growth period may have played a part in emphasizing these 
changes, particularly in the case of N in T-group 1. 

Inadequate and imbalanced nutrient supply caused poor 
growth of unfertilized plants. N:S ratios of tissues indicated 
excessive S relative to N the first two growth periods, balanced 
supplies the third period, and excessive N relative to S the fourth 

Mineralization of soil N and S apparently exceeded the 12: 1 
ratio during the third and fourth periods. 

Overall, fertilizers in T-group 2 appeared equally effective in 
supplying N and S for growth of orchardgrass in the greenhouse. 
It is clear that these fertilizers should be recommended over 
T-group 1 as an aid to establishing new seedings on ash soils. No 
growth benefit was noted with fertilizers containing P, as might 
be expected, since the available soil P was originally high. 
Among T-group 2, one of the readily available commercial 
formulations (2 l-O-O-24, 30- l-O-6, 27- 12-O-4, 16-20-O- 15) 
should be chosen for use in the field. Criteria of selection will 
depend on cost, availability, and related factors. If the soil is 
low in available P, then one of the latter two sources mentioned 
should be chosen. 

To realize maximum benefits in the field, grazing should be 
deferred till late in the season to allow maximum use of applied 
nutrients. Deferment is usually practiced with new seedings but 
would also be beneficial when fertilizing established stands. 
Hedrick et al. (1965) found highest yield benefits from fertil- 
izing grasses when clipping was delayed to the head emergent 
growth stage. Thus, the year of fertilization must be coordinated 
with season of use in cattle management plans. 

Livestock and big game are particularly attracted to fertilized 
areas, so management plans should consider this factor also 
(Geist et al., 1974). 

Summary 

Greenhouse growth responses of orchardgrass to N and S 
additions from various sources were studied on a volcanic ash 
soil. Nitrogen sources with readily soluble sulfur produced 
greater initial and total growth and N recovery than N sources 
with elemental S. However, all N and S treatments produced 
more growth than the unfertilized treatment. 

The results showed either 2 l-O-O-24,30- l-O-6,27- 12-O-4, or 
16-20-O- 15 would be equally effective sources of N and S for 
deficient ash soils and should aid rapid establishment of new 
orchardgrass seedings. 

Rapid early season growth takes optimum advantage of the 
predominant precipitation pattern in the Northwest. Most of the 
precipitation commonly occurs in the winter and early spring 
followed by a pronounced drought in July and August. 

Maximum utilization of fertilizer nutrients should be realized 
if grazing is deferred to late growth stages of the plant. 
Remember too, that fertilized forage is attractive to both live- 
stock and big game, so animal management plans must consider 
both these factors. 
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Range Improvement Following Chaining of 
South Texas Mixed Brush 

C. J. SCIFRES, J. L. MIJTZ, AND G. P. DURHAM 

Highlight: Double chainingfollowed by raking and stacking hea* 
stands of south Texas mixed brush was more effective than double 
chaining alone or chaining one way, based on compararive degree 01 
brush control, range forage production, and fomge consumption by 
livestock. In a brush stand composed primarily of honey mesquite, 
spiny hackberry, and lime pricklyash, double chaining followed by 
raking and stacking reduced woody plant densities by 88%. increased 
oven-dq forage production by owr 1,600 kg/ha, and increased 
forage consumption by 950 kg/ha 0s compared to untreated areas a 
year after freafmenf. Double chaining alone was less effective rhan 
double chaining, raking, andstacking inpromoringforageproducfion 
and consumprion and did nor improve management eflciency. Chain- 
ing one way was not considered an effective practice. 

The South Texas Plains is a resource of almost 8 million ha, 
most of which is utilized for livestock production. The area is 
characterized by a growing season of 340 to 350 frost-free days 
and annual rainfall of 41 to 90 cm (Gould, 1975). The woody 
plant cover of the South Texas Plains is so characteristic that the 
area is commonly referred to as the “brush country” of Texas. 
In the eastern portion of south Texas, the communities are 
usually stratified into an oventory of species such as honey 
mesquite (Pros@ glandulosa Torr. var. glandu~osa), hui- 
sache (Acaciafarnesiana (L.) Willd.) and live oak (Quercus 
virginiana Mill.) with an almost impenetrable understory of 
plants such as spiny hackberry (gmnjeno) (Celtispallida Tom.), 
lime pricklyash (Zunthoxylum fagara (L.) Sarg.), lotebush 
(Condalia obtusifolio (Hook.) Weberb), whitebrush (Aloysia 
lycioides Cham.), narrowleaf fort&era (Forestiera angusti- 
folia TOIT.), and pricklypar (@u&a sp.). 

The dense stands of woody plants seriously reduce produc- 
tion of range forage; and much of the forage produced in the 
heavy brush stands is not accessible to livestock due to 
mechanical hindrance. Livestock canying capacities have been 
reduced by the heavy brush cover to such an extent that ranchers 
have been forced to either buy additional land or to increase 
productivity of the land they now manage to maintain OI 
improve their family income. Brush control is usually the initial 
practice in range management programs in the area. 

Mechanical brush control has been used more extensively 
than chemical methods in south Texas due to limitations of 
herbicides such as 2,4,5-T [(2,4,5-trichlorophenoxy)acetic 
acid] in controlling the broad spectrum of mixed-brush species. 
Honey mesquite and pricklypea are the only species in the 
mixed blush stands which are controlled with 2,4,5-T at rates 
normally considered feasible for range improvement. 

Chaining, a low-cost method which results in a minimum dis- 
turbance of soil cover, has been used extensively for range 
improvement since it was developed in the 1940’s (Fig. 1). 



Several approaches to chaining are employed: chain one way 
and leave the woody debris on the soil surface; double chain 
(covering the area in opposite directions) and leave the debris; or 
double chain followed by raking and stacking the debris and 
burning the stacks. The greatest value of chaining is the low 
initial cost of quickly knocking down, uprooting and thinning 
moderate to dense stands of medium to large trees (Fisher et al., 
1959). Criteria for effective chaining include adequate soil 
moisture to asswe uprooting of trees (Hoffman, undated); and, 
tree trunks strong enough not to bend or break before being 
uprooted. Double chaining may uproot 80% of the large honey 
mesquite trees when the moisture content of the soil is high. 

Chaining has been used primarily to complement the more 
effective and costly brush control methods by reducing the 
overall cost and extending the time of control (Vallentine, 
197 1). Chaining at the end of the third growing season follow- 
ing spraying of honey mesquite is a low-cost method of 
increasing the degree of control over either spraying or chaining 
alone (Fisher et al., 1973). Chaining previously sprayed honey 
mesquite in the Rolling Plains of Texas made livestock much 
easier to manage due to reduced hindrance from standing, dead 
trees. 

To remove brush after chaining, a brush rake or stacker rake 
designed tocollect and pile logs, branches, andotherdebris may 
be used with a minimum of soil disturbance (Fisher et al., 
1973). The stacker rake is generally used to break off, uproot, 
and stack small, shallow-rooted plants such as pricklypear, 
which grow in association with the mixed-brush (Vallentine, 
197 1). However, the stacker rake will not remove most deep- 
rooted species. Chaining alone may result in extremely dense 
stands of pricklypear (Dodd, 1968). It removes some of the 
existing plant competition but scatters pricklypear stems, which 
readily take root and establish new stands. 

The objectives of this study were. to evaluate various inten- 
sities of chaining (one way; double chaining; double chaining, 
raking, and stacking debris) for maximum range improvement 
in south Texas, based on reduction of cover and density of 
dominant woody species and the production and extent of 
consumption of range forage by livestock. 

Materials and Methods 

Chaining treatments were applied to duplicate 20.ha plots on 
September 15, 1973, on a Sarita fine sandy loam site near San Perlita 
in Willacy County of southeast Texas about 75 km north of the 
Mexican border. Treatments included (1) chaining one way; (2) 
double chaining; (3) double chaining followed by raking and stacking 
the debris; and (4) no treatment. Plots were separated by untreated 
strips, approximately 45 m wide. 

The study area was level to gently undulating, supporting a heavy 
stand (canopy cover > 80%) of mixed brush dominated by large 
honey mesquite trees, spiny hackbeny, and lime pricklyash. The 
Sarita fine sandy loam, slightly acid in the surface 15 cm, became 
basic with increasing soil depth to 90 cm. Organic carbon was less than 
I% regardless of depth. 

Ten circular grazing enclosures were established in each’ plot to 
evaluate the influence of the treatments on forage production and con- 
sumption by livestock. The exclosures were constructed of welded 
wire, 6-gauge, with IO-cm openings. Exclosures about 1.5 m tall and 
covering an area about 3.42 m2 were equally spaced diagonally across 
each treated area and secured with metal stakes. 

Consumption and yield of range forage was estimated in late 
August, 1974and 1975. Sampling areas, 0.25 mr, were harvested at a 
2.5.cm stubble height inside the exclosures and in an adjacent grazed 
area 15 m from the grazing enclosure. The amount of forage in 
protected areas was used to estimate production. Differences between 

protected and grazed areas was used to estimate forage consumed by 
the grazing animals (Klingman et al., 1943). 

Using the point-center-quarter method (Cottam and Curtis, 1956). 
density, canopy cover, and frequency of woody plants were also 
evaluated in late August, 1974 and 1975. At least 30 equally spaced 
points, on a diagonal line across each plot, were used to determine the 
vegetation attributes. An importance value index was developed by 
summing the relative density, canopy cover, and frequency of each 
woody species in each treatment. 

Results and Discussion 

Brush Response 

Chaining one way and double chaining reduced the density of 
live woody plants by 39 and 47%, respectively, as compared to 
the untreated area 2 years after treatment (Table 1). Woody 
plant densities had not changed significantly by 2 years after 
treatment. Double chaining followed with raking and stacking 
reduced the woody plant densities to about 13% of that on 
untreated areas (Fig. 2). The brush rake aided in uprooting many 
woody plants which were only pulled over by the chaining. Soil 
moisture conditions were favorable for effective chaining. 
However, of the species present, only honey mesquite had trunk 
diameters large enough to allow a high percentage of plants to be 
completely uprooted. Most of the honey mesquite tnmks were 



Table 1. Density (plants/ha) of major woody species approximately 2 Table 2. Importance-value indexes for major woody species at 1 and 2 
years following various chaining treatments on September 15,1973, of years following chaining on September 15, 1973, of mixed-brush on a 
mixed-brush on a Sarita fine sandy loam near San Perlita, Texas. Sarita fine sandy loam near San Perlita, Texas.a 

Chaining treatments 

Double, rake 

Species None One way Double and stack 

Honey mesquite 382 281 235 61 
Spiny hackberry 364 216 398 84 
Lime pricklyash 231 110 30 
Associated speciesa 26 143 10 9 

Total 1,432 871 753 184 

aA mixture of lotebush, huisache, whitebrush, and narrowleaf forestiera. 

greater than 20 cm in diameter and many were single-stemmed 
trees. Chaining one way and double chaining reduced the 
density of honey mesquite by 26 and 38%, respectively, 
whereas double chaining followed by raking and stacking the 
debris reduced the density by 84% as compared to untreated 
areas. Originally, honey mesquite trees were estimated to 
exceed 8 m tall. Regrowth of honey mesquite in areas chained 
one way or double chained averaged 1.7 m at 2 years after 
treatment. At the same time, regrowth in areas double chained, 
raked, and stacked averaged 1.2 m. Most honey mesquite 
regrowth following one-way or double chaining was the result 
of lateral branching from decumbent trunks pulled over but not 
uprooted by the chain. Regrowth in areas double chained, 
raked, and stacked arose from the honey mesquite crowns which 
were not completely uprooted. 

Lime pricklyash was the most abundant woody species on the 
s&Q area (Table 1). It was uniformly distributed and many of 
the plants were 4.5 m tall. Usually, the main stems of lime 
pricklyash were at least 12 cm in diameter. Thus, most of the 
plants were uprooted even by the less intensive treatments. 
One-way chaining reduced the density of lime pricklyash by 
65%. Double chaining reduced the density by 83%) whereas the 
double chaining followed by raking and stacking reduced the 
density of lime pricklyash by 95%. 

Pretreatment densities of associated species (huisache, lote- 
bush, narrowleaf forestiera, and whitebrush) were changed 
little by one way or double chaining. Most lotebush plants in the 
study area were relatively large, exceeding 4 m tall in many 
cases. Trunk diameters usually exceeded 15 cm but only the 
double chaining, raking, and stacking removed lotebush plants. 
Whitebrush typically has limber stems which make uprooting 
with a chain unlikely. Since many of the lotebush plants broke 
under the chain and no whitebrush were removed, control of 
such associated species by the more intense treatment was 
attributed to the raking operation. 

Although chaining treatments reduced the density of most 
species, differential reaction among the species caused post- 
treatment communities to differ considerably in composition. 
This is an important consideration in developing followup range 
improvement practices. Therefore, an importance-value index 
was used to compare the primary brush species a year after 
installation of the various treatments (Table 2). 

Regardless of treatment, the importance-value index for 
honey mesquite changed little (Table 2), indicating that al- 
though each additional treatment decreased the density, fre- 
quency, and size of honey mesquite, it remained an important 
component of the woody plant community. The relative 
importance-value index for lime pricklyash decreased with each 
additional treatment except for double chaining, raking, and 

Chaining treatment 

Species 

First year after treatment 
Honey mesquite 
Spiny hackberry 
Lime pricklyash 
Associated speciesa 

Second year after treatment 
Honey mesquite 
Spiny hackberry 
Lime pricklyash 
Associated speciesb 

None 

102 
72 

117 
9 

102 
72 

117 
9 

Double 
rake 

One way Double and stack 

87 78 111 
84 171 141 
69 45 45 
60 6 3 

90 78 93 
81 159 144 
81 30 42 
48 33 21 

aImportance value is the sum of relative frequency, relative canopy cover, and 
relative density. 

bA mixture of lotebush, huisache, whitebrush, and narrowleaf forestiera. 

stacking. Prior to treatment, honey mesquite and lime prickly- 
ash were essentially of equal importance, with spiny hackbeny 
less important in the mixed-brush stand. Chaining treatments 
decreased the importance of lime pricklyash and increased the 
relative importance of spiny hackberry. As treatment intensity 
was increased, there was a trend toward increased importance of 
spiny hackbeny . Thus, spiny hackberry may become the 
dominant brush problem on this site following chaining. 

Range Forage Response 

Primary grass species following chaining treatments were 
multiflowered false-rhodegrass (Chloris plurijlora (Fourn.) 
Clayton) and knotroot bristlegrass (Setaria geniculata (Lam.) 
Beauv) (Fig. 2). About 71 cm of rainfall was received on the 
study area in 1973,50 cm in 1974, and 60 cm had occurred from 
January 1 to August 3 1, 1975. 

Grass production increased with intensity of mechanical 
treatment (Table 3). At 1 and 2 years after treatment, areas 
double chained or double chained, raked, and stacked produced 
significantly more herbaceous growth than untreated areas or 
those chained one way (Fig. 2). Areas chained one way 
produced no more grass than those untreated, probably due to 
the high ground cover from woody debris. 

Forage consumption from the area double chained, raked, 
and stacked was greater than that from areas receiving other 

Table 3. Oven-dry grass production (kg/ha) differences at approximate- 
ly 1 and 2 years after applying various chaining treatments to mixed- 
brush on September 15, 1973, near San Perlita, Texas.a 

Year and 
chaining treatment None 

Chaining treatment 

One way Double 

First year 
Double, rake and stack 
Double 
One way 

Second year 
Double, rake and stack 
Double 
One way 

1,632” 1,504* 338 
1,294* 1,165* 

128 

2,599** 1,830* 680 

1,918* 1,150* 
769 

aDifference calculated as production from treatment in row minus that in column. 
*Significant at the 95% level. 

**Significant at the 99% level. 
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Table 4. Difference (kg/ha, oven-dry) in grass consumption at approxi- 
mately 1 and 2 years after applying various chaining treatments to 
mixed-brush on September 15, 1973, near San Perlita, Texas.a 

Double, rake and stack 
Double 
One way 

Second year 
Double, rake and stack 
Double 
One way 

951* I) 149* 876* 
76 273 

198 

1,529** 792* 557* 
972* 235 
140 

aDifference calculated as utilization 
column. 
*Significant at the 95% level. 

**Significant at the 99% level. 

of grasses from treatment in row minus that in 

treatments (Table 4). The year after treatment, consumption in 
areas that were double chained, raked, and stacked increased by 
876 kg/ha when compared to the areas that were double 
chained. The raking and stacking removed most of the fallen 
debris resulting in increased accessibility of forage to the 
livestock. 

The winter following the double chaining, raking, and stack- 
ing, the stacks were burned. The stacks covered areas 15 to 
20 m wide, were from 250 to 300 m apart, and extended the 
length of the treated area. Areas supporting the stacks were bare 
into the spring following burning. By late summer, the areas 

affected by the burned stacks were covered by common Ber- 
mudagrass (Cynodon dactylon (L.) Pers.). Common Bermuda- 
grass was recognized by Scifres and Mutz (1975) as an initial 
stabilizer following excessive disturbance of rangeland in the 
Coastal Prairie. It is expected that the burned areas will 
eventually support species such as multi-flowered false rhode- 
grass, if secondary succession is allowed to proceed without 
additional disturbance. 
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Stratification of Bitterbrush Seeds 

JAMES A. YOUNG AND RAYMOND A. EVANS 

Highlight: The influence of temperature and moisture availability during stratification 
on the subsequent germination of bitterbrush (Purshia tridentata) seeds was investigated. 
The threshold for adequate stratification temperatures was abrupt. Temperatures above 
5°C were too warm and below O’C, too cold for stratification; 2°C was optimum for the 
longest duration. Prolonged stratification resulted in decreased viability, apparentlyfrom 
microbial activity and early germination. Stratification in osmotic solutions produced with 
polyethylene glycol was totally ineffective. Soil water stress reduced the eflectiveness of 
stratification, especially with sand as a substrate. Any departure from optimum tempera- 
ture and moisture regimes prolonged the time required for stratification or negated any 
eflect of the stratification treatment. 

The authors are range scientists, Agricultural Re- 
Researchers have made numerous 

search Service, U.S. Department of Agriculture, Uni- studies in several western states to find 
versity of Nevada, Renewable Resources Center, Reno 
89512. 

ways of seeding bitterbrush (Purshia 
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Experiment Station, Univ. of Nevada, Reno. Journal 

rangelands (Nord, 1957). One hin- 
Series No. 306. drance to seeding is dormancy of bitter- 
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nation characteristics of bitterbrush, 
but the germination ecology of bitter- 
brush is still largely a mystery. 

Dormancy in bitterbrush can be bro- 
ken by over-wintering in the soil 
(Hot-may, 1943), artificial stratification 
(Mirov and Kraebel, 1937), or soaking 
in a solution of thiourea (Pearson, 
1957). Fall planting is thought to pro- 
vide the over-wintering that naturally 
breaks the seed dormancy, but spring 
planting is often desirable to avoid 
rodent and frost-heaving damage 
(Hubbard, 1958). Stratified seeds are 
often too soft and moist (sticky) for 
spring planting with mechanical equip- 
ment unless it is mixed with vermiculite 
or rice hulls. Stratified seeds must be 
kept from drying and must be seeded in 
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moist soil (Nerd and Knowles, 1958). 
Thiourea has been hailed as the ideal 

preplanting seed treatment for bitter- 
brush because it leaves the seeds dry 
and entirely suitable for planting with 
mechanical equipment (Pearson, 1957). 
Field tests on the emergence of thiourea- 
treated seeds have provided variable 
results (Hubbard, 1958). Part of this 
variability is probably due to differ- 
ential leaching of thiourea from the 
seeds in the seedbed. 

The labeling of thiourea as a carcino- 
genic material, confusion over federal 
and state registration requirements for 
seed treatments of dormancy, and regu- 
lations within some land-management 
agencies have limited the use of this 
dormancy-breaker on bitterbrush. 

Thiourea is not sold as a seed treat- 
ment material, and treated seeds never 
enter commercial markets. Land man- 
agers buy thiourea that is manufactured 
for industrial use and treat their own 
seeds before planting. The industrial 
thiourea is labeled as producing cancer 
in animals. There is no threshold dos- 
age for humans established. As far as 
we know, no one has ever determined if 
handling thiourea-treated seeds pre- 
sents any danger to human health. 

This leaves land managers in a dif- 
ficult position. Either they must forego 
spring seeding because of lack of natu- 
ral stratification of nonthiourea-treated 
seeds, or they must expect early spring 
seeding to provide sufficient stratifi- 
cation. Obviously, they need detailed 
information on the nature of the stratifi- 
cation requirements of bitterbrush seeds 
and how less than ideal temperature and 
moisture conditions influence stratifi- 
cation requirements. 

Our purpose was to investigate the 
influence of temperature and moisture 
availability during stratification on the 
subsequent germination of bitterbrush 
seeds. 

Methods 

We collected bitterbrush seeds near 
Truckee, Calif., and Granite Peak, north of 

Table 2. Germination (%) of bitterbrush seed during stratification in relation to 
temperature (“C). 

Temperature 1 

10 0 
8 0 
5 0 
2 0 
0 0 

-2 0 

Weeks of stratification 

2 3 4 5 6 7 8 12 

8 8 10 16 22 12 2 0 
6 8 8 10 12 16 8 0 
0 5 5 8 10 12 8 0 
0 0 2 4 6 5 2 0 
0 0 0 2 0 0 2 0 
0 0 0 0 0 0 0 0 - 

‘Mean of six lots of seed. 

Reno, Nev., in 1971 and 1973 (Table 1). 
Seed production was insufficient in 1972 
for collection. In addition, we used com- 
mercially obtained seeds from both years. 
The commercial seed was a mixture from 
many sources. 

The locally collected sources were 
placed in the stratification test 2 months 
after maturity. The commercially obtained 
sources were tested at the same time, but 
they were produced at least a year earlier. 
We used 4 replications of 100 seeds per 
replication in all experiments. 

Stratification-Temperature 
and Duration 

We placed plump, undamaged bitter- 
brush seeds between germination blotters 
in petri dishes. Blotters were used instead 
of sand, so that the seeds could be readily 
examined during stratification. We moist- 
ened the blotters with water and placed 
stratification dishes in dark germinators. 
Care was taken to insure the blotters were 
moist, but not submerged in water. Tem- 
perature regimes were -4, -2, 0, 2, 5, 8, 
and 10°C for 1,4,5,7, 10, and 14 days and 
weekly intervals through 12 weeks. A cold- 
temperature gradient bar (Evans et al., 
1970) was used for the -4, -2, and 0°C 
temperatures. The dark germinators main- 
tained constant temperatures at ? 1 .O”C, 
and the cold bar at +0.5”C. 

After stratification, seeds that had ger- 
minated were counted. The plates were 
transferred to a 15°C dark germinator, from 
which germinating seedlings were removed 
weekly through 4 weeks. Seeds with white, 
apparently healthy radicles emerged 5 mm 
were considered germinated. The 15°C 
post-stratification incubation temperature 
was selected on basis of the results of a 
companion study on the influence of tem- 
perature on bitterbrush germination and on 

Table 1. Sources of bitterbrush seed used in stratification experiments. 

Elevation 
Location Community (ml Soil 

Truckee, Calif. Jeffrey pine/ 1,820 Glacial till from granite and basalt 

Annual 
precipitation 

(mm) . I 

500 

Granite Peak, 
Nev. 

Commercial 

bitterbrush 

Big sagebrush/ 1,760 Residual soil from decomposing quartz 250 
bitterbrush diorite 
Unknown - - - 

our knowledge of seedbed temperatures in 
the Great Basin. 

Osmotic Stress 
during Stratification 

We prepared aqueous solutions of 0, -4, 
-6, - 8, and - 12 bars of osmotic potential 
by dissolving appropriate amounts of poly- 
ethylene glycol (mol wt 1,620) in water. 
Bitterbrush seeds were placed in plastic 
boxes with ground polystyrene and the 
various osmotic solutions, following the 
procedures of Young et al. ( 1968). The 
boxes were kept at 2 or 5°C in incubators 
for 10 and 14 days. At the end of the 
stratification period, we removed the seeds 
from the boxes, rinsed them briefly under 
tap water, and placed the seeds on germi- 
nation pads in petri dishes. The dishes were 
incubated at 15°C and germinating seed- 
lings counted weekly through 4 weeks. 

Soil Matric Potential 
during Stratification 

We used a 15-bar, ceramic plate, soil- 
moisture extractor to obtain soil-matric po- 
tentials of -4, -6, -8, and -12 bars in 
fine sand and clay soils. After the soils 
reached the desired equilibrium in the ex- 
tractors, they were transferred to plastic 
boxes. We planted the bitterbrush seeds 0.5 
cm deep in the firmly packed soil and 
sealed the boxes. The boxes were weighed 
at the beginning and end of stratification to 
determine if moisture was lost. The boxed 
soil and seeds were stratified at 2 or 5°C for 
10 and 14 days. At the end of stratification, 
the soils were carefully moistened to near 
saturation, and the opened boxes were in- 
cubated at 15°C. Emerging seedling were 
counted weekly through 4 weeks, then the 
remaining seeds were dug up and checked 
for germination. 

Results and Discussion 

Stratification-Temperature 
and Duration 

We composited the results from the 6 
tests, two locations for 2 years, and two 
commercial sources. At specific tem- 
peratures and times, the sources 
showed significant differences, but the 
means and ranges of the six sources 
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DAYS STRATIFICATION DAYS STRATIFICATION 

DAYS STRATIFICATION 

,- 
21 26 

DAYS STRATIFICATION 

DAYS STRATIFICATION 

DAYS STRATIFUATION 

Fig. 1. Germination (mean and range) of six lots of bitterbrush seed incubated at 15°C after stratification at temperatures of -4, 0, 2, 5, 8, and ]@c, from 0 
through 84 days. No germination was observed in seed stratified longer than 21 days at 8 and 10°C. Means (bars) with the same letter are not significantly 
d@erent at the 0.01 level of probability as determined by Duncan’s multiple range test. 

(Fig. 1) provided a relatively precise in- 
dication of the response of bitterbrush 
seeds to stratification time and tem- 
perature . 

Stratification at 10°C did not en- 
hance subsequent germination after in- 
cubation at 15°C. Germination was re- 
duced because some bitterbrush seeds 

germinated when stratified at 10°C (Ta- 
ble 2). 

Reducing the stratification tempera- 
ture to 8°C significantly (P=O.Ol) in- 
creased subsequent germination at 15°C 
in 10 days. Continued stratification did 
not increase subsequent germination, 
because some seeds germinated during 

stratification (Table 2), and stratifi- 
cation requirements were not fully sat- 
isfied for the remainng seeds. 

Stratification requirements were ful- 
ly satisfied by 2 weeks at 5°C. Longer 
periods of stratification sharply re- 
duced germination. Part of this reduced 
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germination was caused by germi- 
nation during stratification, but losses 
due to microbial rot were more impor- 
tant. Bitterbrush seeds with stratifi- 
cation requirements satisfied were very 
susceptible to pathogens. The entire 
contents of the seed coat became liqui- 
fied. Fungal mycelia were not always 
apparent. 

The usual rcommended stratification 
for bitterbrush is 2- to 3-months (Forest 
Service, 1948). Petzold (as cited by 
Deitschman et al., 1974) found that 
short stratification periods of as little as 
2 weeks gave adequate germination. 

Reducing the temperature to 2°C ex- 
tended the time of stratification neces- 
sary to produce optimum germination 
at 15°C from 1 to 4 weeks (Fig. 1). 
Stratification longer than 6 weeks at 1 
2°C reduced subsequent germination. 
About 5% of this reduction was due to 
germination during stratification (Ta- 
ble 2). The remainder was again due to 
decay of seeds. After 12 weeks of 
stratification at 2°C subsequent germi- 
nation was still markedly better than it 
was with unstratified seeds, but it was 
much lower than the optimum. 

Optimum germination with 0°C 
stratification did not occur until the 
fourth week; after 6 weeks, subsequent 
germination dropped. Subsequent ger- 
mination after 9 and 12 weeks stratifi- 
cation was greatly lowered. These 
seeds did not rot, but the radicle tips 
were black when they started to emerge. 

Continuous incubation at -2 or 
-4°C did not markedly enhance sub- 
sequent germination (data for -2 not 
shown). Seeds that germinated after 12 
weeks at - 4°C produced seedlings 
with normal radicles. Rate of subse- 
quent germination at 15°C was the 
same as that for unstratified seeds. 

Stratification of bitterbrush is intri- 
cately related to temperature and time. 
Hot-may (1943) reported that the strati- 
fication requirements for bitterbrush 
seeds were 5 to 8 weeks at 0 to 5°C. 
This temperature range is supported by 

Table 3. Germination (%) of bitterbrush seeds with 4 weeks incubation at 15°C after stratifi- 
cation with 0 to -12 bars osmotic potential at 2 or 5°C for 10 or 14 days.e 

Duration Osmotic potential (bars) 
Nonstratified 

Temperature days 0 -4 -6 -8 -12 seed 

2 10 52 c 10 d-h 0 h 12d-h Oh 22 d 

5 

14 68 ab 16 d-g 8 d-h 10 d-h 4 e-h 22 d 

10 56 bc 20 d-f 6 e-h 6 e-h 10 d-h 22 d 
14 80 a 12 d-h 16 d-g 18 d-f 2 gh 22 d 

aMeans followed by the same letter are not significantly different at the 0.01 level of probability, as determined 
by Duncan’s multiple range test. 

our investigation, but our results indi- 
cate that the duration can be shortened. 
More important, excessively long strati- 
fication can reduce subsequent germi- 
nation. 

sequent germination of bitterbrush (Ta- 
ble 3). This may have resulted from 
reduced oxygen availability in the os- 
motic solution, although polyethylene 
glycol is relatively stable when exposed 
to air. 

Mode of Action 
of Stratification Matric Potential 

Embryos require very little oxygen 
(02) in the environment to germinate. 
The lower the temperature, the less 0~ 
is needed (Come and Tissaoui, 1972). 
After irnbibition, the embryo receives 
dissolved 02 from water that the seed 
coat imbibes. However, the seed coat 
of many species of Rosaceae contains 
phenolic constituents that fix part of the 
dissolved 02 by oxidation and lower the 
quantity available to the embryo for 
other purposes (Come, 1967). The 
higher the temperature, the greater the 
02 requirement of the embryo, but the 
quantity of available 02 decreases be- 
cause at higher temperatures it is less 
soluble and phenolic substances fix 
more of it. At 2”C, about 14 ppm 02 are 
soluble in water, but only 10 ppm are 
soluble at 15°C (Streeter, 1935). Be- 
cause low temperatures increase solu- 
bility of 02 in water and reduce both the 
requirements for it and the fixing capa- 
bility of the seedcoat, stratification en- 
hances germination of bitterbrush 
seeds. 

Moist sand was an excellent stratifi- 
cation material that produced subse- 
quent germination of bitterbrush seeds 
comparable to those obtained with 
moist blotter paper (Table 4, Fig. 1). 
Slightly dry (-4 bars) sand was not a 
satisfactory stratification material (Ta- 
ble 4). Clay, with its greater water- 
holding capacity, provided a marginal 
stratification environment at -4 bars, 
but was unsatisfactory at lower matric 
potentials. 

Stratification in the Field 

Osmotic Stress 

These results suggest that an ideal 
field stratification environment for bit- 
terbrush would be one wth constant 
moisture near field capacity and a tem- 
perature regime of 0 to 5°C. A con- 
tinuous midwinter snow cover may cre- 
ate such an environment (Nord, 1965). 
Unfortunately, many critical winter 
ranges for big-game animals are at 
lower elevations with intermittent snow 
cover, in which soil moisture may not 
be continuously at optimum levels. 
Seedbed temperature may be above 
5°C or below 0°C. 

Lowered osmotic potentials signifi- Land managers probably are taking a 
cantly affected stratification and sub- large risk by spring seeding non- 

Table 4. Germination (%) of bitterbrusb seeds with 4 weeks incubation at 15°C after stratification in sand or clay at 0 to - 12 bars matric potential 
at 2 or 5°C for 10 or 14 days.a 

Matric potential (bars) 

Temperature Duration 
“C days 

2 10 
14 

5 10 
14 

0 

48 cd 
72 ab 

52 cd 
76 ab 

-4 

20 gh 
14 h 

16 h 
18 gh 

Sand 

-6 

14 h 
18 gh 

20 gh 
24 f-h 

-8 

16 h 
20 gh 

12 h 
18 gh 

-12 

20 gh 
18 gh 

24 f-h 
20 gh 

Clay Nonstratified 
0 -4 -6 -8 -12 seed 

44 cd 38 de 22 gh 18 gh 16 h 22 gh 
70 ab 62 bc 16 h 20 gh 24 f-h 22 gh 

52 cd 42 de 32 e-g 24 21 gh 22 gh 
78 a 70 ab 22 gh 12 h 25 f-h 22 gh 

a Means followed by the same letter are not significantly different at the 0.01 level of probability as determined by Duncan’s multiple range test. 
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thiourea-treated bitterbrush seed. If 
conditions are optimum in the seedbed, 
stratification requirements can be satis- 
fied in as little as 2 weeks. However, 
any departure from optimum tempera- 
ture and moisture regimes will prolong 
the required duration of stratification or 
negate the effect of stratification. 
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A Matrix Model of a Rangeland Grazing 

System 
KEITH A. REDETZKE AND GEORGE M. VAN DYNE 

Highlight: A matrix model developed from actual field data from 
long-term grazing intensity studies was designed to predict grazing 
systems dynamics. For a given pasture with acreages in several 
dtrerent soil types and a particular stocking rate, the model predicts 
plant cover and animal production changes in response to variable 
weather input. The model system is composed of a set of matrix 
equations, with specific transition matrices for each combination of 
soil type, grazing intensity, and weather category. Model validation 
tests were made. Model predictions were compared statistically with 
data from pastures which were independent replicates of the pastures 
providing the data used to derive the transition matrices. Model 
predictions of plant cover dynamics were consistently within the 95% 
confidence limits based on field data. 

The Great Plains has a semiarid continental climate, subject to 
large fluctuations in annual precipitation. During wet years the 
weather may be quite humid and favorable for plant growth, 

while in dry years, near desert conditions of low precipitation 
with high temperature and high evaporation stress may prevail. 
The vegetation responds to these fluctuations in weather with 
changes in forage production, ground cover, and species com- 
position; and this in turn affects livestock production. Local soil 
conditions and the intensity of grazing modify the impact of 
weather on the vegetation. Because of the economic importance 
of the livestock industry, this grazing relationship has been 
widely studied, particularly following the severe and widespread 
drought of the 1930’s. An extensive long-term record of inter- 
seasonal changes in grassland vegetation has been accumulated 
through grazing intensity experiments conducted by state and 
federal research agencies at various locations in the Great Plains. 
In these studies pastures were subjected to grazing at light, 
moderate, and heavy grazing intensities for many years. Infor- 
mation collected generally included animal weights taken 

Authors at the time of the study were with the Natural Resource Ecology Laboratory, monthly and plant cover or biomass at the time of peak biomass or 
Colorado State University, Fort Collins 80523. The senior author is now with the 
Biology Department, University of Texas, El Paso 79968. Van Dyne is with the College 

at the end of the growing season for each pasture. In addition, soil 

of Forestry and Natural Resources, Colorado State University. type data were taken for the vegetation study plots in several of the 
This paper reports on work supported in part by National Science Foundation Grants 

GB-31862X2 and BMS73-02027 A02 to the Grassland Biome, U.S. International 
studies. 

Biological Program, for “Analysis of Structure, Function, and Utilization of Grassland 
ecosystems.” Phillip L. Sims is thanked for providing the original data used in develop- 

These data collected by many investigators over a long 

ing and testing the model. period of years are the basis of an extensive body of 
Manuscript received September I I, 1975. knowledge on the interseasonal dynamics of rangeland 
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grazing systems. The field records from many of these 
studies have been acquired and summarized by Redetzke 
and Paur (1975). These data provide a basis for con- 
structing empirical prediction models. Matrix methods 
are useful for this type of model development. They 
provide a means of handling many numbers simultane- 
ously in algebraic manipulations, thereby enabling the 
incorporation of a large data base into a simulation model 
with a minimum of mathematical complexity. A basic 
matrix model was first used in animal population biology 
by Lewis (1942) and Leslie (1945). Numerous develop- 
ments since that time have included applications to forest 
management (Usher, 1966) and timber supply projections 
(Peden, 1972). Singh and Swartzman (1974) developed a 
matrix model for describing succession in a tropical 
grassland, which was based on the percent cover changes 
calculated from charted quadrats for different grazing 
intensities over a 3-year period. 

The objective of the present paper is to describe the 
development and testing of a matrix model for a Great 
Plains grazingland system. The present model uses ma- 
trix methods to make predictions of grazing system 
dynamics. The model is developed from the field records 
of long-term grazing intensity studies. It simulates 
changes in plant cover and animal production in response 
to variation in weather and grazing pressure for different 
range sites. A subsequent paper will focus on appli- 
cations. 

Model Development 

The general approach to matrix modelling is to express 
the main properties of the system at a given time in a state 
vector of discrete categories. A transition matrix com- 
posed of the probabilities of changing categories is used 
to multiply the state vector to derive a new vector from 
one year to the next. To adapt the matrix approach to a 
grazing system, a set of discrete categories must be 
developed for each of the variables involved. We selected 
the proportional composition of the vegetation cover for 
our state vector. Cover composition data were available 
for the specific range sites or soil types and grazing 
intensities of various previous studies. We used discrete 
plant cover categories for vegetation-O-5, 5-10, 10-20, 
20-50, and 50-100% of total ground cover. A separate 
weather category was assigned for each year on which 
plant data are available for developing plant response 
predictions. The years are grouped into dry, normal, and 
wet categories, and the distribution of precipitation 
through the year is also included to provide greater 
resolution (Smith, 1972). The transition matrices were 
developed by analyzing the data by range site X intensity 
of grazing x weather category combinations to determine 
the change in cover categories from year to year. 

Vegetation 

Plant Cover 

We represented the vegetation of a range site on a 
pasture for a particular year by a 5-element state vector of 
cover categories, composed of-the proportions of plots 
falling into each of these categories on the basis of total 
plant cover. Change to the succeeding year is accom- 
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plished through multiplying by the transition matrix to 
give the state vector at the next time step. 

In matrix notation the model for changes in plant cover 
can be written as 

‘k,l(‘) ‘klm = v , ? k 1 (t+l) 

Here, the 5-element stage vector v k,l (t) represents the vegeta- 
tion cover status of soil type k at time t in years on the pasture 
grazed at intensity 1, and each individual vector element vi is the 
proportion of plots in cover category i. P k,~,~ is a 5 by 5 
matrix gtvmg the transitions of cover status for soil type k on the 
pasture grazed at intensity 1 during the time period I to t+l (a 
l-year interval) having weather of category m; each individual 
matrix element P i,j is the probability of a plot changing from 
cover i to cover category j in one time step. The sum of the 
elements of the v k 1 (r) vector is equal to 1 .O for all values of 1 
and k at all r, and the rows of the transmon matrices also sum to 
1.0 in all cases, making this a stochastic or Markov matrix. 

Species Composition 

The species composition of the cover categories of each 
particular pasture and soil is represented by a matrix 
giving proportional composition contributed by each 
species to each of the vegetation cover categories. This 
matrix, of dimension 5 x n, has rows corresponding to 
the cover categories and columns representing the n 
species in each of the cover categories. The sum of 
column elements across species for each of the cover 
categories is equal to I .O. 

Yearly changes in composition are made through 
addition of a transfer matrix composed of species pro- 
portion changes anticipated under the particular weather, 
grazing, and soils conditions. This gives an intermediate 
matrix in which the columns do not necessarily sum to 
1.0. Also, the elements of this matrix could become 
negative, e.g., as in a drought situation simulation in 
which cover reductions were imposed repeatedly. This 
intermediate matrix is normalized or converted to compo- 
sition by setting any negative elements to zero and 
dividing the resultant matrix by a vector obtained by 
summing the rows across species for each cover class of 
the intermediate matrix. 

The model for changes in species composition can be 
written in matrix notation as 

and 
S k 1 (t) + C k,l,m = ’ k,l (l+‘) 

U k 1 @+I) / u k 1 @+I) = S k,J (t+l) 

Here, S k 1 (t) is a 5 by n matrix representing the cover composi- 
tion of soil type k at time t, on the pasture grazed at intensity 1, 
and each matrix element s. 

ly4 is the proportion of cover 
composition contributed by species q to cover category i. 
C k,l,m is a 5 by n matrix representing the cover composition 
changes for soil type k on the pasture which is being grazed at 
intensity 1 during the time period I to I+ I for weather of category 
m; each matrix element c. I q is the change in cover composition 
for species q in cover category i. U k,J (t+I) is a 5 by n matrix 
formed by the sum of the S k,l (t) and C k,l,m matrices; and 
each matrix element u. 194 is the sum of si,q plus the corres- 
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ponding ci, 9 with negative elements set equal to zero. The 
u k, l (f + 1) 1s a 5-element column vector obtained by summing 
the elements of theU k (t+ I) matrix on i across the n species, 
and each ui represents the total plant cover in category i. 

Plant cover by species for each range site type is calcu- 
lated from the information on the cover composition and 
proportion of plots in the cover categories. First, the 
average cover by species for the five cover classes is 
calculated for each soil. This is done by multiplying the 
average percent cover of each cover category by the 
proportion of composition contributed by each species in 
the cover category. These average percent covers are then 
multiplied by the proportion of plots in the respective 
cover categories to give a weighted percent cover. Sum- 
ming these weighted percents across cover categories by 
species gives the plant cover by species for each soil type. 
Average plant cover by species for the pasture is obtained 
by multiplying the species covers of each soil type by the 
proportion of the soil type acreage to total pasture acreage 
and summing across soils. 

Application to Grazing Study Data 

In applying the model to a particular data set, the cover 
category transitions and species composition changes for 
the transition matrices are calculated directly from the 
plant data records. The species composition and total 
cover are calculated and a cover category is assigned to 
the record. Then the cover category and species composi- 
tions from the previous record of the plot are checked, and 
we increment the cover category transition counter and 
species composition change sums for the appropriate soil, 
grazing treatment, and weather conditions under which 
the plot was observed during that year. The proportion of 
plots in each of the cover categories, species composition 
of the cover category arrays, average species cover within 
the cover categories, weighted species cover within the 
cover categories, species cover for the particular soil 
type, and grazing intensity are then calculated. Species 
composition changes are obtained by comparison with the 
calculations for the previous year. 

Weather 

In classifying weather conditions for each year, an 
array of monthly moisture deficits is developed as an 
index of the distribution of growing conditions. Weather 
records from May of the previous year through September 
of the particular year are used because a lag effect of 
weather from the previous growing season has been 
observed in cover changes for arid and semiarid grass- 
lands (Paulsen and Ares, 1962; Reed and Peterson, 
1961). For each month of this 17-month period the 
potential evapotranspiration is calculated from tempera- 
ture and precipitation data according to Thornthwaite 
(1948). 

An index of the overall moisture stress for each year is 
obtained by summing the monthly moisture deficits. A 
long-term mean moisture deficit and standard deviation 
also are calculated for the 17-month period from available 
weather data by this method. The weather for each year is 
then classified as “dry” if its annual moisture deficit 

exceeded the mean plus the standard deviation, “normal” 
if within the brackets of the mean plus or minus the 
standard deviation, or “wet” if less than the mean minus 
the standard deviation. This procedure is used for classi- 
fying weather both from years to be simulated and years 
used in developing transition matrices. 

Animal Production 

For simplicity the prediction of animal production is 
based only on gain records for each combination of 
weather condition and stocking rate. We did not consider 
cover category and species composition of the vegetation 
when calculating animal production for two reasons. 
First, animal yields are more closely related to biomass 
than cover, and since biomass is closely related to 
weather (Dahl, 1963), including the cover information 
would have been an unnecessary complication. Second, a 
very great time span of data would be needed to include 
all possible combinations of weather and plant cover. 

For each weather category and grazing intensity the 
past grazing records are analyzed for the days grazed, 
number of animals, initial and final weights, and eco- 
nomic values. Seasonal and daily weight and value gains 
are calculated. These data are then used as model predic- 
tions of production, with the weather condition and 
stocking rate of the modeled situation determining which 
values are to be used. 

Model Testing 

We tested the model using data from the grazing 
intensity study conducted on the Eastern Colorado Range 
Station (Hervey and Dahl, 1959); the basic data we used 
have been reported by Redetzke and Paur ( 1975). In this 
experiment three intensities of steer grazing were applied 
to six pastures (two sets of three) of native vegetation 
during summer months. Utilization of available forage by 
weight averaged near 30, 50, and 70% for light, moder- 
ate, and heavy grazing. 

Simultaneous confidence intervals for the observed 
field data were constructed. We compared model predic- 
tions with field data; we used the “Bonferroni t” statistic, 
which permitted multiple confidence intervals to be used 
simultaneously with constant a! value (Miller, 1966) in these 
tests. Confidence intervals were calculated first for total plant 
cover for each year on which there was plant data and then for 
the three major species-blue grama (Bouteloua gracilis), 
prairie sandreed (Calamovilfa longifolia), and sand sagebrush 
(Artemisia filifolia). 

Verification 

The procedure outlined above was used in the model develop- 
ment phase to verify that the model could regenerate the data 
from which it was developed. The transition probability ma- 
trices for predicting species composition changes and animal 
gains were calculated using data from one set of pastures. The 
model was then run with the initial conditions of these same 
pastures, using the weather data observed during the study. This 
verification testing on the dependent data set served as a check 
on the accuracy of computer programs and methods used to 
generate the model. Then in validation tests the model was run 
on the second and independent data set. 
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Fig. 1. Graphs of mean cover predicted by the matrix model (solid line) and (Y = 0.05 simultaneous confidence limits (dashed lines) calculatedfrom the data for total 
cover and blue grama from the Akron sttidy on years that data were available. Graphs a, b, and c present cover for all plants; in graphs d, e, and f, blue grama 
grass cover is presented. 

428 JOURNAL OF RANGE MANAGEMENT 29(5), September 1976 



In the verification tests the predictions of total cover fell As with other matrix models, the eigenvalues and eigen- 
within o, = 0.05 simultaneous confidence intervals calculated vectors of transition matrices can be used to predict the long- 
from the field data for each of these pastures in all of the years. 
Cover values for the three species contributing the most cover 
(i.e., blue grama, prairie sandreed, and sand sagebrush) were 
predicted within thecl = 0.05 simultaneous confidence intervals 
from the data 98% of the time. Confidence limits were not 
calculated for the predicted animal gains because the predicted 
values were essentially equal to the observed values. 

Validation 

The validation testing served to measure the model’s accura- 
cy in applications to similar but independent situations outside 
the specific set of pasture data from which it was developed. The 
transition matrices in the model were derived from data records 
from the first set of three pastures. This model then was used to 
predict vegetation cover changes and animal gains in a second, 
independent set of pastures. Initial conditions were obtained 
from the second set of pastures, and the weather record from the 
experimental period was used to drive the model. 

Results from the validation tests (done on the independent set 
of pastures) indicated that the model also could be relied on to 
predict information for similar but independent situations. The 
predictions of total cover fell within the cy = 0.05 simultaneous 
confidence intervals calculated from the field data for each of 
these independent pastures. 

Cover of blue grama, prairie sandreed, and sand sagebrush 
was used in validation testing of cover predictions for the 
independent pastures. Predictions for all three species stayed 
within the a! = 0.05 simultaneous confidence intervals cal- 
culated from the field data on all instances (Fig. 1). Only the 
confidence limits of observed field data are plotted in Figure 1; 
the mean values for observed field data would lie midway 
between the upper and lower confidence limits for all points in 
time. 

The validity of the animal production section of the model 
was tested on the predictions of average daily weight gain per 
animal. The predictions of average daily weight gain per animal 
were within the a = 0.05 simultaneous confidence intervals for 
the field data 96% of the time. 

Discussion 

Matrix models of this type are nonmechanistic. The predic- 
tions of future events herein are based on probabilities of 
occurrence rather than on specific system function or biological 
mechanisms. Since these probabilities are calculated from 
observation of past events, several things should be noted on 
plant data requirements of this model. To be realistic the model 
requires a broad data base. There must be an adequate number of 
permanent plots per pasture to include the variability in year-to- 
year changes needed for calculating the probabilities of cover 
category transition for each soil type. There also must be data 
from a variety of weather conditions to assure that drought and 
wet weather a well as normal weather conditions will be 
represented adequately. In addition, good variability in seasonal 
distribution of precipitation is also needed. Judging from the 
data sets examined in this study (see Redetzke and Paur, 1975), 
those studies with fewer than four plots per soil type for a 
IO-year span of weather conditions would be inadequate for 
predicting future plant cover changes. 

term or steady state conditions. To estimate the average steady 
state for all weather conditions, a set of mean or expected 
transition matrices can be calculated, using the probabilities of 
weather categories occurring. There then is only one transition 
matrix for each soil type of each grazing intensity. By taking the 
eigenvalues and eigenvectors of this set of matrices, the steady 
state of vegetation cover for each soil type can be predicted for 
long-term average weather and applications of light, moderate, 
and heavy grazing treatments. It also is possible to take the 
eigenvalues and eigenvectors of the transition matrices for any 
particular weather situation directly and predict the steady state 
of the system under that weather situation. 

Summary 

A Markov matrix approach was used to model changes in 
vegetation cover. Weather, soils, grazing pressure, and plant 
response from long-term grazing studies were handled as 
discrete variables by developing a set of categories for each. The 
vegetation of each soil type of a pasture for a particular year was 
represented by a state vector of total cover categories, showing 
the proportion of plots in each cover category. The species 
composition of the cover categories was included in a matrix of 
species composition, having one column for each species and 
one row for each cover category of the state vector. The weather 
category for the year was determined from actual monthly data. 
Change to the succeeding year was accomplished through 
multiplying the state vector of cover categories by a transition 
matrix composed of the probabilities of cover category change 
and adding a matrix of species composition changes to the 
composition matrix. Specific cover category transition matrices 
and species composition change matrices were developed for 
each combination of soil, weather, and grazing intensity. These 
were calculated from the plant cover data. The prediction of 
animal production for the pasture was based on the average daily 
gain per animal for the particular circumstances of weather and 
grazing intensity calculated from the data. Eigenvalues and 
eigenvectors of transition matrices can be used to predict the 
long-term or steady state vegetation conditions. 

Both model verification and validation testing were done 
using data from a grazing intensity experiment with replicated 
treatments. These tests were done to determine if the model 
could generate data comparable to that actually observed in the 
study. The model was developed using the first set of pastures, 
and the test runs used the actual weather data, grazing treat- 
ments, and soil acreages for the pastures to be simulated. For the 
model verification tests the simulations were made for the first, 
dependent data set. For the validation tests the simulations were 
made for the second, independent set. In the verification and 
validation tests, the predicted values of total cover species 
composition and animal production was within ar = 0.05 
simultaneous confidence intervals about the actual data means 
over 95% of the time. The minimum data requirements for good 
realism were estimated to be 10 years of weather conditions with 
at least four plots per soil type. 
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Reducing Bias in Dry Leaf Weight Estimates of 

Big Sagebrush 

ROY 0. HARNISS AND ROBERT B. MURRAY 

Highlight: The basicfunctional relation betweenfoliage dry weight 
of big sagebrush plants and the independent variables, circumference 
and height of plant, was developed into a dry-weight prediction from 
prior knowledge and supporting information from a pertinent data set. 
Assuming the shape of the predictor’s response surface is representa- 
tive of similar plant populations elsewhere, scaler adjustment of the 
predictor to data from difSerent locations, years, or subspecies would 
provide easy-to-use, unbiased estimators for these alternative appli- 
cations. Also, the predictor can be used to improve consistency of the 
large-base estimates in double sampling with regression. 

Rapid, reliable techniques for determining shrub leaf weights 
are needed in range, wildlife, and ecosystem studies. Range and 
wildlife managers need reliable shrub estimates for sound 
management decisions. 

Pechanec and Pickford (1937) described a regression tech- 
nique that is often used to correct for bias in ocular estimates of 
plant weights on plots. Plots comprising a subsample are both 
estimated and clipped to determine the actual green leaf weight. 
All data are converted to dry weight to account for differences in 
moisture content between locations, seasons, or years. The 
regression of dry weight on the ocular estimate is used as a basis 
for arriving at an unbiased estimate of average dry weights over 
all plots, and is referred to as double sampling with regression 

Authors are range scientists, Intermountain Forest and Range Experiment Station, U.S. 
Department of Agriculture, Forest Service, Ogden, Utah 84401, stationed in Logan, Utah, 
at the Forestry Sciences Laboratory, and Reno, Nevada, respectively. 

The authors acknowledge Chester E. Jensen, Principal Statistician for the Inter- 
mountain Forest and Range Experiment Station, for assistance with statistical procedures. 

Manuscript received May 17, 1975. 

430 

(Freese, 1962). Generally, good correlations between actual 
weights and ocular estimates made by trained estimators make 
double sampling reasonably efficient for forb and grass weights. 
However, shrub weights usually are estimated with much lower 
correlations (Wilm et al., 1944). In our experience with big 
sagebrush (Artemisia tridentata), consistency of ocular leaf 
weight estimates can differ substantially between technicians. 
Also, because of the time involved in clipping leaves from 
shrubs, double sampling may not be applied; ocular estimates 
might be used instead. Without the regression correction, visual 
estimates are subject to personal bias of unknown magnitude. 

To provide unbiased estimates, others have determined twig, 
leaf, or total plant weights indirectly by developing relation- 
ships between crown diameters (Kittredge, 1945; Mason and 
Hutchings, 1967; Medin, 1960); stem diameters (Cable, 1958; 
Rogerson, 1964); foliage cover and basal area (Hutchings and 
Mason, 1970); and crown volume (Bentley et al., 1970; Lyon, 
1968; Nord, 1965). 

We have developed a dry leaf predictor from height and 
circumference measurements. This predictor could be adjusted 
to plants in the area of interest by sampling plant weight, height, 
and circumference. 

Development of the Predictor 

Height, circumference, and leaf weight estimates were measured on 
58 individual plants of mountain sagebrush (Artemisia tridentata spp. 
vaseyana) near Dubois, Idaho, during July 1970, before flowering 
twigs started growth. Height was measured in inches from ground 
level to the highest point of leaf growth. Circumference was measured 
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in inches by stretching a tape around the plant at its widest girth. Green 
leaf weights for these plants were ocularly estimated in grams by an 
experienced estimator using the ocular procedure developed by 
Pechanec and Pickford (1937). The green leaf weights were then 
converted to dry weight by a green-to-dry weight conversion factor. 

Assuming the current leaf production of a shrub to be of constant-to- 
increasing thickness with increasing circumference (height held con- 
stant), and associating weight with shell volume, weight is expected to 
exhibit a concave-upward trend with increasing circumberence. When 
circumference was held constant, vertical foliage shell departures 
from a fundamental half-spheroid shape were expected to result in 
linear height effects. Weight was expected to approach zero when 
either circumference or height approached zero. 

From these assumptions, the relation appeared to have possible 
interactions with the shape of the curve over circumference, possibly 
varying as some unpredictable function of height. Conventional pro- 
cedures of specifying beforehand the hypothetical model components 
were deemed potentially insensitive and thus, inappropriate. Instead, 
we used an interaction-sensitive, graphic model development along 
with a subsequent mathematical descriptor for the graphed model and 
final least-squares adjustment of the resulting mathematical model to 
the 58 data points at hand. 

To do this, weight was plotted over circumference by IO-inch height 
groups. The curves developed graphically from expectation and data 
trends were fitted to the data within height groups by approximate 
“least deviations” (Karst, 1958). The shapes of these curves were 
examined and found to be reasonably similar to a single curve of the 
class Xn in Matchacurve-2 (Jensen and Homeyer, 1971), where n = 
1.25. 

Scalars were determined for the graphed curves at circumference = 
100 inches and were fitted by approximate least deviations as a linear 
tinction of height, forced through the origin. The initial dry weight 
estimator, DW 1, was then assembled following Matchacurve-3 tech- 
niques (Jensen, 1973), as: 

DW, = 0.01644 HC’.= 

where 
H = height 
C = circumference. 

This function was given a final least squares adjustment to the 58 
observations from which it was derived, 

DW = b(DW1). 
DW, proved to predict about 2% low on the ayge since b = 1.0192. 

Therefore, the final dry weight estimation, DW, is 

& = 1.0192 (0.01644) HC’.“” 
= 0.0167 HC’.2s 

The model accounted for 77% of the total variance (R” = 0.77) for the 
data set. The standard error of estimate was 23.8, about half of the 
mean observed weight, 45.5; the standard error of the mean for the 
regression was 3.1, less than 7% of the mean of 45.5; and F was 
significant at less than the 0.005 level. The foregoing estimates of 
statistical parameters are biased since model components were de- 
veloped directly from the data set involved here. However, evalua- 
tions of model performance after adjustment to new data sets are un- 
biased estimates of these statistical parameters (Table 1). Figure 1 
shows the predictor in three-dimensional form. 

Although ocular weight estimates were used in place of actual 
weights to scale this predictor, it was judged that the shape of the 
surface would be about the same. This shape is crucial to applications 
in double sampling. 

Application of the Basic Model to New Data Sets 

The leaf weight predictor was applied to other sets of height and 
circumference data obtained during July 197 1 and 1972 (Table 1). All 
leaves on each shrub were collected, dried, and weighed. Actual 

Table 1. Regression equation and pertinent statistical measures for dry 
weight estimation of sagebrush from two study sites in Idaho. 

Subspecies of 
Ar temisk triden ta ta 

Item tridentata vaseyana 

Year 
Location 
Number of plants 

Rear ession eaua tion 

1971 1972 
Castleford St. Anthony 

19 41 

$W = 0.8925X DnW = 0.1866X 
Average esti;ated weight (3 from 
regression 106.1 14.0 

Standard deviation (estimated 
weight) (sy.J 
Coeftkient 01 variation (CV) 
R2 (in%)’ 93 
Standard error (20% of Z, 
loox value) (3.&$ 10.1 

Average actual weight G) 98.0 
Standard deviation (actual weight) (s,,) 86.2 
Coefficient of variation (Cv) 87 
Standard error of jJ (SE;) 19.8 

’ Percent of the variation in Y accounted for with X. 

24.2 13.7 
23 98 

51 

2.8 
15.3 
19.3 

126 
3.0 

dried-leaf weights were plotted against the initial predicted weights, 
and their linear regression, with zero intercept, was fitted to the data 
points by least squares. 

For the Castleford and St. Anthony plants, a 10.75% and 81.34% 
downward revision was indicated. The variance accounted for by the 
final estimator, DW, was 93% and 51%, respectively, for the 
Castleford and St. Anthony data. The standard error of the regression 
(9 & was lower at all locations than the standard error for the actual 
weights (3). 

Discussion 

Height and circumference measurements gave an unbiased 
basis for regression estimation of sagebrush dry leaf weights. 
The correlation between the predictor and the sample of 19 
plants at Castleford with which it was scaled was exceptionally 
strong (R2 = 0.93). For the 41 plants at St. Anthony, the 
correlation is adequate in that the variation about the actual 
mean (CV) was reduced about 28% by use of the predictor. The 
elimination of one plant from the regression analysis at St. 
Anthony increased the R2 to 80%. This plant had visibly more 
foliage and could have been stratified and adjusted separately. 

Results suggest that the shape of the predictor is representa- 
tive of the height-circumference to weight relationship in big 
sagebrush and that the predictor might be used for other stands. 

DRY 
WEIGHT 

CIRCUMFERENCE (13 

Fig. 1. Rziationship of height and circumference to dry leaf weight of sage- 

brush (6l?’ = 0.0167 HC’*25). 
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The predictor would have to be adjusted for use on other stands 
by sampling sagebrush plants for height, circumference, and 
weight attributes within each stand. For such an adjustment, 
plants in the new stand should be systematically collected across 
the entire size range. Stratification would be indicated if there 

were characteristics among sagebrush plants that were obvious- 
ly different. Sampling would be necessary in each stratification 
to adjust the predictor. 

We adjusted the predictor dry weight to actual dry weights by 
least-squares fit of a zero-intercept linear regression of actual on 
estimated weights (Ostle, 1963). Although this zero intercept 
increases the residual mean squares slightly, it conforms to prior 
knowledge about expected weight relation. For some sites, it 
might be more appropriate to use the equation DW = a + bX. A 
significant test of the hypothesis DW = a + bX versus DW = 
bX would indicate excessive departure from the predictor 
oriented through zero. Departure from the predictor shape 
would be suggested by the occurrence of a greatly expanded 
sy.x*. which might suggest a new modeling effort to determine 
predictor shape. 

Regression estimates of plant dry weights from height and 
circumference measurements could be made for other sagebrush 
plants at a site or on plots. Using these estimates in place of the 
ocular estimates in the technique described by Pechanec and 
Pickford (1937) should reduce the bias and provide greater 
consistency between estimators. Given any sampling design, 
the dry weight estimated for the individual plants on a plot could 
be expanded appropriately for the area of interest. 

The technique of double sampling and prediction modeling 
should be applicable to other plant attributes. For example, it 
might be used to determine the total phytomass of sagebrush and 
other shrubs, as well as the dry weight of leaves, twigs, and 
branches. It might be used in studies where litter fall is of 
interest. If there is a high correlation of weight in different 
stages of growth, growth curves based on an increase in dry 
matter over time might result (Laycock, 1970). 
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THESIS: TEXAS A&M UNIVERSITY 
Influence of Burning and Mowing on an Eastern Gamagrass (Tripsacum dac- 
tyloides) Community in South Central Texas, by James Frank Cadenhead, MS, Range 
Science. 1975. 

Late winter burn and biannual mow treatments were applied to an 
eastern gamagrass community near Bellville in South Central Texas in 
1973-74. Characteristics evaluated were: (1) species composition, (2) 
total, aerial, production by species, (3) protein content, phenological 
development, and reproduction of gamagrass, (4) soil and air tempera- 
tures, and (5) mulch dynamics. 

Species diversity of the eastern gamagrass bottomland community 
was low in comparison with similar upland communities. Eastern 
gamagrass was the dominant species with 100% frequency and 66% or 
more of the total green biomass. Indiangrass (Sorghastrum nutuns) in 
the fall and forbs in the spring were the only major constituents 
(> 20%) of total green biomass. End-of-season (October) total 
aboveground green biomass was 4,263.2 kg/ha for controls. Peak total 
aboveground green biomass for controls (5,005.6 kg/ha) occurred in 
early July as indicated by leaf height data. These data suggest that an 
end-of-season evaluation of biomass may underestimate production of 
the community. Gamagrass leaf heights were positively correlated (r 
= 0.83) with gamagrass production. 

Late winter burning (February) increased the total green biomass to 
6,619.2 kg/ha by July to surpass July controls by more than 1,500 
kg/ha. A greater live gamagrass production was the source of the 
increase, but the causative factor remained speculative. Burning 
temporarily boosted crude protein to a high of 9.2% in the spring, 
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increased flowering culm density, and reduced the total number of 
seed units/ha in eastern gamagrass. Burning temporarily depressed 
both gamagrass and forb biomass, increased Indiangrass biomass, and 
decreased sedge biomass. Late winter burning only temporarily and 
slightly increased soil temperatures in the spring. Burning also 
increased the amount of litter accumulation which probably resulted 
from the July increase in biomass. 

Biannual mowing (May and October, 1974) reduced overall green 
and total biomass of the community. Mowing apparently increased 
soil temperatures by removal of top growth. Mowing also tended to 
increase crude protein content, reduce leaf heights and flowering culm 
densities, and result in earlier maturation of gamagrass. Mowing 
apparently favored the production of certain forbs and grasses. 

Total aboveground biomass in 1974 varied from 2,864.S kg/ha in 
April bums to 14,525.3 kg/ha in December controls. The rate of 
accumulation of litter in the burns, 700 kg/ha/year, indicated that 5-6 
years would be required for litter to attain the present level of controls. 

Frequent flooding occurred throughout the study. Records indicated 
complete inundation occurred at least ten times during a 29 month 
period. Short-term observations indicated that frequency and time of 
flooding may have had a greater influence on various vegetational 
responses than treatments. 
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Precipitation, Temperature, and the Standing Crop of Some 
Southern California Grassland Species 
R. W. HUFSTADER 

Highlight: A strong relationship between precipitation (but not temperature) 
ad standing crop is evident for the dominant species of a southern California 
grassland. The sub-dominant species showed no relationship to either precipi- 
tation or temperature. It was hypothesized that competition for light and 
variable germination times acts to limit the sub-dominant species. Dtzerential 
success of sub-dominant species may account for much of the variability in 
California grasslands. 

Major (1963) stated that during the fall and winter, natural plant 
growth in the lowlands of California is limited “first by insufficient 
moisture and then by insufficient heat.” The tremendous difference 
between spring and fall plant growth is a reflection of differences in 
temperature and water. Since a semiarid mediterranean climate, with a 
characteristic summer drought, prevails throughout much of the 
lowlands of California these limiting factors might seem intuitively 
obvious. Yet, recent literature suggests that water may not be a 
limiting factor for annual and perennial grass species (Patric, 1974). 
However, Patric’s findings do not directly relate to changes in 
standing crop; they relate to soil moisture use and suggest that annual 
precipitation replenishes soil moisture beyond the water needs of 
grass. The literature does not provide any direct information on the 
relationship of the standing crop of California grasslands to precipita- 
tion and temperature. This paper examines that relationship for four 
annual plant species in a southern California grassland. 

Methods 
Standing crop changes were measured by the harvest method 

(Odum, 1960). The plants from ten random 0.25 m* plots were 
harvested from a north- and south-facing slope of valley grassland 
(Munz and Keck, 1959). The study site is located 3 km east of San 
Juan Capistrano off Highway 74 in southern Orange County, Calif. 
Plants were harvested six times at S- to 6-week intervals throughout 
the 1972-1973 growing season. Standing crop was determined as 
oven-dry (160°F for 48 hours) living material weight. Daily rainfall 
data were from Orange County Flood Control District Station-No. 86, 
located near this study site. Daily maximum, minimum, and median 
air temperature data were from the South Coast Field Station approxi- 
mately 24 km north of the study site, but with similar distance and 
protection from the ocean. * The study area received higher than 
normal rainfall, approximately 12 cm more, but temperatures through- 

Author is with VTN Environmental Sciences, Portland, Oregon 97225. 
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Harvest Date 

Fig. 1. Changes in standing crop (g/m*) for black mustard (Bn), wild oats (Af), 
ripgut grass (Bri), and foxtail chess (Br) during the growing season from 
December 3, 1972, to June IO, 1973. 

out this growing season were very close to normal. Correlation co- 
efficients were determined for standing crop with total rainfall and the 
means of the total daily temperature data during each harvest period. 
Other considerations of the site and its ecology are contained in 
Hufstader ( 1974). 

Results 
The species encountered were, on the south-facing slope, black 

mustard (Brussica nigru”) and foxtail chess (Bromus rubens); on the 
north-facing slope, wild oats (Avenafutuu) and ripgut grass (Bromus 
rigidus). Wild oats on the south-facing slope, and black mustard, on 
the north-facing slope, did occur but were too sparse for use in this 
study. 

‘Nomenclature follows Munz and Keck, 1959; Hitchcock, 1950. 
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None of the species, except foxtail chess, showed an increase of 
standing crop during the single spring sample period from March 25 to 
May 5, 1973 (Fig. 1). This is apparently due to decreasing precipita- 
tion during the sample period. The sample periods during fall and 
winter exhibited continuous and in some cases rapid increases in the 
standing crop of most species. 

The graph of mean standing crop versus mean maximum, median, 
and minimum temperatures and total rainfall between harvest dates is 
shown in Figure 2. The first rainfall total began with the second storm 
of the season, during the second and third weeks of November 1972, 
since no germination occurred after the first storm. 

Figure 2A shows that changes in black mustard standing crop and 
total rainfall have similar trends regardless of the temperature regime 
considered. No clear relationship between temperature and standing 
crop is exhibited. This same pattern of relationships holds for wild oats 
(Fig. 2B) and ripgut grass (Fig. 2C). None of these species, which 
were dominant at this site (Hufstader, 1974), indicate that the 
temperature range experienced during winter was limiting to produc- 
tion of standing crop. However, they all show clear association with 
rainfall trends throughout fall and winter. The correlation between 
total rainfall and standing crop is significant (p < .05) for wild oats, r 
= 0.88, and ripgut grass, r = 0.99. Black mustard is strongly related 
at r = 0.79. Foxtail chess (Fig. 2D), a sub-dominant on the south 
facing slope (Hufstader, 1974), does not exhibit the same type of 
relationship found for the other species. The trends of total rainfall and 
changes in standing crop are opposite (r = -0.89, significant at p < 
.05). No clear relationship between the standing crop of foxtail chess 
and temperature is evident. 

Discussion 
There are several possible major factors operating to limit the 

production of standing crop during fall and winter in Caifomia annual 
grasslands. Other investigators have indicated water, temperature, and 
soils to be the most important (Major, 1963; Biswell, 1956; 
McNaughton, 1968). For dominant species, this is certainly the case, 
with water being the most crucial factor. However, interference with 
dominant species may b: a major limiting factor to sub-dominants. 
Competition for light is often of importance when interference 
between species occurs (Harper, 1964), and when large broad-leaved 
herbaceous plants, such as black mustard, dominate the upper strata of 

the canopy (Hufstader, 1974), the habitat of smaller under-canopy 
plants may often be light limiting. 

Another factor which may limit sub-dominant species is different 
germination times. Many weedy species exhibit variation in germi- 
nation requirements (Palmblad, 1969) and the plants of the California 
grasslands may exhibit this through differing germination times 
(Heady, 1958). Foxtail chess, at this study site, germinated approxi- 
mately 2 weeks later than black mustard (Hufstader, 1974). For an 
annual plant that must develop from seed each year, such time lost 
before germination may be significant in determining its relationship 
to its neighbors. In a highly variable vegetation such as this (Talbot et 
al., 1939; Heady, 1956, 1958), much of the variation may be due to 
differential success of sub-dominant species from year to year and 
place to place. 
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Granular Herbicide Applicator for Brush Control 
T. 0. FLYNT, R. W. BOVEY, R. E. MEYER, 
T. E. RILEY, AND J. R. BAUR 

Highlight: An applicator was constructed and 
mounted on a tractor to accurately apply granu- 
lar or pelleted herbicides in continuous narrow 
bands at various spacings to soils supporting in- 
festations of brush. The metering mechanism 
consisted of a rotating disc suspended directly 
over an opening in the bottom of a hopper. Uni- 
formity of granule output could be calibrated 
within < 5% error. 

The application of granular herbicides 
and other agricultural chemicals is a com- 
mon practice in many cropping systems. 
Numerous spray devices have been de- 

Authors are agricultural research technician, research 
agronomist, plant physiologist, agricultural research 
technician, and plant physiologist, Agricultural Re- 
search Service, U.S. Department of Agriculture, De- 
partment of Range Science, Texas A&M University, 
College Station 77843. 

Manuscript received December 5, 1975. 

veloped for dispersal of liquid herbicide 
formulations, but less equipment has been 
developed for accurate application of gran- 
ular materials. 

Lovely et al. ( 1966) studied various 
metering machines for application of gran- 
ulated insecticides for European corn borer 
control. Their data indicated that successful 
metering mechanisms included an auger- 
type fertilizer distributor, fluted-feed grass 
seeder, a reciprocating-chain type grass 
seeder, a fluted-shaft granular applicator, 
and a reciprocating-rope seeder. Danielsen 
and Chambers (1957) developed an experi- 
mental field distributor for granular herbi- 
cides which employed an auger enclosed in 
a slotted tube as a metering device in the 
bottom of the hopper. 

Wooten and McWhorter ( 1961) des- 
cribed a subsurface applicator to apply 
dusts and granules in bands. Air pressure 
was used to force the dusts and granules 
into the soil through a boom attached to a 
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horizontal blade pulled by a tractor. 
Bingham ( 1964) modified a grass seed 
attachment to a grain drill to apply granular 
herbicides. The fluted-feed cup metering 
mechanism gave positive and precise 
metering, low physical breakdown of gran- 
ules and a discharge rate directly propor- 
tional to the speed and amount of flute 
exposed to the granular material. More 
recently, Anderson (1974) developed an 
applicator that used the principle of the 
cone seeder to obtain uniform distribution 
of granules. The device had the advantage 
that no calibration or adjustment was neces- 
sary when rates of application were varied 
or when different formulations of granules 
were used, providing plot size was held 
constant. 

Previous research by Bovey et al. (1975) 
indicated that certain herbicides applied to 
the soil surface as sprays or granules in con- 
tinuous bands 4 to 6 ft apart were effective 
for brush control. Application of some soil 
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active herbicides in bands as contrasted to 
broadcast application increased brush con- 
trol and decreased injury to desirable forbs 
and grasses. Most applications of granular 
herbicides to experimental areas heretofore 
had been made by hand, making it difficult 
to treat large areas in dense, spiney brush 
with accuracy. 

Our objective was to design tractor- 
mounted application equipment to apply 
granular herbicides accurately in continu- 
ous narrow bands spaced at various inter- 
vals in areas supporting woody vegetation. 

Equipment 
The granular applicator was constructed 

from the hopper of a discarded grass seeder 
(manufacturer unknown). The hopper was 
12 inches wide, 17.5 inches long, and 12 
inches deep (Fig. 1 A). At the bottom of 
the hopper, two 0.75-inch2 openings diag- 
onal to the direction of the shaft) were 
spaced at 6 inches from either end. The 
bottom of the hopper was rounded to ac- 
commodate two 7-inch-diameter feeding 
discs supported on a 1.25-inch shaft. 
Feeder discs made from 0.026-inch metal 
were placed directly over the openings in 
the bottom of the hopper. A 0.188-inch 
clearance was provided between the disc 
and hopper opening. The feeder discs were 
bent about 0.75-inch off center on either 
side and had four l-inch holes spaced 
equidistant near the perimeter to provide 
uniform feeding and distribution of gran- 
ules through the hopper openings. Two 
0.5- by l.O- by Z+.5-inch bars welded on 
opposite sides of the shaft between the 
feeder discs were slanted toward the feeder 
discs. The bars served to distribute granules 
or seeds toward the feeder discs and hopper 
openings during operation. 

The unit is powered by a 2-hp Briggs and 
Stratton (Fig. 1 B) air-cooled engine con- 
nected to a 10: 1 ratio gear reducer box 
(l’ype UF or M, size I 13A, Gear USA, 
Boston, Mass.).’ A 2-inch sprocket wheel 
from the gear reducer box drives a lo-inch 
sprocket wheel on the feeder mechanism 
shaft by a No. 40 chain. The feeder shaft 
turns at 50 rpm. 

The motor and gear reducer box is 
mounted on a lo- by 1 S-inch plate of 0.375- 
inch metal. The entire apparatus is sup- 
ported by a 1.5-inch pipe frame welded 
beneath the motor and hopper (Fig. 1 C). 

The hopper opening is adjusted to the 
desired aperture by a 1.5-inch2 sliding 
metal plate or gate at the underside of the 
hopper (Fig. 1 C). the two gates can be 
opened in unison or separately by simple 
mechanical adjustment. The gates can be 
opened or closed by a lever in reach of the 
tractor operator. 

‘Mention of a trademark name or a proprietary product 
does not constitute a guarantee or warranty of the 
product by the U.S. Department of Agriculture or Texas 
A&M University, and does not imply their approval to 
the exclusion of other products that may also be 
suitable. 

During operation, granules drop from the 
hopper opening into a pipe reducer (3.5- to 
l-inch), which acts as a funnel. A l-inch 
hose or tube connected at the bottom of the 
pipe reducer by a 1 -inch pipe nipple directs 
the granules or pellets to the desired point 
of distribution (Fig. 1 D). 

Performance 

Spherical granules (approximately 0.05 
inch diameter) and extruded pellets up to 
0.15-inch diameter were applied at 10 or 
20% active ingredient of herbicide on repli- 
cated plots at rates of 0.5 to 8 lb/acre. 
Granular herbicides included bromacil (5- 
bromo-3-set-butyl-6-methyluracil), kar- 
butilate [tert-butylcarbamic acid ester with 
3-(m-hydroxyphenyl) - I, I-dimethylurea], 
picloram (4-amino-3,5,6-trichloropicolinic 
acid), and tebuthiuron [ 1-(5-tert-butyl- 1,3, 
4-thiodiazol-2-yl) - 1,3-dimethylurea] on 
areas supporting stands of honey mes- 
quite [Prosopis juli’ora (Swartz) DC. var. 
glandulosa (Torr.) Cockerell], huisache 
(Acacia farnesiana (L.) Willd.), white- 
brush (Aloysia lycioides Cham.), live oak 
(Quercus virginiana Mill.) and post oak 
(Quercus stellata Wangenh.), and yaupon 
(Zfex vomitoria Ait.). 

The granular applicator was mounted on 
a 1010 John Deere (Fig. 1 D) or a D7- 
Caterpillar’ (Fig. 1 E). The applicator 
was placed on the tractor in such a way as to 
protect it from damage by passing or falling 
trees. In large trees and brush the applicator 
was mounted over the engine of the D7- 
Caterpillar, and granules were dispersed 
directly in front of the track as the tractor 
progressed (Fig. 1 E). This type of appli- 
cation was desirable in that the granules 
were usually buried in the soil from the 
weight and movement of the tractor. How- 
ever, on wet soils, granules must be 
dropped behind the tracks to prevent them 
from adhering to the moist soil on the tracks 
of the tractor (Fig. 1 D). 

When band spacings wider than 6 ft were 
applied, one of the openings on the appli- 
cator was closed, so that only one dispersal 
unit was used. This allowed investigation of 
forage and brush response to herbicides 
applied in band spacings of 10, 15, or 20 ft. 

Calibration of the granular applicator 
consisted of adjusting the flow rate to give 
the desired rate per acre, in conjunction 
with tractor speed and band spacing. For 
example, if the tractor speed is 100 ft per 30 
seconds, actual area covered equals 0.0275 
of an acre (100 X 12 ft = 1,200 ft’) 
when 2 bands are placed 6 ft apart. If 2 
lb/acre of 10% active herbicide is required, 
then 20 lb or 9,080 g/acre of actual material 
is needed. Flow rate for 30 seconds would 
be 0.0275 x 9,080 or 250 grams. 

We used the applicator extensively in 
experimental application of various gran- 
ular herbicides to several brush types and 
locations in Texas. No problems were en- 
countered with mechanical failure or appli- 

cation of different sizes and types of gran- 
ular herbicides. Difficulties were encoun- 
tered in high winds ( 15 to 25 mph), when 
the granules were blown away before fall- 
ing into the 3.5-inch funnels below the 
hopper. The situation was corrected by 
blocking the airflow under the hopper. 
Applications of the granules can be made 
under windy conditions, since they are 
released in close proximity to the soil sur- 
face. 

Preliminary data indicate that on most 
brush species band applications of the same 
herbicide and rate per acre spaced on 6- to 
lo-ft centers are equal to or superior to 
broadcast applications or spacings of bands 
greater than on lo-ft centers. 

Advantages of applying granular herbi- 
cides in continuous bands for brush control 
include: 

1. No mixing or special preparation re- 
quired (commercial herbicides avail- 
able). 
2. Can be applied throughout most of the 
year. 
3. Application method is accurate. 
4. Can be used next to areas with sensi- 
tive vegetation, where foliar sprays may 
cause damage from drift. 
5. Can be used in almost all types of 
brush and terrain. 
6. Can be used with other brush control 
methods including chopping, chaining, 
and mowing or fertilizer and seeding 
operations. 
7. With a large hopper, many acres can 
be treated without refilling. 
8. Causes less damage to desirable for- 
ages than does broadcast application. 
Disadvantages include the following: 
1. Operation is slow compared to air- 
plane application. 
2. Granular herbicides are presently 
more expensive to use than foliar sprays. 
3. Usage is limited where soils are wet 
and unstable. 
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Contamination of Rumen Samples During Washing 
JOHN PICKARD 

This note draws attention to contamination of rumen samples by un- 
filtered rural water used to wash the samples in the field. 

Botanical analysis of rumen and stomach contents is a standard 
research tool for investigating food preferences of range animals; 
Chippendale ( 1962) discusses some of the assumptions and limitations 
of the technique. 

While investigating the diet of feral goats on Lord Howe Island (3 1” 
32’S 159” 05’E), I found that some of the rumen contents had been 
contaminated. The contaminant material was brightly coloured flow- 
ers of Acacia saligna, which is localized on the island to a few culti- 
vated plants near habitation. 

Author is senior plant ecologist, Royal Botanic Gardens, Sydney, N.S.W., Australia, 
2000. 

Field .work was financed by the Lord Howe Island Board of New South Wales 
Department of Agriculture. 

The Acacias are planted about 100 m upwind from open steel tanks 
used to maintain a pressure head on non-drinking water, which is 
pumped from covered wells. The small flowers (about 3 mm dia.) 
most likely were blown from the shrubs into the tank by the almost 
incessant on-shore winds. The goats were shot nearly 2 km away and 
had no access to the plants and the Acacia flowers could only have 
contaminated the samples via the water supply. 

The rumen contents were removed by hand into clean polythene 
bags and washed on a 1.5-mm sieve. They were then spread in thin 
layers on clean newspaper and dried in a plant press. 

In many investigations, contamination of this type will be undetect- 
able. Alternatives to field washing with unfiltered rural water are to 
use ad hoc filters such as cloth or a preservative such as formalin. 
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Readings in Environmental Impact. Edited by Peter E. Black 
and Lee P. Herrington, MSS Information Corporation, 655 
Madison Avenue, New York, N.Y. 10021. 1974. 345 p. 
$15.00. 

The objective of the book was to assemble a collection of readings for 
a undergraduate course for seniors in Resources Management at the 
State University of New York College of Environmental Science and 
Forestry. It is divided into four main sections: 

1. The National Environmental Policy Act (NEPA) in Perspective; 
2. Some Cultural Background; 
3. Some Resources Background; and 
4. Putting Law, Culture, and Resources together. 

A total of 3 1 different readings or articles make up the substance of the 
book. 

The book starts out with a reprinting of NEPA. The Environmental 
Quality Improvement Act of 1970, and the August 1, 1973, Council 
on Environmental Quality (CEQ) Guidelines for impact statement 
preparation. This is followed by an undated but obviously pre-1974 
analysis of the provisions of NEPA and a 1972 analysis of how well 
NEPA is working. The first section is completed with a few analyses 
of some initial NEPA court actions. However, only cases prior to 
March 1973 were discussed and none of the most recent major cases 
were reviewed, such as Minnesota Public Interest Research Group 
(MPIRG v. Butz), which addressed the question of what is meant by 
the “quality of human environment”; or the question of alternatives, 
Environmental Defense Fund v. Corps of Engineers 492 F 2d 1123 
(5th Cir. 1974). An unusual omission from this section was a detailed 
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analysis of one of the early major court decisions, Calvert Cliffs’ 
Coordinating Committee v. AEC, 449 F 2d 1109 (D.C. Cir. 1971). 

Section Two contains a selection of articles concerning some 
cultural background. The titles in this section ranged from “Social 
Benefit versus Technological Risk” by Chauncy Starr to “American 
Institutions and Ecological Ideals” by Leo Marx. As in the previous 
sections, these articles were first published in 1969 and 1970, 
respectively. 

The third section, on resources background, covers such topics as 
“Resources in America’s Future” from Resources for the Future; 
“Effects of Pollution on the Structure and Physiology of Ecosystems” 
by G. M. Woodwell, and “The Strategy of Ecosystem Development” 
by Eugene P. Odum. The dates on these articles were 1963, 1970, and 
1969, respectively. In light of recent developments, i.e., oil crisis and 
the current aerosol debate, it would appear that these articles are 
slightly outdated. 

In the last section we find several articles which are closely related 
to what one expected to find in the book based on its title, i.e., “A 
Procedure for Evaluating Environmental Impact” 1971, by Luna B. 
Leopald et al.; “Environmental Impact: Controlling the Overall 
Level” 1973, by Westman and Gifford; and “Environmental Matrix” 
1972, from Resources for the Future. As with the majority of the 
articles, these, too, are outdated and new techniques have been 
advanced. A new article available is “Environmental Impact Assess- 
ment Methodologies: A Critique” by Mark B. Lapping published in 
the winter 1975 issue of Environmental Affairs, Volume 4, Number 1. 

The major problem with a publication of this type is that it is out of 
date before it can be printed and placed in the hands of those with the 
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need to know. Of the 24 articles with dates out of the 3 1 total, one was 
published in 1963, two in 1969, seven in 1970, five in 1972, eight in 
1973, and one in 1974. Preparation of environmental statements is a 
“State of the Art” process. Techniques, ideas and procedures change 
rapidly and are influenced by every court decision. Therefore any 
accumulation of readings should be flexible and continually updated. 
To meet the stated objective for students, a loose leaf arrangement 
would seem to be best as new information could be added each year as 
it became available.-&hard E. Truylor, Lakewood, Colorado. 

Alaska Trees and Shrubs. By Leslie A. Viereck and Elbert L. 
Little, Jr. U.S. Department of Agriculture Agricultural Hand- 
book No. 410 (Stock No. 0100-1344). Superintendent of 
Documents, U . S . Government Printing Office, Washington, 
D.C , 20402. 1972. 265 p. illustrated, with folded colored 
vegetation map. $3.25. 

Guide to Alaska Trees. By Leslie A. Viereck and Elbert L. 
Little, Jr. U.S. Department of Agriculture Agriculture Hand- 
book No. 472 (Stock No. 0100-03308). Superintendent of 
Documents, U. S . Government Printing Office, Washington, 
D.C. 20402. 1974. 98 p. illustrated. $1.35. 
These publications represent the joint effort of two scientists who 

have an extensive knowledge of Alaskan plants. The senior author, 
Dr. Leslie A. Viereck, has had many years of experience with Alaskan 
vegetation and is presently principal plant ecologist at the Forest 
Service’s Institute of Northern Forestry at Fairbanks, Alaska. The 
junior author, Dr. Elbert L. Little, Jr., who has recently retired as chief 
dendrologist after a long career with the United States Forest Service. 
is well known for his many publications on trees of the United States, 
Puerto Rico, and other areas in Latin America. 

During four decades following publication, A. S. Hitchcock’s 
Manual of the Grasses of the United States, has been the bible for 
students of grass taxonomy. It has had little competition, but during 
the last few decades the study of American grasses has become less 
parochial and has benefited by new scientific disciplines and closer 
attention to anatomy. Through work of Stebbins, Beetle, Reeder, 
Pohl, Gould, and others, It became quite clear some years ago that 
traditional organization of American grasses into a small number of 
tribes was perhaps a reasonable empirical approach to classification 
but reflected a distorted image of grass genera relationships on a world 
basis. 

Both publications are manuals for the identification of woody plants 
native to Alaska. The first one cited is a hardbound volume with an 
attractively illustrated cover. It treats both trees and shrubs and, 
although intended primarily for the nonbotanist, it wil be of interest to 
botanists, ecologists, land managers, and those interested in natural 
resources tor other reasons. In addition to the usual keys and species 
descriptions, the authors have included an informative analysis of 
Alaskan vegetation. They describe a number of vegetation types, the 
physical climatic conditions which characterize each type, and the 
principal plant species associated with each. Included with the volume 
is a colored map showing the distribution of these vegetation types. It 

represents a synthesis of information from existing maps with refine- 
ments and additions. 

While there have been a number of expositions of the new tribal and 
subfamilial classifications in monographs and theoretical treatises, 
Gould’s book is the first application of the new systematics in grasses 
to a major grassland flora. For Texas, there are now six, rather than 
two, subfamilies of grasses. The new information, based on modern 
techniques and concepts, has resulted in reconstruction of several 
well-known genera. Vulpiu is separated from the perennial species of 
Festucu. Aegilops falls into Triticum. Dichunthelium is separated out 
of Punicum, and Puspulidium from Puspulum. Andropogon has three 
groups, Dichunthium, Bothriochloa, and Schizuchyrium, separated 
out, and Manisuris becomes Coelorhachis and Hemiarthru. 

I find myself in agreement with these generic concepts and suspect 
that the old broad genera were maintained more on authority than hard 
evidence. However, the author still takes Bromus conservatively 
instead of separating out Bromopsis and Ceratochloa as the Europeans 
do. He also maintains the traditional American treatment of Elymus 
and Agropyron despite wholesale revisions by the Russians. 

Species are identified by means of conventional keys, but a number 
of specialized and very useful keys are also provided. One key permits 
the identification of trees using only leaves. Other keys provide for the 
identification of trees and shrubs in winter condition, using only twigs 
and buds. For the willows, a large and difficult group, one key for 
identification is available for use with specimens having catkins and 
another key can be used with material having leaves only. 

A total of 128 species is described in detail using relatively simple 
terms. The characters included in the descriptions are printed in 
boldface type, facilitating rapid location of specific parts of the 
description. Each species description is accompanied by an illustration, 
and although these are of somewhat uneven quality and most have 
been seen before, they add much to the utility and attractiveness of the 
volume. A small, generalized map showing the distribution of each 
species is also provided. In addition to the formal description of each 
species, the authors have added useful and interesting information on 
habitat, distribution, economic importance, and use as food by 
wildlife or humans. 

However, generic lines are subjective and serve convenience; 
narrower generic limits enable us to deal succinctly with phyto- 
geographical and evolutionary problems. It is obvious from the keys to 
the groups that the new classification, unfortunately, does not result in 
the clean tribes that we were used to in Hitchcock (or was this an 
illusion?). In his six subfamilies Gould recognizes 21 tribes. Some 
remain the same, others are broken out of larger old tribes, while in a 
few instances some of the glaring artificialities of Hitchcock’s tribal 
arrangement have been corrected. Lolium is placed with Festuca, 
Bromus, and Pou rather than with Agropyron. Aristidu stands in a tribe 
of its own, and Stipu and its close relatives form a rather small tribe, 
Stipeae. The remainder of the old Agrostideae tribe are moved into the 
Aveneue, where they obviously belong. 

The treatment of the willows, a difficult group including about 
one-fourth of the total number of species in the flora, is especially 
useful. It was prepared in cooperation with Dr. George W. Argus, a 
foremost authority on the group. 

Gould’s Key to the Genera does not succeed in arriving at a 
synoptical key to the tribes, but is a hybrid, sometimes leading the user 
to genera, sometimes to tribes, or (mostly) to one of six “groups.” 
These groups are sometimes synonymous with tribes, but more often 
not. One has to conclude that the tribes are not easily circumscribed, 
and this will make the grasses a more difficult subject for students. To 
learn the diagnostic characteristics of the tribes in their new arrange- 
ment one should consult Gould’s earlier work, Grass Systemutics. 

Most of the illustrations are drawn expressly for this book, with a 
scattering of copies of plates from older works. Most are satisfactory, 
but a number consist only of a top of the flowering culm with no 

The second publication cited above is a paperbound handbook 
which supersedes “Pocket Guide to Alaskan Trees” (1950) by 
Ramond F. Taylor. The present booklet is more elaborate than the 
older one and the other publications in the series. It is essentially the 
treatment of the trees extracted from “Alaskan Trees and Shrubs,” 
and includes the descriptions of vegetation types, information on dis- 
tribution, and other featues of the larger volume but does not include 
the colored vegetation map. 

Both volumes serve well the purpose for which they were intended, 
and in view of the present high cost of publishing, represent real 
bargains.-Charles Fcddema, Fort Collins, Colorado. 

The Grasses of Texas. By Frank W. Gould, with drawings by 
Valloo Kapadia and others. Texas A&M University Press. 
College Station. 1975. 653 pages, 330 figures. $20.00. 
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illustration of the leaf, ligule, or habit of the plant. 
My main criticism of Gould’s book is in the descriptions. One often 

wants to compare two species, point by point, but too frequently the 
descriptions of species within a genus are not at all parallel, mention- 
ing an attribute in the first species but omitting it in the second (cJ 
Pennisetum, p. 561). However, this is a small point, considering the 
book is a mine of new information, references to recent research, 
chromosome numbers, reliable geographical distribution (usually!- 
Piptochaetium does not, as stated, occur in Colorado!) within Texas 
and elsewhere. 

The publishers have produced a very attractive format with clear 
type styles and line cut reproduction, in what seems to be a very 
durable binding. Gould should well be proud of the work that has 
consumed his every waking moment for over 20 years.--William A. 
Weber, Boulder, Colorado. 

Developments in Field Experiment Design and Analysis. 
Proc. Symp. Univ. New England, Armidale, N.S. W., 
Australia, Sept. 1973. Edited by V. J. Bofinger and J. L. 
Wheeler. Commonwealth Agricultural Bureaux, Famham 
Royal, Slough SL23BN, UK. 1975. 196 p. $15.00. 

The edited proceedings of a symposium held at the University of 
New England, Armidale, New South Wales, on September 3-7, 1973, 
are presented in this compact book. About 90 people representing 
various research institutions in Australia attended the symposium. 

The objective was to acquaint research workers in agriculture with 
the wide range of techniques now available in statistical, numerical, 
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and systems analysis and to attempt to set these techniques in proper 
perspective. It was not the intent of the symposium organizers to put 
together a group of “how to” papers, but rather to point out the 
purposes, advantages, and limitations of the techniques. The dis- 
cussions that followed the presentation of each of the 12 papers have 
been summarized and printed with the papers. There are some 
pertinent contributions to the symposium objectives contained in these 
discussions. 

Part of the symposium was devoted to the topic of multivariate 
statistics and analyses. Although multivariate theory was developed 
quite some time ago, little use has been made of the methods because 
of the laborious calculations involved. The advent of large, high-speed 
computers, however, has made the routine use of multivariate tech- 
niques entirely practical. Several types of numerical analysis devel- 
oped for use in plant ecology and taxonomy are also discussed. 
Numerical techniques have been used very little in the analysis of field 
experiments, but it is pointed out in the proceedings that these 
techniques can be extremely helpful. 

There is an excellent paper on the effective use of computing 
resources. All too often, we let the computer become a burden instead 
of a help. Guidelines for efficient data processing are given, and 
mistakes that cause ineffective computer use are discussed. Several 
other topics were also discussed at the symposium, all of which will be 
of great interest to the agricultural research worker. 

For anyone interested in agricultural statistics, this book is a must. It 
is also highly recommended to range, pasture, or livestock researchers 
who would like to be brought up to date on recent statistical develop- 
merits.--Meredith J. Morris, Fort Collins, Colo. 

The Rocky Mountain Forest and Range Experiment Station, 
Forest Service,U. S . Department of Agriculture, Fort Collins, 
Colorado, has released 6 summary papers, pulling together all 
available knowledge about management of the major range 
types in the central Rockies and the Southwest. Single copies 
are available upon request to: Director, Rocky Mountain Forest 
and Range Experiment Station, 240 West Prospect Street, Fort 
Collins, Colorado 80521. The papers are: 

Cable, Dwight R. 
1975. Range management in the chaparral type and its ecological basis: The 
status of our knowledge. USDA Forest Serv. Res. Pap. RM-155, 30 p. 

Clary, Warren P. 
1975. Range management and its ecological basis in the ponderosa pine type 
of Arizona: The status of our knowledge. USDA Forest Serv. Res. Pap. 
RM-158, 35 p. 

Currie, Pat 0. 
1975. Grazing management of ponderosa pine-bunchgrass ranges of the 
central Rocky Mountains: The status of our knowledge. USDA Forest Serv. 
Res. Pap. RM-159, 24 p. 

Martin, S. Clark. 
1975. Ecology and management of southwestern semidesert grass-shrub 
ranges: The status of our knowledge. USDA Forest Serv. Res. Pap. RM- 156, 
39 p. 

Paulsen, Harold A., Jr. 
1975. Range management in the central and southern Rocky Mountains: A 
summary of the status of our knowledge by range ecosystems. USDA Forest 
Serv. Res. Pap. RM-154, 34 p. 

Thilenius, John P. 
1975. Alpine range management in the western United States-principles, 
practices, and problems: The status of our knowledge. USDA Forest Serv. 
Res. Pap. RM-157, 32 p. 
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