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Future of Rangelands in the United States 
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ROBERT W. LONG 

Throughout our recent history the United States has had a 
tendency to group its national moods into segments of 10 
years OI so. Each decade is identified significantly. 

For example, the twenties are remembered largely as a time 
of phenomenal growth, gaiety, and an initial baptism in world 
power politics. 

Mention of the thirties brings memories of hardship, 
frustration, and a reassessment of domestic economic policy. 
This decade also spawned an array of farm programs that 
lingered far beyond their need. 

The forties brought another world conflict with its after- 
shocks, and development of a policy of containment as an 
international strategy. 

Then came the quieter fifties, which accelerated toward the 
end with our preparations for space exploration and a national 
nzawwment of educational values. 

The soaring, volatile sixties captured home of the emo- 
tional, environmental and economic moods of earlier times, 
yet the period suffered the spoilage of a futile mission in 
southeast Asia and its own shock waves of reaction. 

Now we are in the middle of the seventies. We are more 
mature now about conflicts in the name of Democracy. We 
talk more urgently about the preservation of our environ- 
mental qualities. Some people have already become blase over 
the spectacular accomplishments of manned space travel. 

And yet when this decade should be in a period of 
comfortable growth in all areas, we have run head-long into 
new domestic and international issues of considerable magni- 
tude : 

a Our world mechanical machine is running away from its 
propellant. 

a We are rediscovering the full meaning of energy and 
inflation. 

a We are taking a new look at the farmer and the rancher 
and learning anew the value of the marketplace and the 
meaning of a price mechanism as a governor for buyers and 
sellers. 

a The nation is also concerned for the first time with basic 
supply problems - not just in energy, but in timber and even 
food. 

These are not merely national issues. Some of them have 
become ccmmon denominators for our personal problems and 
are having a domino effect on our very life styles. 

In short, OUI soaring systems have somehow sprung a leak 
and we are collectively struggling to keep our momentum. 



Yet despite our troubles, we have enjoyed some significant 
high notes. Detente is working. Also, two years ago the United 
States was running a serious deficit in our balance of trade. 
This year, however, we are in the black again and the primary 
reason is agriculture. 

The 1973 agricultural trade surplus of $9.3 billion wiped 
out a deficit of $7.6 billion in nonagricultural trade. This left 
us with an overall 1973 trade surplus of $1.7 billion. There’s no 
doubt that the trade surplus in agriculture is stabilizing the 
dollar, strengthening our posture in international trade, and 
helping pay for much-needed oil and consumer goods that add 
so much to our level of affluence. 

That surplus, incidentally, was built by the sale of $17.7 
billion of American agricultural products abroad during 1973, 
against food imports of $8.4 billion. 

1973 also brought the highest rate of employment in nearly 
20 years. And it brought record levels of farm production and 
farm income. The latter, for instance, included net farm 
income of $26.1 billion - nearly 78% more than the level of 5 
years ago. 

For all of us, the needs of the time dictate our priorities, 
and a major thrust of our efforts on the farm scene in the 
United States is found in our national agricultural policy. Five 
elements of that policy are particularly relevant: 

As one of America’s most productive indutries, agriculture 
finds itself under heavy pressure because of a dramatic fact - 
rapidly rising demand. 

The prime element of this demand is the world’s ballooning 
population. The global population reached the 1 billion mark 
about 1830. In 1930, only a century later, we reached the 2 
billion mark. Thirty years later we added the third billion, and 
by 1975 this compounding rate of growth will take us to 4 
billion. 

Even the smallest child knows that somewhere, somehow, 
we must produce farm goods to feed all these consumers. 

The second element of demand (even more striking than 
population statistics) is the fact that these 4 billion people are 
demanding a higher quality of life than any of their ancestors. 
This rising standard of living is not concentrated just in our 
hemisphere. It is occurring all around the globe. 

In agricultural circles, one of the most celebrated facts of 
the decade is that all this population growth and relative 
economic abundance have merged into an incredible demand 
for more and better food - particularly animal protein. 

This circumstance is a two-edged sword. While it is a great 
boon to agricultural producers, it nevertheless presents to all 
of us the proverbial horns of a dilemma. 

(1) Through our Statistical Reporting System and other *Ivlv--rvvvvvvvy-rTv 
services, we are establishing a reliable supply monitoring 
network to inform buyers and sellers of reserve levels of all 
basic crops. 

(2) We are resisting the growth of trade barriers at home 
and abroad. Recent examples are the opening up of import 
quotas on wheat, beef, and dairy products. Record levels of 
our own farm products going into export markets give new 
emphasis to reciprocal trade agreements. 

(3) We are maintaining a high level of agricultural research 
in state and federal systems. Of particular importance today is 
the need to maintain an efficient germ plasm bank to avoid a 
genetic vulnerability in seed varieties. Also of interest in your 
discussions at this meeting is that our Agricultural Research 
Service is conducting fertilization studies to increase the 
nutrient level in a wide spectrum of grasses. Other research at 
state stations and private research and development is delving 
into increased pest resistance of grasses and working to 
increase the protein control in many types of forage. 

(4) We are more closely regulating trading in commodities 
which could be subject to abuse through excessive manipula- 
tion. The responsible agency is the Commodity Exchange 
Authority (CEA) which oversees activities in futures trading. 
It’s timely that the CEA itself is undergoing an overhaul to 
increase its effectiveness. 

(5) Finally, and most importantly, we are working to 
reduce the burden of government influence in the market- 
place. A major part of this effort has been our turn-around 
from stifling control policies that have lingered in our country 
since the 1930’s. With a few minor exceptions, the over-hang 
of Commodity Credit Corporation grain stocks is gone. We are 
getting out of the business of periodically depressing the 
market for these commodities. The price support payments 
that for a generation cost billions of tax dollars annually will 
this year be reduced to near zero. To repeat a phrase coined by 
Treasury Secretary George Schultz, “We are going to keep our 
cotton-pickin’ hands out of the marketplace.” 

In the midst of all this activity, the reservoir of feed in our 
rangelands is demanding renewed attention. Here’s why: 

‘We may need to decide between cultivation of 

crops for intensive feeding or investing in better 

yields from our grasslands to increase carrying 

capacity-it’s currently the major factor in increas- 

ing the world’s red meat supply.” 

On the one hand, much of our cultivated acreage is being 
used to produce supplemental feed for livestock, or we could 
say, “animal calories.” We may need to explore alternative 
sources of nutrition for direct human consumption because we 
can’t meet the short term demand. 

On the other hand, this demand for more and better food is 
cutting into our available grassland. A recent study in land use 
conversion shows that more than 4 million acres of our 
grasslands are being converted to cropland this year. 

The dilemma - and the irony - is this: In addition to being 
a viable alternative to cultivated feed, our rangeland represents 
the only way we know to corral the vast resource of the plains 
and mountain meadows for man’s use. So far, it’s the only way 
we know to convert the ranges into high-protein food. Yet a 
given rangeland area cannot serve both purposes. We may need 
to decide between cultivation of crops for intensive feeding or 
investing in better yields from our grasslands to increase 
carrying capacity - it’s currently the major limiting factor in 
increasing the world’s red meat supply. 

There’s ‘no doubt that with proper development and 
management, our nation’s ranges - both public and private - 
have the potential to produce more pounds of meat than is 
currently the case. 
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For the United States, this would have several interesting 
implications: Increased range utilization for livestock produc- 
tion can reduce the drainage on future national energy 
requirements for meat animals. Further, it can release more 
feed grains for overseas sale and, in effect, exchange for fuel or 
whatever is most critically in short supply. In this way, range 
production can contribute, however indirectly, to a more 
favorable economic balance for the nation’s needs. 

Here are some interesting notes on increased use of better 
managed rangelands as a source of livestock feed energy. 
Several independent studies have concluded that it takes about 
22 gallons of gasoline per acre to produce corn. On the other 
hand, range livestock production has a much lower fossil fuel 
requirement - perhaps one twentieth - for the gross energy 
production that results. 

Theoretically, for every acre of corn saved by tradeoff to 
range grazing (that is, about 87 bushels of corn), about 21 
gallons of gasoline are also saved. 

Consideration should also be given to the favorable charac- 
teristics of livestock grazing in the context of the environment. 
Livestock grazing of forest-range lands provides an opportun- 
ity to tap the energy of the sun without major alteration of 
natural ecosystems. It also yields few by-products alien to the 
ecosystems. It contributes significantly to a favorable nature 

“This is our dilemma on land use. It is going to 

require that we ultimately have a national land use 

program to satisfy the multiple interests of our 

people.” 

picture in terms of weed control, reduction of fire hazards, 
and other factors. 

We have made many improvements in the management of 
our ranges, but we have a long way to go. One point of special 
interest is the accelerated rangeland program that is in the 
development stages at the U.S. Department of Agriculture. 
Grazing covers more of our public land today than any other 
single use, including reforestation. In 1970, about 850 million 
acres of forest and nonforest ranges were used for livestock 
production. 

Based on our demand for more animal protein, during the 
next 10 years our nation will need nearly 1 million more beef 
cows per year. Couple this with the burgeoning foreign and 
domestic demand for our grain products, and it’s clear that we 

must up-grade the carrying capacity of our ranges. 
The Forest Service’s Range Study, released last summer, 

estimates that by the year 2000 America’s annual per capita 
consumption of beef will reach what may prove to be a 
conservative level of 135 pounds - 16% higher than it is 
today, even after the incredible 86% increase since 1950. 

The study also predicts that by 1980 the demand for range 
grazing to fulfill meat and wool needs will increase by 20% 
over the 1970 level, and by 50% at the end of the century. 

Dovetail these factors with other projections - such as 
wood growth, water yield, wildlife habitat, scenery and 
recreational demands - and it’s easy to see what a mamoth 
task we have ahead. 

This is our dilemma on land use. It is going to require that 
we ultimately have a national land use program to satisfy the 
multiple interests of our people. 

To maintain our claim for livestock use we must improve 
the varieties of grasses and forage crops, increase use of 
fertilizers and water, and integrate forage, range, and livestock 
management into more efficient systems. If we can do these 
things - coupled with a maximization of roughage sources like 
newspaper, wood pulp, peanut hulls, and corn stalks - we may 
make significant strides toward meeting the demand for red 
meat. 

The U.S. Department of Agriculture is fundamentally a 
service agency designed to underwrite and provide support for 
these efforts. In that perspective: We administer grazing on 
105 million acres of federal lands in the National Forest 
System. With this sizeable commitment it is understandable 
why we should be deeply involved in forest-range grazing and 
forest-range research. Additionally, with technical assistance 
through the Soil Conservation Service and educational pro- 
grams from our Extension Service, we are aiding the private 
sector in range management and developing plant materials 
used in improving ranges. Through the Agricultural Research 
Service we are restudying the long-term implications of needed 
forage and range technology. And our Agricultural Stabiliza- 
tion and Conservation Service administers programs for range- 
land resource protection and stabilization. Also, of course, 
other federal agencies - like the Bureau of Land Management, 
the Bureau of Indian Affairs, the National Park Service - also 
play significant roles in our nation’s efforts to get maximum 
use from our rangelands. 

The upshot of it all is that Mexico, Canada, and the United 
States comprise a mammoth complex of rangeland. And that 
very rangeland just might hold the answer to our supply 
problem in red meat. But like most problems, this one won’t 
be solved by isolation of effort. We must respond in concert. 
We must communicate freely, exchanging views and sharing 
research findings. 

The problem transcends national borders, and so must the 
solution. 
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Future of Rangelands in Canada 

EUGENE F. WHELAN 

An outsider looking at agriculture in North America would 
probably notice that pasture, forage and rangelands have not 
been in the limelight. The glamour crops have been the cereals 
and the oilseeds. But I think we are about to witness a major 
change. I think forages, and especially the grasses and clovers, 
are going to come to front and center stage over the next 20 
years here in North America. 

What leads me to make this prediction? Basically, the 
increased demand for food, and in particular, the growing 
demand for beef. The beef industry in Canada predicts that 
demand will increase by 38% between now and 1980. That’s 
only 6 years from now. And that increase will come on top of 
the absolutely huge increase in beef production that has taken 
place over the past 10 years. 

There are basically two ways to produce beef in Canada. We 
can either produce it completely on grasses and forage, or 
finish heifers and steers in feedlots using grain. During the past 
10 years, the Canadian beef industry has emphasized grain-fed 
beef. I think a good deal of the expansion for the future will 
come from grass-fed beef. In any case, we are going to have 
more cattle on pasture and grass. 

First of all, it is obvious that all of our beef starts on grass 
or rangeland. There is an expression in our beef industry that 
says every steak starts out as a cow and a calf on pasture. 
Whether or not our future beef production comes from 
grain-feeding feedlots, we will still increase the number of 
feeder cattle produced on range or grassland. 

Secondly, more of our beef is going to come from beef 
animals, as opposed to culls from dairy herds. Our national 
dairy herd has been shrinking for many years, and so has the 
dairy herd in the United States. The slack in beef production 
has had to be taken up by beef animals, and those animals 
start out on rangeland and pasture. 

Many people in our beef industry seem to think that most 
of our beef will continue to be fed out on grain and in 
feedlots. I’m not so sure about that forecast. Anyone who 
operates a feedlot in North America will tell you that the price 
of feed grains has moved so high that grain-fed beef is 
becoming very expensive to produce. But the demand for beef 
is continuing to increase. I think we are at the price level today 
where grass-fed beef can compete, right here in North 
America, with grain-fed beef. 

Our studies in Canada show that we can produce top- 
quality beef on grass. The industry seems to think that only 
grain-fed beef will qualify for the top grades. But research 
shows otherwise. We have found that a cow, coming off grass, 
can grade right in our top-quality bracket. We have also found 
that we can breed a heifer, have her drop a calf, then feed 
that cow up to beef standards and get an A-quality carcass. 

The author is Minister of Agriculture, Ottawa, Canada. 
Paper was presented at the 27th Annual Meeting, Society for Range 

Management, February 8, 1974, Tucson, Arizona. 
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And we can do that on grasses and forages, not grain. 
The growing demand for beef, and the rising prices and 

demand for feed grains, are putting grasses and forages back 
into the picture. And that, in terms of Canadian potential, is 
good news. We have more marginal crop land than almost any 
other nation in the world. It’s marginal land if you are talking 
about cash crops, but much of it is top-notch grass, forage, and 
pasture land. There is a tremendous belt of this type of land in 
eastern Canada, stretching from the clay belt in northern 
Ontario, past the Ottawa Valley, and right through to Nova 
Scotia. There is another huge tract of this top-notch forage 
and pasture land in our Peace River district, and it stretches 
north in the Slave River lowlands. 

You are the experts in grasses, forages, and pasture. In the 
past, you have shown Canadian farmers how to manage 
rangeland to increase the production of beef per acre by six 
times. You have developed the new varieties and the feed 
rations for beef cattle. I predict that, over the next 10 years 
and beyond, the results of your work are going to be applied 
to beef production as never before, and that you will be 
challenged to develop beef production systems based entirely 
on grass, hay, and forage. Corn silage is really only the 
beginning of this trend. I think it will broaden and grow to 
include many more types of forages, silages, and haylages. 

The scientists at our federal research stations at Lethbridge, 
Swift Current, Manyberries, and Melfort in western Canada 
have done a great deal of work which is contributing to 
increased beef production on forages. 

The most recent work at Lethbridge indicates that we can 
increase beef production by six times, simply by seeding our 
native rangeland to Russian wildrye and managing it properly. 
There are about 40 million acres of native rangeland in western 
Canada, and about a third of it could be seeded to Russian 
wildrye. The two varieties they recommend are Mayak and 
Sawki. 

An economist looked into the research and figured that it 
pays a rancher to seed native range to Russian wildrye 
whenever the price of calves goes over 30 cents a pound. That 
work was done a few years ago so you might want to add a 

“The beef industry in Canada predicts that 

demand will increase by 38% between now and 

1980. That’s only 6 years from now.” 
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few cents - perhaps bring it up to 35 cents a pound. But 
today’s calf prices are up around 60 cents a pound, so it 
certainly pays a rancher to seed native rangeland down to 
Russian wildrye, or even the Parkway or Summit varieties of 
crested wheatgrass. If calf prices go any higher, our ranchers 
could increase production even further by using fertilizer, but 
our research shows that we have to use a lot - about 200 
pounds of nitrogen per acre. At today’s prices for feeder 
calves, and at today’s fertilizer prices, it’s not a paying 
proposition. But the point is that we know we can increase our 
beef production by a hefty amount on the land we are already 
grazing in western Canada. 

Shifting over to eastern Canada, our research scientists see a 
very definite potential to increase beef production. We could 
double the number of beef cattle in eastern Canada, and that 
would only bring us back to the level we were at 50 years ago 
in terms of total forage-eating animals. Add to that the fact 
that we now know how to double forage production per acre, 
and you can double that beef production figure again. 

We have enough potato waste and cull potatoes to feed out 
50,000 cattle in feedlots. None of that is being used for beef 
today. We have another 10,000 beef cattle that could be fed 
out on pea vines that are left in the field after the crop is 
harvested for processing. 

The Maritimes has ideal weather for cow-calf opeators, with 
plenty of rainfall, and right through the entire season. Summer 
droughts are almost unheard of in the Maritimes, so pasture is 
lush right through the entire grazing season. Add to that the 
fact that we only need about 2 or 3 acres per cow unit, 
compared to 25 and 30 acres per cow unit required in the 
west, and the fact that there is plenty of land available at $100 
an acre or less - roughly the same price as in western Canada 
- and you begin to glimpse the potential that hasn’t been 
scratched in the east. 

We can’t over-winter cattle on rangeland in the east, but we 
do know that we can put up plenty of grass silage on a 30 to 
35% dry matter basis. The best grass is timothy, and a lot of 
work has already been done with the crop for the dairy 
industry that can be applied directly to grass silage for beef 
herds. Our scientists have developed three outstanding varieties 
- Bounty, Champ, and Climax. We have another source of 
winter feed in straw, which can make up 50% of a cow’s 
winter ration. 

In Ontario, farmers are seeding down marginal or rough 
land with birdsfoot trefoil, and find that it is an excellent 
forage once it is established because it can keep on producing 
for years and years without having to be ripped up again and 
reseeded. 

I don’t think we should be ruling out the future for 
grain-fed beef, eben though I happen to believe that we have 
been overemphasizing feed grains when it comes to producing 
more beef. The feedlot industry, especially the one that has 
developed in western Canada, is probably here to stay. And the 
Federal government is developing a new national feed grains 
policy to help make sure that Canadian agriculture can take 
full advantage of the growing market for grainfed meats. 

The Federal government has taken a number of other 
positive steps to encourage beef production in Canada. I have 
already mentioned the research into pasture and range 
management, and the development of new grasses and forage 
varities. For the past 3 years, the Federal government has 
encouraged an increase in forage production across the Prairies 
by offering a $lO-an-acre subsidy to farmers who divert land 
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“The feedlot industry, especially the one that 

has developed in western Canada, is probably here 

to stay. And the Federal government is developing 

a new national feed grains policy to help make 

sure that Canadian agriculture can take full advan- 

tage of the growing market for grainfed meats.” 

from grain or special crops into grasses and forages. We have 
spent more than $41,800,000 on the program, and about 
4,400,OOO acres have been diverted into grass or forage 
production. 

A growing percentage of our calves are the product of 
artificial insemination, and have at least some blood from 
exotic breeds in their veins. Both trends are the result of 
Federal government research and services to the industry. 
Much of the pioneering work on freezing semen was done by 
Federal government scientists. The Federal government set up, 
and operates, the maximum quarantine stations which enable 
our breeders to introduce exotic cattle. Since the program 
started in 1966, we have imported 3,873 head of cattle. The 
import program is so popular that we have more than 3,000 
applications to bring in more than 9,000 head of cattle this 
year. The quarantine stations can only handle 960 head. 

A great deal of research is underway across Canada to 
determine exactly what merits and demerits each of the exotic 
breeds has to offer, and we are also testing some of the more 
popular crossbreeds. The Federal government also operates 
joint Federal-provincial Record of Performance testing pro- 
grams, has brought in a new beef grading system, which we 
think is the best in the world, and has introduced a beef 
carcass appraisal program so producers can get results on their 
animals right through to the cutting floor of the packinghouse. 

Looking to the future, we have plans for new policies and 
programs that are all aimed at further expansion of the beef 
industry. We fully intend to maintain our high health 
standards, we are working on a Federal-provincial livestock 
insurance program, we are developing price and income 
stabilization programs, we will be introducing legislation to 
improve the transportation of live cattle and to cut our losses 
in transit, and we are increasing our research and promotion 
work in market development. 

In summary, we in Canada see a bright future ahead for an 
expanding beef industry. We have taken steps to support the 
industry in its efforts to step up production to serve that 
growing market, and we will continue to develop and refine 
our policies and programs so we can do an even better job in 
the future. As Minister of Agriculture, I believe we have a very 
vigorous, aggressive and sound beef industry in Canada, and I 
have a lot of faith in our ability to increase production and 
win markets with our top-quality beef. I think we produce the 
best beef in the world, and so far I haven’t tasted beef from 
any other corner of the world that would make me change my 
mind. 

That, in turn, is going to increase the importance of our 
forage, pasture and rangeland. As members of this society, you 
are going to find that your services will be very much in 
demand in the years immediately ahead. 
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Smell, Sight, and Touch 
to Forage Selection 

WILLIAM C. KRUEGER, WILLIAM A. LAYCOCK, AND DONALD A. PRICE 

Highlight: Chemical impairment of taste, smell, and touch and physical 
obstruction of sight were studied in relation to forage preferences of sheep in a 
tall-forb plant community. Taste was the special sense most influential in direc- 
ting forage preference; the other senses appeared to supplement taste. Sheep 
preferred sour and sweet plants and generally rejected bitter plants, although 
some were palatable. Smell was of minor importance in selection. Touch and 
sight related to such specific plant conditions as succulence and growth form. 
Simultaneous impairment of all four senses did not result in completely random 
selection, but did increase preference for unpalatable plants and decrease prefer- 
ence for palatable ones. 

Little is known of the effect of 
herbivores’ special senses in selection 
of their diet; however, it is commonly 
accepted that different plants within a 
plant community have varying palata- 
bilities for grazing sheep. Palatability 
of a plant species varies somewhat 
depending upon its association with 
different plant species, but many fac- 
tors interact to produce a selective 
response. This selective response has 
been termed “preference.” An excel- 
lent review of important factors 
involved in forage selection by rumi- 
nants has been presented by Marten 
(1970). The study reported here was 
undertaken to gain insight into the 
basis of forage preference. 

Study Area and Methods 

Field sampling was conducted dur- 
ing the summer of 1968 on the U.S. 
Sheep Experiment Station summer 
range in the Centennial Mountains of 
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southwestern Montana. The study area 
was 7,800 ft in elevation and domi- 
nated by tall forbs. Eight l/2-acre 
study pastures were located on a 20% 
slope that had a north aspect in a 
sticky geranium/northwest cinquefoil 
(Geranium viscosissim urn/P0 ten tilla 
gracilis) community. Two pastures 
were used in each of four grazing 
trials. 

Forage production of each pasture 
was sampled immediately prior to each 
grazing treatment. Except in one 
instance, 30 plots, each 4.8 ft2, were 
located by a stratified random method 
in each pasture; prior to Trial 4, only 
15 plots were sampled. Major plant 
species were clipped at ground level 
and weighed, and green weight of 
minor species was estimated. Samples 
of each plant species were collected 
and ovendried at 50°C to allow con- 
version of green weight to dry weight. 

Twenty-five esophageally fistulated 
sheep, that had similar breeding and 
experiences, were used in the study. 
Twenty were yearlings; the rest were 
2-5 years old. Only 20 sheep were used 
during a sampling period. However, 
because of problems resulting from the 
fistulation, occasionally an unthrifty 
yearling was replaced by one of the 
older sheep. Sampling was begun at 
dawn and fistulated sheep collected 
samples for approximately 1 hour. 
Prior to sampling, sheep were fasted 
from dark until daybreak. During the 
sampling period, salt and water were 
removed from the pastures so that 
chemical analyses could be performed 
on the samples. Results of chemical 
analyses will be reported in another 
paper. Between trials, sheep were 

placed in adjacent holding pastures 
with vegetation similar to that of the 
sampled pastures. Animals were 
allowed to graze untreated in holding 
pastures for 10 days prior to sensory 
impairment so they would become 
familiar with the vegetation. 

Two pastures were each grazed five 
successive days in four different trials. 
Twenty sheep representing five treat- 
ments were sampled in each trial. The 
first trial compared forage preferences 
of untreated fistulated sheep with 
those of sheep that had a single sense 
impairment (Table 1). Trials 2-4 ex- 
amined forage preferences of sheep 
that had varying combinations of sen- 
sory impairment and compared prefer- 
ences with those of untreated sheep in 
each trial. Consequently, all possible 
combinations of treatments were 
included in the study. 

Treatments to impair the senses of 
smell, taste, and sight were performed 
at least 4 days before sampling to 
allow sheep time to adjust to treat- 
ments. Suppression of the senses of 
taste and smell (ageusia and anosmia) 
was induced by topical application of 
a 2% solution of osmic acid (0~04). 
This chemical alters nerve endings, 
making them insensitive to stimuli for 
6 months or longer (0~01 and Farrar, 
1955). Control of smell and taste was 
tested after treatments were applied 
for several days and for several weeks. 
Untreated sheep reacted vigorously to 
fumes from household ammonia; 
anosmic sheep reacted to ammonia as 
they did to water. Salt consumption 
was measured for untreated and 
ageusic sheep. When salt was juxta- 
posed with pelleted alfalfa, ageusic 
sheep consumed 8.7 times as much salt 
as untreated sheep. When salt was 
physically displaced and sheep had to 
make a deliberate selection for salt, 
ageusic sheep consumed only half as 
much as untreated sheep. Sight was 
controlled (anopsia) by means of a 
blindfold (Fig. 1). Sheep in the initial 
anopsic group had blindfolds in combi- 
nation with other treatments through- 
out subsequent trials. Blindfold treat- 
ments varied for sheep that initially 
had other treatments (Table 1). The 
sense of touch in the lips was con- 
trolled (atactilia) by topical applica- 
tion of 5% xylocaine ointment. This 
treatment was applied daily immedi- 
ately prior to grazing. Xylocaine is a 
topical anesthetic commonly used in 
medical practice. 

Fistula samples were placed in a 
20-mesh sieve, washed in 5% acetic 
acid to remove saliva, and rinsed with 
water. The samples were then stored 
on dry ice and kept frozen until anal- 
yzed. 
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Plant species present in the diet 
were determined by a modification of 
Heady and Torell’s (1959) technique. 
Each sample was thawed, spread on a 
tray, and 100 points were examined 
through a stereoscopic microscope 
that had a crosshair mounted in one 
ocular. The plant fragment directly 
under the crosshair was identified 
from epidermal characteristics. Plant 
fragments that could not be identified 
at 15X were removed, mounted on a 
slide, and examined at 125X (Ward, 
1970). 

A relative preference index (RPI) 
was used to evaluate forage prefer- 
erences and to minimize confounding 
differences in preference that might 
result from varying availability of 
plant species (Krueger, 1972). The 
following formula was used to deter- 
mine relative preference for each plant 
species in each diet. Values were based 
on surface area of green “lants: _ . 

fd X D 
Relative Preference Index = __ 

Where: fd = frequency in diet 
fr X R 

D = percent diet 
fr = frequency on rangeland 
R = percent range composition 

Frequency in diet was the percent- 
age of samples for each treatment in 
which a species occurred. Percent diet 
was the percentage of a plant species 
in each diet on a surface-area basis 
determined from microscopic point 
sampling. Frequency on rangeland was 
the percentage of plots in which a 
plant species occurred for each pasture 
grazed during each trial. Percent range 
composition was determined from 
values for green weight converted to 
surface area by using a small stage 
photoelectric planimeter (Caldwell and 
Moore, 1971). Interception of trans- 
mitted light for known green weights 
of samples of each plant species was 
compared to a standard curve (r’ = 
0.99) and surface area in relation to 
weight was determined. All green 
weight production figures were then 
converted to percent surface area for 
use in the preference index. 

A subjective evaluation of coarse- 
ness, smell, and taste was based on 
human sensory perception. Coarseness 
was evaluated by chewing the different 
plants and assigning them to one of 
three categories (“high,” “moderate,” 
or “low” coarseness). It was difficult 
to assign a specific smell to each plant 
species, although there were many 
distinct odors among the various 
plants. Smell was classified as 
“strong,” “moderate,” or “faint.” 
Taste was classified as “bitter,” 
“sweet,” or “sour.” The categorization 
of these plant attributes may or may 
not be equivalent to the evaluation of 

Treatment groups 

Trial Date (19681 1 2 3 4 5 

I July 22-26 f-4’ AS’ w Ag’ Ati 
2 July 30.Aug. 3 N AP, AS AP> Ag As, Ag AP, At 
3 Aug. 7-11 N As, At AP, Ag, As As, At, Ag Ag, At 
4 Aug. 17-21 N As, Ap, At As,Ap,Ag,At - - - AP, At, Ag 

IN = control. 

a plant by a sheep, but it did prove 
useful in interpreting the grazing pre- 
ference of the animals. 

Statistical comparisons were made 
by “sing least-squares techniques 
(Draper and Smith, 1966) and planned 
contrasts (Ostle, 1963). Each treat- 
ment was compared to the control for 
the same sampling period; no statis- 
tical comparisons were made across 
periods or among other treatments. 
Differences were accepted as signifi- 
cant at P < 0.20. At P < 0.20 results 
of statistical testing were consistent 
and biologically explainable. At lower 
levels inconsistencies not biologically 
explainable began to appear in data 
analysis. 

Results 

All pastures sampled during the 
study were similar in amount of each 
plant species available to the grazing 
sheep. To help develop a perspective 
of the plant community structure. 
average composition on a green surface 
area basis for important plant species 

is presented in Table 2. Sticky gera- 
nium made up about 50% of green 
production on a surface area basis and 
had a frequency “ear 100%. Northwest 
cinquefoil, second in availability, made 
up about 10% of the composition and 
had a frequency greater than 90%. 
Mountain brome (Bromus merginatus) 
made up about 8% of the composition 
and had a frequency about 90%. The 
most palatable plants in this commun- 
ity, mountain sorrel (Rumex 
paucifolius) and thickleaf grounds4 
(Senecio cr~ssulus), made up about 1% 
of the composition and were lower in 
frequency than the more abundant 
species. 

Relative preference exhibited by 
untreated sheep varied for each time 
period. The effects of each treatment 
on preference were evaluated by com- 
paring the control to the treatments 
studied only during a common trial. 
The average of each treatment was 
computed to determine the relative 
preference of sheep for the plant 



species studied in these pastures (Table 
3). Buchanan et al. (1972) have pre- 
sented preference rankings for these 
plants from fistulated, but otherwise 
untreated, animals grazing the same 
range. Similar palatability relationships 
were found in their study when these 
were compared to forage preferences 
of control sheep in this study. 

Although all senses were related to 
preference for some plant species, 
taste appeared to be the most impor- 
tant. Sticky geranium, classified as 
“bitter ,” was unpalatable. Compared 
to untreated sheep, ageusic sheep sig- 
nificantly preferred sticky geranium 
(Table 4). When all senses were im- 
paired except taste, preference did not 
deviate significantly from that of con- 
trol animals. When either smell, sight, 
or touch was controlled, preference of 
sheep for geranium was not sig- 
nificantly different from that of 
untreated animals. However, when 
taste was impaired in combination 
with one, two, or three other senses, 
the sheep showed a significant increase 
in their acceptance of sticky geranium. 

Palatability of western yarrow 
(Achilles lanulosa) was also related to 
taste, but not as exclusively as that of 
sticky geranium. The only sense not 
eliciting rejection for yarrow was 
touch, an indication that western yar- 
row possesses many attributes that 
lower its palatability. In addition to 
having what seemed to be an un- 

Table 2. Range composition (%) of major plant species based on green surface area, and 
total production (lb/acre, ovendry) by trials. 

Measurement and 
plant species Trial 1 Trial 2 Trial 3 Trial 4 

Composition 
Grasses 

Alpine timothy 
Mountain brome 
Showy onion grass 

Forbs 
Duncecap larkspur 
Leafybract aster 
Mountain knotweed 
Mountain sorrel 
Northwest cinquefoil 
Pale agoseris 
Stickseed 
Sticky geranium 
Sweetanise 
Thickleaf groundsel 
Western valarian 
Western yarrow 

3.8 2.4 1.2 1.2 
8.1 7.9 9.9 8.5 
2.4 .7 1.4 1.8 

3.3 2.9 1.9 2.8 
5.5 5.4 3.6 4.6 
1.2 .8 .4 2.4 

.8 .4 .2 .2 
10.6 11.7 9.2 8.0 

1.5 1.0 .4 .2 
2.5 1.4 1.4 1.0 

39.8 48.8 57.4 49.0 
.6 .9 1.9 1.0 
.6 1.4 1.2 1.0 

3.7 .8 .7 .7 
1.5 .9 .6 1.2 

Total production 1,827 1,748 1,516 1,570 

pleasant taste and smell, bitter-tasting 
western yarrow was also recognized by 
sight as being unpalatable. 

Both duncecap larkspur (Delphinium 
occidentale) and northwest cinquefoil, 
both bitter-tasting plants, were more 
palatable when sheep had their sense 
of taste controlled. Because of the low 
availability of larkspur, valid statistical 
comparisons could not be made for all 
trials. Duncecap larkspur seemed to 
have an objectionable smell and taste. 
Touch was not related to preference 
for larkspur, but sight appeared to be 
negatively related. Blindfolded sheep 

showed a preference for larkspur of 
5.6 compared to 0.8 for control sheep 
in the same trial. When sheep could 
see, smell, or taste, regardless of com- 
bination of treatments, preference for 
larkspur appeared to be lower than 
when these senses were controlled. 
Frequently, however, no statistical dif- 
ference was found. 

Northwest cinquefoil was another 
plant that significantly increased in 
preference when taste was controlled, 
but its palatability was not exclusively 
related to taste. Impairment of smell 
decreased preference for northwest 

Table 3. Average relative preference index for treated and untreated fistulated sheep in four trials. 

Grasses Forbs 

Dunce- Moun- North- Thick- 
Moun- Showy cap Leafy- tain Moun- west Pale Sticky leaf 

Alvine tain onion- lark- 
timbthy brome 

bract knot- tain cinque- agos- Stick- gera- Sweet ground- Western Western 
grass svur aster weed sorrel foil eris seed nium anise se1 valarian varrow - Trials’ 

No. 1 
Control 1.2 2.0 
AP 1.8 2.4 
As 1.4 1.5 
Ag .2 .8 
At 1.4 2.4 

No. 2 
Control 2.2 2.2 
AP, As 2.4 2.2 
AP, Ag 2.5 2.2 
As, Ag 1.2 1.4 
AP, At 2.3 2.1 

No. 3 
Control 18.5 2.1 
As, At 1.2 1.8 
As, AP, Ag 7.0 2.2 
As, Ag, At 5.8 1.2 
Ag, At 4.7 1.8 

No. 4 
Control 2.0 2.6 
As, Ap, At 1.2 2.9 
AP, At, Ag 2.4 2.6 
As, Ap, Ag, At 2.4 2.8 

1.5 .8 5.0 .6 11.9 1.3 4.0 1.0 LZ 36.4 55.7 1.7 L 
2.0 5.6 5.3 .9 7.9 1.4 3.0 .5 L 7.8 45.8 1.6 .3 
1.7 7.7 5.2 .9 11.1 1.0 4.2 1.4 .2 19.5 73.1 3.9 .3 
1.1 9.5 4.7 1.0 2.5 1.7 5.8 2.3 .2 24.8 31.5 1.4 .2 
1.9 1.2 4.6 .3 .9 1.4 2.2 1.6 .l 9.9 31.9 1.1 .l 

7.6 
13.8 

9.2 
7.8 
9.6 

3.7 
3.0 
4.9 
3.8 
4.4 

2.2 
2.8 
3.4 
3.1 

.5 
L 
.4 
L 
L 

L 
L 

35.1 
1.9 

L 

.3 

.4 

.l 

.3 

6.3 1.7 37.4 1.1 3.4 .9 L 4.6 14.2 1.3 .2 
5.6 2.6 29.6 1.1 1.4 .8 .l 8.3 10.0 3.5 .4 
5.4 1.4 .2 1.5 1.8 .5 .l 5.5 6.6 1.0 .8 
5.0 1.0 2.2 2.0 2.8 2.5 .l 5.9 5.6 3.7 .5 
4.5 .3 11.4 1.1 .9 1.0 .l 17.8 2.9 .5 .2 

9.6 3.7 69.6 2.0 
7.8 8.2 61.4 1.4 
7.5 4.8 2.4 1.8 
9.4 2.4 9.1 2.1 
9.6 4.3 5.3 1.4 

25.6 .7 L 
3.2 4.5 .l 

13.2 .5 .2 
3.5 3.5 .2 
6.8 1.9 .l 

14.6 12.2 2.0 
8.2 13.9 .l 
4.1 20.2 2.1 
3.3 10.6 1.8 
2.7 27.8 8.0 

12.8 .8 2.4 
11.9 1.3 1.8 
5.7 .4 .5 

2.1 
1.2 
1.7 
1.0 

2.4 1.9 L 
1.9 .4 .l 

.l .4 
2.7 :: .3 

2.5 
2.4 

.l 
2.7 

7.2 
13.2 
4.0 
3.2 

:: 
.l 

1.4 

.l 

.5 
1.4 
1.0 

.3 

.4 

.2 
2.1 
2.1 8.0 1.6 .l 

’ Symbols used are as follows: As = anosmia, sense of smell impaired; Ap = anopsia, sense of sight impaired; Ag = ageusia, sense of taste impaired; and At = atactilia, sense of 
touch impaired. 

‘L = less than .l. 
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Table 4. Statistical relationships of relative preference indices for selected treatments of sheep when compared to control sheep. Values indicate the 
level of significance of difference when compared to control. 

Plant species 

Grasses 
Alpine timothy 
Mountain brome 
Showy oniongrass 

Forbs 
Duncecap larkspur 
Leafybract aster 
Mountain knotweed 
Mountain sorrel 
Northwest cinquefoil 
Pale agoseris 
Stickseed 
Sticky geranium 
Sweetanise 
Thickleaf groundsel 
Western valarian 
Western yarrow 

I 

$2 

.02 

.Ol 
NS 

.05 
NS 
NS 
.Ol 
.lO 
NS 
NS 
.Ol 
NS 
NS 
NS 
.02 

As, Ap, At As 
(4) (1) 

NS3 NS 
.Ol NS 
NS NS 

NS .lO 
NS NS 
NS NS 
NS NS 
.05 .15 
NS NS 
.05 NS 
NS NS 
NS NS 
NS NS 
NS .lO 
.15 .Ol 

AP, At, Ag 
(4) 

NS 
.Ol 
NS 

NS 
.02 
.20 
.20 
.20 
.15 
.05 
.Ol 
NS 
.15 
NS 
.20 

AP 
(1) 

.20 
NS 
.20 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
.20 
NS 
NS 
.Ol 

As, Ag, At 
(3) 

.15 
NS 
NS 

NA4 
NS 
NS 
.lO 
NS 
.lO 
NS 
.Ol 
.02 
NS 
NS 
.15 

NS 
NS 
NS 

NS 
NS 
.20 
.Ol 
NS 
.lO 
NS 
NS 
.20 
.20 
NS 
NS 

As, AP, Ag 
(3) 

.20 
NS 
NS 

NA 
NS 
NS 
.lO 
NS 
NS 
NS 
.Ol 
.05 
NS 
NS 
.02 

As, AP, 
Ag, At 

(4) 

NS 
.02 
NS 

NS 
NS 
.05 
.lO 
.lO 
NS 
.05 
.Ol 
NS 
.20 
NS 
.15 

’ Symbols used are as follows: As = anosmia. sense of smell impaired; Ap = anopsia, sense of sight impaired; Ag = ageusia, sense of taste impaired; and 
Ai = atactilia, sense of touch impaired. 

2 Trial number. 
‘Not significant at P < .20. 
4Not statistically tested. 

’ 

cinquefoil; anosmic sheep had a prefer- 
ence value of 1 .O compared to 1.3 for 
control animals. However, the interac- 
tion of smell and taste suggested that 
taste was more influential in selection 
of this plant. When both smell and 
taste were controlled, the relative pre- 
ference index increased, which is the 
same response observed with impair- 
ment of taste alone, but opposite of 
the response observed when smell 
alone was impaired (Table 3). Although 
this difference was not significant, it 
did show a tendency for the effects of 
taste impairment to override the 
effects of smell impairment. Further 
evidence to suggest a more important 
influence of taste was found when all 
other senses were impaired. When this 
occurred, preference decreased signifi- 
cantly; animals that could only taste 
took less northwest cinquefoil than 
control animals. When senses except 
smell were controlled, sheep prefer- 
ence remained depressed, which indi- 
cated that selection on the basis of 
smell was dependent upon other sen- 
sory stimuli. 

Preference for grasses was primarily 
related to taste and sight. Preference 
for alpine timothy (Phleum alpinum) 
and for mountain brome was signifi- 
cantly decreased when taste was 
impaired. Preference for showy onion- 
grass (Melica spectabilis) was not sig- 
nificantly altered by taste treatment. 
Preference for showy oniongrass and 
alpine timothy increased when sight 

was impaired. This change was prob- 
ably related primarily to the change in 
feeding behavior of the sheep when 
blindfolded. Anopsic sheep tended to 
feed longer in a specific spot and lower 
in the vegetation. Grasses that tended 
to grow lower than most other vegeta- 
tion were more frequently en- 
countered by anopsic sheep than by 
untreated animals. Since these low- 
growing grasses did not have other 
o b j e c tionable characteristics, they 
were consumed more frequently by 
anopsic sheep than by sheep that had 
better access to higher growing vegeta- 
tion because of normal behavior. 
Changes in feeding behavior were only 
apparent for anopsic sheep. 

Mountain sorrel was a forb strongly 
preferred because of its sour taste. 
When taste was impaired singly or in 
combination with other senses, prefer- 
ence for sorrel decreased. Mountain 
sorrel a tender, succulent plant, was 
also preferred on the basis of touch. 
However, taste seemed to be more 
influential, as indicated by results 
when all senses except touch were 
controlled. In this case, the preference 
index for treated sheep was 2.4 com- 
pared to 69.6 for untreated sheep. 
Preference remained depressed when 
all senses except touch were impaired. 
When all senses except taste were 
controlled, no significant differences 
were noted between treated and con- 
trol sheep. 

Preference for other succulent 
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plants, such as thickleaf groundsel, 
swee tanise (Osmorhiza occiden talis), 
and pale agoseris (Agoseris glauca), 
was also positively related to the sense 
of touch. Mountain knotweed (Poly- 
gonum montanum), not succulent but 
rated low in degree of coarseness, 
decreased in preference when touch 
was controlled. No plants had charac- 
teristics producing sufficiently adverse 
tactile stimuli to cause significant 
decreases in preference. The role of 
touch in selection was not as influen- 
tial as that of other senses. Preference 
for thickleaf groundsel was more re- 
lated to interactions of smell and taste. 
Sheep with smell and taste controlled 
showed a significantly lower prefer- 
ence (5.6) than untreated sheep (14.2) 
with P < 0.01. Most bitter plants in 
this study were unpalatable; however, 
the bitter-tasting thickleaf groundsel 
was preferred when smell and taste 
functioned together. Since preference 
for groundsel decreased when only 
smell remained intact, it is probable 
that the bitter taste of this plant and 
its tenderness provide highly preferred 
stimuli for acceptance by sheep. 

Sweetanise was a highly preferred 
plant. Acceptance of this plant 
decreased from RPI = 36.4 to RPI = 
24.8 when taste was controlled. While 
the difference was not significant, it 
did suggest sheep preferred the sweet 
taste of this plant. Sweetanise, also 
highly succulent, was preferred on the 
basis of touch. Sight was also related 
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to palatability of sweetanise, which is 
a tall-growing plant. Sheep could see 
sweetanise plants from any area of the 
pasture and would actively seek them 
out unless blindfolded. Other plants of 
exceptionally high palatability were 
not as obvious to sheep at long dis- 
tances, and the animals did not signifi- 
cantly relate to sight of them. 

Leafybract aster (Aster foliaceus) 
was both abundant and high in palata- 
bility. This aster has a faint bitter 
taste, but is still highly preferred by 
sheep on this range. Changes in prefer- 
ence for aster as a result of sensory 
impairment generally were not signifi- 
cant. Smell apparently was not of 
importance in selection of aster. Pre- 
ference decreased significantly when 
smell was the only sense intact, indi- 
cating that other senses related to 
preference but smell was neutral. It 
was suspected from results of treat- 
ment combinations that touch was 
influential in determining preference 
for leafybract aster, but no clearcut 
significant relationship could be estab- 
lished. 

Stickseed (Hackelia j7oribunda) was 
selected nearly at random by the 
grazing sheep. No relationship to spe- 
cific senses could be established, 
although there were indications that 
sense alteration would change prefer- 
ence values. 

Discussion 

Results of this study indicated rela- 
tionships of the senses to forage selec- 
tion are complex. Taste appeared to be 
the primary sense used for selection of 
many species in the animals’ diet, 
although taste frequently interacted 
with other senses. However, taste of 
some plants had no apparent influence 
on their palatability. Arnold (1966b) 
found that sheep surgically treated to 
control the sense of taste were unable 
to differentiate between species and 
strains of plants as successfully as 
intact sheep. This work was done on 
improved pastures in Australia, but the 
basic relationships of taste seem to be 
the same as on rangeland in this study. 
Longhurst and Kepner (1968) studied 
the effect of impairment of smell and 
taste in selection of feed treated with 
extracts from plant leaves high in 
volatile oils. They found taste to be of 
less importance in preference than 
smell. However, when smell and taste 
were both controlled, the degree of 
selectivity was less than if smell alone 
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was controlled. 
On the range studied, sticky gera- 

nium made up about half of dry 
weight production. Since selectivity of 
this plant was almost exclusively a 
function of taste, some change in the 
taste of this plant to improve palata- 
bility could almost double the carrying 
capacity. Perhaps a chemical substance 
could be applied to improve the taste 
of geranium or a fertilizer program 
might change palatability of this plant. 

The other senses appear to supple- 
ment the sense of taste. Smell was 
only of specific importance in selec- 
tion of northwest cinquefoil; in con- 
junction with taste, smell was influen- 
tial in selection of certain other plant 
species. Tribe (1949) suggested smell 
was only supplementary to other 
senses in influencing forage selection 
of sheep. Arnold (1966b) found smell 
to be of importance and closely 
related to selection of plant parts or 
specific phenological stages of plants. 
Longhurst and Kepner (1968) deter- 
mined that olfaction was the first 
sense used in making a selection and so 
had its greatest effect in initial forage 
selection. 

Sight was related to selection of 
certain palatable plants, such as 
sweetanise. Other plants of high pala- 
tability, but low-growth form, could 
not be seen from distances greater 
than 10 or more feet. Consequently, 
no relationship to sight was shown. 
Arnold (1966a) found sight was not 
important for selection of plant 
species in grass-clover-alfalfa pastures, 
but did report changes in grazing 
behavior similar to those described in 
this paper. Arnold did not blindfold 
the sheep; he restricted their vision 
with “blinkers” that did not totally 
obstruct sight except at the point of 
forage selection. 

Plants selected, at least in part, on 
the basis of touch were all categorized 
as “low” in coarseness; generally they 
were succulent. Overall, touch 
appeared primarily to supplement the 
sense of taste in selection of plant 
species. 

When all four senses were impaired, 
sheep showed some interesting altera- 
tions in forage preference. Changes in 
preference did not result in completely 
random forage selection; however, 
plants of low palatability, such as 
geranium and western yarrow, in- 
creased in preference after impairment 
of all four senses. Plants of high 

palatability, such as mountain sorrel 
and thickleaf groundsel, decreased in 
preference. Although sensory impair- 
ment was severe, some factors influ- 
encing forage selection, such as touch 
in the tongue and the common chemi- 
cal sense, were not controlled. Arnold 
(1966b) reported the control of smell, 
taste, and touch in combination did 
not completely alter animal forage 
preference in an area where sight was 
of minor importance. Longhurst and 
Kepner (1968) in feeding trials of 
sheep also found impairment of smell, 
taste, and touch in combination did 
not completely alter sheep forage pre- 
ferences. 
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Aspen Invasion 

in a Portion 
of the Alberta Parklands 

ARTHUR W. BAILEY AND ROBERT A. WROE 

Highlight: Brush areas on ranges in the parkland region of southcentral 
Alberta have increased from 4.8 to 8.0% of the land area between 1907 and 
1966. The invasion was not consfanf each year, but was concentrated in two 
major periods between 1937 and 1970. Annual herbage production under aspen 
and willow was reduced by 80 to 90% when compared wifh the production of 
adjacent rough fescue grassland. The invasion of aspen info grasslands was corre- 
lated with high remperorures, particularly during the monrh of June, I and 2 
years before tree establishment and with low precipitation 2 years prior fo 
esrablishment. 

The aspen parkland is a major 
vegetation zone where groves of aspen 
(Populus rremuloides Michx.) and wil- 
low (Salix spp.) are interspersed with 
grassland. The parkland zone is a 
tension area between the prairie to the 
south and the boreal forest to the 
north. The prairie vegetation occurring 
within the parklands has been de- 
scribed regionally as the rough fescue 
(Festuca scabreNa Torr.) and the 
mixed prairie associations of western 
Canada (Coupland, 1950). 

The invasion of fescue grassland by 
brush (Fig. 1) has been recorded by 
Moss and Campbell (1947) and 
Johnston and Smoliak (1968) in 
Alberta, by Coupland and Maini 
(1959) and Maini (1960) in Saskatche- 
wan, and by Blood (1966) in Mani- 
toba. 

The purpose of our study was to 
establish whether brush invasion had 
occurred in southcentral Alberta and 
to determine the rate of invasion and 
the effect of brush on herbage produc- 
tion. 

The study area was located on the 
southern edge of the parklands of 
southcentral Alberta in Township 34, 
Range 19, west of the 4th Meridian, 
about twenty-five miles south of 
Stettler, Alta. The topography was 
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moderate to strongly rolling, known 
locally as knob and kettle topography. 
The dark brown soils had developed 
on glacial till. Average annual precipi- 
tation was 36 to 41 cm (14 to 16 
inches). The frost-free period was 100 
to 110 days. The July and January 
mean temperatures were 18” C (64°F) 
and -13°C (9’F), respectively. The 
study area had been lightly grazed 
since white settlement. 

Methods 

During 1969, available annual pro- 
duction in aspen, willow, and rough 
fescue communities was measured by 
randomly locating two 0.25~m2 plots 

in each of five stands per community. 
The plots were clipped at ground level 
in late July, sorted to grass and grass- 
likes, forbs, and current annual growth 
of shrubs, air-dried, and weighed. The 
cover of brush along each survey line 
was recorded by land surveyors during 
the original Dominion of Canada legal 
land survey in 1907. Forty samples, 
each 1 mile in length, were randomly 
selected from the legal land survey 
field notes of Cautley (1907) for 
study. The same lines were then 
located on aerial photographs taken in 
1966. For each sample transect, the 
length of the l-mile line covered by 
brush in 1907 and 1966 was measured. 
The two figures were compared to 
determine whether brush cover had 
changed during the 59.year period. 
Four aspen groves were randomly 
selected to estimate tree age. The small 
trees (young stands) on the outer 
perimeter of each grove were sampled 
separately from the taller, larger 
diameter trees (mature stands) near 
the center of the grove. In 1970, 40 
aspen trees in each grove, 20 in the 
young stand and 20 in the mature 
stand were randomly selected, cut 
dawn, the height measured and a 
cross-section of each stem was col- 
lected. During the winter, the block 
from each cross-section was sanded 
and the growth rings were counted 
using a 7 to 20X binocular micro- 
scope. Since most of the trees were 
less than 35 years old, false rings were 
either not present or were easily recog- 
nized. 

Correlation coefficients and regres- 
sion equations were developed relating 



tree establishment to environmental 
factors. The precipitation data used 
were the average of data from the 
three closest meteorological stations of 
the Canada Department of Transport, 
Meteorological Division. Temperature 
data were obtained from the meteoro- 
logical station at Calgary, Alta. 

Results 

Vegetation production under the 
closed canopies of the willow and 
aspen communities was reduced sig- 
nificantly compared to the adjacent 
grassland (Table 1). The grass and 
grass-like production was reduced to 
310 kg/ha under willow and 154 kg/ha 
under aspen compared to 1944 kg/ha 
in the adjacent grassland. This repre- 
sents a reduction of grass and grass- 
likes of 84% under willow and 92% 
under aspen. 

Most one-mile transects had some 
brush on them in 1907 and 1966, but 
the mean area occupied by brush 
increased from 4.8% to 8.0% (Table 
2). Of the 40 one-mile transects 
sampled, 68% increased in brush cover 
while only 7% decreased. The net 
increase in brush cover was 3.2% ova 
59 years; the annual rate of invasion 
averaged 0.08%. 

In 1907 the brush cover for the 
one-mile transect presented in Fig. 2 
was restricted to five stands of willow. 
By 1966, the same line crossed five 
stands of aspen and eight stands of 
willow. Cautley (1907) recorded only 
two groves of aspen crossing the 40 
one-mile transects. In 1966, 35 of the 
40 transects (88%) had one or more 
aspen groves present. 

The growth ring analysis indicated 
major periods of rapid tree invasion 
(Fig. 3). Two periods, 1960 to 1965 (5 
to 10 years ago) and 1944 to 1950 (20 
to 26 years ago) had the highest 
frequency of tree establishment. Of 
the 160 aspen trees studied, the 
youngest tree was 3 years old and the 
oldest was approximately 67 years old 
(67 growth rings). As aspen grows 
older, more false rings seem to occur, 
making estimation of tree age more 
difficult. 

Trees in the young aspen stands had 
diameters ranging from 1.3 to 7.1 cm 
(0.5 to 2.8 inches); the trees ranged 
from 1.4 to 8.7 m (5 to 28 ft) tall. In 
the mature aspen stands, the tree 
diameters ranged from 4.6 to 30.5 cm 
(1.8 to 12 inches); the trees ranged 
from 4.5 to 15.7 m (15 to 51 ft) tall. 
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Table 1. Annual herbage production (kg/ha)’ of willow, aspen, and adjacent rough fescue 
grassland communities in 1969. 

Willow Aspen Rough fescue 
Vegetation class (n = 10) (n = 10) (n = 10) 

Grass and grass-likes 310 154 1944 
Forbs 218 82 46 
Shrubs 0 282 22 

Total available production’ 528 + 643 518 + 76 20125 88 

‘To convert kg/ha to lb/acre multiply by 0.89. 
‘Total annual production of the rough fescue grassland but only available annual production 

in the other two communities because annual growth of tall willow and aspen beyond the 
reach of livestock was not measured. 

3 Standard error of the mean. 

Maini (1960) reported that sucker- 
ing was stimulated when temperature 
and moisture conditions were favor- 
able. In this study, the correlation for 
all 160 trees between rate of tree 
establishment and annual precipitation 
was nonsignificant (Y 0.02). This value 
may have been influenced by climatic 
extremes. Aspen is a short-lived tree 
detrimentally affected by drought 
(Maini, 1960). Few trees were more 
than 32 years old (Fig. 3). The sample 
of trees surviving prolonged droughts 
of the 1930’s may be too small to give 
a significant correlation. To test the 
relationship of tree establishment to 
temperature and moisture conditions 
since the drought of the 1930’s, cor- 
relation coefficients were developed 
for trees established in the 1937 to 
1970 period. Mean air temperatures 
and total precipitation were tested for 
the year of tree establishment as well 
as 1, 2 and 3 years prior to tree 
establishment for May, June, July, 
August, September, June to August, 
May to September, and annually. 

Mean air temperature 1 year prior to 
tree establishment was significantly 
correlated for June (Y = 0.42*, 

P<O.OS), June to August (r = 0.35*), 
and annually (r = 0.43”). Mean tem- 
perature 2 years prior to tree establish- 
ment was significantly correlated for 
June to August (r = 0.34”) and annu- 
ally (Y = 0.38”). Precipitation 2 years 
prior to tree establishment was signifi- 
cantly negatively correlated for May to 
September (v = - 0.38 *) and annually 
(r = -0.46**,P<O.O1). 

Multiple regression equations were 
developed using 33 years of tree es- 
tablishment data and 51 temperature 
and precipitation variables. One equa- 
tion having nine independent vari- 
ables accounted for 55% of the total 
variation. A more readily understand- 
able equation is the one following 

which accounted for 41% of the total 
variation: 

y= -31.501 - 0.453X, +0.587X2 +0.373X, 

where Y = number of trees established, 
X1 = annual precipitation 2 years 
before tree establishment, X, = mean 
annual temperature 1 year before tree 
establishment, and X, = mean temper- 
ature for June the year before tree 
establishment. The multiple correla- 
tion coefficient (R = 0.642) was signif- 
icant (P < 0.01). The t-test on the 
slope b for each variable (Xl, X, , X,) 
was also significant (P < 0.05). 

A single variable, June mean tem- 
perature 1 year before tree establish- 
ment was found to be highly signifi- 
cant (Y = 0.556) for the 22 years 
having three or more trees established 
(Fig. 3). The linear regression equation 
was : 

Y = -27.861 + 0.607 X 

where Y = number of trees established 
and X = mean June temperature the 
year before tree establishment. This 
accounted for 31% of the variation 
and the t-test on the slope b was 
significant (P < 0.01). 

Discussion 

Brush species, particularly aspen, 
have invaded grassland along the 
southern edge of the aspen parkland 
where the study area was located. Our 
findings agree with other research in 

Alberta by Moss and Campbell (1947) 
and Johnston and Smoliak (1968). 
The rate of invasion of brush on to 
grassland, however, averaged only 
0.05% per year compared to 0.75% per 
year in the Porcupine Hills of South- 
western Alberta, an area of higher 
annual precipitation. The dark brown 
soil zone in Saskatchewan where Maini 
(1960) worked had a climate similar 
to that of the study area. He reported 
rates of invasion of 1 .O to 2.5 ft/mile 
per year; these rates (0.02 to 0.5% per 
year) are very similar to the average 
rate of invasion of 0.05% annually 
found in the study area. 

The area now dominated by aspen 
may have produced more than 1990 
kg/ha prior to the invasion of aspen. 
Under mature aspen stands sampled, 
60% of the soils were black cherno- 
zems, and the remaining were carbo- 
nated regosolic humic gleysols. In con- 
trast, 80% of the soils under rough 
fescue grasslands were dark brown 
chernozems, soils which have 
developed under drier climatic condi- 
tions than those under aspen. Aspen 
groves generally occur downslope from 
fescue grasslands or on north-facing 
slopes. In the dark brown soil zone of 
Saskatchewan, Ayyad and Dix (1964) 
have demonstrated that north-facing 
slopes usually have higher soil mois- 
ture than middle or upper slope posi- 
tions. An 88% reduction in annual 
herbage production is probably a con- 
servative estimate because aspen now 
occupies more productive soils. 

The invasion of aspen into adjacent 
grasslands as has occurred in the young 
stands studied was assumed to have 
occurred in years of high precipitation 
as indicated by Maini (1960). It has 
been demonstrated for beech (Fagus 
grandifolia) that the width of annual 
rings is positively related to June 
precipitation of that year but nega- 
tively related to June mean tempera- 
tures of 1 year before (Diller, 1935). 
However, in this study, tree establish- 

Table 2. A comparison of brush cover on 40 one-mile transects in 1907 and 1966 in south 
central Alberta. 

Item 1907 1966 

Transects having some brush cover (%). 92 95 
Transects having no brush cover (%). 18 5 
Range in brush cover per mile (%). O-18 O-26 
Mean brush cover (%).I 4.8 8.0**’ 
Transects that increased in brush cover (%). 68 
Transects that decreased in brush cover (%). 7 
Transects that remained the same (%). 25 

’ Significantly greater (p < 0.01) than brush cover in 1970 using the paired I-test. 
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ment in aspen was found to be nega- 
tively related to the precipitation and 
positively related to the mean temper- 
ature regimes that occurred 1 and 2 
years previous. It would appear that 
aspen suckering and invasion of grass- 
lands is closely linked to high soil 
temperature (Shirley, 1932; Maini, 
1968) low precipitation, and possibly 
also to apical dominance (Farmer, 
1962). Our findings are in agreement 
with Maini (1968) who maintains that 
any disturbance resulting in an 
increase in soil temperature stimulates 
aspen suckering. The greatest invasion 
of aspen into grassland in the study 
area occurred in 1962, 1 year after the 
196 1 drought, when the June mean 
temperature was 8” F above the 33- 
year average. Suckering continued for 
1963 and 1964, when the June mean 
temperature the year before had also 
been higher than average. 

Dix and Steen (1968) recorded the 
widespread dieback of aspen groves in 
the parklands of Saskatchewan in the 
mid-1960’s and suggested that the 
dieback was triggered by the severe 
drought of 1961. Dead aspen trees 
were observed in some groves studied, 
but it is not known when mortality 
occurred. The 1961 drought appar- 
ently triggered a massive invasion of 
aspen suckers into the grassland. The 
invasion was closely related to high 
mean temperatures and low precipita- 
tion 1 and 2 years prior to establish- 
ment. It is not known whether this 
invasion was related to the loss of 
apical dominance caused by dieback of 
some of the mature trees. 

Summary and Conclusions 

Annual herbage production under 
brush was only 10 to 25% of that of 
the adjacent grassland. Brush cover of 
aspen and willow showed a net in- 
crease of 3.2% during the 59-year 
period of 1907 to 1966. Age distribu- 
tion of the trees indicated that the 
invasion was concentrated into two 
major periods of expansion. The in- 
crease in cover of brush included the 
establishment of new stands as well as 
the increase in size of established 
stands. In 1907, only two groves of 
aspen were recorded in 40 one-mile 
transects but by 1966, 88% of the 
transects had aspen groves present. 
The rate of invasion may well be 
increasing because of the greater num- 
ber of brush patches becoming es- 
tablished. Over many years, the inva- 
sion of aspen and willow would mean 
a loss in forage production and a 
decline in carrying capacity of these 
ranges for domestic livestock. 

The invasion of aspen into rough 
fescue grassland was found to be re- 
lated to high growing season tempera- 
tures, particularly during the month of 
June 1 and 2 years prior to establish- 
ment and to low May to September 
and annual precipitation 2 years prior 
to establishment. The effect of the loss 
of apical dominance in aspen on inva- 
sion into grassland by suckers was 
uncertain. 
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Salt and Oxalic Acid Content of Leaves 
of the Saltbush Atriplex halimus 

in the Northern Negev 

SIGMUND J. ELLERN, YOCHAI B. SAMISH, AND DAVID 

Highlight: Saltbush (Atriplex halimus L.) in the semiarid 
south of Israel was analyzed for leaf sodium, chlorine, and 
oxalic acid in order to identify and propagate low-salt bushes 
likely to be browsed more readily by range cattle and sheep. 
No correlation was found between leaf chlorine and growth 
habit factors like bush size and leafiness, or between chlorine 
and sodium. High-chlorine bushes had a lower Na/Cl ratio, and 
probably a substantial proportion of the Na’ and Cl- ions are 
not linked as NaCl. Leaf oxalic acid was lower in high-chlorine 
bushes. The data suggest that moisture stress sharply reduced 
insoluble leaf oxada te. Values found are unlikely to cause 
toxicity problems in livestock. 

The saltbush,AtripZex ha2imus L., grows wild mainly in the 
central and southern parts of the semiarid Negev, and also in 
the Jordan Valley. It is drought and salt resistant and remains 
green and succulent in late summer and autumn, when such 
forage is scarce in a Mediterranean environment. This has led 
the Israel Soil Conservation Service to plant it near settlements 
in southern Israel to provide ranchers with protein and 
mineral-rich browse to supplement stem-cured range forage, 
especially in drought years. However, the area planted to 
saltbush has failed to expand, largely because livestock and 
especially sheep often do not seem to browse it readily. The 
reason for this is not clear, but the situation makes the 
identification and propagation of saltbush more acceptable to 
stock an essential part of plant improvement. 
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(personal communication) have expressed the view or provided 
data to show that high salt content of the leaves decreases 
livestock intake on the range. 

Accordingly, in the present work, salt content of the leaves 
of a large number of saltbushes was determined (as chlorine), 
with the following aims: 

1. To determine distribution of leaf chlorine content in the 
population. 
2. To clarify whether leaf chlorine content is affected by 
location of bushes in the field. 
3. To obtain high and low leaf chlorine propagating 
material for testing in a grazing experiment, and for plant 
improvement work. 
4. To test for correlation of leaf chlorine with other 
parameters likely to be of importance in plant improve- 
ment, e.g. oxalate content, and growth habit factors such as 
bush size, prostrate habit (which makes for easier grazing 
by sheep), leafiness, and leaf size. 

Materials and Methods 

The saltbushes were planted 2 by 3 m apart at the Migda 
Experimental Range, 20 km NW of Beersheva, on non-saline 
sandy loam (loess) in March, 1964. They were nursery raised 
from seed collected from wild populations in the Negev and 
were 4.5 to 6 years old when sampled. Leaf chlorine on some 
1,400 bushes in 1968-69 was determined by means of the 
Buchler Instrument Co.‘s (1964) method of electrical titration 
with silver ions. On 85 bushes selected for further study, of 
which approximately half had a low leaf chlorine content, one 
quarter high, and one quarter medium, the following were 
determined in 1970 samplings: leaf chlorine, by titration as 
above, in July; leaf sodium and potassium, by ashing the leaves 
and using an “EEL” flame photometer on the aqueous extract, 
before the rains in November; total and water soluble oxalic 
acid (the latter on part of the samples only), using Moir’s 
(1953) method, also in November. 

Only fully expanded and non-senescent leaves within reach 
of cattle and sheep were sampled. Neither bases and tips of 
branches nor leaves on very high or very low branches were 
sampled. Preliminary tests had shown that leaves from the 
north and south sides of bushes sampled did not differ in 
chlorine content. 

The soil of the Migda range is non-saline. Total soluble salts 
content was 0.08 - 0.22% of dry weight, and chlorine content 
0.005 - 0.070% (Peleg and Lachover, 1963, sampling depth 
layers down to 180 cm). Our soil samples were taken from the 
30 - 60 cm layer in which the roots of the adjacent bush 
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seemed to be concentrated, 60 to 100 cm from the main stem. 
The growth habit parameters of bush size, prostrate habit, 
leafiness, and leaf size were visually estimated on a 0 to 10 
scale (10 = maximum). 

In analysing the data, the 85 bushes were divided into three 
groups according to leaf chlorine content (mean of 1968/69 
and 1970 determinations): high content, > 11% C 1 in dry 
matter; medium, 8 to 11%; and low, < 8%. For judging site 
effects (Fig. 2), only the low group was subdivided into low 
analysis bushes, 6 to S%, and very low, < 6% Cl in dry matter. 
Weighted means (Table 4, footnote2) were based on the 
number of bushes in the population falling into each leaf 
chlorine group (Fig. 1; Table 2). 

Results 

Mean salt content of leaves of Atriplex haZimus sampled in 
the rainless season in 1968/69, measured as % chlorine in dry 
matter, was 8.2 + (S.E.) 0.067%. Fig. 1 shows the frequency 
distribution of chlorine percentages estimated in single samp- 
lings of a total of some 1,400 individuals. The estimates were 
normally distributed at each of the sampling dates. In July 
1969, 1,086 bushes were sampled with a mean of 8.3 f 
0.066% leaf chlorine; in November, 1968, 237 bushes with a 
mean of 7.9 + 0.070%; whereas the onset of rain caused the 
mean for the 83 bushes sampled in January, 1969, to drop to 
6.3 + 0.190%. 

The spatial distribution in the field of the very low, low, 
and high leaf chlorine bushes out of the 85 chosen for closer 
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bushes of Atriplex 

study is shown in Figure 2. No connection could be found 
between mean leaf chlorine content of two samplings 
(1968/69; 1970) and location of bushes: low and high content 
bushes occupied adjacent sites. Table 1 shows data from soil 
samples taken adjacent to eight bushes high and eight low in 
chlorine content. Tests for soil chlorine and electrical conduc- 
tivity showed the soil from these samples to be non-saline and 
did not reveal any site effect on leaf chlorine content. 

Table 2 shows the range of values and means obtained from 
chemical analysis of leaves and visual ratings of growth habit 
of the bushes rated high, medium, and low in chlorine content. 
The ratio between leaf chlorine in the high and the low groups 
was about 2: 1 for the group means, and 4:l for the extreme 
values. Sodium values were much less variable, the corn- 
parable ratios being just over 1: 1 and 2: 1. This is reflected 
in the Na/Cl ratios of the three groups. The low con- 
tent bushes contained twice as much sodium per unit of 
chlorine as the high group. Leaf potassium values, like those 
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Discussion 

The object of this study was to improve the prospects of 
increasing intake of Israel’s native saltbush, A. halirnus, by 
livestock, especially sheep, on semiarid range by locating and 
propagating bushes low in salt measurable as leaf chlorine. 

The normal distribution of leaf chlorine content amongst 
the leaves means that to find bushes with extreme values, a 
large number must be screened and that the prospects of 
finding bushes either very low or high in leaf chlorine are 
roughly equal. Lachover and Tadmor (1965) found the 
seasonal changes in mean leaf chlorine content of three bushes 
of A. halimus in eastern Galilee to be closely paralleled by 
changes in leaf sodium. Our data do not exclude the possibility 
of most of the chlorine being present in the form of NaCl , but 
show that the Na/Cl ratio was smaller in high analysis bushes 
and that significant portions of the Na+ and Cl- ions, in and 
on the leaves (Mozafar and Goodin, 1970) cannot, therefore, 
be linked as NaC 1. Waisel and Eshel (197 1) and Waisel(1972) 
reported that Na+ and Cl- in halophytes are distributed 
differently among plant tissues and even among parts of the 
cell. 

The assumption that high leaf chlorine or salt content 
reduces saltbush intake by livestock has not been tested in a 
recent grazing experiment. Bonsma and Mar6 (1942) in South 
Africa with A. nummularia and Headden (1929) in Colorado 
with A. semibaccata, and the native saltbush A. argentia 
reported leaf chlorine or NaCl content of bushes avoided by 
sheep to be up to 20% higher than that of saltbush readily 
eaten. However, these data lack a test of significance. 

The possibility of NaCl (or Cl) not being either the 
decisive or the only factor governing livestock preference on 
saltbush or mixed range cannot therefore be dismissed and 
must be considered when determining chemical criteria for 
saltbush improvement. On saltbush planted, as in Israel, to 
provide a protein and mineral supplement to stem-cured, 
non-halophyte herbaceous range, salt hunger might have the 
opposite effect to that assumed, and lead stock to seek out 
high-salt bushes (Dr. N. Seligman, personal communication). 
In determining saltbush improvement criteria, due weight 

Table 1. Saltbush leaf and soil chlorine (in dry weight) and soil 
electrical conductivity (EC, mmhos cm-’ ) at 16 sampling sites. 

Kind of bush and 
Soil sample Saltbush leaves 

soil sample number EC Cl (ppm) No. Cl (%) 

Near high-chlorine bushes 
H, 0.36 21.8 27142 12.0 
HZ 0.15 4.2 23138 12.3 
H, 0.34 8.1 1 l/39 11.3 
H‘I 0.23 10.9 16132 12.5 
H, 0.18 4.8 9/18 12.0 
H, 0.18 16.7 819 14.3 
H, 0.22 7.4 2717 11.7 
H, 0.18 5.4 2718 13.0 

Near low-chlorine bushes 
L, 0.21 7.9 28129 8.4 
L, 0.26 6.2 28121 6.3 
L, 0.18 4.3 23127 7.6 
L, 0.20 7.7 25119 7.0 
L, 0.16 3.2 11/24 8.3 
L, 0.19 8.4 1816 6.8 
L, 0.18 5.4 8148 6.6 
L* 0.25 11.7 38133 5.1 

for sodium, were much less variable than those for chlorine. In 
line with this relationship, Table 3, giving the correlation 
coefficients for the parameters of the 85 bushes, shows low 
correlations between leaf chlorine values on the one hand and 
those for sodium and potassium on the other. 

High levels of both total and water soluble leaf oxalic acid 
were accompanied by low chlorine, and vice versa (Table 2). 
The correlation coefficient between chlorine and total oxalic 
acid was -0.54” (Table 3), but for water soluble oxalic acid 
the coefficient was only -0.26. There was also a significant 
positive correlation between total and water soluble oxalic 
acid with a coefficient of 0.63”“. Less than half of the total 
oxalic acid was water soluble (Table 2). 

No relationship could be found between the growth habit 
parameters of bush size, prostrate habit, leaf size, and quantity 
of leaves on the one hand, and leaf chlorine, sodium, and total 
oxalic acid on the other (Table 2). The appropriate correlation 
coefficients are low and non-significant (Table 3). 

Table 2. Chemical and growth habit parameters of 85 bushes of Atriplex halimus, divided into 3 leaf chlorine content groups. 

Total 
Water 
soluble 

Parameter oxalic oxalic Degree of 
and Cl’ Na/Cl’ K’ acid’ acid’ Bush prostrate Leaf Leaf i- 

group (%) ratio (%I (%I (%I size’ habit’ size’ ness’ 

Group No. 1: 
46 low chlorine bushes 

Mean 5.6 7.4 1.3 1.2 4.7 2.0 4.9 2.5 3.5 4.1 
S. E. 1.0 0.3 0.1 0.1 0.1 0.3 0.3 0.1 0.2 
Range 3.6-6.7 5.4-11.1 0.5-2.0 3.6-6.4 1.3-3.0 1 .o-9.0 0.0-8 .O 2.0-6.0 1 .O-8.0 

Group No. 2: 
19 medium chlorine bushes 

Mean 8.8 8.9 1 .o 1.4 4.4 1.8 4.2 2.2 3.3 4.2 
S. E. 0.2 0.3 0.1 0.2 0.4 0.4 0.5 0.2 0.5 
Range 6.6-9.8 6.6-l 0.4 0.7-2.3 2.8-5.7 1.2-2.7 1 .O-8 .O 0.0-8.0 2.0-5 .O 1 .o-9 .o 

Group No. 3: 
20 high chlorine bushes 

Mean 12.5 8.3 0.7 1.4 3.5 1.6 4.2 3.4 3.2 4.6 
S. E. 0.2 0.3 0.1 0.1 0.1 0.4 0.6 0.2 0.4 
Range 10.9-14.4 6.6-l 1 .l 0.6-2.1 2.5-4.2 1 .o-2.1 2.0-8.0 0.0-9.0 2.0-7 .O 2.0-8.0 

‘ Dry weight basis. 
’ Estimated on visual scale O-10 (10 = ma ximum). 
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Table 3. Correlation coefficients (r) between chemical content 
and growth habit parameters of saltbush (Atriplex halimus L.).’ 

(%) 

Chemical content 
growth habit 

parameters 

Chemical content’ 

Total 
Cl Na oxalic acid 

Na2 0.28 - -0.05 
K2 0.26” 0.20 -0.13 
Total oxalic acid’ -0.54” -0.05 
Water soluble oxalic acid’ -0.26 0.13 0.63** 
Bush size3 -0.04 -0.22 0.10 
Degree of prostrate habit3 0.18 -0.13 -0.07 
Leaf size3 0.17 0.21 0.12 
Bush leafiness3 0.10 -0.03 0.03 

T= significant at 5% level: ** = significant at 1% level. 
Based on 64-85 pairs of data (n); for data involving soluble oxalate 
35 pairs. 

2 Dry weight basis. 
3Estimated on visual scale O-10 (10 = maximum). 

should therefore be be given to factors other than salt content. 
Oxalic acid content and the presence of sweet smelling volatile 
substances in saltbush and similar factors are likely to affect 
taste, flavotir, and touch of the grazed portions, and hence, 
intake by sheep and cattle. Techniques such as Total Fluid 
Intake (Arnold and Hill, 1972) now make it possible to test 
directly for livestock acceptance or rejection of defined 
substances. Comparative studies of leaves from eaten and 
rejected bushes should therefore result in better data upon 
which to base saltbush improvement than those available until 
recently. While the low leaf chlorine content aimed at in this 
work should not be neglected, work now in progress did not 
confirm that in vegetative propagation of saltbush (Ellern, 
1972) the leaf chlorine content of cuttings up to 1.5 years old 
is like that of the parent bushes. Improvement work in this 
direction is therefore dependent on further leaf chlorine tests 
of the cuttings, since the parent bushes were mature (about 5 
years old) when tested. 

Selecting saltbush for low salt content would be pointless if 
this were a soil rather than a plant effect. Our data do not 
indicate changes in soil chlorine or total soluble solids to 
account for the considerable variation in leaf chlorine (1:4). 
Workers with saltbush grown in nutrient solutions (Ashby and 
Beadle, 1957; Rosenblum and Waisel, 1969) reported a rise in 
leaf chlorine with rising substrate chlorine content. Beadle, 
Whalley and Gibson (1957), on the other hand, adduce clear 
evidence that in the field, leaf chlorine, though ranging from 
9.6 to 13.6% Cl in dry matter, was completely unrelated to 
the enormous variation of soil chlorine ranging from 19 to 
9,250 ppm. However, our analyses were carried out on only 

one depth layer. They did reveal high soil chlorine or 
conductivity values near high leaf chlorine bushes in two 
analyses. Rosenblum and Waisel (1969) point out that roots of 
Atriplex haZirnus go down as much as 10 meters below the soil 
surface. Beadle et al. (1957) comment that “it is hard to know 
what soil layer to sample.” Sharma and Tongway (1973) also 
stress the large variation in soil analyses taken a few meters 
apart in saltbush communities. The present study, therefore, 
does not clarify the effect of plant genetic versus soil factors in 
controlling leaf salt and chlorine content of saltbush. 

The negative correlation between oxalic acid and chlorine 
in the leaves of saltbush may mean that selecting for both low 
leaf chlorine and low oxalic acid is not feasible. Association of 
low chlorine with high oxalic acid and vice versa was reported 
by Osmond (1963, 1967) in Australian saltbush (A. num- 
mularia). Osmond found that “excess cations” such as Na t , 
Kt etc., are balanced by either organic and especially oxalic 
acid or the chlorine anion. Comparison of our Negev analyses 
with those of Lachover and Tadmor (1965) at Moledet in 
eastern Galilee shows higher values for leaf sodium, chlorine, 
and total oxalate in the Galilee analyses, whereas those for 
potassium and soluble oxalates were comparable to ours. The 
data suggest that in Galilee more oxalate was produced and 
that a major portion accumulated as insoluble calcium oxalate. 
Salguez (1962) found 40% more NaC 1 in the ash of saltbush 
leaves in a coastal district of France than in an inland region. 
Soil and atmospheric moisture may well have played a part. 
Our analyses relate to bushes sampled in the 1968/69, 
1969/70 and 1970/71 seasons, when rainfall was 224, 170 and 
238 mm at the semiarid Negev location as against an ample 
553 mm at the Galilee one in 196 l/62. Osmond (1967) noted 
the association between nitrification and oxalate synthesis and 
quoted Bernstein and De Wit, who reported reduced organic 
acid synthesis in stressed plants. Mathams and Sutherland 
(1952) reported an immediate marked increase of oxalates in 
the salt bush A. semibaccata following rainfall. The low total 
oxalate content found in the Negev saltbush may, therefore, 
be due to soil moisture stress, possibly conducive also to lower 
nitrogen uptake. The level of oxalic acid found in the Negev 
saltbush is not likely to be toxic. Garner (1961) states that 
sheep’s resistance to oxalic acid poisoning depends on state of 
nutrition and rumen bacteria. In a well-documented case of 
poisoning of cattle in Queensland (Jones, Seawright and Little, 
1970) the grass Setaria sphacelata contained well over twice as 
much soluble oxalate as our Negev saltbush leaves. There does 
not, therefore, seem to be any need, because of toxicity, for 
saltbush selection to lower oxalic acid content. However, 
oxalic acid may affect taste and hence livestock intake. 

Table 4. Mean anion and cation values in saltbush (Atriplex halimus L.) Summary 
leaves sampled in semiarid (Negev) and subhumid (Galilee) environ- 
merits.‘’ 

A survey was made of some 1,400 saltbushes (Atriplex 
halimus L.) raised from seed collected from wild populations 

Water and planted 2 by 3 metres apart at the semiarid Migda 
Total soluble Experimental Range. Leaf salt content was determined as 

Na/Cl 
Location kl) ratio 

Negev’ 7.7 8.1 1.05 1.3 
(Migda) 
Galilee3 13.2 14.0 1.06 1.7 
(Moledet) 

’ Dry weight basis. 
‘Weighted means for 85 bushes (see “Methods”). 
3Meak for three bushes. 

oxalic oxalic 
acid acid 

chlorine with the aim of locating low-salt bushes likely to be 

(%) (%) 
more readily browsed by livestock and especially sheep. 
Eighty-five bushes, half with low, and one quarter each with 

4.4 1.9 medium and high leaf chlorine content, were studied in greater 

10.5 2.2 
detail. Leaf chlorine, sodium, and potassium, as well as total 
and soluble oxalates, were determined. Growth habit was 
visually appraised on a 0 to 10 scale for size, prostrate habit, 
leaf quantity, and leaf size. Correlations between parameters 
were calculated. 
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Leaf chlorine was normally distributed in the population, 
and peak values were four times those of the lowest chlorine 
content. The Na/Cl ratio was lower in high chlorine bushes 
and no correlation between sodium and chlorine content was 
found. This suggests that a substantial portion of these ions are 
not linked as NaCl . There was a negative correlation between 
leaf chlorine and total oxalic acid. No correlation between 
growth habit and chemical composition was detected. 

Comparison of these data with earlier work in Galilee, in a 
higher rainfall area, showed the Negev saltbush to be lower in 
leaf sodium and chlorine, somewhat lower in potassium, about 
the same in soluble oxalates, but markedly lower in total 
oxalates. Further work on saltbush should aim at comparative 
analyses of well and poorly grazed bushes, and include criteria 
other than leaf sodium and chlorine. 
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Relationship between Precipitation and 
Annual Rangeland Herbage Production 
in Southeastern Kansas 

THOMAS N. SHIFLET AND HARLAND E. DIETZ 

Highlight: Herbage production on the loamy upland range 
site in southeastern Kansas is related to seasonal precipitation. 
April through September precipitation gave the most reliable 
predictor of total herbage production. However, this value 
cannot be determined early enough in the season to make ad- 
justments in livestock numbers on seasonally grazed ranges. 
May through July precipitation, though less precise than that 
for April through September, can also be used to predict 
herbage yields and is timely enough for seasonal adjustments 
in livestock. 

Big bluestem was the only major species that showed 
significant correlation with seasonal precipitation. May through 
July precipitation was the best predictor of the herbage 
produced by this species. 

The rangeland operator is constantly confronted with the 
problem of adjusting livestock numbers to available forage. 
Numerous attempts have been made to correlate herbage 
production with various climatic phenomena in order to make 
timely adjustments in livestock numbers for economic live- 
stock production and conservation of the rangeland resource. 
Several studies have been conducted in the Great Plains region 
to correlate herbage yield with various seasons or periods of 
precipitation. 

Hulett and Tomanek (1969) working in west-central Kansas 
reported the measurement of monthly herbage production 
from 1941 through 1964. Correlation of precipitation with 
total yield of herbage was analyzed. Seasonal moisture 
recorded during the growing season, April through September, 
gave the highest correlation (Y= .626). Of the early season 
moisture measured, the May-June precipitation gave the best 
correlation (Y= .5 16). Some relationships were established for 
production of various groups of plants. For shortgrasses, 
seasonal moisture gave Y= .601 while an even better 
correlation of Y= .612 was found for July rainfall. The 
correlations computed were significant, and it was concluded 
that total herbage production could be predicted on the basis 
of May-June rainfall using simple linear regression techniques. 

Considerably higher correlations were found in North 
Dakota by Rogler and Haas (1947). A highly significant r= .76 
was found between total herbage production and April 
through July precipitation. When soil moisture in the surface 6 
feet of the soil was included in the computations, the 
correlation coefficient was increased to .84. Correlation of 
livestock gains with precipitation and precipitation plus soil 
moisture followed a similar pattern. 

Sandhills rangeland in excellent condition was studied for 7 
years by Dahl (1963) in eastern Colorado. May 1 through 

Authors are regional range conservationist, Soil Conservation Serv- 
ice, U.S. Department of Agriculture, Lincoln, Nebraska, and state 
range conservationist, Soil Conserv. Serv., U.S. Dep. Agr., Salina, 
Kansas. 
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October 1 precipitation was highly correlated with total 
growing season production (r= .893). Precipitation received 
during the previous two years was significantly correlated with 
total production (Y= .830). Highest correlations computed 
occurred between production from May to June 20 and 
precipitation received the previous 2 years plus evapotranspira- 
tion water, which gave a correlation coefficient of .983. 
Evapotranspiration water was defined as the soil moisture 
available at the beginning of the season plus precipitation 
received, less the soil moisture remaining at the end of the 
study period. 

Rauzi (1964), working with shortgrass vegetation in 
Wyoming, found May-June precipitation over a 5-year period 
to have a highly significant correlation (r= .675) with total 
yield of perennial vegetation. April through August precipita- 
tion was even more highly correlated (Y= .745). May-June 
moisture accounted for 46% of the variation in perennial 
vegetation production, while 65% was accounted for by 
precipitation received during the April-August period. Smoliak 
(1956) determined that shortgrass rangeland production in 
Canada was highly correlated with May-June precipitation, 
computing a correlation coefficient of .859. He was able to 
predict forage production and grazing capacity as early as July 
1 by using regression analysis. 

No studies of this nature have been reported from the 
tallgrass prairies of the Great Plains. However, Hazel1 (1965) 
studied an Oklahoma prairie on Parsons silt loam soil for 2 
years and found that production declined from 2152 lb/acre 
the first year to 1824 lb/acre the second. The decline in yield 
was apparently related to considerably less precipitation in 
May of the second year than was received the first year of the 
study. 

The study reported here was undertaken to determine if 
meaningful correlations existed between herbage production 
and various increments of precipitation in southeastern Kansas 
and to ascertain if production could be predicted as an aid to 
proper range management. 

Methods and Procedures 

Data for this study were collected over eight years from 
excellent range condition stands on specific soil taxonomic 
units (series and phase) comprising the loamy upland range site 
in the 35 to 40-inch precipitation zone in southeastern Kansas. 
Estimates of air-dry herbage production were made from 
October 1 to October 15 annually, using the double sampling 
technique described by Hilmon (1959) and Blair (1959). Each 
observation consisted of 10 subplots. Subplots were rectangu- 
lar in shape and ecompassed 1.92 ft* as described by Shoop 
and McIllvain (1963). Precipitation values were obtained from 
the recording station closest to where each herbage estimate 
was made. 

Statistical procedures for the study followed the methods 
outlined by Snedecor and Cochran (1967). 
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‘These data were collected imtially for the purpose of 
preparing and refining range site descriptions (Renner and 
Allred, 1962). Later all quality data on hand were transferred 
to a standard format for “se in an automated storage and 
retrieval system being developed by the Soil Conservation 
Service as described by Shiflet (1970). This system does not 
currently call for recording monthly precipitation with pro- 
duction and composition values since reliable sources of this 
information are not generally available. However, a block of 
data was available that included reliable monthly rainfall 
recorded at nearby recording stations. These data mcluded 
production determinations from three soil taxonomic units: 
Dennis silt loam, Lulu silt loam, and Bates loam, all major 
components of the Loamy Upland range site in southeastern 
Kansas.’ Six sets of data from each soil could be blocked by 
years and analyzed for differences in production and species 
composition between the three soil?.. Analysis of variance 
revealed that no significant differences in total production or 
in the production of little bluestem (Andropogon scoparius), 
big bluestem (A. gerardi), Indiangrass (Sorghastrum nufans), or 
switchgrass (Panicurn virgatum) existed. Based on this analysis, 
all the available data frown these three soils that reflected a 
range condition rating of 85% of climax composition or higher 
and which included monthly rainfall values were pooled. In all, 
25 observations were available (Table 1). The pooled data were 
subjected to linear regression and correlation analysis to 
determine the relationship of amounts of precipitation to total 
herbage production and to the production of each of the four 

’ Range site Descriptions and Technicians Guide to Range Condition, 
soil Conservation service, U.S. Dep. Agr. 

major species-hltle blucstcm, big bluestem, Indiangras?, and 
switchgrass-and to see if herbage production could be 
predicted from precipitation. 

Five seasons of precipitation were selected. Since produc- 
tion determinations were made from October 1 through 15, 
the precipitation from January through September was 
selected for study rather than the yearly total. Other seasons 
included pre-season (January through April); growing season 
(April through September), May and June, and May through 
JUIY. 

Results 

Correlation coefficients between the various periods of 
precipitation and total and species production are shown in 
Table 2. All correlations between total production and seasons 
of precipitation were significant at the 5% probability level 
except for the January through April period. Big bluestem was 
the only species analyzed that showed significant correlations. 
It was significantly correlated with all seasons except 
January-April. 

Total herbage production was most highly correlated with 
April-September precipitation. This resulted in a higher car- 
relation coefficient (.7X4) than that found by Hulett aud 
Tomanek (1969) in western Kansas. They reported total 
production and April-September precipitation to yield a 
correlation of ,626. Big bluestem production correlated most 
highly with May-July precipitation (F ,755). 

Linear regression analysis showed significant regression 
coefficients for ail seasons of precipitation on total production 



Table 1. Precipitation (inches) for selected periods and herbage estimates (lb/acre) for total production and for the production of four major 
species for the Loamy Upland site in southeastern Kansas.’ 

Data Jan.- 
set no. Sept. 

Precipitation Herbage production’ 

Jan.- Apr.- May- May- Total 
Apr. Sept. June July prod. ANSC2 ANGE SONU2 PAW2 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

21.5 5.0 18.2 9.0 11.1 4646 1980 976 782 0 
21.5 5.0 18.2 9.0 11.1 5258 2284 1098 486 318 
22.8 5.4 20.5 8.7 8.9 4854 2224 1748 264 0 
24.5 6.6 21.6 7.8 8.0 5289 1503 636 2256 0 
28.6 3.9 24.7 6.6 11.8 5612 3348 940 525 205 
21.5 5.0 18.2 9.0 11.1 4660 2070 1398 220 400 
18.8 5.6 15.6 3.7 8.2 3028 1442 308 558 0 
18.8 5.6 15.6 3.7 8.2 4270 2296 486 586 76 
28.6 3.9 24.7 6.6 11.8 6187 4426 68 402 112 
43.4 9.1 38.2 16.8 21.1 607 1 1320 3058 133 247 
18.8 5.6 15.6 3.7 8.2 5458 3488 532 926 64 
21.5 5.0 18.2 9.0 11.1 5236 1062 2295 558 791 
21.5 5.0 18.2 9.0 11.1 5776 1982 1616 110 824 
24.5 6.6 21.6 7.8 8.0 5815 580 4541 0 75 
30.6 13.1 21.7 7.1 11.2 5640 2798 1356 615 306 
37.7 8.3 32.8 12.9 17.8 6438 2840 1680 765 0 
19.5 3.9 16.3 3.9 4.8 4060 2775 42 528 280 
20.5 6.0 16.0 7.0 9.9 3337 2498 5 0 77 
33.3 6.5 30.4 9.2 19.2 6593 437 5432 0 416 
20.5 6.0 16.0 7.0 10.0 3600 2120 5 0 45 
37.8 8.3 32.8 12.9 17.8 6438 2840 1680 864 0 
31.7 6.5 30.4 9.2 19.2 6533 457 5427 0 396 
19.7 4.1 19.7 3.9 4.8 4060 2675 32 628 260 
18.6 5.0 15.0 7.0 10.0 3373 2598 15 0 87 
18.5 5.0 15.0 7.0 10.0 3600 2120 5 0 55 

’ Production values based on an average of 10 subplots. 
‘Symbols for species conform to National List of Scientific Plant Names, Soil Conservation Service (1971): ANSC2 = little bluestem, ANGE = 

big bluestem, SONUZ = Indiangrass, and PAV12 = switchgrass. 

except for pre-season (January-April) moisture. Total-to-date 
(January-September) and growing season (April-September) 
precipitation were highly correlated with total herbage produc- 
tion (Table 2), with April-September exhibiting a slightly 
closer relationship (Y= .784 compared to Y= .766). 

Coefficient of determination (Y’) computations revealed 
that 58.7% of the variation in total herbage production could 
be accounted for by the variation in January-September 
precipitation, while a slightly higher value, y2= 61 S, was 
obtained for the April-September season. May-June and 
May-July precipitation accounted for 33.1 and 45.5% of the 
variation in total production, respectively. 

Both January-September and April-September precipitation 
can be used to estimate total production (Figs. 2 and 3) with 
April-September (Fig. 3) giving the better prediction equation. 
Variability of the data resulted in relatively high deviations 
from regression causing somewhat wide confidence intervals as 
shown in both Figures 2 and 3. This fact would make 
predications of total production from high or low precipita- 
tion values that occur at the extreme range of these data 
highly unreliable. 

Prediction of total production from May-June and May- 
July precipitation are less reliable than for either January- 
September or April-September due to wider confidence 
intervals as shown in Figures 4 and 5. 

Production of big bluestem was significantly correlated 
with all seasons of precipitation except pre-season (January- 
April) as shown in Table 2. Highest correlation was with 
May-July moisture where r= .755. This points up the fact that 
the amount of herbage contributed by big bluestem on this site 
is not only dependent on the amount of precipitation but also 

Table 2. Simple correlation coefficients between seasonal precipitation 
and total herbage production and the production of four major 
species on the Loamy Upland range site in southeastern Kansas. 

Species 

Precipitation Little Big Indian- Switch- 
season Total bluestem bluestem grass grass 

Jan.-Sept. 0.766” -0.148 0.604* 0.08 1 0.000 
Jan.-Air. 0.380 -0.038 0.316 0.029 -0.048 
Apr.-Sept. 0.784* -0.199 0.669* 0.063 0.036 
May-June 0.575” -0.268 0.528* -0.077 0.164 
Mav-Julv 0.675* -0.300 0.755 * -0.115 0.095 

*Significant at the 5% probability level. 
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on the season in which it occurs, a phenomenon previously 
observed in field operations. 

Fig. 2. Relationship between total herbage production and January- 
through-September precipitation in southeastern Kansas. Dashed 

Figure 6 shows the relationship between big bluestem lines indicate 5% confidence intervals. 
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Fig. 3. Relationship between total herbage production and April- 
through-September precipitation in southeastern Kansas. Dashed lines 
indicate 5% confidence intervals. 
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Fig. 4. Relationship between total herbage production and May- 
through-June precipitation in southeastern Kansas. Dashed lines 
indicate 5% confidence intervals. 
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Fig. 5. Relationship between total herbage production and iklay- Fig. 6. Relationship between big bluestem production and May- 
through July precipitation in southeastern Kansas. Dashed lines through-July precipitation in southeastern Kansas. Dashed lines indi- 
indicate 5% confidence intervals. cate 5% confidence intervals. 

production and May-July precipitation, the season showing the May-July precipitation yielded a somewhat less precise 
highest correlation. Variability of the production values estimate of herbage production than either January-September 
resulted in relatively wide confidence intervals as is shown in or April-September values. However, predictions based on this 
Figure 6. This equation can be used for “rough” estimates of period have better management applications than the others. 
big bluestem production on the Loamy Upland range site. Estimates of seasonal herbage production made by August 

could be used to adjust livestock numbers several weeks before 

Conclusions 

Total production from the Loamy Upland range site can be 
predicted with a fair degree of confidence from either 
January-September or April-September precipitation. How- 
ever, both are limited in their management application since 
no estimates can be made until October 1, which is generally 
too late in the season to make meaningful adjustments in 
livestock numbers if ranges are grazed during the growing 
season. However, such predictions could be used to estimate 
total production to fill missing data for analytical purposes or 
to estimate available forage for fall and winter grazing if ranges 
are ungrazed during the growing season. 

the end of the usual grazing season. 
Except for big bluestem, no prediction of individual species 

could be made from the increments of precipitation studied. 
May-July precipitation can be used to predict big bluestem 
production prior to the end of the growing season. Such a 
prediction would be primarily of academic interest,. However, 
it would give some indication of the quality of forage available 
to livestock and the partial composition of the hay if harvested 
after August 1. 

It is anticipated that as more refined data are assembled, 
correlations can be determined for additional important 
species, thus improving the reliability of predictions for total 
herbage production. 
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Carbohydrate and Organic Nitrogen 

Concentrations within Range Grass Parts 
at Maturity 

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

Highlight: Total nonstructural carbohydrate (TNC) levels 
were significantly different among eight range grasses at 
maturity. Roots, rhizomes, and stem bases (storage organs), 
differed significantly in percentage TNC within rhizomatous 
and bunch-type (non-rhizomatous) grasses. Percent organic 
nitrogen differed significantly among grasses and storage 
organs but not to the same extent as occurred with TNC. We 
suggest that TNC concentrations of storage organs must be 
determined for each grass before sampling for TNC levels, in 
order to locate storage organs with greatest TNC concentration. 

Total nonstructural carbohydrate accumulation, often 
referred to as food or carbohydrate reserves, have been shown 
to play an important role in the management of range plants. 
In the authors’ opinion, when rangeland is managed inten- 
sively, the cycling of carbohydrate reserves of range plants 
should be considered carefully because of its importance in the 
vigor and survival of plants. 

Carbohydrate reserves of perennial plants are important for 
winter survival, initiation of spring growth, and regrowth after 
herbage removal or any time the photosynthetic production is 
inadequate to meet growth demands (White, 1973). The 
extent of carbohydrate reserve depletion following herbage 
removal is dependent on the plant’s developmental stage when 
clipped, clipping height, and frequency of clipping (Donart 
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and Cook, 1970; Jameson, 1963; and McCarty and Price, 
1942). Clipping during the spring affects carbohydrate reserve 
levels present during the fall (Hyder and Sneva, 1963). There 
are many environmental conditions that interact with defolia- 
tion to affect the level of carbohydrate reserves (White, 1973). 

There are two groups of perennial grasses based on the type 
of nonstructural polysaccharide accumulated (Smith, 1968; 
and Weinmann and Reinhold, 1946). Grasses of subtropical 
and tropical origin accumulate starch, while grasses of temper- 
ate origin accumulate fructosans as their main polysaccharide. 

Most investigators have considered only the nonstructural 
carbohydrates as reserve constituents, capable of being 
mobilized and redistributed, and not the organic nitrogenous 
compounds which also may be involved. Often no definite 
trends in organic nitrogen level are evident, as there are 
with carbohydrates; however, Dilz (1966) in studying peren- 
nial ryegrass (Lolium perenne L.), concluded that pro- 
teinaceous material should be regarded as reserve constituents. 
Davidson and Milthorpe (1966) concluded that nonstructural 
carbohydrates formed only a part of the labile pool which 
provided substrates for respiration and new growth of orchard- 
grass (Dactylis glomerata L.). They suggested that proteins 
must have been remobilized because the amount of nonstruc- 
tural carbohydrates was inadequate to account for respiration 
and new growth of roots and shoots following severe herbage 
removal. 

Total nonstructural carbohydrates (TNC) of herbaceous 
plants are generally stored in underground and ground level 
organs, which include roots, tubers, rhizomes, stolons, crowns, 
and stem bases. However, storage may occur temporarily in all 

JOURNAL OF RANGE MANAGEMENT 27(4), July 1974 



Literature Cited Renner, F. G., and B. W. Allred. 1962. Classifying rangelands for 
conservation planning. U. S. Dep. Agr., Agr. Handbook 235. 48 p. 

Rogler, George A., and Howard J. Haas. 1947. Range production as 
related to soil moisture and precipitation on the Northern Great 
Plains. J. Amer. Sot. Agron. 39:378-389. 

Shiflet, Thomas N. 1970. Data acquisition, storage, and retrieval for 
range ecosystem planning. In Modelling and Systems Analysis in 
Range Science (Donald A. Jameson, ed.). Colo. State Univ., Range 
Sci. Dep. Sci. Series 5. p. 101-110. 

Blair, Robert M. 1959. Weight technique for sampling browse produc- 
tion on deer ranges. In Techniques and Methods of Mea&ring 
Understory vegetation. Southern and Southeastern Forest Exp. 
Stations, Forest Serv. U. S. Dep. Agr. p. 26-31. 

Dahl, B. E. 1963. Soil moisture as a predictive index to forage yield for 
the sandhills range type. J. Range Manage. 16:128-132. 

Hazell, Don B. 1965. The claypan range site in northern Osage County, 
Oklahoma. J. Range Manage. 18:94-96. 

Hilmon, J. B. 1959. Determination of herbage weight by double- 
sampling: Weight estimate and actual weights. In Techniques and 
Methods of Measuring Understory Vegetation. Southern and South- 
eastern Forest Exp. Stations, U. S. Dep. Agr. p. 20-25. 

Hulett, G. K., and G. W. Tomanek. 1969. Forage production on a clay 
upland site in western Kansas. J. Range Manage. 22:270-276. 

Rauzi, Frank. 1964. Late-spring herbage production on shortgrass 
rangeland. J. Range Manage. 17:210-212. 

Shoop, M. C., and E. H. McIllvain. 1963. The micro-unit forage 
inventory method. J. Range Manage. 16:172-179. 

Smoliak, S. 1956. Influence of climatic conditions on forage produc- 
tion of shortgrass rangeland. J. Range Manage. 9:89-91. 

Snedecor, George W., and William G. Cochran. 1967. Statistical 
methods (6th ed). Iowa State Univ. Press. Ames, Iowa. 593 p. 

Soil Conservation Service. 1971. National list of scientific plant names. 
U. S. Dep. Agr. Soil Conserv. Serv. Lincoln, Nebr. 281 p. (Litho). 

Carbohydrate and Organic Nitrogen 

Concentrations within Range Grass Parts 
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Highlight: Total nonstructural carbohydrate (TNC) levels 
were significantly different among eight range grasses at 
maturity. Roots, rhizomes, and stem bases (storage organs), 
differed significantly in percentage TNC within rhizomatous 
and bunch-type (non-rhizomatous) grasses. Percent organic 
nitrogen differed significantly among grasses and storage 
organs but not to the same extent as occurred with TNC. We 
suggest that TNC concentrations of storage organs must be 
determined for each grass before sampling for TNC levels, in 
order to locate storage organs with greatest TNC concentration. 

Total nonstructural carbohydrate accumulation, often 
referred to as food or carbohydrate reserves, have been shown 
to play an important role in the management of range plants. 
In the authors’ opinion, when rangeland is managed inten- 
sively, the cycling of carbohydrate reserves of range plants 
should be considered carefully because of its importance in the 
vigor and survival of plants. 

Carbohydrate reserves of perennial plants are important for 
winter survival, initiation of spring growth, and regrowth after 
herbage removal or any time the photosynthetic production is 
inadequate to meet growth demands (White, 1973). The 
extent of carbohydrate reserve depletion following herbage 
removal is dependent on the plant’s developmental stage when 
clipped, clipping height, and frequency of clipping (Donart 
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and Cook, 1970; Jameson, 1963; and McCarty and Price, 
1942). Clipping during the spring affects carbohydrate reserve 
levels present during the fall (Hyder and Sneva, 1963). There 
are many environmental conditions that interact with defolia- 
tion to affect the level of carbohydrate reserves (White, 1973). 

There are two groups of perennial grasses based on the type 
of nonstructural polysaccharide accumulated (Smith, 1968; 
and Weinmann and Reinhold, 1946). Grasses of subtropical 
and tropical origin accumulate starch, while grasses of temper- 
ate origin accumulate fructosans as their main polysaccharide. 

Most investigators have considered only the nonstructural 
carbohydrates as reserve constituents, capable of being 
mobilized and redistributed, and not the organic nitrogenous 
compounds which also may be involved. Often no definite 
trends in organic nitrogen level are evident, as there are 
with carbohydrates; however, Dilz (1966) in studying peren- 
nial ryegrass (Lolium perenne L.), concluded that pro- 
teinaceous material should be regarded as reserve constituents. 
Davidson and Milthorpe (1966) concluded that nonstructural 
carbohydrates formed only a part of the labile pool which 
provided substrates for respiration and new growth of orchard- 
grass (Dactylis glomerata L.). They suggested that proteins 
must have been remobilized because the amount of nonstruc- 
tural carbohydrates was inadequate to account for respiration 
and new growth of roots and shoots following severe herbage 
removal. 

Total nonstructural carbohydrates (TNC) of herbaceous 
plants are generally stored in underground and ground level 
organs, which include roots, tubers, rhizomes, stolons, crowns, 
and stem bases. However, storage may occur temporarily in all 



Table 1. Percentage TNC obtained from four pht parts of four 
rhizomatous grasses sampled at the onset of winter dormancy. 

Table 2. Percentage TNC obtained from three plant parts of four 
bunch grasses sampled at the onset of winter dormancy. 

Stem 
Grasses Roots Rhizomes bases’ 

Sand bluestem 21.4 a3 12.1 b 4.9 f 
Prairie sandreed 12.2 b 8.9 cd 8.1 de 
Indiangrass 5.6 ef 12.9 b 8.2 de 
Switchgrass 14.6 b 11.8 bc 7.3 def 

‘Stem bases composed the lower 10 cm of all stems. 
2 Stems composed all stem material except the lower 10 cm. 

Upper 
stems’ 

0.4 g 
4.8 f 
0.6 g 
1.1 g 

3Numbers within a column or row followed by the same letter do not 
differ significantly at the 5% level using Duncan’s new multiple range 
test. 

Stem Upper 
Grasses Roots bases’ stems2 

Sand lovegrass 4.2 c3 12.0 a 3.4 cd 
Blue grama 6.6 b 13.3 a 1.7 cde 
Little bluestem 12.5 a 10.8 a 0.4 e 
Canada wildrye 7.1 b 7.6 b 1.0 de 

‘Stem bases composed the lower 5 cm of all stems for sand lovegrass, 
blue grama, and little bluestem, and 10 cm for Canada wildrye. 

2 Remaining stem material except for stem bases. 
3 Numbers within a column or row followed by the same letter do not 
differ significantly at the 5% level using Duncan’s new multiple range 
test. 

plant parts. The relative importance of reserve storage areas 
varies among species (Cook, 1966). 

on a percentage dry weight basis using a glucose standard. 

This paper reports the content of TNC and organic nitrogen 
in the roofs, rhizomes, stem bases, and remaining stem 
material of eight range grasses at the onset of winter 
dormancy. The objective was to determine the location of 
greatest TNC and organic nitrogen concentrations in the 
grasses. It is the intent of this paper to indicate the importance 
of locating specific storage organ(s) of a grass before proceed- 
ing with TNC analysis. 

Organic nitrogen content of the plant material was meas- 
ured by the Kjeldahl procedure as described by Bremner 
(1965). This method measures nitrogen in the reduced form 
only. Therefore, the organic nitrogen we are reporting includes 
nitrogen in protein, amino acids, amides, and other organic 
compounds. 

For statistical analyses the grasses were separated into those 
having rhizomes (rhizomatous) and those not having rhizomes 
(bunch-type). Each group was analyzed as a Complete 
Random Design for TNC and organic nitrogen. 

Materials and Methods 
Results and Discussion 

In October, 1972, six samples each of blue grama 
(Bouteloua gracilis (H.B.K.) Lag.), Canada wildrye (Elymus 
canadensis L.), prairie sandreed (Calamovilfa longifolia 
(Hook.) Hack.), little bluestem (Schizachrium scoparium 
Nash.), Indiangrass (Sorghastrum nutans (L.) Nash.), sand 
bluestem (A ndropogon hallii Hack.), sand lovegrass (Eragrostis 
trichodes (Nutl.) Wood), and switchgrass (Panicurn virgatum 
L.) were collected at random from a sands range site in 
the Sandhills near Halsey, Nebraska. The site had not been 
grazed or clipped for 5 years. All eight grasses are common 
throughout the Sandhills. 

Total Nonstructural Carbohydrates 

-Prior to measuring carbohydrate reserves of a perennial 
plant, the portion of the plant that accumulates the greatest 
concentration of reserves must be determined, since it is too 
laborious to sample all possible storage organs under field 
conditions. Presumably, sampling the storage organ(s) with the 
greatest concentration would indicate TNC trends induced by 
environmental or management factors. 

The plants were dug to a depth of 20 cm, frozen, and then 
separated into roots, rhizomes if present, stem bases, and the 
remaining stem material. The following year’s attached tillers 
and/or buds were left intact with the stem bases. Leaves and 
any previous year’s plant tissue were excluded. The lower 10 
cm of stems were considered stem bases for the tall grasses: 
Canada wildrye, prairie sandreed, Indiangrass, switchgrass, and 
sand bluestem. The lower 5 cm were considered stem bases for 
blue grama, sand lovegrass, and little bluestem. After separa- 
tion into the respective plant parts, the material was washed 
and placed in a forced air oven at 100°C for 60 minutes 
followed by 24 hours at 70°C. The dried samples were ground 
through a 40-mesh Wiley Mill screen and stored for TNC and 
nitrogen analyses. 

Percent total nonstructural carbohydrates (TNC) obtained 
from the four plant parts of the rhizomatous grasses are 
presented in Table 1. Dry weights are not reported because of 
the difficulty in distinguishing individual rhizomatous plants 
and recovering all root material. Root material was sampled to 
the 20 cm depth only. 

Rhizome dry weights were one-to-two times that of root 
dry weights. Stem TNC of all grasses were significantly lower 
than other plant parts as expected because of the mature stage 
of development. Prairie sandreed had significantly higher TNC 
in the stems than the other grasses. 

The method of TNC analysis used was first described by 
Weinmann (1947) and later modified by Lindahl et al. (1949) 
and Smith (1969). The TNC was extracted with a takadiastase 
enzyme solution. Samples were randomly selected and split in 
half to determine the takadiastase hydrolyzable carbohydrates 
(primarily starch and sucrose) and the O.lN Hz SO4 hydro- 
lyzable carbohydrates (primarily fructosans). The only grass 
showing an appreciable amount of fructosan accumulation was 
Canada wildrye, so all samples of Canada wildrye were 
hydrolyzed with O.lN H, SO4 while all others were hydro- 
lyzed with the takadiastase enzyme only. This is in agreement 
with Smith (1968). Reducing power was measured by the 
Shaeffer-Somogyi copper-iodometric titration method as 
described by Heinze and Murneek (1940). Results are reported 

Percentage TNC in the various storage organs differed 
significantly among grasses. Sand bluestem and prairie sand- 
reed had significantly greater TNC in the roots than in 
rhizomes or stem bases. Thus, collection of a major portion of 
the root material in sand bluestem and prairie sandreed may be 
necessary for TNC analysis. Stem bases alone may not reveal 
carbohydrate depletion and replacement trends. However, the 
greatest percentage TNC occurred in the rhizomes of Indian- 
grass. Thus, the data indicate that sampling rhizomes and stem 
bases of Indiangrass would be sufficient to detect TNC trends. 
Switchgrass had a significantly higher TNC in the roots and 
rhizomes than in the stem bases. Thus, sampling only stem 
bases for TNC would not be adequate in switchgrass. 

Percentage TNC obtained from the three plant parts of the 
bunchtype grasses are presented in Table 2. Stem possessed 
significantly lower TNC than other plant parts as occurred 
with the rhizomatous grasses (Table 1). Root dry weights were 
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Table 3. Percentage organic nitrogen obtained from four plant parts 
of four rhizomatousgrasses sampled at the onset of winter dormancy. 

Stem 
Grasses Roots Rhizomes bases’ 

Sand bluestem 0.59 def3 0.58 def 0.61 de 
Prairie sandreed 0.51 ef 0.67 cd 0.59 def 
Indiangrass 0.51 ef 1.02 a 0.86 b 
Switchgrass 0.43 f 0.82 bc 0.66 de 

1 Stem bases composed the lower 10 cm of all stems. 
2 Stems composed all stem material except the lower 10 cm. 

Upper 
stems2 

0.11 g 
0.18 g 
0.10 g 
0.16 g 

3Numbers within a column or row followed by the same letter do not 
differ significantly at the 5% level using Duncan’s new multiple range 
test. 

generally about half that of stem bases of the bunch-type 
grasses. 

Sand lovegrass and blue grama had the greatest percentage 
of carbohydrate reserves in the stem bases. Sampling the lower 
5 cm of the stems near maturity would appear to be adequate 
to determine TNC concentrations in these two grasses due to 
the much lower concentration in the roots. Little bluestem 
and Canada wildrye showed no significant difference between 
roots and stem bases. Because of the high stem base dry weight 
and TNC concentration, higher total amounts of TNC may 
occur in stem bases rather than in roots. 

Locations of carbohydrate reserve storage organs were 
different within rhizomatous and bunch-type grasses. There- 
fore we are suggesting that TNC concentrations of storage 
organs must be determined for each grass before sampling for 
TNC levels. The specific carbohydrate reserve storage organ(s) 
may change among developmental stages as well. 

Organic Nitrogen 

Organic nitrogen contents of the various plant parts of the 
rhizomatous and bunch-type grasses are presented in Tables 3 
and 4, respectively. In all grasses organic nitrogen content in 
the stem was significantly less than that of root, rhizome, or 
stem base. The low nitrogen values for stems was expected 
because nitrogen content declines with advancing maturity and 
most particularly during late summer and fall. The low organic 
nitrogen content of the stems may be due partially to 
translocation of amino acids and other organic nitrogen 
compounds to the roots, rhizomes, and stem bases and due to 
leaching of soluble nitrogen compounds. 

Within each grass, plant parts did not differ in organic 
nitrogen (even when expressed as percentage protein) to the 
extent that each changed in TNC content. Rhizomes followed 
by the stem bases tended to have higher organic nitrogen 
contents than the roots of the rhizomatous grasses with the 
exception of sand bluestem, where roots, rhizomes, and stem 
bases did not differ significantly. Indiangrass, sand lovegrass, 
and Canada wildrye had higher nitrogen contents in each plant 
part than the other grasses. 

In sand lovegrass, blue grama, and Canada wildrye, the 
organic nitrogen content if expressed as protein (multiply by 
6.25) was the same as the TNC content of the root, and 
approximately one-half of the TNC content in the stem base. 
This represents a considerable potential reserve component. 
Further research is needed to determine if the organic nitrogen 

Table 4. Percentage organic nitrogen obtained from three plant parts 
of four bunch grasses sampled at the onset of winter dormancy. 

Stem Upper 
Grasses Roots bases’ stems2 

Sand lovegrass 0.70 bc3 1.09 a 0.26 de 
Blue grama 0.78 b 0.85 ab 0.30 de 
Little bluestem 0.45 d 0.50 cd 0.11 e 
Canada wildrye 0.96 ab 0.75 b 0.27 e 

1 Stem bases composed the lower 5 cm of all stems for sand lovegrass, 
blue grama, and little bluestem, and 10 cm for Canada wildrye. 

2 Remaining stem material except for stem bases. 
3Numbers within a column or row followed by the same letter do not 

differ significantly at the 5% level using Duncan’s new multiple range 
test. 

compounds are remobilized and used in growth and respira- 
tion. A similar relationship occurred in Indiangrass and 
switchgrass although not to the same extent as in sand 
lovegrass, blue grama, and Canada wildrye. 

These data suggest that appreciable organic nitrogen con- 
centrations exist in these grasses and they should receive 
further attention by researchers working with perennial range 
grasses. These compounds may serve as a labile energy pool for 
respiration and new growth of roots and shoots as suggested 
by Davidson and Milthorpe (1966) working with orchardgrass. 
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Influence of Nitrogen and Irrigation on 

Carbohydrate Reserves of Buffalograss 

R. D. PETTIT AND RICHARD E. FAGAN 

Highlight: Five rates (0, 30, 60, 90, and 120 kg of N/ha) of nitrogen fertilizer 
were applied in April, 1971, to a deep hardland range site where buffalograss 
fBuchloe dactyloides Nutt.) predominated. The influence of these nitrogen 
applications on the carbohydrate reserve (TAC) concentration of irrigated and 
nonirrigated buffalograss roots and crowns was evaluated. In 1971 the TAC 
reserve concentration of the storage tissues varied inversely with rate of nitrogen 
application until the past ripe phenological stage. After this date, TAC’s accumu- 
lated more rapidly in the heavierN treatments. In 1972, insignificantly more TAC 
were found in the control and 30 kg N/ha treatments at the hard seed stage. On 
all sampling dates buffalograss crowns contained more reserve carbohydrates 
than did the roots. Similarly, stolons contained 19% more TAC than did the 
crowns. Water applications reduced the carbohydrate reserves of thisgrass from 
I.5 to 36%. Irrigation increased female spikelet yield by 44 kg/ha while stolon 
yield was similar regardless of water regime. 

Buffalograss (Buchloe dactyloides 
Nutt.) is a low-growing, usually dioe- 
cious and stoloniferous sod-forming 
grass found on many deep hardland 
and clay upland range sites in the 
shortgrass prairie. Although this grass 
is important on these range sites, few 
studies on its physiology have been 
conducted. 

The importance of keeping an ade- 
quate level of carbohydrate reserves in 
grasses has long been known. Ward and 
Blazer (1961,) pointed out that any- 
thing which influenced or altered the 
normal carbohydrate accumulation 
pattern of grasses should be of interest 
to grassland managers. A knowledge of 
carbohydrate depletion and accumula- 
tion patterns of important range plants 
can assist the manager in making the 
best decision on how and when to 
graze rangelands. 
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and Wildlife Management, Texas Tech Uni- 
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Grassland Ecosystems.” 
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Carbohydrate reserves as influenced 
by fertilizer applications vary among 
species, type of fertilizer, and carbohy- 
drate analyzed. Adegbola and McKell 
(1966) found that after mowing 
Bermudagrass (Cynodon dactylon L.) 
and applying nitrogen at rates of 0, 
100, and 250 lb/acre at 6-week inter- 
vals, the concentration of reducing 
(glucose and fructose) and nonreduc- 
ing (sucrose) sugars in the leaves in- 
creased with increasing rates of nitro- 
gen. In the stems, stolons, roots and 
rhizomes the percentage of sucrose 
and fructose in the dry matter was 
lowest at the highest nitrogen rate. 

Waite (1958) applied a complete 
fertilizer at rates of 100,200, and 400 
lb/acre to four perennial cool-season 
grass species. His results indicated that 
higher fertilizer rates decreased the 
soluble carbohydrate content. In con- 
trast to nitrogen fertilization stimulat- 
ing the utilization of soluble carbohy- 
drates, Leukel et al. (1934), found 
that nitrogen fertilization had little 
effect on the carbohydrate content of 
certain tropical grasses. Weinman’s 
(1943) study confirmed that fertiliza- 
tion had little effect on reserve carbo- 
hydrates. 

Little agreement has been reached 
on the effect of water additions on 
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plant carbohydrate reserves (White, 
1973). The grass species being studied 
under differing environmental condi- 
tions may cause differential carbo- 
hydrate accumulation and depletion 
patterns. 

Past research on carbohydrate 
reserves of grasses was often inade- 
quate, as root and crown (stem base) 
tissues were usually cornposited prior 
to analysis. Our pilot studies provided 
data showing that the crown tissue is 
quite dynamic in a grassland ecosys- 
tem. Crown biomass reaches two 
maxima, one prior to spring growth 
and the second at the flowering stage 
of development. At other growth 
stages little difference in crown weight 
is noted. 

This research was designed to test 
the effects of five nitrogen rates on the 
reserve carbohydrate content (TAC) of 
irrigated and nonirrigated buffalograss. 

Methods and Procedures 

Study Area 

This study was conducted at the 
Texas Tech University Center located 
24 km northeast of Amarillo, Texas. 
The plots were located on a level, 
continuously-past overgrazed, short- 
grass prairie. This grazing intensity 
characterizes much of the Northern 
Texas High Plains. 

The soil of the study area is a 
Pullman silty clay loam, which is the 
soil type of about four-fifths of the 
county and 12 million acres in North- 
west Texas (Coover et al., 1953). It is 
deep and slowly permeable to down- 
ward water movement. 

Climate of the area is one of ex- 
tremes. Most precipitation is derived 
from thunderstorms which occur 
between April and September. Average 
annual precipitation is 56 cm but has 
varied from 14 to 107 cm. The average 
frost free season is 197 days. 
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Field Methods 

On April 3, 197 1, pelleted ammon- 
ium nitrate was broadcast with a 
“whirlwind” seeder onto a nearly pure 
stand of buffalograss. Treatments used 
were 0, 30, 60, 90, and 120 kg/ha of 
nitrogen. Plots were in a completely 
random grid with three replications of 
each treatment. Each plot was 10 m2 
with a 2 l/2 m border between plots. 

150’ 

Due to the effects of low (14 cm) 
precipitation in 1970, the early 197 1 
and 1972 rainfall was periodically sup- 
plemented bJ sprinkler irrigation to 
stimulate maximum grass growth. A 
total of 28.7 and 19.1 cm of water was 
added to the irrigated block in 1971 
and 1972, respectively. Irrigation was 
done at night when possible to mini- 
mize evaporation losses. Contiguous to 
the irrigated block the same nitrogen 
treatments” were also applied to a 
dryland block. Since no growth 
occurred in the dryland block until 
late June, 1971, no samples were 
taken until May, 1972. 

125- 

loo- 

z 

s 
5 75 
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Fig. 1. Average total a vailable carbohydrate concentration in reserve tissue (crowns and 
roots) of buffalograss as affected by differential nitrogen applications and supplemental 

Vegetation samples for carbohy- 
drate reserves were taken at the fol- 
lowing phenological stages in 197 1: (a) 
3rd leaf, (b) male flowering, (c) late 
anthesis, (d) early seed, (e) hard seed, 
(f) past ripe, and (g) quiescence. In 
1972 vegetation from both the irri- 
gated and nonirrigated blocks was 
sampled at the following growth stages: 
(a) 3-5 leaf, (b) flowering, (c) early 
seed, and (d) hard seed. 

water. 

To evaluate the cumulative effects 
of water and nitrogen additions upon 
stolon and female spikelet yield, nine 
.l-m2 plots in each treatment were 
harvested in March, 1973. Care was 
taken to remove all seed from the soil 
surface. 

Duncan’s Multiple Range Test (Steel 
and Torrie, 1960). Data from each 
year were analyzed separately. 

Results and Discussion 

On all dates vegetation samples for 
carbohydrate content were taken with 
a “sharp-shoe ter ” shovel to a 10 to 15 
cm depth at three randomly selected 
locations within each plot. After com- 
positing the three samples, they were 
placed into a preheated (1 OO’C) oven 
for 12 hours to minimize enzyme 
activity. After the samples had dried, 
soil was carefully washed from the 
plant material. The remaining plant 
materials were then oven dried at 70°C 
for 48 hours. After removing the leaf 
material, the crowns (restricted to 1 
cm above roots) were excised from the 
roots. Any crown or root that 
appeared nonliving was removed from 
the sample. After samples were ground 
to pass through a 40-mesh screen, the 
root and crown materials were placed 
in air-tight containers and stored until 
they could be analyzed. 

Laboratory Methods 

Total available carbohydrates 
(TAC) were extracted according to the 
method of Smith et al. (1964) with 
the exception that a .2 normal HCl 
solution was used. Quantitative deter- 
mination of _TAC was made using the 
anthrone reagent (Murphy, 19.5 8). Car- 
bohydrates, determined in this man- 
ner, are assumed to be readily usable 
as a source of energy for the plant. We 
also assumed that this technique did 
not account for structural carbohy- 
drates such as cellulose and some 
hemicellulose. 

The TAC in the reserve tissues of 
irrigated buffalograss decreased with 
increased rates of nitrogen application 
(Fig. 1). When considering the 2-year 
average carbohydrate concentration, 
99 mg/g dry weight of TAC were 
found in the highest fertilizer treat- 
ment. Similarly, 120 mg/g dry weight 
were found in the control treatment. 
Nonstructural carbohydrates in the 60, 
90, and 120 kg of N/ha treatments 
were not different. 

No differences were found in the 
30, 60, and 90 kg of N/ha or the 0 and 
30 kg of N/ha treatments. 

Herbage yields from the irrigated 
block treatments were taken at six 
dates in 1971, while all irrigated and 
nonirrigated plots were harvested in 
early August, 1972. All aboveground 
herbage was clipped from six 
. l-m2 plots/treatment. Yield data are 
not presented in this paper except as 
needed to discuss carbohydrate parti- 
tioning. 

To determine the seed and stolon 
yield from all treatments, each sample 
was carefully hand separated into each 
plant part. All seed found in the plots 
were collected then weighed. We 
assumed that differential seed yields 
would reflect only treatment effects. 
In addition we assumed that consump- 
tion and decomposition of seeds were 
random throughout all plots. 

Similarly all leaf materials were 
removed from the stolon; thus only 
the nodal and internodal portions were 
weighed. 

These data were analyzed as a 
split-plot factorial and mean differ- 
ences were compared (P<.O5) using 

The TAC concentration in the 
crowns and roots were different from ’ 
each other at every sampling date, 
with the crown material consistently 
higher regardless of nitrogen rate (Fig. 
2). The magnitude of this difference, 
however, varied from 82 mg/g at 
quiescence to a low of 15 mg/g in the 
early seed stage of development. In 
197 1 at the third leaf, male flowering, 
and early seed stage, no difference in 
TAC content of the plant tissue was 
obtained. The late anthesis and quies- 
cent stage, likewise, contained similar 
TAC concentrations. All other growth 
stages had significantly different car- 
bohydrate contents. 
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Fig. 2. Total available carbohydrate accumulation in reserve tissues of irrigated buffalo- 
grass. Each datum point represents the average TAC of all nitrogen treatments on a 
specific sampling date. 

During the growing season, peak 
carbohydrate reserves correspond to 
the late anthesis developmented stage 
(Fig. 2). Reserves then declined 
rapidly until seed was formed. By 
mid-September reserves were being 
accumulated in the roots and crowns 
once more, though rate of recharge 
was less than after the male flowering 
stage. TAC concentration within the 
storage tissues varied inversely with 
nitrogen rate in 1971 for all develop- 
ment stages until seed was ripe. After 
this date, grasses treated with the 
higher nitrogen levels replenished root 
and crown reserves more rapidly than 
do those grasses with lower applica- 
tions. 

Yield samples taken in September 
showed the 120 kg of N/ha treatment 
to outyield the 0 kg of N/ha treatment 
2787 kg/ha to 812 kg/ha, respectively. 
The yields from the 30, 60, and 90 kg 
of N/ha treatments were 1419, 1824, 
and 1787 kg/ha, respectively. Compar- 
ing these data with Fig. 1, it appears 
that increased N additions to buffalo- 
grass have promoted large herbage 
increases early in the season (until 
mid-September); then carbohydrates 
are translocated and accumulated 
quite rapidly in the grass crowns. 

The importance of maintaining ade- 
quate carbohydrate reserve levels in 
range grasses is not a new concept in 
range management. However, if nitro- 
gen additions severely reduce the 
energy sources which are needed for 
regrowth, proper use of our rangeland 
forages becomes critical. In the 

heavier-fertilized buffalograss, for 
instance, a larger percentage of the 
aboveground herbage could be har- 
vested by herbivores than in non- 
fertilized stands. Without judiciously 
controlling grazing use, it is possible to 
harvest excessive amounts of forage 
from this species. If the photo- 

synthetic tissue remained “out-of- 
balance” with energy reserves, we 
could expect grazing to weaken the 
plants substantially. 

On all sampling dates the average 
carbohydrate reserves in nonirrigated 
buffalograss exceeded reserves in the 
irrigated plots (Table 1). Nitrogen fer- 
tilization incorporated with irrigation 
treatments substantially reduced the 
TAC. At the irrigated 90 and 120 
kg/ha of N treatment, TAC were 
decreased 36 and 30%, respectively as 
compared to similarly treated dryland 
plots. In the control treatment (0 N), 
irrigation reduced root carbohydrates 
20% while crown carbohydrates were 
reduced 10%. The 30 and 60 kg/ha of 
N treatments showed intermediate 
responses to irrigation and fertilizer 
treatments. 

Under irrigation, roots contained 
62% as much TAC as did the crowns. 
Similarly, roots from the dryland plots 
contained 58% as much nonstructural 
carbohydrates as the crowns. This 
demonstrates that even though irriga- 
tion and fertilization changed the 
carbohydrate reserve content of buf- 
falograss, the proportional change of 
root to crown TAC was similar. 

Table 1. Average total available carbohydrate concentration (mg TAC/g) of irrigated and 
nonirrigated buffalograss reserve tissues sampled at four phenological stages in 1972. 

Water and fertilizer’ Plant’ 
treatments part 

Phenological growth stage 

Early Hard 
3-5 Leaf Flowering seed seed 

Irrigated 
0 

30 

60 

90 

120 

Nonirrigated 
0 

30 

60 

90 

120 

R 
C 
R 
C 
R 
C 
R 
C 
R 
C 

R 
C 
R 
C 
R 
C 
R 
C 
R 
C 

1 z5,abc 

76 
133d 

1;:ac 

183;ac 

110 
161b 
110 
161bC 

lZ;bc 

102 
180b 
116 
158b 

l%C 
59 

107 
69 

105abc 

47 
9ja 
80 

136’ 

80 
151C 

86 
151C 

1 ;;def 

74 
156f 

92 
167bCdef 

78 
142f 

92 
1 62cdef 

108 
193abc 
104 
1 g3abcde 

107 
200a 
118 
186ab 

102 
1 97abcd 

92 
158d 

l%d 
73 

113e 
44 

114e 

56 
92e 

1;;bcd 

103 
159abc 

1 $bcd 

129 
174a 

139 
172a 

’ Kg/ha of nitrogen applied in April, 197 1. 
2 R designates root and C is crown tissue. 
3Concentration of total available carbohydrates expressed as mg TAC/g of dry plant tissue. 
4Averaged plant part carbohydrate reserves followed by same letter in each column are not 

different at the 0.05 level of significance. 
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Table 2. Average weights (kg/ha) of buffalograss female spikelet (seed), stolon, and above- 
ground biomass from fertilized and nonfertilized plots. Total available carbohydrates 
(mg TAC/g) in stolen and other reserve tissues are also given. 

Water and 
fertilizer’ 

treatments 

Irrigated 
0 

30 
60 
90 

120 

TAC concentration2 

Roots Crowns Stolons 

92.1 157.6 152.9 
95.0 153.9 159.1 
73.0 112.8 124.0 
43.9 113.5 150.0 
55.9 91.5 158.0 

Total 
above- 
ground 

Seed weight3 Stolon weight3 biomass 

133* 574 23 f g4 2742s 
162* 47 123 f 60 3653 
348 + 116 158 + 36 5653 
325 + 114 348 + 83 5131 
196 ?I 89 210 + 34 5454 

Nonirrigated 
0 93.4 159.1 186.1 190 + 81 58 f 24 3783 

30 102.6 169.4 190.0 .250+ 65 187 + 49 4259 
60 83.9 168.5 193.0 237 f 77 201 t 40 5214 
90 129.1 173.5 189.2 153 f 54 252+41 5676 

120 139.4 172.2 216.0 113+ 51 209 + 69 6293 

’ Kg/ha of nitrogen applied in April, 197 1. 
‘Total available carbohydrates determinations were taken when plants were at the ripe seed 

stage of development. Data expressed as mg TAC/g of dry plant material. 
3Biomass estimates were determined from 9, .l m2 plots in each treatment. 
4 Standard error of the mean. 
’ Litter biomass is included in these estimates. 

In the nonirrigated plots, differen- 159, and 190 mg/g dry matter, respec- 
tial nitrogen applications caused no tively. These data and that presented 
significant differences in buffalograss in Table 1 and Figure 2 indicate that 
crown carbohydrate reserves. At the carbohydrate translocation from buf- 
early seed stage of development, car- falograss leaves to the root system is 
bohydrate reserves in the two heaviest not as active a physiological process as 
nitrogen and irrigation treatments, translocation into crown and stolon 
were less than half the reserve found in tissue. Further research needs to test 
the dryland. this hypothesis. 

To obtain an estimate of stolon and 
female spikelet (seed) production as 
related to nitrogen and water addi- 
tions, plots were harvested at the 
termination of this research. Maximum 
seed production was found in the 
irrigated - 60 kg of N treatment (Table 
2). In the nonirrigated plots most seed 
was present in the 30 kg of N treat- 
ment. This treatment, however, did 
not produce significantly more seed 
than the 60 kg of N dryland treat- 
ment. These data indicate that heavy 
nitrogen (120 kg of N/ha) additions 
are not desirable to produce a large 
buffalograss seed crop. 

Management Implications 

Most stolon growth was found in 
the 90 kg of N plots while least stolon 
production was consistently recorded 
in the nonfertilized plots. As was 
observed for seed production, stolon 
yield was less at the 120 kg of N/ha 
rate than at the 90 kg of N/ha rate. 
When stolons were analyzed for TAC, 
data from 47 of 50 samples showed 
that stolons contained more TAC than 
did the grass crowns. The averaged 
TAC analyses of roots, crowns, and 
stolons revealed a concentration of 89, 

Although buffalograss does not pro- 
duce as much forage as blue grama 
(Bouteloua gracilis [H. B. K.] Lag. ex 
Steud) or tall grass species which could 
be grown under irrigation, it is desir- 
able for year-long grazing. Lehman et 
al, (1968) found heavily fertilized 
(224 kg of N/ha) and irrigated blue 
grama yielded 4417 kg of forage/ha/ 
year. These researchers remarked that 
blue grama was a relatively inefficient 
user of soil water and nitrogen in 
comparison to introduced plant vari- 
eties. Our study showed buffalograss 
to produce 2800 kg/ha when irrigated 
and fertilized with 120 kg/ha of N. 
This yield, at peak biomass, could be 
substantially increased with increased 
N applications as evidenced by buffalo- 
grass growth in plot borders where 
fertilizer was occasionally spilled in 
weighing procedures. 

Several questions must be raised 
concerning the feasibility of fertilizing 
and irrigating native unimproved for- 
ages. First, what is a kilogram of for- 
age worth to the rancher? Second, 

what alternatives to provide forage for 
livestock are available in below average 
precipitation years? Third, what are 
the costs involved in fertilizing and 
irrigating rangeland? Fourth, are man- 
agement data available to show how to 
properly manage these forages after 
treatment? Fifth, what is improved 
forage quality worth to ranchmen? 
Other questions can be raised; how- 
ever, the decision concerning feasi- 
bility of water and nitrogen additions 
to improve forage quality and quantity 
must lie with the grazier. 

Our results show that the need for 
judicious grazing would be much more 
critical on irrigated than nonirrigated 
pasturage. Under heavy nitrogen with 
water applications, appreciable energy 
reserves were used for stolon and seed 
development. Similarly, the propor- 
tion of vegetative to generative shoots 
appeared higher when nonirrigated. 
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Variation in Pinehill Bluestem, a Southern 
Ecotype of the Andropogon scoparius Complex 

HAROLD E. GRELEN 

Highlight: Pinehill bluestem is the most common variant of 
the little bluestem (Andropogon scoparius) complex in pine 
forests of north and central Louisiana and east Texas. It is 
also frequent in adjacent portions of Oklahoma and Arkansas. 
It differs from other inland forms of little bluestem primarily 
in its unreduced pedicellate spikelets, which are equal in size 
to the sessile spikelets. Because of vegetative similarity between 
pinehill bluestem and associated forms of A. scoparius, separa- 
tion of varieties for purposes of forage management is not 
recommended. 

Oklahoma, south Arkansas, Louisiana, and south Mississippi 
were systematically collected and transplanted to an observa- 
tional nursery on the Palustris Experimental Forest near 
Alexandria, La. Most were collected on pine sites, but some 
were from prairie and hardwood sites west of the pine belt in 
Texas and Oklahoma. Soils and associated vegetation were 
recorded at each collection point. 

Pinehill bluestem (Andropogon scoparius var. divergens 
Anderss. ex Hack.), also called “eastern little bluestem” 
(Gould, 1969), is one of the most common grasses on pine 
forest range of east Texas and Louisiana. It has been reported 
also in Arkansas and Mississippi (Hitchcock, 1951). The grass 
appeared under the name Andropogon divergens (Hack.) 
Anderss. ex Hitchc. in Hitchcock’s (1951) manual, and that 
name is still widely used. Gould (1967), in a revision of the 
genus Andropogon, assigned the name Schizachyrium 
scoparius var. divergens (Hack.) Gould. In their recent Texas 
plant manual, Correll and Johnston (1970) followed Gould’s 
revision. 

Heights were measured weekly, and dates of stalk elonga- 
tion and flowering were recorded during the 1967 and 1968 
growing seasons. In October 1968, two growing seasons after 
transplanting, morphological descriptions were made of each 
plant. Measurements included mature height, foliage color 
(green or glaucous), degree of foliage pubescence, and size of 
pedicellate spikelet. 

Results 

Of the 200 plants collected, 62% fitted the description of 
pinehill bluestem in Hitchcock’s (1951) manual, having unre- 
duced pedicellate spikelets and villous leaf sheaths. Another 
S%, with villous sheaths but with both unreduced and 
rudimentary pedicellate spikelets on the same plant, could also 
be included. Such plants had at least one culm with each type 

. 

On longleaf-slash pine forest range in Louisiana, where total 
herbage yield may exceed a ton/acre, pinehill bluestem often 
accounts for over 50% of the herbage weight (Grelen and 
Enghardt, 1973). Its forage value is similar to that of other 
forms of little bluestem (A. scoparius Michx.), averaging up to 
10% crude protein in young spring leaves but less than 5% in 
mature summer foliage (Campbell et al., 1954). 

The primary distinguishing feature of pinehill bluestem is 
the presence of pedicellate spikelets about 1/4 inch (6-8 mm) 
long, equal in size to the seed-producing sessile spikelets 
(Hackel, 1889; Hitchcock, 1951). Pedicellate spikelets in 
pinehill bluestem may be staminate or sterile but are always 
unreduced; other forms of little bluestem, except A. scoparius 
var. virilis Shinners which is discussed below, have only a 
sterile rudiment (Fig.. 1). The type description for var. 
divergens indicated that leaf sheaths and basal portions of 
blades were silky-pilose (Hackel, 1889). Considerable variation 
in foliage pubescence, as well as in growth form and color, is 
found among bluestem plants in Louisiana. This paper reports 
investigations made to determine the extent of this variation 
and to learn if more than one discrete form of A. scoparius is 
represented within the principal range of variety divergens. 

Methods 

During 1966 and 1967, more than 200 plants representing 
various forms of A. scoparius throughout east Texas, southeast 

The author is principal range scientist, Southern Forest Experiment 
Station, U.S. Department of Agriculture, Forest Service, Pineville, 
Louisiana. 
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Fig. 1. Andropogon scoparius plant with details of paired spikelets 
showing pedicellate spikelet: (A) unreduced as in var. divergenqand 
(B) rudimentary as in other varieties. 
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Fig. 2. Proportions of pinehill bluestem pk2nts within the A. scoparius 
population of the j-state collection area, as indicated by transplants 
at Alexandria, La. Both stippled and black areas represent plants that 
can be called pinehill bluestem. 

of spikelet; occasional branches or individual spikelets of 
another type were ignored. With foliar pubescence disregarded 
and unreduced pedicellate spikelets as the only criterion, 83% 
of the transplants could be called pinehill bluestem. 

Only in east Texas and southwest Louisiana did all plants 
collected have unreduced pedicellate spikelets, although over 
10% of the Texas plants had both unreduced and rudimentary 
spikelets (Fig. 2). Across the Mississippi River in southeast 
Louisiana all collected plants had rudimentary spikelets; only 
10% of the plants from southeast Mississippi had unreduced 
spikelets and half of these also had reduced spikelets. In 
southeast Oklahoma and south Arkansas, about 90% of the 
plants had unreduced spikelets. 

Pinehill blustem had not been reported previously from 
Oklahoma, although Shinners (1954) found a form of A. 
scoparius with unreduced pedicellate spikelets and sparse 
foliage pubescence extending from northeast Texas into 
Oklahoma and Arkansas. He named the grass A. scoparius var. 
virilis, although it apparently is not separable from the variable 
pinehill bluestem population. At the time Shinners named the 
grass, pinehill bluestem was thought to be restricted to 
southeast Texas. 

Although Hitchcock describes the sheaths of pinehill 
bluestem as villous, considerable variation in foliar pubescence 
was found among transplants otherwise fitting the description 
of pinehill bluestem. More than half of the plants had villous 
sheaths but 43% were glabrous or only slightly pilose. 
Moreover, foliage of 12% was chalky, or glaucous, in color. 
Hairiness was somewhat correlated with geographic location of 
collection site. Fewer than 5% of the transplants from 
southwest Louisiana had glabrous foliage, while over 40% of 
those from northeast Texas were glabrous. Thus, a higher 
percentage of glabrous plants came from sites closer to the 
range of the glabrous western form of little bluestem, A. 
scoparius var. neomexicanus (Nash) Hitchc. This observation 
agrees with the overall pattern of variation and intergradation 
within the A. scoparius complex described by McMillan 
(1964). 

Hitchcock (195 1) reports a maximum height of 47 inches 
(120 cm) for pinehill bluestem. Transplants, relatively free 
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from competition, grew from 40 inches (102 cm) to over 7 
feet (213 cm). Mature height, like hairiness, showed geo- 
graphic relationships. Plants from south Mississippi and south- 
east Louisiana averaged 72 inches (183 cm), while Arkansas 
plants averaged 58 inches (147 cm). Although plants were 
more robust in the nursery, height differences were probably 
relative. If SO, the taller southern plants may reflect the longer 
growing seasons and day length of the Gulf Coastal region. 
Larsen (1947) found that southern bluestem plants grew taller 
than local plants in a transplant garden at Chicago. 

Discussion and Conclusions 

The concentration of A. scoparius plants with unreduced 
pedicellate spikelets and variable foliar pubescence in Louisi- 
ana and adjoining portions of other states is apparently part of 
the overall ecotypic variation within the species (McMillan, 
1964). Such plants, sometimes separated into varieties 
divergens and virilis, might best be considered part of the same 
variable population. The divergens epithet, however, has 
priority because of earlier publication. 

Unreduced, and particularly staminate, pedicellate spikelets 
are rare in A. scoparius outside the range of var. divergens. The 
geographic concentration of var. divergens coincides with no 
presently expressed land form, climatic region, or vegetation 
type. The principal range is within the portion of the Coastal 
Plain west of the Mississippi River, at the western limit of the 
southern pine belt. 

If A. scoparius plants with unreduced spikelets are assigned 
to var. divergens, plants of the pine forest types with 
rudimentary spikelets should be assigned to another variety. 
Both forms vary in foliage pubescence and cannot be 
distinguished without inflorescences. McMillan (1964) indi- 
cated that the variously pubescent southeastern forms with 
rudimentary pedicellate spikelets approach A. scoparius var. 
frequens Hubb. Hubbard (1917), however, described var. 
frequens as glabrous. 

Morphological variation of the kind and extent reported 
here is by no means rare in the A. scoparius complex, in which 
more than a dozen taxa have been described. Because of 
intergradations between and variation within forms, however, 
separation below the species is not recommended in southern 
range management. 
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Evaluation of Methods for Screening 

Grasses for Resistance 

to Grasshopper Feeding 
. 

G. B. HEWITT AND C. C. BLICKENSTAFF 

Highlight: A study was initiated to find a rapid method of screening forage 
plant selections for grasshopper preference. Six grass species both as seedlings 
and as plants 6 weeks older were fed to nymphs and/or adults of five grasshopper 
species and one group of nymphs of mixed species. It was concluded that it is 
feasible to screen plant species in the seedling stage for preference by usinggrass- 
hopper nymphs because the nymphs selected plant species of both ages equally 
well and their preferences were similar to those of adults. This allows for more 
rapid screening of plants than would be the case with older plants and adult 
grasshoppers. 

Insect resistance in crop plants has 
been most valuable in reducing damage 
by various insect pests. This method of 
control might also be used as a means 
of reducing damage by rangeland grass- 
hoppers. For this purpose a rapid 
method of screening forage plants for 
grasshopper feeding preferences is 
desirable. As increased emphasis is 
placed on range rehabilitation any 
information on methods for screening 
forage plants for grasshopper feeding 
preferences will be of assistance to 
plant breeders and range management 
personnel. 

For example, in recent years, 
reseeding and interseeding rangeland 
has often proved profitable in terms of 
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forage production, erosion control, 
and improvement of soil water-holding 
capacity (Gomm, 1962; Parker, 1961; 
and Rauzi et al., 1963). During 1966, 
approximately 9.8 million dollars was 
involved in four types of range im- 
provement practices on the public 
lands in 11 western states by four 
federal agencies. Approximately 2.1 
million of this total was used in 
seeding programs (Public Land Law 
Review Commission, 1970). 

A number of workers have deter- 
mined the native preferred food plants 
f o r m any rangeland grasshopper 
species based on crop analysis and 
observations (Isely, 1938; Anderson 
and Wright, 1952; Brooks, 1958; 
Lambley, 1967; Ueckert, 1968; 
Mulkern et al., 1969; Hansen and 
Ueckert, 1970; and Ueckert et al., 
1972). However, studies on forage 
varieties and species used in reseeding 
programs and whether or not they are 
preferred by grasshoppers are limited. 
Herman and Eslick (1939) reported on 
the selection of food plants by grass- 
hoppers in a grass field nursery in 
Pullman, Washington. They found the 
Standard variety of crested wheatgrass 
(Agropyron cristatum (L.) Gaertn.) 
was damaged considerably more than 
the Fairway variety. Also, Davis, 
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(1949) studied the feasibility of using 
crested wheatgrass for regressing field 
margins in order to crowd out weeds 
which are attractive as food for certain 
grasshopper species. Putnam (1962) 
reported on both native and intro- 
duced plants as food for Camnula 
pellucida (Scudder) in western Canada. 
In Arizona, Nerney and Hamilton, 
(1967) mention that the grasshopper 
MorseieZZa f7aviven tris (Bruner) des- 
troyed 85 to 90% of the seed crop of 
reseeded lovegrass and sideoats grama. 
Hewitt (1968, 1969) reported on the 
resistance of 26 forage plants to feed- 
ing by MeZanopZus sanguinipes (F.). In 
Kansas, Chu and Knutson (1970) 
studied the food preferences of eight 
grasshopper species for 11 species of 
cultivated grasses. They determined 
the type of damage (preference for 
leaves, inflorescence, seeds, etc.) 
caused by both nymphs and adults of 
the eight species. 

A study was therefore initiated to 
find a rapid means of screening plant 
selections for resistance to grasshopper 
feeding. One objective was to deter- 
mine which stage of grasshopper 
development (nymph or adult) and 
which of two stages of plant develop- 
ment (seedlings or more mature 
plants) gives the best indication of 
resistance. A second objective was to 
check the possibility that one or two 
grasshopper species might be represent- 
ative in their preferences of other 
species with similar food habits, since 
most economically important species 
are graminivorous. Reported here are 
the interactions of nine grasshopper 
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Table 1. Relative percentage eaten of six grass species at two phenological stages by nine different groups of grasshoppers. 

Grasshopper Plant growth Grass’ 
stage Species Stage2 Stvi Elju Agtr Agda Dagl Brin 

Mean 
deviation 
from avg 

Seedling plants 

Avg seedlings3 

Advanced plants 

A. deorum 
M. sanguinipes 
Mixed 
C. pellucida 
A. deorum 
B. brunnea 
M. sanguinipes 
M. pardalin us 
C. pellucida 

C. pellucida 
Mixed 
B. brunnea 
A. deorum 
M. sanguin ipes 
A. deorum 
M. sanguinipes 
M. pardalinus 
C. pellucida 

Avg advanced 3 3.1 a 6.2 a 

Avg seedlings and advanced 3.8 7.8 18.5 20.0 23.7 26.5 

2.5 
4.5 
6.8 
9.0 
3.5 
4.0 
3.5 
4.5 
1.5 

4.4 a 

2.8 11.0 
1.8 8.2 
4.0 1.5 
3.2 6.2 

.5 8.2 
3.5 2.0 
3.2 12.8 
8.0 3.2 
1.0 2.2 

10.0 
14.8 
11.0 
14.5 
13.0 
5.2 

12.0 
2.0 
1.8 

9.4 ab 

10.5 28.0 21.8 28.0 
14.0 28.8 19.8 18.5 
17.5 28.0 14.8 22.0 
13.5 31.5 20.5 11.2 
22.2 31.8 15.0 15.2 

6.5 16.2 30.2 37.8 
23.8 34.8 6.5 18.8 

9.8 12.2 25.2 46.0 
5.0 15.8 37.0 39.5 

13.6 b 25.2 d 21.2 cd 26.3 d 

20.2 15.5 23.0 27.8 
17.5 10.5 31.2 30.8 
25.2 14.5 36.8 18.0 
25.5 21.5 27.2 15.8 
15.8 7.8 30.8 37.0 
12.0 20.8 37.2 25.0 
16.0 12.8 16.5 38.8 
30.5 22.2 15.0 21.0 
46.8 6.8 17.5 26.0 

23.3 d 14.7 bc 26.1 d 26.7 d 

1.8 
3.1 
3.6 
5.2 
6.2 
6.8 
7.6 
8.0 
9.6 

2.2 
3.6 
4.5 
5.2 
5.7 
5.8 
6.3 
6.6 
7.8 

’ Stvi = green needlegrass; Elju = Russian wildrye; Agtr = pubescent wheatgrass; Agda = thickspike wheatgrass; Dagl = orchardgrass; Brin = smooth 
brome. 

2A = adults; N = nymphs. 
3Means, both amo n g and between plant ages, accompanied by the same letter do not differ significantly at the 1% level. 

groups and six grass species. 

Materials and Methods 

The six grass species used were 
selected to represent the range of 
preference by and resistance to M. 
sanguinipes observed in previous 
studies (Hewitt, 1968, 1969) and were 
as follows: green needlegrass (Stipa 
viridula Trin.), thickspike wheatgrass 
(Agropyron dasystachyum (Hook.) 
S cribn.), smooth brome (Bromus 
inermis Leyss), pubescent wheatgrass 
(Agropyron trichophorum (Link) 
Richt.), Russian wildrye (Elymus 
ju n ceus Fisch.) and orchardgrass 
(Dactylis glomerata L.). All were 
seeded in 30.5-cm rows at random 
across the width of redwood green- 
house flats (one row of each species/ 
flat) that had been divided lengthwise 
into two equal parts by a board. Thus 
four flats could be placed together in a 
rectangular pattern, and a metal-screen 
cage 101 X 39 X 30 cm could be 
placed over half of each row within a 
flat, while the rows outside the cage 
served as controls; there were four 
replicates of each grass species per 
cage. Half of each grass species was 
planted in May and half 6 weeks later, 
so seedling plants and more mature 
plants could be tested at the same 
time. In all, 72 flats and 18 cages were 

used. Before a test, the plantings were 
thinned to insure that both the test 
and control portions of a row con- 
tained comparable amounts of foliage. 

When the second planting was in 
the 2-leaf stage and the first planting 
consisted of more advanced vegetative 
growth, the cages were infested with 
nine groups of rangeland grasshoppers, 
all of which could be found on short- 
grass rangeland in the same habitat: 
( 1) nymphs and (2) adults of M. 
sanguinipes; (3) nymphs and (4) adults 
of Ageneotettix deorum (Scudder); 
and (5) nymphs and (6) adults of 
CamnuZa pellucida (Scudder); adults of 
(7) Metator pardalinus (Saussure) and 
(8) Bruneria brunnea (Thomas); and 
(9) a group of nymphs of mixed 
rangeland species that ranged from the 
second to the fourth instar but not 
necessarily composed of the same 
species as the other species tested. M. 
sanguinipes is a mixed feeder that eats 
grasses and forbs (Mulkern et al., 
1964). The other species feed mainly 
on grasses (Anderson and Wright, 
1952; Criddle, 1933; Mulkern et al., 
1969: Ganwere, 1961 and Brooks, 
1958). We assumed that the mixed 
group of nymphs would consume both 
grasses and forbs. 

300/cage and depended on the devel- 
opmental stage of the grass, the size of 
the grasshoppers, and the number of 
grasshoppers available. More grass- 
hoppers were used on plantings that 
had the most vegetative growth. The 
grasshoppers were allowed to feed 
from 24 to 96 hours, depending on 
how rapidly they consumed the grow- 
ing plants, and were removed as soon 
as an observable range of damage was 
apparent among the six species of grass 
but before any one grass species was 
completely eaten, All testing was done 
in a greenhouse. 

Immediately after the grasshoppers 
were removed from the cages, the grass 
from each test and check row was cut 
at soil level, and oven dried at 74°C. 
for 24 hours. Then the samples were 
weighed, and the amount eaten was 
determined by the difference between 
test and check rows for each entry. 
These were added for a replicate and 
the entry data then converted to a 
percentage of the total eaten for that 
replicate. The data were subjected to 
analysis of variance for detection of 
differences among grasses. Plant means 
(within age groups) were compared by 
use of Duncan’s multiple range test. 

The number of grasshoppers used 
for an infestation ranged from 30 to 

Results and Discussion 

The relative amount eaten of each 
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grass species by each grasshopper 
group is reported in Table 1. Con- 
sumption varied significantly (P<.Ol) 
between grass species, and there was a 
significant interaction between grass 
age and grass species. Green needle- 
grass and Russian wildrye sustained 
significantly less feeding than the 
other species, both as seedlings and as 
advanced plants, and did not differ 
significantly themselves either within 
or between plant ages. Orchardgrass 
and smooth brome sustained signifi- 
cantly more feeding than the other 
species both as seedlings and advanced 
plants and did not differ either within 
or between plant ages. The relative 
amounts of feeding on pubescent 
wheatgrass and thickspike wheatgrass 
were significantly different within 
both plant ages and between plant ages 
but were reversed in order from seed- 
ling to advanced plants. This reversal 
was the major cause of the indicated 
interaction between grass age and grass 
species reported for the total test. 

Our results tend to confirm pre- 
vious observations. For example, 
Hewitt (1968) reported lower average 
feeding rates, less weight increase over 
four generations, and fewer egg pods 
per female over four generations for 
M. sanguinipes on green needlegrass 
than on Russian wildrye and thick- 
spike wheatgrass. Also, Hewittt (1969) 
in working with M, sanguinipes and 
the same six plant species used in the 
present test found that green needle- 
grass gave low nymphal feeding in the 
greenhouse, least adult feeding in the 
field, least survival, and least weight 
gain than any other plant species; 
Russian wildrye also gave very low 
survival and weight gain. 

The analysis of variance did not 
show significant differences among 
grasshopper groups, either as a main 
factor or in interactions, because of 
the large error variance. An attempt 
was made, however, to compare the 
feeding of grasshopper groups within 
plant ages by calculating the mean 
deviation of each group from the 
average of all groups, thus providing an 
index as to how well a particular 
grasshopper species and stage repre- 
sented all grasshopper species and 
stages tested. Grasshopper groups are 
arranged by magnitude of deviation 
from the average for each plant age in 

Table 1. On seedlings, adult A. deorum 
represented the entire group best, and 
adult C. pehcida was least representa- 
tive. On advanced plants, adult C. 
pelhcida was most representative, and 
nymphs of C. pellucida was least repre- 
sentative. 

Conclusions 

The results of the tests confirm that 
grasshoppers exhibit large differences 
in feeding preference among plant 
species. On the average, that is for four 
of the six plant species, these prefer- 
ences persisted in much the same order 
at two stages of the plant growth. With 
very few exceptions, green needle- 
grass and Russian wildrye were least 
preferred by all grasshopper species 
and stages. 

No one grasshopper species or age 
was clearly representative of all groups 
tested. However, the group of mixed 
nymphs appeared to select grass 
species most uniformly and was fairly 
representative of all grasshopper 
groups. 

We concluded that it is feasible to 
screen plant species in the seedling 
stage for preference by using grass- 
hopper nymphs because the nymphs 
selected plant species of both ages 
about equally well and their prefer- 
ences were generally similar to those 
of adults. This combination would 
permit more rapid screening than 
would be the case with older plants 
and adult grasshoppers, since less time 
would be required for rearing and 
maintenance. 
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Evaluation of the Atrazine-Fallow 

Technique for Weed Control 

and Seedling Establishment 

RICHARD E. ECKERT, JR., JERRY E. ASHER, M. DALE CHRISTENSEN, AND RAYMOND A. EVANS 

Highlight: The atrazine-fallow technique was evaluated for 3 years on study areas of 
from 50 to 1,OOOacres. Atrazine at 0.6 to 1.2 lb/acre was applied in the fall by ground 
rig, by fixed-wing aircraft, or by helicopter. Ground-rig application gave the most 
uniform control of cheatgrass and tumble mustard during the fallow year. Air applica- 
tion usually left weedy strips between swaths of excellent weed control. Wheatgrasses 
and other sp_ecies of grasses and forbs were fall-seeded with the standard and deep- 
furrow rangeland drills I year after herbicide application. Fair to excellent seedling 
stands were obtained in all years. However, in 1 year a valid evaluation of treatment 
effects was not possible because of depradation and unusually high spring precipitation 
in the seedling year. In 2 years, environmental conditions were near normal, and 
depredation was reduced by use of large study areas and insect control. Under these 
conditions, good established stands of crested, intermediate, pubescent, and Siberian 
wheatgrasses were obtained by the chemical-fallow technique, 

eastern Nevada and varied from 50 to 160 
acres. 

In the 1966 trial, Amur intermediate 
wheatgrass (Agropyron intermedium) was 
seeded at 6 lb/acre with a deep-furrow 
drill in fall, 1967. In fall, 1970, two sites 
of the 1969 trials were seeded to standard 
crested wheatgrass (A. desertorum) at 6 
lb/acre. Five mixtures of species were 
seeded on the third site: 1) Siberian 
wheatgrass (A. sibericum) and sainfoin 
(Onobrychis viciaefolia); 2) western 
wheatgrass (A. smithii), red fescue 
(Festuca rubra), and alfalfa (Medicago 
sativa); 3) Luna pubescent wheatgrass (A. 
trichophorum), beardless wheatgrass (A. 
inerme), and small burnet (Sanquisorba 
minor); 4) Greenar intermediate wheat- 
grass, smooth brome (Bromus inermis), 
and alfalfa; 5) crested wheatgrass, Russian 
wildrye (Elymus junceus), and yellow 
sweetclover (Melilotus officinalis). Grasses 
were seeded at the rate of 4 lb/acre 
alone or at 2 lb/acre in combina- 
tions. Forbs were seeded at 1 lb/acre. All 
seedings were made with both the deep- 
furrow drill (20-inch rows) and the stand- 
ard rangeland drill ( 12-inch rows). Broad- 
leaf annual weeds were controlled during 
the seedling years of 1968 and 197 1 with 
l/21 or 1 lb/acre of 2,4-D ) [(2,4- 
dichlorophenoxy) acetic acid] applied in 
May, except on the site with grass-forb 
mixtures. 

Many workers have shown that seeding 
perennial wheatgrass into dense stands of 
cheatgrass (Bromus tectorum) results in 
stand failure in most years. Mechanical 
fallow for control of cheatgrass has been 
successful; however, the period available 
for disking in the spring, and therefore 
the acres that can be worked, is limited. 
Late germination of weed species in 
response to spring precipitation can re- 
duce the effectiveness of the fallow. 
Inclement spring weather may also pre- 
clude the use of contract work for 
mechanical treatment. 

The atrazine-fallow technique has 
shown promise for weed control and 
establishment of seeded species and over- 
comes problems associated with a 
mechanical fallow. Research on this tech- 
nique was done on small plots from 1962 
to 1969 (Eckert and Evans, 1967; Evans 
et al., 1969; and Eckert et al., 1972). 

Authors are range scientist, U.S. Department 
of Agriculture, Agricultural Research Service, 
Renewable Resource Center, University of 
Nevada, Reno; natural resource specialist, Bur- 
eau of Land Management, U.S. Department of 
the Interior, Albuquerque, New Mexico; re- 
search representative, CIBA-GEIGY Corpora- 
tion, Agricultural Division, Greensboro, North 
Carolina; and range scientist, U.S. Dep. Agr., 
Agr. Res. Serv., Renewable Resource Center, 
Univ. of Nevada, Reno. 

The study is a contribution from the U.S. 
Dep. Agr., Agr. Res. Serv., and the Agricultural 
Experiment Station, Univ. of Nevada, Reno. 
(Journal Series Number 264.) 
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Atrazine ( 2 - c hl or o-4-(e thylamino)-6- 
(isopropylamino)-s-triazine) at 1 lb/acre 
applied in the fall has given good weed 
control throughout the fallow year; soil 
moisture is conserved; and N03-N is 
accumulated (Eckert et al., 1970). During 
the fallow year, atrazine is degraded and 
leached so that little toxic residue re- 
mains in the soil when perennial grasses 
germinate. Perennial grasses are fall- 
seeded 1 year after herbicide application 
and germinate 16 to 17 months after 
herbicide application. Good seedling 
stands have been obtained most years by 
the deep-furrow seeding technique (Evans 
et al., 1970; Asher and Eckert, 1973; and 
Eckert, 1974). 

The practical application of the 
atrazine-fallow technique was evaluated 
on demonstration-size plots in 1966 and 
1969 and on a field-scale seeding of 
cheatgrass-infested rangeland in 1970. 
This paper presents the results of these 
studies. 

Demonstration Studies 

Procedures 

Atrazine at 1 lb/acre active was 
applied by ground rig to one site in fall, 
1966; and in fall, 1969, by fixed-wing 
aircraft to one site and by helicopter to 
two sites. Atrazine was applied in 5. gpa 
water by air and in 20 gpa by ground rig. 
Study areas were located in central and 

Weed control was evaluated by density 
(plants/ft2), frequency (% occu- 
pancy/ft2), and cover (%). Success of 
seeded species was evaluated by plant 
density (plants/ft of row-pfr), frequency 
(% occupancy/ft of row), and height 
during the seedling year and by frequency 
of established plants. 

, 

Results 

Fall0 w Year 
Ground application of atrazine gave 

uniform and excellent weed control in 
the fallow year (Fig. 1). Aerial applica- 
tion resulted in uncontrolled strips of 
cheatgrass, tumble mustard (Sisymbrium 
a 1 tissimum), Russian thistle (Salsola 
iberica), and yellowflowered pepperweed 
(Lepidium perfoliatum) (Fig. 2). Weed 
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control between weedy strips was very 
good (< 5% cover, compared to 23% on 
the check). On areas of good weed 
control, the soil surface was essentially 
bare of litter cover by spring of the 
seedling year. 

Seedling Year 

Normal or below-normal (5% probabil- 
ity) precipitation in the seedling year 
resulted in very sparse stands of cheat- 
grass because of unfavorable microclimate 
(Evans and Young, 1970) and dormant 
caryopses (Young et al., 1969). Stands of 
annuals were very dense in years of 
much-above-normal precipitation (8 to 

12% probability), because of the large 
number of safe microsites provided by 
the rough surface of furrows (Evans and 
Young, 1972) and the moist environ- 
ment. In addition, more cheatgrass 
caryopses break dormancy during a long, 
moist spring, and germination is enhanced 
(Young et al., 1969). 

Fair to excellent stands (0.7 to 4.4 
plants/foot of row [pfr]) of crested, 
intermediate, pubescent, and Siberian 
wheatgrasses were obtained by the 
atrazine-fallow technique. Stands of 
beardless and western wheatgrasses, red 
fescue, and Russian wildrye were poor; 
and establishment of forbs was very poor. 

Best stands were obtained in deep fur- 
rows and with good weed control during 
both the fallow and seedling years. Aver- 
age production (2,390 lb/acre) of inter- 
mediate wheatgrass in 1969 and 1970 on 
the 1966 atrazine-fallow plot was double 
that on the mechanical fallow and at least 
ten times greater than that of stands 
established without weed control. 

Dense stands of weeds or very high 
sprmg preclpltation in the seedling year 
masked some treatment effects. In these 
mstances, no weed control or furrow 
treatment increased seedling density and 
frequency of seeded species when com- 
pared with the check or standard drill 
treatments. However, seedling height, 
vigor, and survival indicated an advantage 
for seedlings in atrazine-fallow and 
furrowed areas. 

The demonstration studies indicated 
that adequate seedling stands could be 
obtained by the atrazine-fallow tech- 
nique. However, a valid evaluation of all 
treatment effects on the 1969 trials was 
not possible because of depredation by 
small mammals and grasshoppers and by 
unusually high spring precipitation during 
the seedling year. 

Field-Scale Study 

Procedures 

A field-scale study was initiated in 
1970 in an attempt to overcome the 
disadvantages of small areas. The site was 
near Elko in northeastern Nevada. Three 
major soils were described in the area. 
The Orovada series (Durixerollic Can- 
borthid coarse loamy, mixed mesic) was 
found adjacent to drainage channels in 
the valleys. The Cherry Spring series 
(Haploxerollic Durargid fine loamy, 
mixed mesic) was found on the broad 
terraces. The Cortez series (Xerollic 
Nadurargid fine montmorillonitic, mesic) 
was found as inclusions in yhe Cherry 
Spring series. Atrazine at 0.6, 0.8, and 1.2 
lb/acre active in 5 gpa water was applied 
by helicopter to 99, 879, and 91 acres, 
respectively. A 75.acre mechanical-fallow 
treatment and a 56.acre check were in- 
cluded. Twelve permanent plots were 
established on the 0.X lb/acre atrazine 
treatment, with five plots on each of the 
other treatments. Immediately before and 
after spraying, a 0- to I-inch soil sample 
was collected from these plots and anal- 
yzed for atrazine (Mattson et al., 1970) 
to assess the variability in herbicide appli- 
cation. Soil samples to 4 inches by l-inch 
increments were collected in the spring of 
the fallow and seedling years and anal- 
yzed for atrazine residue to relate to 
weed control and seedling establishment. 
Runoff water samples were collected in 
early and late spring of the fallow year 
from the check and from the 0.8 lb/acre 
atrarine treatment and analyzed for atra- 
rine and its two major metabolites. 



Crested and Siberian wheatgrasses were 
seeded at 6 lb/acre in fall, 1971, with 
both the deep-furrow and standard range- 
land drills. Alfalfa at 1 lb/acre was seeded 
with both grasses. Frequency, cover, and 
yield of weeds were determined in the 
fallow and seedling years. Reproductive 
potential (number of seeds/ft ) (Young 
et al., 1969) of annual weeds was esti- 
mated at the end of the fallow year. 
Density and frequency of seeded species 
were evaluated in April and June of the 
seedling year. Data for both wheatgrass 
species were combined for results. In May 
of the seedling year, broadleaf annuals 
were controlled by l/2 lb/acre 2,4-D 
applied aerially in 5 gpa on 100 acres 
across portions of all treatments. The 
entire seeding (except the 2,4-r> treat- 
ment) was evaluated by frequency, 
height, and seedhead production in June 
of the seedling year. Seedling establish- 
ment and weed control were sampled 
again in July to determine the effect of 
2,4-D. Grasshoppers were controlled with 
malathion (diethyl mercaptosuccinate s- 
ester with O,O-dimethyl phosphorodi- 
thioate) in July of the seedling year. 
Frequency of established plants of seeded 
species also was determined at the start of 
the second growing season. 

Results 

Fall0 w Year 
Precipitation from the time of atrazine 

application in fall, 1970, through March, 
197 1, was 6.8 inches, 1.2 inches above 
normal. Precipitation from April through 
June was 6.6 inches, 4.3 inches above 
average. Records from a nearby Weather 
Bureau Station indicate a probability of 
between 1 and 16% for this large amount 
of spring moisture. Under these condi- 
tions, we would expect germination of 
most weed seeds with the potential for 
germination, good activation of herbicide, 
and, consequently, excellent weed con- 
trol and a reduction in the reserve of 
weed seeds in the soil. 

Characteristics of weedy vegetation 
and atrazine residue in the fallow year are 
given in Table 1. Frequency and cover of 
weeds on the check were 100% and 36%, 
respectively, compared to averages of 
16% and 4.2% on atrazine treatments. 
Cheatgrass yield on the check averaged 
790 lb/acre and ranged from 506 to 
1,057 lb/acre. This amount of cheatgrass 
completely suppressed mustard growth. 
The mechanical fallow eliminated cheat- 
grass and mustard in that year, but seeds 
on the soil surface were planted by 
disking. Treatment with atrazine at 0.6 
lb/acre reduced cheatgrass to an average 
of 5 1 lb/acre and mustard to 18 lb/acre. 
The highest yield of annuals and the 
lowest atrazine residue were found on 
plots sprayed at this rate of atrazine. 
Many strips of uncontrolled annuals were 

290 

Table 1. Atrazine residue (ppm) in April, weed yield (lb/acre) 
in September during the fallow year in the field-scale study. 

in June, and weed seeds (no./f t2 ) 

Treatment 

Range in atrazine residue 

O-l” l-2” 

Range in weed yield 

Tumble 
Cheatgrass mustard 

Weed seeds 

Tumble 
Cheatgrass mustard 

Check 
Mechanical 

fallow 
Atrazine 

0.6 lb/acre 
Atrazine 

0.8 lb/acre 
Atrazine 

1.2 lb/acre 

<0.04 <0.04 506-l ,057 0 570 92 

< 0.04 < 0.04 84 0 0 41 

0.06-0.46 0.04-o. 18 15-143 7-50 98 91 

0.12-0.95 0.06-0.35 o-31 o-1 1 68 62 

0.22-l .24 0.05-0.54 0 0 75 26 

evident on this treatment (Fig. 2) and 
their yield approximated that of the 
check. With 0.8 lb/acre of atrazine, cheat- 
grass averaged 8 lb/acre, and mustard was 
eliminated on 11 of 12 plots. This treat- 
ment had only a few strips. Both annual 
species were completely controlled by the 
1.2 lb/acre atrazine treatment, with only 
an occasional strip of annual weeds. 

Seedling Year 
Precipitation from time of seeding in 

October through May was 6.2 inches, 1 .l 
inches below normal. June was an ab- 
normally wet month with 1.5 inches of 
precipitation, 0.8-inch above normal. In 
addition, 1.1 inches fell between June 7 
and June 20. 

Strips within and between spray Differences in atrazine residue in the 
swaths were left because less than the soil between the 0.6 and 0.8 lb/acre 
desired rate of atrazine reached the soil treatments or between the standard and 
surface. Soil samples collected immedi- deep furrows were small (Table 2). How- 
ately after spraying showed residues of ever, some plots in the 1.2 lb/acre 
from 0.13 to 0.8 1 ppm in the 0.6 lb/acre treatment contained more residue than 
treatment; from 0.25 to 3.18 ppm with other treatments. Deep-furrowing re- 
0.8 lb/acre; and from 0.05 to 2.91 ppm moved more of this residue than did 
with 1 .12 lb/acre. Data from spring sam- shallow-furrowing because more soil was 
pling in the fallow year also show a wide removed from the vicinity of the seeded 
residue range (Table 1). This variation row. Since the toxic level for wheat- 
could result from flagging error or from grasses appears to be about 0.13 ppm 
an uneven spray pattern. Since flagging (Eckert et al., 1972), deep-furrow plant- 
techniques were rigidly controlled, we ing will improve the chance of seedling 
believe that the latter was responsible for establishment in areas of high atrazine 
the variation in atrazine reaching the soil. residue. 

The reproductive potential is the num- 
ber of residual weed seeds in the soil that 
can germinate in the fall or spring and 
produce plants to compete with perennial 
grass seedlings. The number of cheat 

4 
rass 

caryopses was reduced from 570/ft on 
the check to between 68 and 98/ft2 with 
different rates of atrazine (Table 1). 
Atrazine at 0.6 lb/acre did not reduce the 
number of mustard seeds; however, the 
other rates, particularly 1.2 lb/acre, did 
reduce mustard, At the end of the fallow 
year, two seedbed conditions were pres- 
ent: 1) strips of uncontrolled annuals 
with a dry soil, a low concentration of 
N03-N, and many weed seeds on the soil 
surface, and 2) a clean fallow with an 
accumulation of soil moisture and N03- 
N, and a reduced number of weed seeds 
on the soil surface. 

Observations of various soil and topo- 
graphic features indicated no soil erosion 
in spite of bare soil and heavy precipita- 
tion. No atrazine or its metabolites were 
found in spring runoff water. Therefore 
we would expect no off-site environ- 
mental problems with use of the atrazine- 
fallow technique. 

All atrazine treatments and the check 
had good seedling stands of wheatgrass in 
April. Average seedling density and fre- 
quency ranged from 2.4 pfr and 68% on 
the 0.8 lb/acre atrazine treatment to 3.8 
pfr and 78% on the check. A better stand 
on the check compared to that on the 
atrazine-treated areas may have been 
caused by improved microclimate on the 
check because of litter cover (Evans and 
Young, 1970) and to some seedling mor- 
tality from herbicide residue on treated 
areas. Stands were not as good on the 
mechanical fallow (1 .O pfr and 48% fre- 
quency). Many germinated seeds were 
noted at depths of 3 to 4 inches. Evi- 
dently wheatgrass seed was planted too 
deep in the loose seedbed created by 
disking. Seedling stands on the atrazine 
treatments were better in deep furrows 
(4.0 pfr and 84%), compared to standard 
furrows (1.9 pfr and 68%). This differ- 
ence is a response to improved micro- 
climate as well as to lower herbicide 
residue in the deep furrows. 

Change in seedling density from April 
to June indicated 87% seedling mortality 
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Table 2. Atrazine residue (ppm) in April; and seedling density (plants/ft of row); frequency (% occupancy/ft of row); height (inch); % of crested and 
Siberian wheatgrass plants headed; weed yiekt (lb/acre) in June of the seedling year; and frequency (%) of established plants in the second growing 
season on the field-scale study. Residue, density, and yield data were collected on established plots. Data on frequency, height, and plants headed 
were taken over entire seeding. 

Established 

Treatment 

Range in atrazine residue in 
surface 4 inch of soil 

DF’ SF2 

Density 

DF SF 

Seedling characteristics 

Frequency Height 

DF SF DF SF 

Headed 

DF SF 

Weed yield 

Cheat- Tumble 
grass mustard 

plants 

Frequency 

DF SF 

Check <0.04 <0.04 0.6 0.4 27 10 4.5 3.6 6 0 358 596 24 9 
Mechanical 

fallow < 0.04 < 0.04 0.5 0.4 14 18 5.5 9.2 16 36 236 1,484 23 22 
Atrazine 

0.6 lb/acre <0.04-0.05 <0.04-0.05 0.9 1.3 63 51 10.4 8.4 58 44 200 1,114 65 59 
Atrazine 

0.8 lb/acre < 0.04-0.04 <0.04-0.06 1.3 1 .O 56 54 9.4 8.6 50 42 108 1,642 62 56 
Atrazine 

1.2 lb/acre <0.04-0.12 <0.04-0.17 0.8 1.0 65 56 9.0 8.1 62 46 144 1,316 60 49 
’ D F-D eep-furrow rangeland drill. 
2 SF-Standard-furrow rangeland drill. 

on the check, 61% with atrazine at 0.6 
lb/acre, 50% with atrazine at 0.8 lb/acre, 
66% with atrazine at 1.2 lb/acre, and 50% 
on the mechanical fallow, with little 
difference between deep and standard 
furrows. Atrazine damage to seedlings 
was noted only with atrazine at 1.2 
lb/acre. On the check, plant frequency 
was greater in deep furrows (Table 2). On 
the mechanical fallow, plant frequency 
and height were greater and more plants 
were headed in standard furrows. Differ- 
ences in plant density among the three 
atrazine treatments or between standard- 
and deep-furrow seeding were small. 
However, frequency, height, and percent 
of plants headed indicated an advantage 
for deep-furrow seeding. These seedling 
stands were obtained with adequate 
precipitation for germination, emergence, 
and survival. The high precipitation in 
June was favorable for growth of the 
perennial-grass seedlings, but also for 
development of a very dense stand of 
vigorously growing tumble mustard. The 
alfalfa stand was poor on all treatments. 

Observations made in April and May 
suggested good cheatgrass control and 
little potential problem with mustard. 
However, the accelerated growth of mus- 
tard in June resulted in a dense stand of 
tall plants. Total weed yield, mostly 
mustard, was much less on the check than 
on treated areas (Table 2). 

Yield of cheatgrass was somewhat less 
on atrazine treatments than on the check. 
More important in terms of competition 
was cheatgrass density and size. The check 
had many small cheatgrass plants. A 
dense root mass in the top 3 to 4 inches 
of soil suggests that soil moisture was 
depleted rapidly from the areas where 
perennial-grass seedlings were rooted. On 
the treated areas, plant density was low, 
plants were large, and roots did not form 
a dense mat between plants. The very 
severe intra- and interspecific competition 

from dense cheatgrass was indicated by 
suppression of mustard and dry herbage 
on check areas in June compared to green 
herbage on the atrazine treatments. Seed- 
ling establishment was enhanced because 
some soil moisture from the previous 
year’s fallow was available to both weedy 
and seeded species. 

Mustard control with 0.5 lb/acre of 
2,4-D was excellent (13.3% ground cover 
on check and 2.8% with 2,4-D). Cheat- 
grass ground cover was greater after mus- 
tard control, but total weedy cover was 
reduced from 24.8 to 15.0%. On a spe- 
cific area of the seeding, density and 
frequency of crested wheatgrass in July 
were 1.9 pfr and 64%, respectively, with- 
out 2,4-D treatment and 5.3 pfr and 
76% with treatment. Control of broadleaf 
weeds on research plots also increased 
seedling survival and subsequent years’ 
yields of crested and intermediate wheat- 
grasses (Eckert and Evans, 1967). The 
decision by a land manager to use 2,4-D 
must be made on a project basis and will 
depend on cost, environmental considera- 
tions, degree of infestation of broadleaf 
weeds, stage of development of perennial 
grass seedlings, time of year, and residual 
soil moisture. Establishment of a desir- 
able perennial forb in a seeding would 
preclude use of 2,4-D. 

Discussion of the Technique 

Good weed control was obtained in 
the fallow year with 0.6 to 1.2 lb/acre 
atrazine. However, weedy strips and high 
and low amounts of atrazine residue in 
the soil indicate that proper herbicide 
distribution was not obtained with the 
fixed-wing and helicopter equipment 
used. This was the only problem associ- 
ated with the practical application of the 
technique. Recent work (Anon., 1971) 
has shown that relocation of spray noz- 
zles on the boom of fixed-wing aircraft 
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can improve the spray pattern. This devel- 
opment should greatly reduce the prob- 
lem of uneven application. 

The amount of competitive vegetation 
during the seedling year depends on the 
population dynamics of weed species 
(Young et al., 1969, 1970) and condition 
of the seedbed (Evans and Young, 1970). 
Poor weed control or weedy strips during 
the fallow year serve as a seed source to 
reinfest adjacent clean areas. A fallow 
year with environmental conditions favor- 
able for germination of weed seeds and 
subsequent control results in less seed for 
potential germination in the seedling 
year. Conversely, poor germination in the 
fallow year results in more residual seed 
for the seedling year. 

Germination of seeds of weedy species 
and of perennial grasses in the seedling 
year depends on macro- and microenvi- 
ronmental conditions of the seedbed 
(Evans et al., 1970). The seedling year of 
1968 was relatively dry, with minimal 
cheatgrass, and with 2,4-D application, 
few other weeds. Very high spring precip- 
itation in 1970 resulted in high germina- 
tion and vigorous growth of weeds, espe- 
cially cheatgrass. Environmental condi- 
tions in early spring, 1972, were more 
favorable for mustard germination than 
for cheatgrass, possibly because of the 
influence of mustard’s mucilaginous seed- 
coat (Young and Evans, 1973). Mustard 
seedlings did not develop until late spring, 
when favorable conditions resulted in a 
rapid growth of a dense, competitive 
stand. 

Good seedling stands were obtained on 
atrazine treatments in the demonstration 
studies in 1970; however, differences in 
stand characteristics between treated and 
check areas and type of furrow were 
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confounded by environmental conditions 
and depredation. The large size of the 
field-scale study in 1972 minimized 
rodent damage, and grasshoppers were 
controlled. Therefore, stands could be 
related more directly to treatments and 
climatic conditions. Good stands of 
crested and Siberian wheatgrasses were 
obtained on all atrazine treatments and 
on the check. Mortality on the check 
during the spring reduced stand density 
and frequency; plants were small, and few 
were headed. On atrazine-fallow areas, 
good stand density and frequency were 
maintained through June. Seedlings were 
large, and many were headed. At the start 
of the second growing season plants of 
crested and Siberian wheatgrasses were 
large and well established. Average fre- 
quency on the atrazine treatments was 
58% compared with 22% on the mechan- 
ical fallow and 16% on the check (Table 
2). 

In the demonstration studies, deep 
furrows appeared to increase seedling 
vigor and survival more than seedling 
density or frequency. However, on one 
site, deep furrows did increase density, 
frequency, and vigor of intermediate and 
pubescent wheatgrasses but did not affect 
stands of crested or Siberian wheat- 
grasses. In the field-scale study, deep 
furrows did not affect the density of 
crested and Siberian wheatgrasses but did 
increase plant frequency, height, and the 
number of plants headed. 

Conclusions 

The degree of success of the atrazine- 
fallow technique for seeding perennial 
grasses on cheatgrass-infested rangelands 
depends on uniform application of herbi- 
cide, amount and timing of precipitation 
during the fallow and seedling years, 
weed populations, site potential, and 
depredation. Fluctuations in these con- 
ditions have resulted in establishment of 
wheatgrass stands that varied from ex- 
tremely good to poor. However, our 
results indicate that even under fairly 
adverse conditions, enough plants can be 
established to permit development of a 
full stand through proper livestock 
management, 
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Tolerance of Bermudagrass to Herbicides 

R. W. BOVEY, R. E. MEYER, AND E. C. HOLT 

Highlight: Herbicides 2,4-D, 2,4,5-T and dicamba applied in spring or fall usually 
did not reduce yields of bermudagrass. When applied during dry periods, picloram 
reduced density and yield of bermudagrass. Degree of bermudagrass injury was directly 
related to rate of herbicide. “Common,” “Coastal,” and “Coastcross- ” varieties 
responded similarly to each herbicide studied. Kleingrass, a new forage grass growing in 
the plot area, was tolerant of all herbicide treatments, including picloram. 

In south Texas, many rangeland areas 
that have been disturbed and established 
in bermudagrass (Cynodon dactylon (L.) 
Pers.) pastures are now rapidly becoming 
infested with seedlings of huisache 
(Acacia farnesiana (L.) Willd.) and honey 
mesquite (Prosopis julijlora (Swartz) DC. 
var. glandulosa (Torr.) Cockerell). Seed of 
these woody species are abundant on 
some sites. They germinate and rapidly 
establish seedlings under favorable condi- 
tions. Within 2 or 3 years, the woody 
plants, especially huisache, may become 
too large to mow. The field must then 
either be abandoned or treated by other, 
more drastic mechanical methods. Annual 
mowing will not kill the brush, and 
huisache is resistant to broadcast sprays 
of 2,4-D [(2,4-dichlorophenoxy)acetic 
acid] or 2,4,5-T [2,4,5-trichloro- 
phenoxy)acetic acid] . 

Huisache and honey mesquite are sus- 
ceptible to picloram (4-amino-3,5,6- 
trichloropicolinic acid) and dicamba 
(3,6-dichloro-o-anisic acid) (Bovey et al., 
1969). Combinations of picloram + 
dicamba or 2,4,5-T are effective against 
both species, and dicamba t 2,4,5-T will 
control honey mesquite (Meyer and 
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Bovey, 1973; Scifres and Hoffman, 
1972). Apparently, 2,4-D, 2,4,5-T, 
dicamba, MCPP (2- [(4-chloro-o- 
tolyl)oxy] propionic acid) and certain 
combinations of these materials applied 
for herbaceous weed control did not 
damage bermudagrass turf at College Sta- 
tion, Texas (McBee, 1966). Reber et al. 
(197 1) found that several bermudagrass 
cultivars in Illinois were susceptible to 
picloram; resistant cultivars recovered 
within 16 months following treatment. 

The relative tolerance of “Common,” 
“Coastal,” and “Coastcross- ” varieties of 
bermudagrass to 2,4-D, 2,4,5-T, dicamba, 
and picloram treated in spring and fall 
with rates commonly used for herbaceous 
and woody plant control was evaluated in 
this study. 

Materials and Methods 

Granule or spray formulations of the 
potassium salt of picloram and the 
dimethylamine salt of dicamba were ap- 
plied to triplicate plots of 5 by 20 ft in 
established stands of bermudagrass near 
College Station, Texas. A randomized 
block or split-plot design was used. Soil 
was a Lufkin sandy loam. Sprays of the 
propylene glycol butyl ether esters of 
2,4-D and 2,4,5-T or butoxyethanol ester 
of 2,4,5-T were also included. Spray 
formulations were applied in water by a 
hand-carried boom at 20 gallons per acre. 
Karbutilate [ tert-butylcarbamic acid ester 
with 3-(m-hydroxyphenyl)-l , l-dimethyl- 
urea] granules were applied on May 15, 
1972. 

Active ingredient of picloram, 
dicamba, and karbutilate granules were 2, 
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10, and lo%, respectively. Herbicides 
were applied on October 30, 1970; Feb- 
ruary 17, 1971; May 3, 1971; October 
14, 1971; and May 15, 1972. Bermuda- 
grass was harvested in the spring and fall 
after herbicide treatment. Forage from a 
2.8 by lo-foot area was collected from 
the center of each plot. Oven-dry weights 
were obtained, and forage yields were 
converted to lb/acre. Herbicides and rates 
used are given in the tables that follow. 

Results 

Picloram granules applied in October 
1970 at 2 and 4 lb/acre significantly 
reduced yields of Coastal and Coastcross- 
1 bermudagrass when harvested in June 
and October 1971 (Table 1). Most of the 
grass harvested in plots treated with 
picloram at 4 lb/acre was Kleingrass 
(Panicum coloratum L.), which appeared 
very tolerant of all picloram treatments. 
Kleingrass is a recent forage plant intro- 
duction. A thin stand of Kleingrass volun- 
teered throughout the plot area from a 
previous planting and appeared to in- 
crease in picloram-treated plots. 

Picloram granules applied to estab- 
lished Common bermudagrass in October, 
1970, produced yields similar to those 
obtained for Coastal and Coastcross-l 
harvested in June, 1971. Picloram at 1, 2 
and 4 lb/acre caused yields of 1647,666 
and 86 lb/acre, oven-dry forage, respec- 
tively, compared to the control of 2918 
lb/acre (data not shown). Rainfall was 
below normal after treatment (Table 2), 
and phytotoxic levels of picloram were 
probably not leached from the root zone. 
Dicamba granules applied at 1, 2 or 4 
lb/acre in October, 1970, did not reduce 
yield of Common bermudagrass, which 
produced about 3500 lb oven-dry forage/ 
acre, by June, 1971. The control pro- 
duced 2918 lb/acre oven-dry forage (data 
not shown). Yield of Coastal bermuda- 
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Table 1. Ovendry weight (lb/acre) of vegetation on Coastal and Coastcross-l bermudagrass sites at College Station, Texas, after application of 
picloram and dicamba granules on October 30, 1970, and harvested at two dates. 

Harvested June 10, 197 1 1 Rate Harvested October 7, 197 1’ 

Chemical applied (lb/acre) Coastal Coastcross-l Mean Coastal Coastcross-l Mean 

Untreated 4295 2954 3624 2024 1642 1833 
Picloram granule 1 3215 1468 2342 1959 1129 1544 
Picloram granule 1598 1597 1598 1656 1083 1370 
Picloram granule 4 227 261 244 718 493 605 
Dicamba granule 1 5700 2261 3980 2074 1879 1976 
Dicamba granule 2 4876 3176 4026 2063 973 1518 
Dicamba granule 4 4771 2229 3500 2100 1160 1630 
Mean 3526 1992 2759 1799 1194 1496 

’ Least significant differences: 
Between varieties (mean) 
Among herbicides (mean) 
Between varieties within the same herbicide 
Between herbicides within the same variety 

June 10 data October 7 data 
2173 207 
1088 93 
2436 222 
1540 130 

grass was unaffected in spring and fall 
harvests, -but yield of Coastcross-l was 
reduced in the fall harvest in plots receiv- 
ing dicamba at 2 and 4 lb/acre (Table 1). 

Picloram granules at 1,2 and 4 lb/acre 
applied to plots in February, 1971, sig- 
nificantly reduced yields of Coastal and 
Coast&oss-1 bermudagrass by June 1971 
(data not shown). However, grass in the 
same plots harvested in October, 1971, 
had about recovered. Significant reduc- 
tion in yield occurred only in plots 
receiving 4 lb/acre of picloram. Dicamba 
granules did not reduce forage yields on 
Coastal or Coastcross-l varieties from 

either spring or fall harvests. Drought 
conditions prevailed during the winter of 
1970-197 1, and injury to the bermuda- 
grass from picloram may have been ac- 
centuated since rainfall is important in 
dissipation of the herbicide from the soil 
profile. Yield data for Common bermuda- 
grass from plots treated in February, 
1971, were similar to plots treated in 
October, 1970. 

Spring applications (May, 1971) of 
picloram sprays and granules reduced 
forage growth of Common bermudagrass 
at most rates when yields were taken 1 

Table 2. Rainfall (inches) between treatment 
date and harvest date at College Station, 
Texas. 

Treatment Harvest 
date date 

Accumulative 
rainfall 

1 o/30/70 6/10/71 11.65 
10/7/71 22.58 

l/17/71 6/10/71 9.30 
1 o/7/7 1 20.23 

513171 6/10/71 6.13 
10/7/71 17.06 

10/14/71 6120172 21.65 
1 l/9/72 39.04 

5115172 6120172 1.06 
11 I9172 18.45 

Table 3. Ovendry weight (lb/acre) of vegetation on Coastal and Coastcross- bermudagrass sites at College Station, Texas, after application of 
herbicide sprays and granules on May 3, 1971, and harvested at two dates. 

Chemical applied 
Rate 

(lb/acre) 

Harvested June 10, 1971’ Harvested October 7, 1971’ 

Coastal Coastcross-l Mean Coastal Coastcross-l Mean 

Untreated 
Picloram spray 
Picloram spray 
Picloram spray 
Picloram spray 
2,4-D spray 
2,4-D spray 
2,4,5-T spray 
2,4,5-T spray 
2,4,5-T spray 
2,4,5-T spray 
Dicamba spray 
Dicamba spray 
Dicamba spray 
Dicamba spray 
Picloram granule 
Picloram granule 
Picloram granule 
Dicamba granule 
Dicamba granule 
Dicamba granule 
Mean 

0.5 

2 
4 
1 
2 
0.5 
1 
2 
4 
0.5 

6430 2979 4704 2498 1748 2123 
3342 1008 2175 2060 2299 2180 
1988 1021 1504 2178 1991 2084 
2409 1113 1761 1565 1706 1636 
2081 406 1244 742 1035 888 
4740 2727 1600 2534 1441 1988 
4325 2492 3408 2215 1909 2062 
4600 2234 3417 1795 1542 1521 
4896 2596 3746 2589 1873 2231 
3782 1926 2854 2301 1447 1874 
3027 2026 2526 1725 1403 1564 
4264 2377 3320 2460 1597 2028 
4775 2531 3653 1833 1915 1874 
3747 1738 2742 2658 1978 2318 
3263 1652 2458 2357 1885 2121 
2252 1288 1770 1750 1540 1645 
235 1 1579 1965 1125 1892 1508 
2708 1491 2100 437 766 602 
4649 2163 3406 1647 2103 1875 
3175 2376 2776 2170 2130 2136 
3061 1721 2391 1197 1815 1506 
3409 1878 2644 1883 1714 1798 

1 Least significant differences: June 10 data October 7 data 
Between varieties (mean) 1252 280 
Among herbicides (mean) 878 557 
Between varieties within the same herbicide 1631 154 
Between herbicides within the same variety 1240 788 
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Table 4. Ovendry weight (lb/acre) of vegetation on a Common bermudagrass site near College 
Station, Texas, after application of herbicide sprays and granules at two dates.a 

Applied October 14, 1971 Applied May 15,1972 

Rate Harvested Harvested Harvested Harvested 
Chemical applied (lb/acre) June 20, 1972 Nov. 9, 1972 June 20,1972 June 9,1972 

Untreated 1336 1869 1883 1589 c 
Picloram spray 0.25 1436 1488 1603 1608 c 
Picloram spray 0.5 1911 1788 1513 2412 e 
Piclor am spray 1 2086 2238 1338 2396 e 
2,4-D spray 1 1854 1415 1890 1764 cd 
2,4-D spray 2 1193 1346 1454 2185 de 
2,4,5-T spray 1 1743 1420 1303 1845 cd 
2,4,5-T spray 2 1388 1317 1462 1809 cd 
Dicamba spray 0.5 1990 1531 1755 1911 cde 
Dicamba spray 1 1283 1297 1323 1834 cd 
Picloram granule 1 1845 1740 1535 2210 de 
Picloram granule 2 2081 1664 1266 1714 cd 
Karbutilate granule 1 1203 1879 cd 
Karbutilate granule 2 1165 1080 b 
Karbutilate granule 4 1100 410a 

aValues followed by the same letter in the last column are not significantly different at the 5% 
level. Values in the first three columns are not significantly different at the 5% level. 

month after treatment (data not shown). 
Degree of injury to bermudagrass de- 
pended directly upon application rate of 
picloram. Four lb/acre of picloram re- 
duced grass yield over 95% of that from 
untreated plots. Grass treated with pic- 
loram sprays of 0.5 lb/acre was injured 
less than grass treated with higher pic- 
loram rates; but grass yield was signifi- 
cantly less than that from untreated 
plots. Sprays of 2-4-D, 2,4-5-T, and 
dicamba and granules of dicamba up to 4 
lb/acre applied in May, 1971, did not 
significantly reduce yields of Common 
bermudagrass. 

All herbicides applied in May, 197 1, 
reduced oven-dry forage yields of Coastal 
and Coastcross-l harvested 1 month after 
treatment, although results for 2,4-D, 

2,4-5-T, and lower rates of dicamba on 
Coastcross-l were not significantly dif- 
ferent from those from untreated areas 
(Table 3). Reduction was greatest with 
highest rates of picloram. Five months 
after treatment, picloram spray and gran- 
ular treatments at 2 and 4 lb/acre and 
dicamba granules at 1 and 4 lb/acre, 
significantly reduced yield of Coastal 
bermudagrass. Granular formulations of 
picloram at 4 lb/acre reduced yield of 
Coastcross-1. Forage yields from all other 
herbicide treatments were similar to un- 
treated plots of Coastal and Coastcross-l 
bermudagrass. In 1971, forage yield of 
Coastal was consistently greater than that 
of Coastcross. 

No differences in bermudagrass yields 
in June, 1972, occurred among treat- 
ments applied to Common bermudagrass 
in May 1972 (Table 4). However, on the 
same plots in November, 1972, more 
forage was harvested where sprays of 
picloram at 0.5 and 1 lb/acre, 2,4-D at 2 
lb/acre, and picloram granules at 1 lb/acre 
had been applied than from other plots. 
Karbutilate at 2 and 4 lb/acre reduced 
forage yields, but karbutilate at 1 lb/acre 
did not. 

FalI applications of picloram, 2,4-D, 
2,4,5-T, and dicamba in 1971 did not 
reduce forage yields of Coastal and Coast- 
cross-l bermudagrass harvested in June, 
1972, or November, 1972 (Table 5). 
Coastal yield was greater in all picloram 
treatments in June, 1972, than in the 
untreated plots. Abundant rainfall appar- 
ently removed enough residual picloram 
to allow normal growth. 

Yield of Common bermudagrass Except for karbutilate, which caused 
treated in October 1971 and harvested in increased yield of Coastal in June, 1972, 

June and November, 1972, was not re- 
duced by herbicide treatments (Table 4). 
Unlike results from picloram applied in 
October, 1970, picloram applications in 
October, 197 1, at similar rates did not 
reduce grass yield. Reduced phyto- 
toxicity of picloram applied in October, 
1971, compared with that applied in 
October, 1970, is attributed to more 
abundant rainfall (Table 2), which may 
have leached toxic levels of picloram 
from that root zone and allowed more 
overall growth of grass. Grass yield 
tended to be highest on picloram-treated 
areas, probably because of the benefit of 
prolonged weed control. 

Table 5. Ovendry weight (lb/acre) of vegetation on Coastal and Coastcross-l bermudagrass sites at College Station, Texas, after application of 
herbicide sprays and granules on October 14,197 1, and harvested at two dates. 

Chemical applied 
Rate 

(lb/acre) 

Harvested June 20, 1972’ Harvested November 9, 1972’ 

Coastal Coastcross-l Mean Coastal Coastcross-l Mean 

Untreated 537 772 654 1799 1848 1824 
Picloram spray 0.25 888 1324 1106 1469 1875 1672 
Picloram spray 0.5 886 720 803 1578 1744 1661 
Picloram spray 1 1033 1002 1018 1730 1504 1617 
2,4-D spray 1 567 501 534 1322 1544 1433 
2,4-D spray 2 601 778 690 1563 1693 1628 
2,4,5-T spray 1 542 771 656 1463 1658 1560 
2,4,5-T spray 2 626 864 745 1345 1412 1378 
Dicamba spray 0.5 715 834 774 1583 1751 1667 
Dicamba spray 1 542 637 590 1617 1860 1738 
Picloram granule 1 889 1002 946 2013 2065 2039 
Picloram granule 2 961 803 882 1428 1399 1414 
Mean 732 834 783 1576 1696 1636 

’ Least significant differences: June 20 data November 9 data 
Between varieties (mean) 189 633 
Among herbicides (mean) 238 385 
Between varieties within the same herbicide 359 767 
Between herbicides within the same variety 336 546 
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Table 6. Ovendry weight (lb/acre) of vegetation on Coastal and Coastcross-l bermudagrass sites at College Station, Texas, after application of 
herbicide sprays and granules on May 15,197.2, and harvested at two dates. 

Chemical applied 
Rate 

(lb/acre) 

Harvested June 20, 1972l Harvested November 9, 1972’ 

Coastal Coastcross-l Mean Coastal Coastcross-l Mean 

Untreated 
Picloram spray 
Picloram spray 
Picloram spray 
2,4-D spray 
2,4-D spray 
2,4,5-T spray 
2,4,5-T spray 
Dicamba spray 
Dicamba spray 
Picloram granule 
Picloram granule 

Karbutilate granule 
Karbutilate granule 
Karbutilate granule 
Mean 

0.25 
0.5 

1 
2 
1 
2 

0.5 

2 

2 
4 

537 772 654 1799 1848 1824 

766 815 790 1632 2425 2028 
496 705 600 1778 1735 1756 
734 668 701 1747 1618 1682 
709 878 794 1808 2469 2138 
811 774 792 1413 1607 1510 
579 910 744 1549 2954 2252 
880 982 931 1826 2387 2106 
750 886 818 1877 1660 1768 
706 745 726 1641 2210 1926 

588 704 646 1667 1958 1812 
631 977 804 1145 1491 1318 

1006 718 862 1503 1867 1685 
729 625 677 1390 1110 1250 
963 506 734 1409 1184 1296 

726 778 752 1612 1902 1757 

1 Least significant differences: June 20 data November 9 data 
Between varieties (mean) 155 869 
Among herbicides (mean) 279 555 
Between varieties within the same herbicide 404 1078 
Between herbicides within the same variety 395 786 

herbicides applied in May, 1972, resulted 
in no significant differences in forage 
yield of Coastal or Coastcross-l bermuda- 
grass 1 and 6 months after treatment 
(Table 6). Karbutilate tended to reduce 
yield of Coastcross at 2 and 4 lb/acre in 
plots harvested in the fall, but yield was 
not significantly different from that of 
the control. Growth of bermudagrass was 
much greater in the spring of 197 1 than 
1972 because of more rainfall and favor- 
able temperature between time of treat- 
ment and harvest. 

Discussion 

Herbicides 2,4-D, 2,4,5-T, and 
dicamba usually did not reduce yield of 
established Common, Coastal, or Coast- 
cross-l bermudagrass, regardless of rate or 
time of treatment. The high rate of 

2,4,5-T (4 lb/acre) in spring tended to 
discolor the grass, but injury was tempo- 
rary. Picloram at 2 and 4 lb/acre applied 
during periods of dry weather severely 
reduced bermudagrass growth. Most of 
the grass harvested in plots treated with 
picloram at 4 lb/acre was Kleingrass, 
which was very resistant to picloram and 
other herbicides. In most weed and brush 
control programs, rate of herbicide would 
seldom exceed 1 lb/acre. Picloram at rates 
of 1 lb/acre or below sometimes injured 
bermudagrass but reduced growth was 
temporary and regrowth sometimes ex- 
ceeded that of the control, probably a 
result of weed control. However, in areas 
of limited rainfall or irrigation (below 20 
inches annually), picloram may signifi- 
cantly reduce bermudagrass stand and 
production the first year after treatment 
if phytotoxic levels of picloram remain in 

the root zone. Common, Coastal and 
Coastross-l varieties of bermudagrass re- 
sponded similarly to each herbicide 
studied. 
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Control of Gambel Oak 

with Three Herbicides 

GORDON A. VAN EPPS 

Highlight: Fenuron, picloram, and 3 phenoxy compounds 
were applied to Gambel oak (Quercus gambellii Nutt.) to attain 
a complete kill of the plant. Spring treatments of fenuron 
applied to the soil at rates of 8 lb aelacre or higher were 
effective as were fall applications. Picloram as a soil treatment 
was not effective. Foliar spraying with picloram and the 
phenoxy compounds at the higher rates killed oak crowns but 
not the plants. The herbicides varied in their injury to under- 
story vegetation. 

This study in Central Utah was initiated to determine 
whether herbicides presently available would produce a com- 
plete kill of Gambel oak (Quercus gambellii Nutt.), which has 
been notoriously difficult to kill. Gambel oak is widely 
distributed in the central and southern Rocky Mountains as a 
deciduous shrub generally growing in clumps or thickets. The 
geographical distribution, ecology, and growth characteristics 
of this controversial species have been reported in more detail 
by Christensen (1949) and Brown (1958). 

Changing of plant cover on watersheds in the Western 
United States has been suggested as a possible means to 
increase water yields. This process may improve the value of 
such areas for grazing, forestry, and recreation. In line with 
this, practical methods for eradicating those species throught 
to be high users of water would have to be known prior to 
initiating any changes in vegetation. Gambel oak is one of the 
species thought to be in this category because of its growth 
characteristics and its occupying large areas on important 
watersheds. Studies by Tew (1969), Marquiss (1969), and 
Grover (1970) have since borne this out. Grover et al. (1970) 
found that water yields in central Utah could be increased by 
5.6 acre inches in 4 out of 5 years at elevations above 7,640 ft, 
if brush oak (Gambel oak and associated cover) vegetation was 
converted to a grass-forb type. Their preliminary data also 
indicated that aspen and sagebrush use water at a rate similar 
to that of Gambel oak. Working in the same geographical area, 
Tew (1969) found that moisture depletion was essentially the 
same in the upper 4 ft of soil, where either oak or grass were 
established. At the 4 to 8 foot depth, however, moisture loss 
from the soil was cut nearly 60% after complete eradication 
of the oak and establishment of grass. Tew (1967) found 
similar conditions prevailed with aspen (Popuhs tremuloides 

The author was, at the time of the research, associate professor of 
plant science, Department of Plant Science, Utah State University, 
Logan. He is now stationed at Snow Field Station, Ephraim, Utah. 

The report is a contribution of the Utah Agricultural Experiment 
Station as Journal Paper number 1769. 

Manuscript received July 14, 1973. 

JOURNAL OF RANGE MANAGEMENT 27(4), July 1974 

Michs.). The studies of Marquiss (1969), in Colorado, are in 
agreement with Tew (1969) in that there is no increase in soil 
moisture under Gambel oak unless the entire plant, including 
sprouts, is killed. 

Several methods for controlling Gambel oak have been tried 
with varying results. Levels of plant injury desired may differ 
depending on area usage. Apparently, as mentioned above, the 
entire plant should be killed for water yield improvement, 
while killing top growth (crowns) and retarding sprouts (root 
and basal growth) may give effective control for increased 
grazing, as found in studies by Marquiss (1969). 

Marquiss (1973) found that picloram and mixtures contain- 
ing picloram not only provided the best kill of mature stems 
but also reduced root sprouting better than the usual phenoxy 
type herbicides. His use of fenuron pellets and picloram in 
bead and pellet forms at rates up to 2.5 lb/acre were 
ineffective in controlling mature oak. Heikes (1964) reported 
picloram applied at 1.5 lb/acre with a mist blower gave almost 
a complete kill of Gambel oak with little regrowth the year 
following application. Johnsen et al. (1969) used a number of 
herbicides on Gambel oak in Arizona, with variable responses. 
None of the studies show complete plant kill. 

Methods and Procedures 

Study sites on various exposures and soil types were 
selected on private land in central Utah. Oak stands were 
generally in scattered clumps on slopes of 5 to 20%. Total 
plots from all locations covered several hundred acres. Plots 
within replications at each location were similar in exposure 
and soil type. A plot consisted of a natural single clump which 
at the outset of the experiment was thought to be a single 
plant or clone. Later it was discovered that one to several 
clumps, some separated by more than 80 feet, could be part of 
the same clone. Thus several “clump plots” initially considered 
as separate clones were exposed to more than one herbicide 
because of extensive translocation. Individual plot size varied 
from 36 to 1,650 ft2, depending on the size of the natural 
clumps. The average area was 479 ft2 per plot. The 
differences in crown height, size, and number of trunks and 
sprouts were not evaluated in selecting plots though some 
observations were made. The species of plants, other than 
Gambel oak, growing in each plot were recorded. 

Herbicides were measured, whether granular or liquid, 
according to the size of each individual plot and the specific 
treatment to be used. In the one liquid soil treatment, and all 
foliar treatments, water was applied at the rate of 100 gal/acre. 
This high water rate was used due to the small size of some 
plots for greater uniformity of coverage in applying the 
chemical. High rates of herbicide were included in hopes of 
insuring a complete plant kill. 
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A percentage scale was used in assessing the severity of 
injury, with 0 being normal and 100 being a complete kill. 
During 1967 and 1968, the three categories observed included 
the general condition of the oak clump, the understory other 
than oak sprouts, and the surrounding oak clumps. 

Observations made from 1969-71 were more inclusive. 
Injury measurements for oak included the entire clump, the 
crown, and sprouts. The understory included the total plant 
population other than oak sprouts. Similar visual ratings were 
utilized for both the soil and foliar treatments. 

Soil Treatments 

A total of 156 Gambel oak clumps were given soil 
treatments. These consisted of seven spring and six fall 
treatments each with four replications. All treatments were 
applied at three locations. Each plot received a single herbicide 
treatment. 

Site A has a western exposure located on a Clegg loam soil. 
The soil is deep, well-drained alluvium formed from limestone, 
sandstone, and shale of the North Horn and Price River 
formations. The elevation is approximately 6,200 ft, with 
annual precipitation of 14 to 16 inches. 

Site B, located on eroded Borvant cobbly loam, has a 
southwestern exposure. The soil is 10 to 20 inches deep or 
eroded shallower and is underlain by limestone and calcareous 
shale of the Green River formation from which it is derived. 
Annual precipitation is approximately 16 inches at 6,400 ft. 
elevation. 

Site C has a northeast exposure at approximately 6,200 ft 
with 16 inches of precipitation. The soil is classified as Manilla 
gravelly silt loam, and is deep, well-drained alluvium formed 
from the Indianola group of elastics composed of sandstone, 
shale, and quartzite conglomerate material. 

The spring treatments were applied between April 15 and 
May 3, 1966, at or near bud break, depending on plant 
variation. Fall treatments were applied between October 21-28 
after the leaves had frozen. 

Herbicides’, formulations, and rates applied in the spring 
and fall were: (1) The potassium salt of picloram (4-amino 
-3,s ,6-trichloropicolinic acid) as Tordon 2K at 8 lb/acre; (2) 
Tordon 10K at 4, 8, and 10 lb/acre; and (3) fenuron 
(3-phenyl-1, I-dimethylurea) as Dybar at 8 and 16 lb/acre. 
These were all supplied in the granular form and were broadcast 
uniformly through each plot according to the treatment. In 
addition to the above, a spring treatment of picloram, Tordon 
22K at 2 lb/acre, was sprayed as a liquid in a l-foot wide zone 
within the boundary of the plot. This approximated the drip 
line (outer branch spread) of the treated clump. 

Foliar Treatments 

Using a mist blower, herbicides were applied as a foliage 
spray to 180 plots at three locations. All vegetation within a 
plot was wetted. The 10 treatments, with six replications each, 
were applied on three dates as single applications to each plot. 
The dates were June l-3, July 15-18, and September 22-29, all 
during 1966. Wind caused some delay in applying the 
chemicals. Climatic and soil data were obtained during the 
period preceding and the day of spraying. Injury symptoms 
occurring to the oak and understory were visually observed 
and noted annually during the 6 years following herbicide 
application. Soils and locations for foliar spraying were similar 
to those receiving the soil treatments. 

Because of insect injury caused by the larva of the looper, 
Lambdina punctata (Hulst), which defoliated the oak clumps 

‘Herbicides used in these trials were supplied by the Dow Chemical 
Company and E. I. DuPont de Nemours and Company. Trade names 
are used for clarification and do not constitute recommendation over 
comparable products. 
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Fig. 1. Accumulative rate by year in total kill of Gambel oak during 
the years following fenuron treatment showing variation between the 
8 and I6 pound rates when applied in the spring or fall. Total of 12 
clumps in each category. 

in the vicinity, Site A received only two replications of the 
June spraying. This looper has been reported by Minnock and 
Parker (197 1). Sites B and C had eight replications apiece with 
each site having two replications sprayed in June, three in 
July, and three in September. 

The herbicides, formulations, and rates applied were: (1) 
Picloram (Tordon 22K) at 2 and 3 lb/acre; (2) a mixture of 
picloram and 2,4-D (Tordon 101) applied at 2 lb of picloram 
and 8 lb of 2,4-D/acre; (3) 2,4,5-TP (Kuron) at 4 lb/acre; and 
(4) two other mixtures containing picloram with 2,4-D or 
2,4,5-T. Tordon 212 contains 1 lb of picloram plus 2 Ibs of 
2,4-D and Tordon 225 is a mixture containing 1 lb each of 
picloram and 2,4,5-T per gal. These latter two mixtures were 
applied at 1, 2, and 3 lb/acre of picloram plus the various rates 
of 2,4-D or 2,4,5-T depending on the mixture. 

Results 

Soil Treatments 

Injury was similar at all locations and seemed to be directly 
related to the various herbicides and rates of application, 
although there were some differences due to season of 
treatment. 

Granular fenuron injury to oak 
Fenuron was lethal to Gambel oak and produced the 

greatest injury to oak and the understory of all soil or foliar 
treatments. All plots treated at 16 lb/acre were killed, 
including the understory. The lower rate of 8 lb/acre applied in 
the spring was equally effective in killing all clumps treated. 
Spring applications were better than fall applications. 

All but three of the 48 plots receiving fenuron were 
completely killed by the summer of 1971, 5 years after 
treatment (Fig. 1). The major injury was sutained during the 
third and fourth years following treatment. During this 2-year 
interval, two-thirds of the oak clumps died. The three 
remaining live clumps had received the 8-lb fall treatment. 
These were reduced to a few live ground sprouts which are 
now increasing in vigor and number. There was one living 
clump at each of the three locations. 
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Plot boundaries are still plainly visible around most plots 6 
years after fenuron treatments. 

Granular picloram injury to oak 
Picloram applied to the soil in granular form had little effect 

on the Gambel oak. Injury was slight even at the highest rates. 
Injury was mainly to the leaves and consisted of wilting, 
curling, browning, and premature shedding. Some twig and 
stem dieback was observed. A few clumps showed wilting and 
curling of the leaves on the ground sprouts. ‘In 1971, 5 years 
after treatment, observable injury varied from 0 to 10%. Most 
clumps appeared normal. There was no noticeable difference 
between spring or fall application. No injury was observed 
from root translocation within the plant tissue and current 
data further substantiates it. 

Granular picloram injury to the understory 
A mortality in excess of 75% occurred to all understory 

perennial shrubs and forbs from picloram. Tordon 10K at 1 
lb/acre was less injurious than the others. Grass was not 
affected by picloram at any of the rates. Annual forbs, as 
expected, were the first to become re-established within the 
treated areas. In some plots, the annual vegetation was more 
prevalent than before treatment. This was probably due to the 
death of the perennial shrubs and forbs, which allowed for a 
more favorable environment. Perennial seedlings of big sage- 
brush, rabbitbrush, snakeweed, and others are now re-invading. 

Liquid picloram injury 
No effect to the oak clump was observed in any of the plots 

where picloram was sprayed on the soil in a 1-ft band around 
the plot boundary. 

The understory of various species within the soil sprayed 
zone were injured or killed where the material was sprayed 
directly on the plants. These mainly were big sagebrush, 
rabbitbrush, and broom snakeweed. These plants inside the 
sprayed area were normal. 
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Fig. 2. Accumulative rate of crown kill of a clump during the years 
following fenuron treatment showing variation between the 8 and 
16 pound rate when applied in the spring or fall. Total of 12 clumps 
under each category. 

Crowns of the oak clumps showed the greatest injury 
during the first 2 years after the application of fenuron with a 
100% kill (Fig. 2). 

Injury symptoms were similar to those observed by Davis 
(1966) while working with fenuron on seedlings of shrub live 
oak (Quercus turbinella). Ashton (1965) found that light was 
necessary for injury symptoms to develop from phenylurea 
compounds. This probably accounted for leaf expansion on 
new sprouts before injury was manifested. 

Granular fenuron injury to understory 
Fenuron at both seasons and levels of application killed 

nearly all understory vegetation including perennial shrubs, 
forbs, and grasses, as well as the annual forbs and grasses. Many 
of the plots had a complete ground cover of Kentucky 
bluegrass (Poa pratensis), which was fairly well killed by the 
fall of the first year where spring treatments were applied, and 
all was killed by the second year. Rabbitbrush (Chryso- 
thamnus nauseosus) was slower to show initial injury than big 
sagebrush (Artemisia triden tata), though both were ultimately 
killed. Broom snakeweed (Gutierrezia sarothrae) showed about 
the same susceptibility as rabbitbrush. Common hoarhound 
(Marrubium vulgare) and prickly pear (Opun tia polyacan tha) 
were two of the more resistant plants. Plant re-invasion varied 
according to site and surrounding vegetation. The earliest 
annuals to grow in the previously sterilized area were the 
mustards (Brassica spp.), Russian thistle (Salsola kali 
tenufolia), flannel mullein (Verbascum thapsus), cheatgrass 
brome (Bromus tectorum), and others. Some of the first 
perennial seedlings were big sagebrush, rabbitbrush, broom 
snakeweed, common hoarhound, bluegrass, and others. 
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Fig. 3. Injury to the understory of perennial shrubs and forbs (other 
than Gambel oak sprouts and grass) growing under Gambel oak 
clumps when exposed to several chemicals by foliar spraying at 
different rates. Average of 6 replications and 3 dates of applications 
-3 years after treatments. 
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Table 1. Injury (%) to Gambel oak clumps observed 4 years after foliar treatment with several herbicides at various rates (lb se/acre) and at 3 
dates of application. Data is the average of 180 plots from 6 replications at 3 locations expressed in percent injury. 

Crown’ Sprou ts2 

Date and formulation Picloram 

Application rate 

2,4-D 2,4,5-T 2,4,5-TP 
Average 

injury 
Spread 

of injury 
Average 

injury 
Spread 

of injury 

May 25-June 3,1966 
Tordon 22K 
Tordon 22K 
Tordon 101 
Kuron 
Tordon 212 
Tordon 212 
Tordon 212 
Tordon 225 
Tordon 225 
Tordon 225 

July 15-18, 1966 
Tordon 22K 
Tordon 22K 
Tordon 101 
Kuron 
Tordon 212 
Tordon 212 
Tordon 212 
Tordon 225 
Tordon 225 
Tordon 225 

September 22-29, 1966 
Tordon 22K 
Tordon 22K 
Tordon 101 
Kuron 
Tordon 212 
Tordon 212 
Tordon 212 
Tordon 225 
Tordon 225 
Tordon 225 

2 
3 
2 

2 
3 
2 

2 
3 

2 
3 

2 
3 
2 

1 
2 
3 

2 
3 

22 O-70 

34 o-95 

8 26 o-95 
4 32 O-100 

2 26 O-80 
4 28 O-80 
6 30 O-90 

1 27 O-80 
2 13 O-50 
3 47 O-100 

2 
3 

79 
68 
77 
74 
72 
78 
82 
58 

15 
29 

8 57 
4 38 

1 23 
4 78 
6 70 

1 33 
2 
3 

30-100 25 lo-60 
30-100 37 10-100 
50-100 36 O-100 
50-100 36 20-l 00 
50-100 12 O-20 
50-100 40 O-100 
60-100 50 10-100 
40-100 28 O-100 
30-100 40 10-100 
70-100 57 O-100 

O-30 
lo-80 
10-100 
lo-60 
O-60 
40-100 
30-100 
lo-80 
50-100 
60-100 

7 O-10 
13 O-50 

5 O-10 
7 O-20 

12 O-30 
15 O-50 

8 O-20 
13 O-40 

2 O-10 
25 O-50 

5 O-10 
17 O-50 
17 O-50 
12 O-40 

5 O-20 
30 10-50 
25 10-70 
10 O-30 
50 l-100 
25 l-40 

‘Crown includes the top growth or overstory of Gambel oak. 
’ Sprouts include new growth up to a few years of age originating from underground root sprouting or basal trunk sprouts. 
3 Spread includes injury observation between plots receiving the same treatment as compared to the average of 6 replications. 

Foliar Treatments Unders tory injury 

Oak injury 
Only nine clumps died out of 180 treated. Eight of those 

occurred from the July spraying, and covered eight of the 10 
treatments, all in the same replication. These were on a fairly 
dry site on the slope of a bank stretching along a dry wash. 
Soil moisture may have been a major factor. Two’non-lethal 
treatments within this replication were Tordon 22K at 2 
lb/acre, which killed the crown, and the lowest rate of Tordon 
2 12. The latter killed 80% of the crown with no visual effect 
to the sprouts. The only other clump killed was from the 
September spraying with Tordon 225 at 2 lb/acre. Variations 
in location, temperature, or soil had no noticeable effect on 
oak with the herbicides used other than this one replication. 

Injury to the perennial understory shrubs and forbs varied 
from 0 to 100%. Average damage from the herbicides varied 
between 40-98%. Time of application had little effect. In 
general, the percent injury varied according to the dosage with 
little difference between chemicals (Fig. 3). New seedlings of 
the perennial shrubs and forbs in the plots were observed the 
year following treatment with increasing numbers each subse- 
quent year. There was no injury to the grass understory 
regardless of formulation and dosage. Plant species were 
similar to those noted under the soil treatments. 

Four other clumps sustained 90% or more injury. Twenty 
crowns were killed in addition to the above and 14 were 
injured over 90%. Tordon 212 and 225 at the two higher rates 
were generally the most potent. The July spraying accounted 
for the greatest injury with the spring application being the 
poorest. Table 1 shows the comparison of injury for oak 
crowns and sprouts with the various herbicides, season, and 
rates of application. Obviously, oak crowns are easier to kill 
than the sprouts. 

Fenuron was the only reliable chemical that killed Gambel 
oak at the rates used. A herbicide with its translocation 
potential and phytotoxicity would be highly desirable for 
Gambel oak control if there was a method of application that 
would prevent the sterilization of the soil and consequent 
elimination of desirable plants. However, its sterilization effect 
and long persistence makes it impractical for intended uses 
within objectives of this study. 

The most striking revelation of the experiment was the 
distances fenuron is translocated within oak root systems. 
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Connected clumps 80 ft away from a treated clump, with no 
oak growth between, showed injury. This injury persisted for 
at least 6 years. 

The results obtained from the July foliar spraying of 
piclorarn with mixtures of 2,4-D or 2,4,5-T at higher rates 
indicated promise in killing the crowns of Gambel oak. This 
would open up additional rangeland for grazing, but it would 
be of little value on watersheds for increasing water yields. 
Perhaps follow-up applications with picloram mixtures would 
have destroyed the total plant. Observations indicate that 
these herbicides are mainly phytotoxic only to those portions 
of the plant actually receiving the chemical. Translocation 
apparently is limited. The lack of injury to grass with the foliar 
sprays used is a desirable characteristic. This is true not only 
on rangelands, but for watersheds. 

In a general foliar broadcast application, all other shrubs 
and forbs would probably be killed with the concentrations of 
herbicides necessary to control Gambel oak. In addition, the 
cost of chemicals used in this study coupled with dosages 
needed to obtain the desired results would be economically 
prohibitive at the present time. 

Additional studies are needed in developing effective 
techniques for controlling Gambel oak. 
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Seedling Emergence and Survival 

from Different Seasons and Rates 

of Seeding Mountain Rangelands 

A. C. HULL, JR. 

Highlight: At a mountain rangeland site in southeastern Idaho, a mixture of 
five grasses was drilled at 10 and 2.5 lb facre at six seasons each year for 4 years. 
The 2.5lb rate produced significantly more seedlings than the I O-lb rate, but 10 
lb was slightly more efficient in producing seedlings. Seedling survival was best 
from seeding in June, followed closely by July 1 and then November 1, October 
1, September 1, and August 1. As an average of both seeding rates, per 100 seeds 
of the mixture planted in June, 12 plants emerged, five were alive at the end of 
1 year, and two at the end of 3 years. At each planting time, intermediate wheat- 
grass seed was placed between nylon strips in the soil to determine the fate of 
the seeds. For 100 seeds of intermediate wheatgrass in nylon strips in June, 84 
germinated, 30 plants emerged, and 12 were alive at the end of 1 year. 

Seedling emergence and survival are 
often low in range seedings. In central 
Utah, 5 to 7% of the seeds produced 
established plants on a sagebrush site, 
and 16 to 22% on a mountain brush 
site (Friscbknecht , 195 1). Seedling sur- 
vival from various seasons of seeding 
on a subalpine site ranged from 10 to 
26% (Plummer and Fenley, 1950). For 
100 viable seeds planted on a sage- 
brush site, 34 germinated but failed to 
emerge, 8.7 plants emerged, and 2.4 
plants were alive at the end of the 3 
years. Poor emergence was attributed 
to crusting of the soil surface, and to 
fungi and diseases, and to alternate 

The author is range scientist, Agricultural 
Research Service, U.S. Department of Agri- 
culture, Logan, Utah. 

This paper is a joint contribution from 
Agr. Res. Serv. and Forest Service, U.S. Dep- 
Agr., and Utah Agricultural Experimental 
Station, Logan. (Utah Agr. Exp. Sta. Journal 
Paper 1469.) 

The author thanks Theron Hansen, 
Rudolf Niederhauser, and Bernard Thurston, 
who assisted with the field phases of the 
study. 

Manuscript received June 18, 1973. 
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wetting and drying (Cook et al., 
1967). 

On a sagebrush-juniper site in west- 
ern Colorado, April 1 was the only 
consistently successful seeding date of 
8 monthly seedings (McGinnies, 
1960). On a mountain site in south- 
eastern Idaho, 13.9 intermediate 
wheatgrass plants emerged and 1.2 
survived per 100 seeds planted. 
Smooth brome emergence averaged 
3.3, with 0.4 plants surviving (Hull, 
1966). Seeding in early spring and late 
fall gave good stands on high-elevation 
rangelands in the west, but because of 
poor accessibility in the spring, late 
fall was the most practical time for 
seeding (Hull et al., 1962). 

This study was initiated to deter- 
mine the best season for seeding 
mountain rangelands and also the fate 
of seeds that do not emerge. 

Experimental Area and Procedures 

Studies were conducted in Franklin 
Basin in southeastern Idaho. The 

experimental area is located in a 
weedy opening in the spruce-fir type. 
Vegetation is mainly annuals such as 
tarweed (Madia glomerata), bushy 
knotweed (Polygonum ramosissimum), 
and m any fleshy-rooted, spring- 
growing ephemerals. The elevation is 
8,400 ft. Annual precipitation is 48 
inches, of which 4.9 inches falls during 
the summer (Table 1). Snow normally 
melts by early June, when tempera- 
tures and evaporation rates are fairly 
high. The soil is clay loam, low in 
organic matter, and has a pH of 5.8. 
The soil is usually well-puddled, and it 
dries and hardens rapidly after snow- 
melt. 

We drilled a mixture of five grasses 
0.5 inch deep in rows 10 feet long at 
rates of 10 and 25 lb/acre of seed. The 
mixture had an equal number of seeds 
of each species. Pounds of seed of each 
species at the lo-lb rate were as 
follows: I n termediate wheatgrass 
(Agropyron intermedium), 4.1; slender 
wheatgrass (A. trachycaulum), 2.3; 
meadow foxtail (Alopecurus praten- 
sis), 0.7; smooth brome (Bromus 
in erm is, 2.6; and timothy (Phleum 
pratense), 0.3. Forty-six and 115 
seeds/ft2 were planted at the lo- and 
the 25-lb rates. 

The study extended through 4 
years (1966-7, 1967-8, 1968-9, 
1969-70). Seeding years were from 
September 1 to August 1 and com- 
menced September 1, 1966. Treat- 
ments were replicated four times on 
six to nine seeding dates each year. 
Spring seedings were made as soon 
after snowmelt as possible, then every 
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week until July 1, and then the first of 
each month to November 1. The date 
of the first spring seeding varied from 
May 31 to June 27. The pre-July 
seedings were averaged as “June” seed- 
ings. One “June” seeding was made in 
1967, two in 1968, four in 1969, and 
three in 1970. 

Just prior to seeding we cultivated 
the plots to be seeded to a depth of 6 
inches with a small motorized tiller. 
When it was too wet for a tiller, we 
spaded to 6 inches with a shovel. The 
seedbed was firmed by hand raking. 

On each seeding date we also 
planted 25 seeds of intermediate 
wheatgrass 0.5 inch deep between 
strips of nylon netting. The last 2 
years, we planted 25 seeds of inter- 
mediate wheatgrass 0.5 inches deep 
without nylon strips. The last year we 
added three additional 25-seed rows: 
Intermediate wheatgrass seed 0.5 inch 
deep-treated with captan (cis-N-[(tri- 
chloromethyl)thio] -4-cyclohexene-1,2- 
dicarboximide 75%) and 0.25 inch 
deep untreated and treated with cap- 
tan. 

We counted plants in the seeding- 
rate plots soon after emergence and in 
the spring and the fall for 2 years. The 
third year we counted plants and rated 
the stands for success. On the nylon 
strips and the 25-seed rows, we 
marked emerged seedlings with metal 
pins, colored to designate the dates of 
emergence. Each year we recorded the 
dates of emergence, removed the 
nylon strips, and classified seedlings 
and seeds as follows: plants emerged, 
germinated but not emerged, and not 
germinated. All ungerminated seeds 
were placed in dishes in a regular 
germinator and tested for germination. 

Results and Discussion 

Years 

Seedling emergence depended on 
moisture, temperature, and other fac- 
tors and was not consistent among 
years. High rainfall and favorable tem- 
peratures in May, June, and August, 
1968, caused the second year 
(1967-68) to have the best emergence 
and survival. The first year was next, 

Table 1. Inches of precipitation and period of snow cover during the years of the study, 
Franklin Basin. 

Period 1966-67 1967-68 1968-69 1969-70 Averagea 

October 0.9 2.7 2.2 2.3 1.6 
November-April 38.5 33.6 32.6 41.3 35.9 
May 4.6 4.2 0.3 4.4 3.5 
June 4.8 3.7 5.3 1.8 2.6 
July 0.9 1.6 1 .o 1.8 0.9 
August 0.4 4.7 1.1 0.6 1.4 
September 0.8 1.4 1.2 2.1 2.1 

Total 50.9 5 1.9 43.7 54.3 48.0 

Snowmelt June 10 June 4 May 18 June 13 June 2 
Permanent snow Oct. 12 Oct. 28 Nov. 3 Oct. 9 Oct. 27 

a~4 years of record, 1957-58 to 1970-71. 

followed by the third and the fourth 
(Table 2). 

Rates 

Significantly more seedlings 
emerged from the 25lb seeding rate 
than from the lo-lb rate in all 
seasons and years, but the lo-lb rate 
was slightly more efficient in seedling 
production. The 25-pound rate should 
exceed 10 lb by 2.50 times, but the 
actual was 2.13 times more plants at 
emergence and 2.09 times more at 3 
years. Part of this difference could 
have been difficulty in counting indi- 
vidual plants in thick stands. 
McGinnies (1970) found this same 
counting problem and also found 
greater efficiency in lighter seeding 
rates in Colorado. 

Both rates are combined to test the 
significance of seasons. Using June, the 
best season, of 100 seeds planted, 12 
seedlings emerged, five plants were 
alive at 1 year, and two at 3 years. 

Stands from the lo-lb rate were 
rated “good” when seeded in June and 
July and “very poor” when seeded in 
November, October, September, and 
August. The 25-lb rate produced “very 
good” stands from seedings in June 
and July, “fair” from November, 
October, and September, and “poor” 
from August. Because of poor emer- 
gence and high mortality, seeding rates 

of 10 lb/acre are recommended when 
seeding in late spring, and higher rates 
when seeding in the fall. Hull (1972) 
recommended 12 lb/acre to get a good 
stand within a reasonable time in this 
area. 

Season of Seeding 

Seedlings emerged as soon as soil 
moisture and temperatures were favor- 
able for germination and emergence. 
Time of emergence for the six seedings 
dates follow: 

June 

(One to four seedings before July 
1) - Most seedlings emerged during 
the second and third weeks after seed- 
ing. Some emerged during the first, 
fourth, and fifth weeks, and a few 
emerged after early fall rains. 

Ju& 1 

Emergence was similar to that for 
June, except that most seedlings 
emerged during the second week, and 
there was rare emergence the next 
spring. 

August 1 

When seedings were made in dry 
soil, seedlings commenced to emerge 
after fall rains in mid-September or 
October. Some seedlings delayed and 
emerged the next spring. When summer 
moisture was high, August seedings 

Table 2. Emergence and third-year survival of grass plants (plants/ft2) averaged for two rates of seeding on six dates for 4 years, Franklin Basin. 

Emergence 

Date seeded 1966-67 1967-68 1968-69 1969-70 Avg 1966-67 1967-68 

Survival 

1968-69 1969-70 Avn 

September 4.9’l 3.4c 4.3b 0.8Cd 3.4d 0.4a o.5c 0.6b 
October 5.2’ 4.4c 7 .gab 2.0bc 4.8’ 0.4a o.5c 0.6b 
November 5 .gbc 5.3c 8.9a 1 gbcd 5.4c 0.5a 0.6bC 0.7b 
June a 

July z’iab 
18.7a 6.5ab 5:6a 9.6a 0.5a 2.8a 2.1a 

5+ 
15.2ab 5.1ab 2.9b 7.5b 0.5a 3.1a 1 .5a 

August 12.8b o.5c O.ld 4.7c 0.3a l.lb 0.2b 

‘Within each column, numbers followed by the same letter are not different at the 5% level of significance. 

0 2bcd 0.4d 
0:6bC 0.5cd 
0 7abc 0.6’ 
1:2a 1 .6a 
0.9ab 1.5b 
O.Od 0.4d 
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Table 3. Average emergence (%) and l-year survival (%) of intermediate wheatgrass 
seedlings from nylon strips buried in the soil in six seasons for 4 years (1966-67 to 1969- 
70) at Franklin Basin. 

Season of 
seeding 

September 
October 
November 
June 
July 
August 

Seedlings emerged 

Total Survived 

31.0 2.5 
18.5 3.2 
25.7 9.8 
30.0 11.8 
35.7 11.0 
32.7 2.2 

Germinated, Not 
not emerged germinated 

49.5 19.5 
60.7 20.8 
51.5 22.8 
54.1 15.9 
45.0 19.3 
49.5 17.8 

Average ; 28.9 6.7 51.7 19.4 

emerged in 2 to 3 weeks. In August 
1968, 4.7 inches of rain fell, the 
highest on record (Table 1). That year 
seedling emergence was abnormally 
high. 

September 1 
When rainfall and temperatures were 

favorable, emergence commenced in 
3 weeks but was best during the fourth 
to eighth weeks. The last 2 years had 
unfavorable fall rainfall and tempera- 
tures, and emergence was delayed until 
the next spring. 

October 1 and November 1 
Some seedlings emerged under the 

snow during the winter, but most 
emerged early the next spring. Germi- 
nation and emergence during the winter 
have been noted previously (Bleak, 
1959; Hull, 1960). 

Death loss was heaviest when the 
seedlings were small. Drought during 
the dry summer and frost in fall or 
early spring both took their toll. Frost 
caused heavy seedling loss whenever 
temperatures were below freezing, 
soils were saturated, and seedlings had 
no more than two leaves. When seed- 
lings had two to four leaves, there was 
less danger of high kills. However, 
plants up to 4 years of age were 
occasionally lost (Hull, 1966). Two 
examples of frost damage occurred in 
October. On October 7-9, 1967, night 
temperatures dropped to 25, 28, and 
26’F, and on October 26-28, 1968, to 
20, 26, and 28°F. Soils were saturated, 
and kills of the newly-emerged, single- 
leaf seedlings during these two periods 
were 74 and 87%, respectively. At that 
time only 11 and 13% of the 2- to 
4-leaf seedlings were killed. Spring 
seedings usually were damaged less 
from frost heaving than were fall 
seedings. 

_c*n 

Soils influence seedling emergence. 
Soil that is worked in the spring 
usually remains loose during the sum- 
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mer, and seedlings can emerge when- 
ever the soil is sufficiently moist. The 
soil on fallseeded areas is usually 
puddled under the winter snow and 
dries and hardens soon after snow- 
melt. Few seedlings emerge beyond 
3 weeks after snowmelt. Summer rains 
rarely moisten this hardened soil long 
enough to allow germination and seed- 
ling emergence. 

Averaging all years, June planting 
was the best time for seedling emer- 
gence and plant survival, followed 
closely by July 1, and then November 
1, October 1, September 1, and 
August 1 in that order (Table 2). 
However, early spring seeding is not 
always feasible because of snowdrifts, 
wet roads, and uneven drying of the 
soil in seeded areas. Spring seedings in 
this study were made with hand 
machinery 2 or 3 weeks before heavy 
machinery could have been used. July 
1 seedings could have been made with 
heavy machinery, and if limited to 
small areas that could be seeded before 
the soil dried, good stands could be 
expected. Late fall, late enough to 
avoid fall germination, was the next 
best season for seeding and gave fair 
stands. However, late fall is often 
uncertain for planting. In 3 of the 4 
years, November 1 seedings were made 
with 2 - 6 inches of snow on the 
ground. Seeding with heavy machinery 
would not have been possible in these 
3 years. 

Nylon Strips and Seed Rows 

June seedings in the nylon strips 
had the best survival. July 1 was next, 
followed by November 1, October 1, 
September 1, and August 1 (Table 3). 
For 100 seeds planted in June, 84 
germinated, 30 seedling emerged, and 
12 were alive at the end of 1 year. Of 
the 16 seeds that did not germinate, 
12 were rotten and 4 were firm. 
One-eighth of the firm seeds germi- 

nated in the germinator. Thus 64% of 
the seeds that germinated were lost 
between germination and seedling 
emergence, and 60% of the emerged 
plants died before they were 1 year 
old. If these losses could be reduced, 
seeding rates could be reduced. 

Emergence and survival of inter- 
mediate wheatgrass seedlings in nylon 
strips and in the rows were similar for 
all treatments. Most row seedings were 
made only in the last year. The num- 
ber of l-year-old plants per 100 seeds 
that were alive from seeding in June 
the last year were as follows: nylon 
strips, 7; seed 0.5 inch deep, 7; seed 
0.5 inch deep with captan, 8; seed 
0.25 inch deep, 7; seed 0.25 inch deep 
with captan, 6. Though captan made 
no difference here, in a more detailed 
fungicide study at this location, cap- 
tan increased seeding success (Hull 
and Kreitlow, 197 1). 
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Effect of Planting Depth on Seedling Growth 

of Russian Wildrye (Elymus junceus Fisch.) 

WILLIAM J. McGINNIES 

Highlight: Planting depth of Russian wildrye (Elymus junceus Fisch.) influenced 
seedling growth during the seedling year. In field plantings over 4 years at two 
locations, plants from 2.5- and 3.8-cm planting depths were significantly taller than 
plants from the 1.3-cm depth. In greenhouse plantings, plants from 3.8-cm planting 
depth were consistently taller than plants from the 1.3-cm depth, but the plants from 
the 1.3-cm depth generally produced more tillers. Transplants with crowns set 1.3 cm 
deep produced more tillers than those with crowns set 3.8 cm deep. Depth of trans- 
planting had no effect on height of plants. The height difference between plants 
planted at different depths apparently resulted from some form of seedling selection 
at greater depths, but the number of tillers probably was determined by crown depth 
alone. Grass breeders using planting depth to evaluate seedling vigor may be inad- 
vertently selecting for taller plants. Weight per plant tended to be higher for the 1.3-cm 
planting depth than for the 3.8-cm depth, but this effect was not consistent. 

The effects of planting depth on subse- 
quent growth of the grass plant have 
received little attention. Planting depth 
affects the number of seedlings that 
emerge and become established (Plum- 
mer, 1943; McGinnies, 1973), and the 
effect of planting depth on emergence has 
been used as a measure of vigor (Rogler, 
1954). Depth of the crown, growth habit, 
and number of tillers are influenced by 
planting depth in several grasses and 
cereal grains (Evans, 1958; Taylor and 
McCall, 1936). 

While conducting a previously re- 
ported study of the effect of planting 
depth on seedling establishment 
(McGinnies, 1973), I observed that the 
height of seedlings measured in the fall 
increased as the planting depth increased. 

Author is range scientist, Agricultural Re- 
search Service, U.S. Department of Agriculture, 
Fort Collins, Colorado. 

The study is a contribution of the Agricul- 
tural Research Service, U.S. Dep. Agr., in co- 
operation with Colorado Agricultural Experi- 
ment Station. Scientific Series No. 185 1. 

Manuscript received July 9, 1973. 

Because planting depth also affected 
seedling numbers and because the density 
of the seedlings in turn could have af- 
fected seedling height, additional studies 
of planting depths were conducted in a 
greenhouse where growing space per plant 
could be kept constant. This paper re- 
ports results from the field study and the 
three greenhouse studies. In all cases, data 
have been limited to those obtained with 
Russian wildrye (Elymus junceus Fisch .) 
because it remained vegetative and did 
not produce any seedstalks during the 
seedling year. In species that produced 
seedstalks in the seedling year (crested 
wheatgrass [ Agropyron desertorum 
(Fisch.) Schult.] and pubescent wheat- 
grass [A. trichophorum (Link) Richt.] ), 
some individual plants produced seed- 
stalks whereas others did not, and this 
increased the variability of the data so 
much that statistically meaningful conclu- 
sions concerning the two wheatgrasses 
would be difficult to obtain. However, 
the general effect of planting depth on 
plant height appeared to be the same for 
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the two wheatgrasses as for Russian wild- 
rye. 

Field Planting 

Methods and Materials 

“Vinall” Russian wildrye was planted 
at depths of 1.3, 2.5, and 3.8 cm (5, 1.0, 
and 1.5 inches) on five dates each spring, 
1967 through 1970, at the Fort Collins 
Experimental Range north of Fort Col- 
lins, and on four dates each spring at 
Central Plains Experimental Range 
(CPER) north of Nunn, Colorado. At 
Fort Collins, the soil is a Larimer gravelly 
loam and precipitation averages 38 cm 
annually; at CPER the soil is a Vona 
sandy loam and precipitation averages 30 
cm. All planting was at a rate of 50 live 
seeds/m of row in rows 6.1 m (20 ft) long 
and 46 cm (18 inches) apart. Seedling 
counts of 3.05 m (10 ft) of row and 
height measurements of the tallest plants 
were made in September of the year of 
seeding. There were six replications at 
Fort Collins and 4 at CPER. 

Results and Discussion 

At both CPER and Fort Collins, seed- 
lings from the 2.5-cm planting depth were 
significantly taller than those planted 1.3 
cm deep (Table 1). There was no differ- 
ence in number of seedlings/m between 
these two planting depths at either loca- 
tion. Seedlings from the 3.8-cm planting 
depth were significantly taller than those 
from the 1.3~cm planting depth, and the 
number of seedlings/m from the 3.8~cm 
planting depth was significantly lower 
than the number from the 1.3~cm depth. 
The difference in height between plants 
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Table 1. Field Planting. Height (cm) and number (no/m of row) of Russian wildrye seedlings in 
September of the seedling year when planted at three depths. 

Location and year 
of seeding 

Plant height by Number of seedlings by 
planting depth (cm) planting depth (cm) 

1.3 2.5 3.8 LSD_, 5 1.3 2.5 3.8 LSD.,, 

Fort Collins 1967 22.9 25.6 
1968 16.2 19.6 
1969 11.4 14.7 
1970 20.1 23.4 
Mean 17.7 20.8 

CPER’ 1967 10.7 12.2 
1968 8.6 10.9 
1969 7.4 9.4 
1970 11.4 13.2 
Mean 9.5 11.4 

’ Central Plains Experimental Range. 

24.6 19.7 19.0 10.5 
21.8 13.4 13.8 6.9 
17.3 17.7 16.1 9.8 
24.1 9.8 11.5 5.6 
21.9 1.8 15.1 15.1 8.2 2.0 

13.2 18.0 14.8 7.9 
13.5 12.1 16.4 9.8 
12.7 14.4 11.8 4.9 
14.7 10.8 10.8 4.6 
13.5 1.2 13.8 13.4 6.8 3.5 

from the 1.3- and 3.8-cm planting depths 
could have been either the result of more 
growing space per plant in the less dense 
stands at 3.8 cm (McGinnies, 1970 and 
1971) or some other factor associated 
with the deeper planting depth. However, 
because planting depth caused the plants 
to be taller from the 2.5cm than from 
the 1.3-cm depth and because there were 
no differences in seedling densities be- 
tween these two depths, planting depth 
alone probably caused the differences in 
plant height. 

Table 2. Greenhouse Study No. 1. Plant height 
(cm), number of tillers, and plant weight (g) 
of Russian wildrye planted at 2 depths (cm).’ 

Planting depth 

Date of harvest 1.3 3.8 LSD.0 5 

Plant height 
Oct. 152 49.6 
Dec. 1 45.9 
Jan. 12 48.7 
Feb. 3 49.5 
Apr. 22 49.3 
Jun. 2 55.5 

Mean 49.8 

Number of tillers 
Dec. 1 23.4 
Jan. 12 22.9 
Feb. 3 26.8 
Apr. 22 32.1 
Jun. 2 44.4 

Mean 29.9 

Plant weight 
Dec. 1 2.0 
Jan. 12 2.1 
Feb. 3 3.7 
Apr. 22 6.7 
Jun. 2 10.3 

Mean 5.0 

51.7 
55.8 
55.2 
52.7 
56.1 
60.2 

55.3 3.0 

17.3 
15.4 
21.0 
27.6 
34.4 

23.1 2.6 

1.9 
2.3 
3.5 
6.6 
9.5 

4.8 ns 

’ Planted May 20. 
‘Height of tallest plant in pot on October 15. 

Plants thinned to 1 plant per pot by removing 
all but the tallest plant on Oct. 15. 

Greenhouse Planting No. 1 

Methods and Materials 

To eliminate the effects of competi- 
tion between individual plants that re- 
sulted from differences in plant density in 
field plantings, a greenhouse study was 
made with one Russian wildrye plant per 
pot. Twenty 20-cm-diameter plastic pots 
were filled with a soil-peat mix. Ten pots 
were planted with five seeds each at a 
1.3-cm depth, and 10 pots were planted 
with five seeds each at a 3.8-cm depth on 
May 20, 1970. On October 15, plants 
were thinned to one plant per pot; the 
tallest plant was retained in each pot. 
Maximum plant heights, active tiller 
counts, and weights per plant were ob- 
tained on December 1, 1970, January 12, 
February 3, April 22, and June 2, 1971. 

Results and Discussion 

Plants from the 3.8-cm planting depth 
were consistently taller than those from 
the 1.3~cm depth, and the average differ- 
ence in height was significant (Table 2). 
The number of active tillers per pot was 
consistently greater for the 1.3~cm plant- 
ing depth than for the 3.8~cm depth. 
Weight per plant was slightly higher for 
the 1.3-cm planting depth than for the 
3.8 cm depth, but the differences be- 
tween planting depths were not consist- 
ent and the average yields did not differ 
significantly. 

This greenhouse planting showed that 
planting depth did indeed affect plant 
height, and also the number of tillers. 

Greenhouse Planting No. 2 

Methods and Materials 

Because Rogler (1954) and others have 
suspected planting depth of exerting a 
geneticially selective action on seedling 

vigor, I needed to eliminate any effects 
depth of planting might have had on the 
selection of the genotypes that emerged 
and became established. To do this, I 
used a “two-stage” planting system in 
which the seed was planted 1.3 cm deep, 
the seedlings were permitted to grow for 
about 1 month until they averaged 10 cm 
tall, and then an additional 2.5 cm soil 
was added to the pots so that the original 
seed location was now 3.8 cm below the 
soil surface. Plantings also were made 1.3 
and 3.8 cm deep. Ten 20-cm pots were 
planted with five seeds each at each depth 
(1.3 cm, 3.8 cm, and two-stage) on 
January 22, 197 1. All treatments were 
thinned on one plant per pot on March 
12. Plant heights, number of tillers, and 
weights per plant were obtained from all 
pots on April 2 1, June 28, September 3, 
October 18, and December 13. 

Results and Discussion 

Plants from the 3.8-cm planting depth 
were consistently taller than those from 
the 1.3~cm depth (Table 3). On the 
average, plants from the two-stage plant- 
ing were taller than those from the 
1.3~cm depth, but differences were not so 
consistent as from the 3.8-cm depth. The 
number of tillers per plant was signifi- 
cantly greater for the 1.3-cm planting 
depth than for the other two depths on 
the first three sampling dates, but the 

Table 3. Greenhouse Study No. 2. Plant height 
(cm), number of tillers, and plant weight (g) 
of Russian wildrye planted by 3 treatments. 

Date of 
harvest A’ 

Treatment 

B’ C’ LSD.05 I 
Plant height 

Apr. 21 42.8 
Jun. 28 42.6 
Sep. 3 32.8 
Oct. 18 26.0 
Dec. 13 34.8 

Mean 35.8 

Number of tillers 
Apr. 21 10.3 
Jun. 28 25.9 
Sep. 3 130.0 
Oct. 18 168.2 
Dec. 13 158.1 

Mean 98.5 

Plant weight 
Apr. 21 1.5 
Jun. 28 4.3 
Sep. 3 11.6 
Oct. 18 12.7 
Dec. 13 10.8 

Mean 8.2 

47.6 
46.8 
37.7 
24.7 
36.6 
38.7 

46.5 
49.6 5:: 
37.9 3.7 
27.6 ns 
37.3 ns 
39.8 2.9 

6.5 6.6 2.4 
15.9 18.0 5.3 
72.8 85.4 24.0 

139.6 152.7 ns 
127.1 140.6 ns 

72.4 80.7 19.9 

0.9 
3.1 
9.3 

10.6 
9.8 
6.7 

0.2 
:::, 0.5 
9.9 1.4 

11.7 0.8 
11.0 ns 

7.5 1.2 

‘Planted Jan. 22, 1971. 
Treatment A = seed planted 1.3 cm deep. 
Treatment B = seed planted 1.3 cm deep; on 
Feb. 22 after seedling emergence, another 2.5 
cm of soil added. 
Treatment C = seed planted 3.8 cm deep. 
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differences became relatively less on the 
last two dates. When the five harvest 
dates were averaged, the number of tillers 
differed significantly between the 1.3-cm 
and two-stage depths, but not between 
the 1.3- and 3%cm depths. Weight per 
plant from the 1.3-cm planting depth was 
significantly higher than from the other 
two planting depths for the first four 
dates of measurement; but when all dates 
were averaged, weight per plant differed 
significantly between the 1.3-cm depth 
and the two-stage depth, but not between 
the 1.3- and the 3.8-cm depth. 

The data, particularly from the Octo- 
ber 18 and December 13 sampling dates, 
preclude definite conclusions concerning 
genetic selection resulting from planting 
depth. The plants from the two-stage 
depth did not differ significantly from 
plants from the 3.8-cm depth in average 
plant height, number of tillers, or weight 
per plant. Height, number of tillers, and 
weight per plant of plants from the 
two-stage depth were much nearer to 
those from the 3.8-cm-depth plants than 
to those from the 1.3~cm-depth plants. 
Plants from the two-stage depth emerged 
initially from a 1.3-cm depth but then 
behaved more like the plants that 
emerged from a 3%cm depth than those 
that remained growing at a 1.3-cm depth. 
I assumed that either (1) planting depth 
(final depth, in the case of the two-stage 
depth) had influenced height, number of 
tillers, and weight per plant more than 
any genetic selection that might have 
resulted from planting depth, or (2) some 
type of selection took place after the 
additional 2.5 cm of soil was added to the 
two-stage depth. 

In general, the relative differences in 
height, number of tillers, and weight per 
plant became smaller on the last two 
measurement dates. This indicates that as 
the plants became older, the effect of 
planting depth on the individual plants 
was gradually reduced. 

Greenhouse Planting No. 3 

Methods and Materials 

In another approach toward eliminat- 
ing any effects on genetic selection that 
planting depth may have had, clones from 
l-year-old field-grown plants were trans- 

Table 4. Greenhouse Study No. 3. Plant height 
(cm), number of active tillers, and plant 
weight (9) of Russian wildrye transplants 
planted with crowns placed at 2 depths (cm).’ 

- 
Date of harvest 

Crown depth 

1.3 3.8 LSD., 5 
Plant height 

Mar. 28, 1972 
May 26,1972 
Jul. 12, 1972 
Aug. 24, 1972 

Mean 

Number of tillers 
Mar. 28, 1972 
May 26,1972 
Jul. 12, 1972 
Aug. 24, 1972 

Mean 

Plant weight 
Mar. 28, 1972 
May 26, 1972 
Jul. 12, 1972 
Aug. 24, 1972 

Mean 

57.6 59.4 
69.4 67.0 
74.7 67.2 
70.7 69.9 

68.1 65.9 ns 

61.0 38.4 
100.4 66.3 
187.2 91.7 
221 .o 110.4 

142.4 76.7 32.2 

4.9 3.8 
21.0 18.1 
29.3 24.8 
25.4 21.3 

20.1 17.0 ns 

’ Transplanted Dec. 2 1, 197 1. 

planted into 20-cm pots in the green- 
house on December 21, 1971. The clones 
were set in the pots so that the tillering 
buds (crowns) were either 1.3 or 3.8 cm 
below the soil surface. (The planting 
depth in the field had been 2.5 cm.) Ten 
pots were used for each depth, one clone 
per pot, and each plant was divided so 
that an equal number of clones were 
placed in each depth treatment. Plant 
height, number of active tillers, and 
weight per plant were measured March 
28, May 26, July 12, and August 24, 
1972. 

Results and Discussion 

There were no significant differences 
in maximum plant height or weight per 
plant attributable to the depth at which 
the tillering buds (crowns) were located 
(Table 4). Although the differences were 
not significant, weight per plant tended 
to be higher for the 1.3-cm depth. This 
result agrees with trends observed in the 
other greenhouse studies. The number of 
tillers per plant averaged 78% more for 
those plants with crowns set 1.3 cm deep 
than those with crowns set 3.8 cm deep. 

Conclusions 

A method commonly used by grass 

breeders to test plant materials for high 
seedling vigor is to plant the seed at a. 
greater than optimum depth. The assump- 
tion is that the greater the seedling vigor, 
the higher the number of seedlings that 
will emerge and become established. 
However, the results of the studies re- 
ported here indicate that greater depths 
of planting tend to select toward taller 
plants. Thus, it is possible that if a grass 
breeder has used deep planting to screen 
for seedling vigor, he may also be select- 
ing for taller plants. This may explain in 
part why some grass varieties that were 
developed for high seedling vigor have 
also shown excellent growth characters as 
mature plants. 

Field stands of grass planted at a 
greater depth (3.8 cm, for example) will 
probably produce stands of taller plants, 
but the deeper planting will also produce 
sparser stands and the seeding rate will 
have to be increased to compensate. On 
the other hand, shallower planting depths 
produce denser stands that have more 
tillers per plant and in turn may produce 
more ground cover during the early life of 
the seeded stand. 

Plant height and number of tillers are 
commonly used as measures of vigor in 
seeded stands. Because both of these 
measures can be affected by planting 
depth, they probably should not be used 
as a measure of vigor for any seeded stand 
where depth of planting is intentionally 
or accidentally a variable. 
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Clipping Height and 
Frequency Influence Growth Response 
of Nitrogen-Fertilized Blue Grama 
ERMIAS BEKELE, REX D. PIEPER, AND DON D. DWYER 

Highlight: A greenhouse study with two clipping heights 
(l- and 2-inch stubble heights) and two clipping frequencies 
(every 10 and 20 days) showed that blue grama was able to 
make use of nitrogen fertilizer much more efficiently when 
unclipped than when clipped. Both clipping heights and clip- 
ping intervals decreased shoot and root weights on fertilized 
plants compared to fertilized and unclipped plants. The effect 
of clipping on unfertilized plants was much less drastic than 
on fertilized plants. 

Range fertilization is becoming an important practice on 
many areas (Vallentine, 197 1). Several studies have shown that 
nitrogen fertilization can increase herbage production of blue 
grama (Bouteloua gracilis (H. B. K. ) Lag. ex Steud) (Dwyer, 
1969, and 1971; Goetz, 1970; and Rogler and Lorenz, 1957). 
Since blue grama is such a widely distributed and valuable 
forage species, range fertilization may have widespread eco- 
nomic benefit, 

Most past field studies of blue grama fertilization were 
conducted on small plots protected from grazing. To devise 
grazing schemes for maximum response from the fertilization, 
information is needed about the response of fertilized blue 
grama to defoliation or grazing. Few studies have been 
conducted on blue grama to determine how clipping influences 
the utilization of nitrogen fertilizer. Dwyer (1969) reported 
that blue grama clipped every 10 days at a l-inch stubble 
height did not respond to applications of 60 lb of nitrogen per 
acre, while plants clipped to a 2-inch height at the same 
interval showed significant response. However, little informa- 
tion is available about blue grama response in relation to 
clipping height and frequency under fertilization. Conse- 
quently, the objective of this study was to determine effects of 
clipping height and frequency on growth response of nitrogen- 
fertilized and unfertilized blue grama. 

Methods and Procedures 

The study was conducted in a greenhouse from May to 
August, 197 1. Uniform cores of blue grama, 3 inches by 3 
inches, obtained from the Fort Stanton Cooperative Range 
Research Station, New Mexico State University, were placed in 
gallon waxed-paper pots filled with equal amounts of fine 
sandy soil. 

A 2 X 2 X 2 factorial experiment, plus two other 
treatments, was used in a randomized block design with four 
replications. Treatments included two levels of clipping fre- 
quency (clipped every 10 and 20 days and one series clipped at 
the end of the study), two levels of nitrogen fertilizer (0 and 
60 lb/acre of nitrogen), and two stubble heights (1 and 2 

Authors are former graduate student, associate professor of range 
science, and former professor of range science, New Mexico State Uni- 
versity, Las Cruces. Don Dwyer is now head, Department of Range 
Science, Utah State University, Logan. 
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inches) and a control which was not fertilized and was clipped 
only at the end of the experiment. 

Fertilizer treatments were applied in solution to insure 
uniform application. At the end of the experiment, all plants 
were clipped to a l/2-inch stubble height. Root weights were 
obtained by washing the roots from each pot with a gentle 
stream of water over a fine mesh hardware cloth. The roots 
from each pot were then dried and weighed. Data analysis 
included an analysis of variance and Duncan’s Multiple Range 
Test for comparing means when the analysis of variance 
indicated a significant difference among treaments. 

Results and Discussion 

The analysis of variance indicated significant differences 
among treatments for both shoot and root weights (Table 1). 
The main effects of clipping interval and fertilizer also signifi- 
cantly influenced shoot and root weights while the effects of 
clipping heights were more pronounced on shoot weights than 
on root weights (Table 1). 

Fertilization significantly increased both shoot and root 
weights. However, the interaction of clipping interval and 
fertilization was also significant for shoot weight and root 
weight. Clipping every ten days significantly reduced shoot 
and root weight of fertilized plants, but not unfertilized plants 
(Figs. 1 and 2). 

The interaction of clipping height X fertilization was also 
significant (P < .05) for shoot weight but not for root weight. 
Under fertilization, clipping to a one inch height significantly 
reduced shoot weight over that for plants clipped to a two 
inch stubble height (Fig. 1). However, there was no significant 

Table 1. Summary of analysis of variance for shoot, roof, and total 
(Shoot and Root) production of blue grama under different clipping 
frequencies (I), clipping (II), and nitrogen fertilization (F). 

Mean squares 

Total 
(shoot and 

Shoot Root root) pro- 
Source D.F. production weight duction 

Total 39 
Replications 3 
Treatments 9 30.5*** 15.7*** 40.0*** 

Interval (I) 1 7.1*** 9 5*** 33.1*** 
Height (H) 1 6 8*** 
Fertilizer (F) 1 118:0*** 

1:5* 14.7*** 
8 8*** 191.4*** 

IxH 1 0.6 0:1 0.5 
IxF 1 2.7** 3 2*** 

0:6 
11.7*** 

HXF 1 2.7** 0.8 
IXHXF 1 0.1 0.6 0.2 
Unclipped F vs Unfert 1 127.4*** 47.1*** 47.1*** 
Unclipped vs clipped 1 8 7*** 

Residual 27 0:6 
69.7*** 60.9*** 

0.4 0.5 
*Significant at P < .lO. 

**Significant at P < .OS. 
* **Significant at P < .O 1. 
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CLIPPING FREQUENCY 

Fig. 1. Production of shoots of fertilized and unfertilized blue grama 
at different clipping frequencies and heights. 

difference in production between unfertilized plants clipped at 
one and two inch stubble heights. For roots, clipping height 
influenced weights at only 0.10 level (Fig. 2). 

The interaction of clipping interval X height was not 
significant for either shoot or root weight (Table 1). Both 
clipping intervals and heights reduced shoot and root weight 
over unclipped, fertilized plants. However, clipping to a two 
inch stubble height every 10 days and to both a one and two 
inch height every 20 days stimulated shoot production 
compared to control plants (Fig. 1). 

Root: shoot ratios were lower under fertilization than 
under no fertilization for plants clipped every 10 days and for 
those clipped at 2-inch stubble heights every 20 days (Table 
2). Apparently, fertilization increased shoot production more 
than root production. Only plants unfertilized and unclipped 
had a root: shoot ratio exceeding 1.. Plants clipped every 20 
days had a higher root: shoot ratio than those clipped every 10 
days. Those plants clipped at a 2-inch stubble height had 
higher root: shoot ratios than those clipped to a l-inch stubble 
height. 

Table 2. RookShoot weight ratios of nitrogen-fertilized (F) and un- 
fertilized (U) blue grama grass clipped at different clipping frequencies 
and clipping heights. 

Clipping height 

Clipping 1 inch 2 inch 

frequency F U F U Average 

10 days 0.37 0.54 0.38 0.57 0.47 
20 days 0.54 0.49 0.46 0.70 0.55 

Average 0.46 0.52 0.42 0.64 

%a CllPP ed of I Inch, lertrllzed 

EE! C’ tpped at I Inch, unfertlljzed 

:;:;gz c / tpped at 2 Inches, fertrlrzed 

iI&! C’ lpped at 2 Inches, unlerflltzed 

Clrpped of % Inch, fertllrzed 

JO days 20 days a0 days 
(control) 

CLIPPING FREQUENCY 

Fig. 2. fioduction of roots of fertilized and unfertilized blue grama at 
different clipping frequencies and heights. 

Application of Findings 

Under fertilization, both increased clipping frequency and 
lower clipping height reduced shoot growth substantially over 
plants clipped at less frequent intervals and at higher stubble 
heights. These data indicate that if photosynthetic tissue is 
removed, blue grama cannot utilize additional nitrogen added 
by fertilizer as suggested by Dwyer (1969) and Reed and 
Dwyer (197 1). There was little difference in the reduction of 
shoot weight when clipping interval was compared to clipping 
height. The data suggest that heavy grazing intensity may be 
very important in reducing the efficiency with which blue 
grama utilizes nitrogen fertilizer. 

Root growth decreased with increased frequency of clip- 
ping, although fertilizer increased root weights. 

If nitrogen is to be applied to blue grama ranges in an effort 
to increase production of dry matter, care should be taken to 
insure that grazing is minimal during the initial growth stage. 
In fact, complete rest from grazing during the early growth 
stage would provide the best opportunity for blue grama to 
respond to increased fertility. 
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Comparison of Vegetation Structure 

and Composition in Modified 

and Natural Chaparral 

JOHN A. ROSARIO AND EARL W. LATHROP 

Highlight: Six years following type conversion of a chaparral 
plot in southern California, density per acre and number of 
shrub species were reduced by 79.7% and 40%, respectively. 
Replanting following brush removal resulted in establishment 
of a perennial bunchgrass community with a basal area of 7% 
as compared to essentially no grass on the control plot. 

Type conversion of chaparral to grassland has been prac- 
ticed by the San Bernardino National Forest, California, for 
the purpose of wildlife habitat improvement, fire control, 
increased water yield, and improved grassland, as outlined by 
the United States Forest Service (1972). The purpose of this 
paper is to report the results of a comparison of vegetation 
structure and compsoition of a 12-acre plots converted from 
chaparral to grass 6 years after conversion, with an adjacent 
natural (control) chaparral plot of equal area. 

The Study Area 

Type conversion of the 12-acre plot of chaparral to 
grassland (Fig. 1) in the Mud Flat region of the San Bernardino 
National Forest, San Gorgonio District, was completed in 
1967. The chaparral site was the chamise (Adenostoma 

fasciculatum H. & A.) chaparral association as described by 
Cooper (1922), Burcham (1957), and Horton (1960). It is a 
south-facing slope of approximately 5 to 10% at an average 
elevation of 3300 ft. The soil is rocky and gravelly over a 
granitic base material, including granodiorite and gneiss with 
stratification parallel to the land surface.’ No complete recent 
rainfall records are available for this specific area, but isohyetal 
records’ indicate an average of 25 inches of rainfall per year 
for the Mud Flats region. 

The conversion was accomplished following standard 
chaparral conversion techniques for California as outlined by 
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Bentley (1967) and included the retention of a mosaic pattern 
of chaparral island for the purpose of creating scenic quality 
and maximum edge effect, as discussed by the U. S. Forest 
Service (1972). Brush was removed with a brush rake attached 
to a D-7 caterpillar. Brush pile burning and discing of the soil 
surface followed to aid residual brush decomposition. Herbi- 
cide treatments of the area, the first in 1967 and a second in 
1969, consisted of a mixture of 2 lb/acre of 2, 4- 
dichlorophenoxy-acetic acid (2, 4-D) and 2 lb/acre of 2, 4, 
5-trichlorophenoxyacetic acid (2, 4, 5-T), applied by hand 
spray. The modified plot was replanted using a rangeland drill 
seeding a mixture of intermediate wheatgrass (Agropyron 
in termedium (Host) Beauv.) and pubescent wheatgrass (Agro- 
pyron trichophorum (Link) Richt.) at the rate of 6 lb/acre. 

Chaparral islands retained in the grassland (modified) plot 
constituted approximately 9% of the total 12 acres and 
averaged 3800 ft*/island with an average measurement of 96 ft 
between islands. 

Measurement Procedures 

Field studies were conducted during the winter and spring 
months of 1973. A natural chamise chaparral plot of approxi- 
mately 12 acres was selected for comparison with the modified 
plot. The site was selected adjacent to the modified plot but at 
a distance sufficient to be out of the influence of the 
conversion. Other criteria for selection of the control plot 
included lack of disturbance in a relatively homogeneous area 
of mature reproducing plants in an established site at approxi- 
mately the same elevation and exposure as the modified plot. 
Specimens of all species were collected and identified accord- 
ing to Munz (1965). 

Vegetation of the natural chaparral plot was sampled 
quantitatively with a lOO-ft line transect at 11 randomly 
spaced sites along a compass line. The number of feet of shrub 
crown intercepting the line was recorded for each species, 
including overlapping species. From this, relative dominance 
and absolute percent crown cover were calculated. 

A one-fortieth-acre quadrat (100 X 10.9 ft) was placed 
adjacent to 10 of the line transects. This quadrat was divided 
into four contiguous sections, each 25 X 10.9 ft. Individuals 
were counted in each quadrat. An individual plant was any 
plant possessing a trunk or burl distinct from other trunks and 
burls. Relative density, relative frequency, and density of 

1 From the files (1967) of the forest supervisor, San Bernardino individuals per acre were calculated -from the quadrat hata. 
National Forest, San Bernardino, Calif. Values of relative density, relative dominance, and relative 
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frequency were totaled to obtain importance values (I. V.) 
(Wilson and Vogl, 1965; Curtis and McIntosh, 1951). 

Additional measurements included elevation, exposure, 
percent of slope, and lists of ground cover species in the 
quadrats. 

Vegetation characteristics of the modified plot were studied 
at 10 sites located 100 ft apart along each of 10 transect lines. 
Each site was sampled by an integrated plot consisting of a 
20.ft diameter circular plot superimposed over a 1 X 20.foot 
belt transect (Nord, 1965). Within the circular plot, which 
represented l/138 acre, all shrubs were counted to obtain 
density per acre. 

The basal cover (area) by plant species inside the belt 
transect was measured by a pocket tape to ascertain the area 
taken up by the plant at ground level. The basal area of the 
bunchgrasses was computed from the average diameters of 
clumps. The average diameter of stems was used to determine 
basal area of shrub and forb species (Hutchings and Pax, 
1963). 

The belt transect was broken into twenty contiguous 
sections, each 1 ft square. Clumps of the two bunchgrass 

Table 1. Density pa acxe of the shrub species in modified and natural 
chamise chaparral plots in the San Bernardino National Forest, Calif. 
(Measurements in modified plot exclude chaparral islands.) 

Species Natural plot Modified plot 

Chamire 2800 28 
Deerweed 721 
Eastwood Manzanita 484 55 
Hollyleaf cherry 112 70 
iJui.xote plant 348 111 
Scrub oak 1152 55 
Chaparral whitethorn 104 
Aggregate’ 112 

Total 5112 1040 
1 Includes: white sage, black sage, honeysuckle, redberry. 

species present were counted as an aggregate in each quadrat 
to determine percent frequency and density per plot. Like- 
wise, individuals of the remaining species were counted in each 
quadrat but were found too insignificant in number to be 
considered further. 

Results 

Tabulation of the important shrub species in the natural 
chaparral plot (Tables 1 and 2) indicates the structure and 
composition of the modified plot before conversion to 
grassland in 1967. Density per acre of the important species in 
the natural chaparral plot is shown in Table 1; Table 2 lists the 
relative importance of each species in the community and 
serves as a species presence list for the control plot. Chamise 
receives the highest values for percent cover, relative domi- 
nance, and importance value. Scrub oak (Quercus dumosa 
Nutt.) is next in importance in the chamise chaparral of the 
study area. Eastwood manzanita (Arcfostaphylos glandulosa 
E&w.), quixote plant (Yucca whipplei Torr.) and chaparral 
whitethorn (Ceanofhus lamdermis Greene) follow scrub oak 
in importance. Species that were relatively unimportant in the 

Table 2. Average absolute cover (%j, relative dominance, and impor- 
tance value for shrub species in a chamise chapanal community in 
the San Bernardino National Forest, Calif. 

alamise 39.4 57.2 126.1 
Eastwood manzanita 4.8 6.9 26.1 
Quixote plant 2.6 3.8 23.3 
Scrub oak 20.9 30.3 65.6 
Chaparral whitethorn .8 1.2 8.6 
Aggregate’ .4 .6 18.7 

’ Includes: white sage, black sage, honeysuckle, redberry. 



community, primarily because their small size caused them to 
receive low values of cover and dominance, were described as 
an aggregate in Tables 1 and 2. The major species in the 
aggregate were white sage (Salvia apiana Jeps.), black sage 
(Salvia mellifera Greene), honeysuckle (Lonicera subspicata H. 
8~ A. var. johnstonii Keck), and redberry (Rhamnus crocea 
Nutt .). 

Hollyleaf cherry (Prunus ilicifolia (Nutt.) Walp.) was absent 
from the line intercepts taken in the natural chaparral plots, 
but was present in the l/40-acre quadrats and is listed in Table 
1 as having a density about equal to that of chaparral 
whitethorn. Few other woody species were present in the 
natural chaparral of the study site, except occasional indi- 
viduals located outside the sample plots. Among these species 
were knobcone pine (Pinus attenuata Lemmon), California 
wild lilac (Ceanothus tomentosus Parry), birchleaf mountain- 
mahogany (Cercocarpus betuloides Nutt .), and bigberrv 
manzanita (Arctostaphylos gZauca Lindl.). These occasional 
individuals found outside the sample plots tended to be more 
characteristic of manzanita chaparral, which is found in the 
general vicinity but at a higher elevation (Horton, 1960; 
Wilson and Vogl, 1965). 

The natural chapparal plot contained very little herbaceous 
ground cover at the time of sampling (March, 1973), except 
for an abundance of basal leaves of soap plant (Chlorogalum 
pomeridianum (DC.) Kunth.) and occasional early leaves of 
annual grasses and forbs. 

The original conversion treatments in the modified chapar- 
ral plot in 1967 reduced shrub density to near zero, but in the 
ensuing 6 years the shrub stand recovered to a density of 1040 
plants/acre. Table 1 indicates 79.7% fewer shrubs per acre on 
the modified plot than on the natural plot in 1973. Likewise, 
there was a reduction in number of species (40%), with 
chaparral whitethorn, white sage, black sage, and other species 
of the aggregate listed in Table 1 missing from the modified 
plot. The modified plot, however, tended to favor deerweed 
(Lotus scoparius (Nutt.) Ottley), a shrub not present in the 
control plot (Table 1). Species which appeared least affected 
by the conversion were the quixote plant, which showed a 
reduction in density of 68.1%, and the hollyleaf cherry, which 
was reduced by only 37.5% (Table 1). 

Replanting with grass in the modified plot following 
conversion resulted in a grass cover which measured 7% basal 
area. The intermediate and pubescent wheatgrass, considered 

’ 1 plot as an aggregate, had a frequency of 87.5%, a density per 
of 2.7 bunches and an average area per plant of 4.2 inch’, 

Discussion and Conclusions 

Regardless of the appearance of occasional shrubs coming 
up from the stumps and burls left over from the community 
before conversion, the physiognomy of the modified plot is 
decidedly that of a bunchgrass community. The chaparral 
islands retained in the modified plot were for the purposes of 
improving scenic quality in this brushland region and increas- 
ing the maximum edge, thus providing more cover for wildlife, 
particularly deer and quail (U. S. Forest Service, 1972). 

Although not native to California, intermediate and pubes- 
cent wheatgrasses, which were planted following conversion in 
1967, are apparently thriving and helping to form an estab- 
lished grassland community in the converted chamise chaparral 
plot in the San Bernardino National Forest. The 7% grass cover 
of the modified plot compares favorably with the 11% basal 
area reported by White (1967) for a natural bunchgrass 
community in California. This information indicates the 
success of chaparral modification procedures in southern 
California and is part of a larger project, currently in progress, 
which is evaluating the effect of chaparral type conversion on 
wildlife populations. 
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Canopy Structure of a Tall-grass Prairie 

SHEILA CONANT AND PAUL G. RISSER 

Highlight: Several characteristics of vegetation structure, 
including height, basal cover, cover repetition, leaf area, and 
distribution of aboveground biomass, were examined in grazed 
and ungrazed treatments of native Oklahoma tall-grass prairie. 
Selected structural parameters were evaluated to determine 
their value as reliable predictors of biomass dynamics. Cover 
repetition and leaf area showed good correlation with above- 
ground biomass. Studies of vegetation structure may provide 
an additional basis for understanding grazing response in grass- 
land communities, and may serve as a basic tool for clarifying 
the roles of water, light and nutrients, and their effects on 
grassland production. 

Vegetation structure affects the flow of energy, water, and 
nutrients through an ecosystem. Energy flux may be modified 
by vegetation structure in a number of ways. The interception 
and penetration of incoming solar radiation is determined in 
part by the structure of the plant canopy (Warren-Wilson, 
1965). Vegetation intercepts heat energy that might otherwise 
reach the soil, and this in turn affects soil temperature and 
moisture (Steiger, 1933), and the evaporation of water from 
the soil (Forsling, 193 1). Because the plant canopy may cause 
air stagnation, heat storage, and transfer are affected (Van 
Wijk and Goedkoop, 1963), which may permit temperature 
(Van Wijk and Goedkoop, 1963) and ‘CO, (Knight, 1969) 
gradients to develop. 

Vegetation structure may control water and nutrient 
movement directly, or indirectly by modifying energy flux. 
Amounts and rates of rainfall interception, evaporation, 
infiltration (Knight, 1969), and runoff (Forsling, 1931) of 
water may all be influenced by the structure of the plant 
community. Although nutrient flux in ecosystems is probably 
modified at least indirectly by vegetation structure, the nature 
and importance of such modifications is not well documented 
at present. 

Land use by man invariably involves manipulation of 
vegetation structure. For this reason it is important to 
understand the relationship between structure and function in 
ecosystems in order to assess the probable effects of structural 
manipulation on the plant community. 

The principal objective of this study was to describe several 
characteristics of vegetation structure, including height, basal 
cover, and the vertical characteristics of cover repetition, leaf 
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area index, and distribution of aboveground biomass. A 
secondary objective was to determine which parameters of 
structure might be reliable predictors of aboveground biomass. 

Methods 

The study area, which includes grazed and ungrazed 
treatments of tall-grass prairie, is on the Adams Ranch in 
Osage County, Okla. This same area is one of the Comprehen- 
sive Network Sites (OSAGE Site) in the International Biologi- 
cal Grassland Biome. Neither treatment has been plowed, and 
the ungrazed treatment has not been grazed for about 15 
years, although it may have been mowed as recently as 6 years 
prior to the study. The grazed treatment receives light to 
moderate grazing, primarily during the non-growing season, 
but grazing was excluded during the study period. 

The average January temperature is 2.7”C, and the average 
July temperature is 27.7OC. Rainfall averages 83.0 cm per 
year, 63.5 cm falling during the warm season (April to 
September). The growing season is 205 days long. Weather 
Bureau data are from Pawhuska, Okla., which is about 20 
miles southeast of the site. 

Study area soils are dark with clayey subsoils developed on 
shale, sandstone, and limestone parent materials. The soil is 
classified as a Brunizem of the Labette-Summit-Sogan Associa- 
tion. 

Vegetation height was determined by taking 100 random 
samples in each treatment. An additional 20 random height 
samples per treatment were taken for each of five major 
species of grasses - little bluestem (Andropogon scoparius), 
big bluestem (Andropogon gerardi), switchgrass (Panicurn 
virgatum), Indiangrass (Sorghastrum nutans), and tall dropseed 
(Sporobolus asper). It should be noted that height measure- 
ments of the individual species were taken during the 1972 
growing season, 1 year after all other data had been collected. 

Several indicators of vegetation structure were measured by 
means of a point frame (Fig. 1). The type of basal cover (bare 
soil, litter or mulch, basal cover) under the tip of each pin was 
recorded. Cover repetition (CR), the number of hits per pin, 
was determined in 15-cm increments for the five major species 
of grasses and three other categories, namely miscellaneous 
grasses, forbs, and sedges. In this paper, only the data for little 
bluestem, tall dropseed, the 15-cm and 30 to 45-cm levels, and 
totals for all species will be discussed. Little bluestem was 
chosen because it accounts for the greatest percent biomass 
composition of any species in both treatments (Risser, 197 la). 
Tall dropseed increases in importance with grazing (Risser, 
197 1 a) and occurs in relatively large amounts, so it represents 
a satisfactory species to differentiate treatments. The 0 to 
15-cm level contains most of the biomass, and the 30 to 45-cm 
level typifies the behavior of canopy levels before 15 cm. 

Leaf Area Index (LAI), the amount of leaf area per unit 
ground area (cm2 /cm2 ), was estimated by the inclined point 
frame method positioned 21.5’ from the horizontal (Greig- 
Smith, 1964). The number of contacts in each 15-cm 
increment of a pin for each species or category was multiplied 
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Fig. 1. hocedure for processing samples. (CR = cover repetition; 
LAI = leaf area index; AGBM = aboveground biomass; ALA =actual 
leaf area.) 

by a coefficient of 0.8 to obtain LAI. This coefficient was 
calculated specifically for data recorded with the point frame 
inclined at 21S”. The method for calculating the coefficient 
has been described by Warren-Wilson (1963a). To correct for 
errors resulting from the diameter of pins, the average width 
and length of leaves of each species or category was deter- 
mined and used to calculate a correction factor (Warren-Wilson 
1963b) for LA1 and cover repetition values. As a check on the 
accuracy of estimation of leaf area by the LA1 method, the 
actual leaf area (ALA) of a small part of each sample was 
measured with a photoelectric planimeter (Model AAM-5, 
Hayashi Denko Co., Ltd.). Cover repetition, LAI, and actual 
leaf area were determined for both live and standing dead 
plant material. 

The vertical distribution of abovegrotmd biomass (AGBM) 
was assessed by height-clipping each quadrat in 15-cm incre- 
ments. Live plant material was separated from standing dead 
material, dried at 100°C for 48 hours, and then weighed. 
Because quadrats were height-clipped, leaving plant material in 

Table 1. Average cover (%) of bare ground, litter, and basal 
cover as determined during the sample period. 

Treatment 

Type Ungrazed Grazed 
Bare ground 62 22 
Litter 23 71 
Basal cover 12 9 

small unidentifiable pieces, the total biomass of all species was 
combined. 

One sample was taken monthly, May through October, 
197 1. On each sampling date, six quadrats (three per each of 
two replicates) in the ungrazed treatment and ten quadrats 
(five per each of two replicates) in the grazed treatment were 
clipped. Before height-clipping the quadrats, both a vertical 
and an inclined point frame with ten pins per frame were read. 
Figure 1 illustrates how each sample was processed. Actual leaf 
area measurements were made from portions of the plant 
material clipped from one quadrat per replicate per treatment. 

Data from each sample were subjected to two types of 
statistical analysis. The t-tests were performed to detect differ- 
ences within (between replicates) and between the two 
treatments. Correlation coefficients were calculated to deter- 
mine the degree of correlation of each of three variables (cover 
repetition, LAI, actual leaf area) with aboveground biomass 
(AGBM). In addition, correlation coefficients were calculated 
to determine the degree of correlation of LA1 with actual leaf 
area. 

Height 
Results and Discussion 

Average canopy height increased most rapidly during the 
interval between May and June (Fig. 2). The ungrazed 
treatment was significantly taller than the grazed treatment on 
the May, June, and July sampling dates. The similarity in 
height of both treatments observed in the latter part of the 
growing season may have been due to flowering. The average 
heights of the five major species of grasses generally followed 
the same pattern as the vegetation as a whole. 

Basal Cover 

, 

Average percent ground covered by litter during the sample 
period was significantly higher in the grazed treatment, while 
percent bare ground was significantly higher in the ungrazed 
treatment (Table 1). Basal cover was not significantly higher in 
the ungrazed treatment. Consistently higher values for percent 
cover of litter in the grazed treatment may be due to trampling 

Table 2. Aboveground biomass (g/m2 dry weight) throughout the sample period.’ 

Biomass O-15 cm interval 30-45 cm interval 
Month status Ungrazed Grazed Ungrazed Grazed 

Total 
Ungrazed Grazed 

May 

June 

July 

August 

September 

October 

Live 
Dead 
Live 
Dead 
Live 
Dead 
Live 
Dead 
Live 
Dead 
Live 
Dead 

79.3 78.9 
422.5 122.3** 
194.5 120.7* 
278.6 142.9** 
100.2 131.5** 
392.2 184.2** 
114.0 166.8 
325.4 147.3** 

94.1 107.7 
418.0 191.9** 

61.6 126.6** 
366.2 234.2* 

0.8 0.0 
8.4 o.o* 

31.7 25.4 
5.4 3.3 

64.5 48.1 
11.2 9.0 
23.3 16.6 
14.0 4.0 
24.1 32.3 
21.4 8.9* 
16.5 21.4 
21.6* 6.9* 

85.3 86.6 
484.1 143.5** 
310.7 208.4* 
307.6 173.2** 
271.7 277.0 
452.1 239.9** 
226.2 244.9 
403.3 175.0** 
190.9 207.8 
517.6 265.3** 
125.4 187.2** 
477.0 277.6** 

‘Significant difference between treatments: ** = P < 0.01, * = P < 0.05. 
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Fig. 2. Average canopy height throughout thegrowing season. (Signifi- 
cnnt difference between treatments ** = P < 0.01.) 

or the residual effects of previous grazing. Higher percent bare 
ground in the ungrazed treatment is probably the result of 
larger individual plants which canopies more extended than 
those found in the grazed treatment and by the occurrence of 
proportionately more bunch grasses and fewer annual grasses 
and forbs in the ungrazed treatment. 

Biomass 

Total live aboveground biomass (AGBM) (Table 2) in the 
ungrazed treatment increased from May until June, when peak 
standing crop was reached. Peak standing crop of live AGBM 
on the grazed treatment occurred in July. Ungrazed live 
AGBM was significantly higher than grazed live AGBM in 
June, when the ungrazed treatment had reached peak standing 
crop. However, live AGBM was usually lower in the ungrazed 
treatment, especially in October, when the difference may 
have been accentuated by the renewed growth of cool season 
grasses such as Japanese brome grass (Bromus japonicus) and 
Kentucky bluegrass (Poa pratensis). 

Total dead AGBM in the ungrazed treatment decreased 
between May and June, but from June to October there was a 
net increase. In the grazed treatment total dead AGBM showed 
a net increase from May until October. Total dead AGBM was 
always significantly lower in the grazed treatment, presumably 
due to the higher rate of transfer of standing dead plant 
material to litter or mulch and consumption of plant material 
by cattle. 

With respect to biomass dynamics, the 0 to 15cm level of 
the canopy differed very little from the canopy as a whole 
(Table 2). AGBM in the 0 to 15-cm level constituted an 
average (for the growing season) of 43% of total live and 83% 
of total dead ungrazed biomass, and 60% of total live and 89% 
of total dead grazed biomass. 

Live material in the 30 to 40-cm level of the canopy 
developed rapidly from May to July, when it peaked in both 
treatments (Table 2). There were no significant differences 
between treatments in the amount of live material in the 30 to 
45-cm level. Unlike the 0 to 15cm level and the whole 
canopy, amounts of dead material in the 30 to 45-cm level 
were never as high as amounts of live material in either 
treatment during the sample period. The amount of standing 
dead in the 30 to 45-cm level was significantly higher in the 
ungrazed treatment in May, August, September, and October. 
The average percentages of biomass during the growing season, 
contained in the 30 to 45-cm level were low: ungrazed live, 
0.013%; ungrazed dead, 0.004%; grazed live, 0.011%; grazed 
dead, 0.003%. 

Cover repetition 

From May to June there was a rapid increase in live cover 
repetition (CR) of all categories in both treatments (Table 3). 
Cover repetition values for little bluestem, tall dropseed, the 
0.15~cm and 30 to 45-cm levels, and totals are listed separately 
and values given for little bluestem and tall dropseed include 
only totals for those species, while values for the 0 to 15-cm 
and 30 to 45-cm intervals and totals include totals for all 
species in those categories. Ungrazed live cover repetition of 
little bluestem and the 30 to 45-cm level began to decrease 
after July, 1 month before other categories began to decrease. 
Grazed live cover repetition increased from June until Septem- 
ber in the 0 to 15-cm and 30 to 45-cm levels, as well as in the 
total, but decreased in little bluestem and tall dropseed. 

Differences between treatments in cover repetition of live 

Table 3. Average cover repetition (hits/pin) of little bluestem, tall dropseed, and total canopy throughout the sample period.’ 

Biomass Little bluestem Tall dropseed O-15 cm 30-45 cm Total 

Month status Ungrazed Grazed Ungrazed Grazed Ungrazed Grazed Ungrazed Grazed Ungrazed Grazed 

May Live 0.2 0.2 0.0 0.1 0.3 0.7** 0.0 0.0 2.0 3.4* 
Dead 4.2 1.1* 0.0 0.0 3.7 1.5** 0.4 o.o* 11.9 5.4 

June Live 3.0 1.8* 0.0 1.0* 0.5 1.0** 1.41 1.1 10.8 8.5 
Dead 5.3 1.4** 0.0 0.3” 3.6 2.0* 0.1 0.1 29.6 7.7** 

July Live 3.65 2.3** 0.0 1.3** 0.5 0.7 1.4 1.4 10.9 9.8 
Dead 7.5 4.2** 0.2 1.3 5.4 3.7 0.6 0.6 35.7 15.0** 

August Live 3.2 1.5** 0.5 1.2 0.6 1.0 1.1 0.7 11.5 24.2 
Dead 7.3 2.9** 0.6 1.1 4.8 2.9** 1.3 1.0 8.5 14.8 

September Live 2.0 1.4 0.3 1.7 0.5 1.5 0.9 0.7 6.9 10.1 
Dead 8.0 2.8** 0.2 2.4 4.5 3.9 1.4 1.2 23.7 18.1 

October Live 0.7 0.9 0.1 0.6 0.2 1.5** 0.4 0.3 3.7 6.7* 
Dead 11.4 2.9** 0.4 1.4 5.6 3.8** 1.7 1.0* 34.6 17.2* 

’ Significant difference between treatments: ** = P < 0.01, * = P < 0.05. 
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Table 4. Correlation coefficients of aboveground biomass with cover repetition (CR), Leaf Area Index (LAI), and actual leaf area (ALA).’ 

Ungrazed live Ungrazed dead Grazed live Grazed dead 
Biomass CR LA1 ALA CR LA1 ALA CR LA1 ALA CR LA1 ALA 

Total 0.84** 0.60** 0.69”” 0.3” 0.10 0.60* 0.83** 0.36** 0.78** 0.75 ** 0.49** 0.64* 
O-15 cm 0.34* 0.03 0.20 0.26 0.14 0.06 0.06 0.10 0.39 0.35 * 0.43** 0.52” 
30-45 cm 0.69”” 0.50** 0.87** 0.61** 0.54** 0.72** 0.63** 0.41** 0.83** 0.31** 0.30** 0.30 
Little bluestem 0.61** 0.58” - 0.16 0.13 - 0.49** 0.33** - 0.48** 0.44” - 
Tall dropseed 0.05 0.60** - 0.06 0.10 0.49** 0.36** - 0.29* 0.49* - 

’ Levels of significance: ** = P < 0.01, * = P < 0.05. 

material were most obvious in the 0 to 15-cm level, where 
there was always higher cover repetition in the grazed 
treatment. Little bluestem and tall dropseed differed signifi- 
cantly between treatments in June, July, and August samples, 
with cover repetition of little bluestem being higher in the 
grazed treatment. 

Decreases in cover repetition of dead material during the 
growing season indicated transfers of material from the 
standing dead to the litter, caused by death and subsequent 
rain or wind storms. In the grazed treatment cover repetition 
of dead material increased in all categories until July, probably 
due in part to the death of cool-season grasses which are in 
greater abundance in the grazed treatment. All categories 
showed a net increase in cover repetition from July until 
October. 

Because cover repetition is an indication of relative foliage 
density, it should be of some predictive value for AGBM. 
Calculation of correlation coefficients (Table 4) reveals this to 
be true in some cases. Both total cover repetition and 30 to 
45cm cover repetition and total and 30 to 45-cm AGBM were 
significantly correlated in both live and standing dead com- 
ponents in both treatments. Although the 0 to 15cm level 
contained most of the biomass, there was significant correla- 
tion of 0 to 15-cm cover repetition and biomass values only 
for ungrazed live and grazed dead material. The number of 
contacts per pin, especially of dead material, in the O-15 cm 
level was usually quite high, making contacts difficult to count 
accurately. Sampling error was undoubtedly greater in this 
height increment, and may be related to the lack of correlation 
between cover repetition and biomass in the O-15 cm level and 
the lack of correlation between little bluestem dead cover 
repetition and total biomass (biomass was not evaluated for 
each species in this study) in the ungrazed treatment. 

However, cover repetition of little bluestem, the most impor- 
tant species in percent composition of biomass (Risser, 
l971a), correlated well with total ungrazed live, grazed dead, 
and grazed live biomass. Tall dropseed cover repetition was 
significantly correlated with total live and dead biomass in the 
grazed treatment, but not in the ungrazed treatment. Although 
tall dropseed was not the most important grazed treatment 
species by percent biomass composition, it was far more 
important in the grazed treatment than in the ungrazed 
treatment (Risser, 1971a). It seems possible then, that cover 
repetition would give a reasonably good prediction of biomass 
dynamics in selected cases (Table 4). 

Leaf Area Index 

In both treatments total live leaf area index (LAI) (Table 5) 
peaked in June and showed a net increase from May through 
August. Between June and July live LA1 in the ungrazed 
treatment began to decrease and continued to do so until 
October, whereas in the grazed treatment, live LA1 changed 
little until it decreased between September and October 
samples. Live LA1 was higher in the grazed treatment in May 
and October, but in June, July, and August live LA1 was 
higher in the ungrazed treatment. 

Knight (1971) found that ungrazed live LA1 on a shortgrass 
prairie in Colorado peaked in June at about 0.55, and then 
decreased to about 0.25 in August. Knight’s LA1 values were 
considerably lower than those of the tall-grass prairie, but 
biomass values were also higher in the tall-grass prairie than in 
the short-grass prairie (Sims and Singh, 1971). LA1 in the 
short-grass prairie decreased by half (0.55 to 0.26) from June 
to August, while in this study there was a decrease of only 
about 7% (3.09 to 2.88) from June to August, indicating that 
the rate of browning was higher in ungrazed short-grass prairie 

Table 5. Leaf Area Index (cm’ /cm2) of little bluestem, tall dropseed, and total canopy throughout the sample period.’ 

Month 
Biomass 
status 

Little bluestem Tall dropseed 

Ungrazed Grazed Ungrazed Grazed 

O-15 cm 

Ungrazed Grazed 

30-45 cm 

Ungrazed Grazed 

Total 

Ungrazed Grazed 

May 

June 

July 

August 

September 

October 

Live 
Dead 

Live 
Dead 

Live 
Dead 

Live 
Dead 

Live 
Dead 

Live 
Dead 

0.18 0.2 
3.3 0.8** 

3.0 1.8* 
4.6 1.2”” 

2.8 1.6* 
5.0 3.0** 

2.1 1.4** 
4.7 2.3* 

1.7 1 .o* 
6.0 2.2** 

0.7 0.6 
7.7 2.6” 

0.0 
0.0 

0.0 
0.0 

0.1 
0.2 

0.3 
0.4 

0.2 
0.3 

0.1 
0.4 

0.1 0.3 0.7** 0.0 0.0 0.4 0.9** 
0.1 2.1 1.1 0.1 0.0” 3.7 1.4”” 

0.9”” 0.4 0.9** 1.1 1.0 3.1 2.9 
0.2” 3.9 1.7** 0.1 0.0 4.7 2.1** 

0.7”” 0.2 0.5 ** 1.1 0.8 2.9 2.6 
0.8 3.5 2.8 0.5 0.3 5.1 4.1 

1 .o* 0.4 0.8” 0.9 0.5 2.9 2.8 
1.1” 4.1 2.3** 0.8 0.7 6.8 4.8* 

0.7* 0.4 1.9” 0.5 0.5 2.2 2.8 
1.1 3.5 3.1 1.0 0.9 6.7 5.4 

0.5 0.2 1.2”” 0.3 0.3 1.1 2.1” 
1.2 4.6 3.3** 1.1 0.8 8.4 5.8** 

’ Significant difference between treatments: ** = P < 0.01, * = P < 0.05. 
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than in ungrazed tall-grass prairie. The same generalizations 
may be made about grazed treatments. 

Dead LA1 showed a continuous net increase from May to 
October in both treatments (Table 5) and dead LA1 was 
always higher in the ungrazed treatment. Knight (1971) found 
that dead LA1 of blue grama (Bouteloua gracilis), the most 
important species by percent composition of biomass, showed 
a continuous increase in both ungrazed and grazed (light, 
moderate, and heavy) treatments of short-grass prairie, but the 
rate of transfer of material to litter in grazed treatments 
exceeded browning between June and July samples. At the 
end of the sampling period, dead blue grama LA1 was highest 
in the heavily grazed treatment, but ungrazed dead LA1 was 
higher than both moderately and lightly grazed treatments. 

between June and August, actual leaf area changed very little. 
In the grazed treatment 0 to 15-cm live leaf area increased 
from May to July, dropped until September, and increased in 
October. Although the values fluctuated over the growing 
season, 0 to 15-cm live leaf area, as measured by both 
methods, did not increase much, if at all, over the level it 
reached during the most rapid period of growth, that is, from 
May to June. After this initial period of growth, live leaf area 
in the lowest part of the canopy remained fairly stable, 
decreasing slightly in the ungrazed treatment and increasing 
slightly in the grazed treatment at the end of the growing 
season. 

The behavior of LA1 in the 0 to 15-cm level (Table 5) was 
similar to the behavior of LA1 in the entire canopy, except 
that live LA1 in the 0 to 15-cm level was always significantly 
higher in the grazed treatment. Total live LA1 was higher in 
the grazed treatment. 

Little bluestem live LA1 peaked in June, and then decreased 
continuously until October in both treatments. Except in May 
little bluestem live LA1 was higher in the ungrazed treatment. 
Dead LA1 of little bluestem showed a net increase over the 
growing season in both treatments. 

Both live and dead tall dropseed LA1 were higher in the 
grazed treatment on all sampling dates. Except for this 
difference, patterns of peaking and fluctuation of tall dropseed 
LA1 were the same as those of total LA1 and LA1 in the 0 to 
1 S-cm level. 

In the 30 to 45cm level LA1 and AGBM were significantly 
correlated in ungrazed live, ungrazed dead, grazed live, and 
grazed dead categories (Table 4). Total LA1 and LA1 of little 
bluestem and tall dropseed were significantly correlated with 
total AGBM in the ungrazed live, grazed live, and grazed dead 
categories, but not in ungrazed dead. The 0 to 15-cm level 
correlated significantly with 0 to 15-cm AGBM only for grazed 
live material. LA1 is a good predictor of AGBM, but, like cover 
repetition, it also must be selectively used as an indicator of 
biomass dynamics (Table 4). 

The two methods (LA1 and actual leaf area) used to obtain 
leaf area did not correspond well with respect to the actual 
numbers obtained (Tables 5 and 6). Values obtained with the 
LA1 method, particularly those for dead LAI, were higher than 
those obtained with the photoelectric planimeter. However, 
leaf area, measured by either method, tended to exhibit the 
same trends of peaking and increase or decrease. At present it 
is unclear exactly why the numerical vaues for LA1 and actual 
leaf area were not more similar, but there are some possible 
explanations. In using the photoelectric planimeter to deter- 
mine leaf area, leaf angle does not influence the values 
obtained, as it does in the LA1 method. Coefficients of 
correlation between LA1 and actual leaf area were calculated 
to determine the degree of similarity between values obtained 
by both methods. Correlation between total values and values 
in the 0 to 15-cm level was negative or very poor. Because the 
LA1 method is more efficient in terms of time and effort, it 
would probably be the most expedient way to evaluate the 
dynamics of total live area in both treatments and total leaf 
area in the grazed treatment, where correlation with AGBM 
was good, but not of dead leaf area in the ungrazed treatment 
(Table 4). 

Actual live leaf area in the entire canopy of the ungrazed 
treatment peaked in August, whereas, in the grazed treatment, 
the peak occurred in July (Table 6). Total dead actual leaf area 
in the ungrazed treatment showed a net increase during the 
growing season until September, and then decreased in 
October. 

Actual live leaf area in the ungrazed 0 to 15-cm level 
increased from May to June (Table 6). After some fluctuation 

Actual leaf area showed reasonably good correlation with 
AGBM in all the categories considered. Total actual leaf area 
was the best predictor of ungrazed dead biomass. Like cover 
repetition and LA1 in the 0 to 15-cm level, actual leaf area in 
this part of the canaopy did not correlate well with AGBM in 
the ungrazed treatment. However, there was significant cor- 
relation between both live and dead grazed AGBM, while cover 
repetition in the 0 to 15-cm level showed significant correla- 
tion only with grazed dead AGBM. In the 30 to 45-cm level, 
correlation of actual leaf area and AGBM was good except in 
the grazed dead material. In this respect cover repetition and 
LA1 were better predictors of AGBM because they correlated 

Table 6. Actual leaf area (cm’ /cm2 ) as measured from samples collected throughout the sample period. 

Month 

May 

June 

July 

August 

September 

October 

Biomass 
status 

Live 
Dead 

Live 
Dead 

Live 
Dead 

Live 
Dead 

Live 
Dead 

Live 
Dead 

O-15 cm 30-45 cm Total canopy 

Ungrazed Grazed Ungrazed Grazed Ungrazed Grazed 

0.2 0.4 0.0 0.0 0.2 0.5 
1.0 0.3 0.0 0.0 1.1 0.5 

0.4 0.5 0.1 0.2 1.2 1.3 
1.2 0.5 0.0 0.0 1.3 0.6 

0.2 0.5 0.3 0.4 0.9 1.4 
0.9 0.6 0.1 0.0 1.3 0.8 

0.4 0.4 0.3 0.2 1.3 1.0 
1.1 0.4 0.2 0.0 1.7 0.6 

0.4 0.3 0.2 0.1 0.9 0.7 
0.9 0.7 0.1 0.0 1.6 1.0 

0.5 0.5 0.1 0.0 0.8 0.7 
1.1 0.6 0.2 0.0 1.8 0.7 
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well with 30 to 45-cm live and dead AGBM in both treatments 
(Table 4). 

Conclusions 

In this study vegetation structure in a tall-grass prairie is 
described and some measures of structure (i.e., cover repeti- 
tion and leaf area) were shown to be good predictors of 
biomass dynamics in the entire canopy, as well as in selected 
canopy levels or individual species. 

Although the effects of vegetation structure on ecosystem 
function are not thoroughly understood, it is clear from this 
work and previous studies (Knight, 1969; Risser, 1971 b) that 
structure is an important flux modifier in the ecosystem. LA1 
in particular was shown to be an important determinant of 
productivity in crops and pastures (Watson, 1958) because of 
its influence on light interception and, consequently, photo- 
synthesis (Warren-Wilson, 1965). In ‘addition, periodic 
measurements of LA1 during the growing season provide, in 
themselves, a measure of productivity, in that they indicate 
the rate of leaf growth and leaf area over the ground surface. 
Studies of vegetation structure should provide an additional 
basis for understanding the different adaptation strategies of 
grassland communities and their response to manipulations 
such as grazing. 
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Soils and vegetation are important 
parameters in hydrologic models when 
determining runoff produced by a given 
rainfall event. However, numerical values 
of the parameters necessary to quantify 
the role of the soil and vegetation are 
difficult to obtain from watershed input- 
output data because of spatial variability. 
The watershed response to a given precip- 
itation may be estimated by examining 
microunits within the watershed. Use of 
infiltrometers and simulated rainfall on 
microunits is one of the most convenient 
methods to evaluate these parameters. 

A rainfall simulator developed by 

Studv Area and Procedure 

Three soil-vegetation complexes com- 
mon to the semiarid Southwest were 
selected on the Walnut Gulch Experi- 
mental Watershed in southeastern Ari- 
zona, first, to quantify differences in 
infiltration and runoff encountered on 
three major rangeland soils with brush, 
grass, or no vegetation, and second, to 
examine infiltration variability en- 
countered on different hydrologic soil 
groups in the Soil Conservation Service 
runoff model (Soil Conserv. Serv., 1969). 

The hydrologic soil groups represented 
were characterized as having final con- 
stant infiltration rates (f,) of (Musgrave, 
1955): 
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well with 30 to 45cm live and dead AGBM in both treatments 
(Table 4). 

Conclusions 

In this study vegetation structure in a tall-grass prairie is 
described and some measures of structure (i.e., cover repeti- 
tion and leaf area) were shown to be good predictors of 
biomass dynamics in the entire canopy, as well as in selected 
canopy levels or individual species. 

Although the effects of vegetation structure on ecosystem 
function are not thoroughly understood, it is clear from this 
work and previous studies (Knight, 1969; Risser, 197 1 b) that 
structure is an important flux modifier in the ecosystem. LA1 
in particular was shown to be an important determinant of 
productivity in crops and pastures (Watson, 1958) because of 
its influence on light interception and, consequently, photo- 
synthesis (Warren-Wilson, 1965). In addition, periodic 
measurements of LA1 during the growing season provide, in 
themselves, a measure of productivity, in that they indicate 
the rate of leaf growth and leaf area over the ground surface. 
Studies of vegetation structure should provide an additional 
basis for understanding the different adaptation strategies of 
grassland communities and their response to manipulations 
such as grazing. 
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Soils and vegetation are important 
parameters in hydrologic models when 
determining runoff produced by a given 
rainfall event. However, numerical values 
of the parameters necessary to quantify 
the role of the soil and vegetation are 
difficult to obtain from watershed input- 
output data because of spatial variability. 
The watershed response to a given precip- 
itation may be estimated by examining 
microunits within the watershed. Use of 
infiltrometers and simulated rainfall on 
microunits is one of the most convenient 
methods to evaluate these parameters. 

A rainfall simulator developed by 

Morin (1967, 1970) was used to examine 
infiltration-runoff relations as influenced 
by the soil-vegetation complex of three 
rangeland sites (typical) of southeastern 
Arizona. 

Study Area and Procedure 

Three soil-vegetation complexes com- 
mon to the semiarid Southwest were 
selected on the Walnut Gulch Experi- 
mental Watershed in southeastern Ari- 
zona, first, to quantify differences in 
infiltration and runoff encountered on 
three major rangeland soils with brush, 
grass, or no vegetation, and second, to 
examine infiltration variability en- 
countered on different hydrologic soil 
groups in the Soil Conservation Service 
runoff model (Soil Conserv. Serv., 1969). 

The hydrologic soil groups represented 
were characterized as having final con- 
stant infiltration rates (f,) of (Musgrave, 
1955): 
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SCS hy- 
drologic fc Range, 

Soil group inches/hr 

Hathaway B 0.15 - 0.30 
Bernardino C 0.05 - 0.15 
Cave D 0 - 0.05 

The three soils in the infiltrometer 
tests were Hathaway, a fairly deep soil, 
Cave with an indurated hardpan at about 
15 inches depth, and Bernardino, with a 
fine textured montmorillonitic subsoil. 
The Hathaway and Cave soils were medi- 
um textured, with all three soils classified 
as gravelly loams. 

Three sites were selected for the 
infiltrometer tests within the Hathaway 
soil-vegetation complex: grass-grazing 
excluded; brush; and grass-grazed. The 
major grass species on the Hathaway solI 
were black grama (Bouteloua eriopoda) 
fluffgrass (Tridens puZchelZus), curly mes- 
quite (Hilaria Belangeri), and a limited 
number of annuals. Shrubs encountered 
were burroweed (Haplopappus tenu- 
isectus), whitethorn (Acacia constricta), 
creosotebush (Larrea divaricata), bear- 
grass (Nolina microcarpa), yucca (Yucca 
spp.), sotol (Dasylirion wheeleri), and 
ocotillo (Fouquieria splendens). 

lnfiltrometer tests were made on 
brush, grass, and bare soil at the Cave 
soil-vegetation complex. Whitethorn, 
creosotebush, sandpaper bush (Mortonia 
scabrella), tarbush (Flourensia cernua), 
yucca, sotol, Mexican bluewood (Con- 
dalia mexicana), squaw bush (Condalia 
spathulata), burroweed, and various cacti 
constituted the shrub dominated plots. 
The grasses included fluffgrass, black 
grama and sideoats grama (Bouteloua 
curtipendula), wolftail (Lycurus 
phleoides), threeawn (Aristida spp.), and 
annuals. 

The Bernardino soil-vegetation com- 
plex contained an argillic horizon, which 
was absent in the other soils. This horizon 
was postulated to have an effect on 
infiltration with antecedent soil moisture 
conditions. Vegetation consisted of blue 
grama (Bouteloua gracilis), curly mes- 
quite, yucca, Mormon tea (Ephedra tri- 
furca), and scattered mesquite (Prosopis 
juliflora var. velutina). 

The data, with three replications per 
site, were grouped to determine possible 
infiltration differences using an analysis 
of variance. The sites were defined as 
follows: 

Identifi- 
Soil Vegetation cation 

Cave grass C-G 
Cave brush C-B 
Cave bare c-c 
Bernardino grass B-G 
Hathaway brush H-B 
Hathaway grass H-G 
Hathaway grass w/o H-GE 

grazing 

After each of the plots was selected 
and the infiltration run completed, vege- 
tation and soil surface characteristics 
were measured using the line-point tran- 
sect method (Levy and Madden, 1933). 
Observations were recorded to quantify 
plant species, crown cover, basal area, 
litter, gravel (2mm-lcm), rock (> lcm) 
and soil using loo-pin intersections per 
plot. 

Plot runoff was recorded continuously 
by a water stage recorder installed on a 
volumetric tank. Infiltration rates were 
calculated as the difference between ap- 
plication and runoff rate. Antecedent soil 
moisture effects on infiltration were de- 
termined on selected plots by repeating 
the infiltration test 48 hours after the 
initial test. 

Variability in simulated rainfall was 
measured on a test plot with cans placed 
on an 8-inch grid. Rainfall collected at 
various points within the test plot aver- 
aged 88.34 cc, with a standard deviation 
of 21.40 cc. The 1.75-inch-per-hour de- 
sign application rate was checked by 
placing a plastic sheet over the plot and 
measuring outflow and agreed with Morin 
et al.‘s (1970) independently determined 
value. 

Results and Discussion 

The soil moisture content was low at 
all locations at the time of the infiltrom- 
eter experiment because of below-normal 
precipitation (< 1 inch) during the pre- 
ceding 4 months. Limited plant growth 
reflected the lack of precipitation. 

Figure 1 summarizes the infiltration 
data for the seven different sites with 
each curve representing the average of 
three replications from each site. 

The Cave infiltration plots had lower 
infiltration rates than corresponding 
Hathaway infiltration plots after 150 

- - HATHAWAY 
- - - - CAVE 
- - BERNARDINO 

G GRASS 
B BRUSH 
C BARE 
E GRAZING Exc~uc~Ec~ 

minutes, but the difference was not as 
great as expected. The shallow Cave soil 
had a cemented hardpan at about I-ft 
depth, while the hardpan was in excess of 
4 ft deep at the Hathaway soil plots. 
However, close examination of the 
hardpan at the Cave infiltration plots 
revealed plant roots following minute 
fissures or cracks, which suggests that the 
fissures may form paths for increasing 
water intake. 

Table 1 shows the ranking of the seven 
sites in order of decreasing magnitude of 
the mean for the time to beginning of 
runoff. There were no significant differ- 
ences among any of the sites examined in 
this study for the mean runoff beginning 
time. The lowest runoff (i.e., highest 
infiltration) was recorded on the 
Hathaway-brush plots, while the highest 
runoff was measured on the Bernardino- 
grass and the Cave-bare-soil plots. 

An analysis of variance was made of 
the cumulative infiltration after specified 
durations and the results are shown in 
Table 1. The data in the table show that 
after 20 minutes of rainfall simulation, 
only the Bernardino soil with grass domi- 
nated cover had lower infiltration than 
the other sites. After 30 minutes of 
rainfall simulation, the Hathaway soil 
with grass cover and the bare Cave soil in 
addition to the Bernardino-grass site had 
lower infiltration than the rest of the plot 
sites. The results are quite obvious visu- 
ally from the cumulative infiltration 
curves in Figure 1. Infiltration was higher 
for brush-covered sites than for grass- 
covered sites on both the Hathaway and 
Cave soils. 

Calculated water intake rates were 
what might be expected for the sparse- 

Fig. 1. Average infiltration rates for the seven sites on Walnut Gulch Experimental Watershed. 
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Table 1. Ranking of infiltration sites in order of decreasing magnitude of the mean for (A) the time (min) to beginning of runoff and (B) the 
cumulative infiltration (inches) after specified time periods. 

Rank 

Measurements 1 st 2nd 3rd 4th 5th - 6th 7th 
A. Time to beginning runoff 

Site* C-G * H-GE c-c H-B B-G H-G C-B 
Elapse time 15.5+ 14.3 10.7 10.3 10.0 9.1 8.0 

B. Infiltration 
At 20 min. 

Site C-B H-GE C-G H-B H-G c-c B-G 
Inches 0.5 7a:: 0.56a 0.56a 0.55a 0.52a 0.52a 0.46b 

At 30 min. 
Site C-B H-GE C-G H-B H-G c-c B-G 
Inches .84a .82a .82a .82a .70b .70b .61b 

At 60 min. 
Site C-B H-GE C-G H-B H-G c-c B-G 
Inches l.63a 1.59s 1 .59a 1 .59a 1.21b 1.12b 1 .oob 

At 150 min. 
Site H-B H-GE C-B C-G H-G B-G c-c 
Inches 3.92a 3.71a 3.66a 3.48a 2.64b 2.12b 1 .98b 

* Infiltration sites are as follows: C-G = Cave-grass; C-B = Cave-brush; C-C = Cave-bare; B-G = Bernardino-grass; H-B = Hathaway-brush; H-G = 
Hathaway-grass; H-GE = Hathaway-grass w/o grazing. 

**Numbers in a given row with letters in common were not significantly different. 
+ Elapsed time in minutes from t = 0 to beginning of runoff. 
++Infiltration in inches at the end of specified times. 

covered, gravelly, coarse-textured soils. 
The antecedent soil moisture tests 

indicated infiltration was lower when 
soils were moist (Fig. 2). The percentage 
change of infiltration rates as influenced 
by antecedent soil moisture was least for 
the Cave soil. Infiltration on the Hatha- 
way soil for both the dry and moist runs 
was higher where grazing was excluded 
than on the grazed area. The Hathaway 
ungrazed site had been protected from 
livestock use for the past 9 years. Annual 
forage production was 3.5 times greater 
on the Hathaway ungrazed than on the 
Hathaway grazed site. The results from 
this current test illustrate the magnitude 
of increased infiltration as a result of 
protection. Gardner ’ (unpublished data) 
found that infiltration rates were higher 
on areas not being grazed by livestock. 
Lassen et al. (1952) reported that tram- 
pling by grazing animals compacts the 
soil, which reduces total porosity and 
thus would decrease infiltration rates. 

Plot Surface Characteristics 

Plot surface characteristics, expressed 
in percentages for each parameter meas- 
ured, are presented in Table 2. Litter and 
crown cover were greater on the brush 
plots than on corresponding grass plots. 
Accumulation of litter and organic matter 
under the plant crown may explain the 
higher infiltration on the brush plots (Fig. 
1). The decomposing organic matter aids 
in the development of a highly permeable 

’ J. L. Gardner, 197 1, personal communication, 
Las Cruces, New Mexico. 
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soil surface (Coleman, 1953). Further, 
some precipitation intercepted by vegeta- 
tion flows down the stems, increasing 
infiltration as well as reducing raindrop 
splash erosion. 

Average plot infiltration for the three 
replications on the Hathaway grass-grazed 
and grass-ungrazed plots was 1.21 and 
1.59 inches in 60 minutes, respectively. 
Similar basal area percentages on the 
Hathaway grazed and ungrazed plots indi- 
cated that the plant density was approxi- 
mately the same for both treatments 
(Table 2). Reduction in crown cover by 
grazing, even though the grass basal area 
was similar, left the soil unprotected, 
with the postulated soil compaction and 
enhanced runoff. Thatcher2 estimated 
annual forage production to be 1807 and 
525 lb/acre for the ungrazed and grazed 
sites, respectively. The amount of forage 
removed by grazing is also indicated by 
the crown cover percentage which was 
more than three times as much on the 
ungrazed as on the grazed plots. 

Rauzi and Fly (1968) report from 670 
tests that “Among all variables measured, 
the amount of both new and old vegeta- 
tion showed the greatest general correla- 
tion with water intake rates.” Their 
results also showed that the infiltration 
rate in the second 30 minutes of simu- 
lated rainfall was most highly correlated 
with total vegetal cover or total weight of 
herbage. 

‘A. P. Thatcher, unpublished report, Walnut 
Gulch Infiltration Studies, 1971. 

Linear regression analysis was per- 
formed to evaluate the effect of the 
measured characteristics on infiltration 
after 120 minutes (Table 3). Data show 
that litter and crown cover were high!y 
correlated with increased infiltration. 
Gravel and rock plus gravel showed nega- 
tive high correlations with infiltration. 
However, there wasn’t enough rock alone 
to make a significant difference. 

A highly significant decrease in infil- 
tration resulted from bare soil. Basal area 
of plants was not significantly correlated 
with infiltration. 

These data indicate that soil surface 
protection provided by increased plant 
material resulted in increased infiltration. 
Conversely, with expanses of bare soil 
between widely spaced individual plants 
infiltration decreased. This suggests that 
where greater onsite water retention is 
desired, one general solution would be to 
try to increase plant cover. 

The high cumulative infiltration on the 
brush plots may reflect a permeable soil 
surface and increased litter accumulation 
under the individual brush plants. This 
increase in infiltration may also be a 
result of less soil compaction from live- 
stock trampling in the area adjacent to or 
under individual shrubs. 

The small infiltrometer plot size (51 
inch square) may affect the sampling of 
water intake rates on rangeland soils, 
particularly when brush is present. Place- 
ment of small plot borders to include 
shrubs might exclude much of the open 
areas between plants because of plot size 
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Table 2. Average surface characteristic values (%) for each of the seven soil-vegetation complexes. 

Basal Crown 
Soil-vegetation complex Rock Gravel Soil Litter area cover 

Hathaway-brush 8.3 20.3 24.7 43.3 3.3 46.3 
Hathaway-grass 3.0 25.0 33.7 20.3 13.0 7.0 
Hathaway-grass (ungrazed) 11.3 19.0 23.0 33.0 13.7 23.7 
Cave-bare 3.7 55.0 35.3 4.0 2.0 3.3 
Cave-brush 6.3 15.3 23.0 50.3 4.7 68.3 
Cave-grass 7.7 16.3 28.3 37.0 10.7 30.3 
Bernardino-grass 11.0 33.3 34.0 24.3 7.3 14.3 

Table 3. Regression equation and correlation 
coefficient of runoff vs characteristics for the 
infiltration plots. 

Characteristic r * Equation 

Rock 0.23 y = 0.057x + 2.657 
Gravel -0.83 y = -0.048x + 4.333 
Soil -0.54 y = -0.085x + 5.404 
Litter 0.85 y = 0.044x + 1.737 
Basal area 0.21 y = 0.036x + 2.791 
Crown cover 0.78 y = 0.027x + 2.320 
Rock + gravel -0.83 y = -0.051x + 4.779 

*Y must be 0.41 and 0.53 to be significant at 
the 0.05 and 0.01 level, respectively. 

restrictions. Water intake could be much 
larger with the shrub canopy than the 
surrounding sparsely vegetated area be- 
cause of litter cover. Increasing the plot 
size on shrub-dominated sites could im- 
prove the representativesness of the infil- 
tration measurements for each sites. 

Conclusions 

For the Hathaway soils, infiltration 
was higher on brush than on ungrazed 
grass plots, and higher on the ungrazed 
grass than on the grazed-grass plots. Sim- 

ilar ranking of infiltration rates by cover 
type were observed for the Cave soil sites. 

Infiltration on moistened plots was 
less than on the dry control plots. The 
percentage infiltration decrease with ante- 
cedent soil moisture was least on the 
Cave-grass site. The Bernardino soil, with 
a fine textured B, horizon, had the lowest 
infiltration rate of all sites. 

Gravel and rock plus gravel showed a 
significant negative correlation with infil- 
tration, whereas rock alone was not sig- 
nificant. Infiltration decreased signifi- 
cantly with bare soil. 

The amount of litter measured on 
brush-dominated plots was higher than on 
grass-grazed plots, providing soil surface 
conditions more amenable to infiltration. 
Approximately twice as much crown 
cover was measured on brush plots as on 
grass plots, providing protection to the 
soil surface and significantly improving 
infiltration. 
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A Mobile lnfiltrometer for Use on Rangeland 
w. H. BLACKBURN, R. 0. MEEUWG, 
AND c. M. SKAU 

High intensity mummer thunder- 
storms account for mat of the runoff 
and sediment production from range- 
lands in the Great Basin. Infiltration 
and sediment production experiments 
based on sporadic storm events are 
very seldom economically feasible. An 
alternate to natural precipitation is 
simulated rainfall applied to small 
plots. This paper describes a drip type 
infiltrometer used by Blackburn 
(1973) to measure infiltration rates 
and sediment production of arid and 
semiarid rangelands in Nevada. 

Infiltrometer Design. 

The infiltrometer is mounted on a 
two-wheel trailer (Fig. 1). Water is 
pumped from the 300& tank (1) to 
the elevated 55 gal barrel (2) and flows 
by gravity through filters and flow- 
meters (3) to the raindrop-producing 
modules (4). Modules are suspended 7 
ft above the soil surface cm adjustable 
arms constructed of 3.inch water pipe 
(5). Simulated raindrops reach about 
70% of terminal velocity at 7 ft (Todd, 
1970). 

Supporting arms (5) are adjustable 
from 4 to 8 ft horizontally and 
modules are raised and lowered by a 
steel cable and hand winch (6). The 
modules (4) must be leveled for uni- 
form raindrop distribution by adjust- 
ing turnbuckles on guywires (7). Once 

adjusted, the guywlres seldom require 
readjustment. 

The raindrop-producing module 
(Fig. 2) is similar to the one originally 
described by Chow and Harbough 
(1965) and to modified versions of it 
described by Timko and Skau (1967) 
and Meeuwig (1971). The module con- 
sists of two 4. by 4.ft sheets of l/4- 
inch plexiglass spaced l/Z-inch apart, 

sealed with caulking compound, and 
bolted to angle aluminum. Each 
module has 2,209 tubes’ at l-inch 
spacing that project l/4 inch above 
and l/4 inch below the lower plexi- 
glass sheet. These tubes are 23 gauge 
stainless steel, 314.inch long and have 



an inside diameter of 0.01875 inch. 
Epoxy cement holds the tubes in place. 
Rainfall intensities of about 0.2 inch 
per hour to about 3.3 inches per hour 
can be simulated with the Manostat 
(Cat. No. 36-541-30) flowmeter used. 
The modules are strapped to the A- 
frame (8) when transported. 

Wind shelters, similar to those used 
by Dortignac (195 11, are usually 
necessary to avoid excessive drift of 
simulated raindrops. 

The standard plot frame (Fig. 3) 3- 
by 3-ft 01 variable size plot frame (Fig. 
4) is driven about 1 inch into the soil. 
The collector trough at the bottom is 
covered with a sheet of plexiglass to 
prevent simulated rain from falling 
directly into the trough. Runoff is 
piped into a small pail, then pumped 
with a 12-v& pony pump into a Sgal 
polyethylene bottle on a spring scale. 

Runoff is weighed at fixed intervals 
for conversion to inches of runoff. 

Operation 

The plots are placed at selected 
intervals and covered with poly- 
ethylene plastic to keep the plot dry 
while setting up and filling the 
modules. Modules are attached to the 
adjustable arms, leveled and centered 
over the plots. After the chambers are 
filled with water and desired flow rate 
set, the plot covers are removed. Two 
plots are easily run at the same time. 
The flow rate will stay constant if the 
filters are replaced regularly and the 
55.gal tank is kept relatively full. 
However, the flow meters should be 
checked periodically. 

Water was obtained from springs, 
small streams, or livestock watering 
troughs. Clogging of the steel tubes 
was largely prevented by passing the 
water through Aqua-pure Pl 11 filters. 

When clogging did occur, it was easily 
cleaned by pushing a small steel wire 
up the bore. 

Sediment production can be deter- 
mined from runoff at the end of the 
test. After each test, sediment trapped 
in the system is collected along with a 
900 ml thoroughly mixed sample of 
runoff from the 5.gal polyethylene 
bottle. Suspended sediment is allowed 
to settle in the laboratory and the 
water decanted. Samples are then oven 
dried, weighed and converted to tons 
per acre sediment. 

More specific information on the 
construction and operation of the 
infiltrameter can be obtained from the 
authors. 
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Fig. 3. Standard plot frame. 
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frame (8) when transported. 
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by Dortignac (195 l), are usually 
necessary to avoid excessive drift of 
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covered with a sheet of plexiglass to 
prevent simulated rain from falling 
directly into the trough. Runoff is 
piped into a small pail, then pumped 
with a 12-volt pony pump into a 5-gal 
polyethylene bottle on a spring scale. 

Runoff is weighed at fixed intervals 
for conversion to inches of runoff. 

Operation 

The plots are placed at selected 
intervals and covered with poly- 
ethylene plastic to keep the plot dry 
while setting up and filling the 
modules. Modules are attached to the 
adjustable arms, leveled and centered 
over the plots. After the chambers are 
filled with water and desired flow rate 
set, the plot covers are removed. Two 
plots are easily run at the same time. 
The flow rate will stay constant if the 
filters are replaced regularly and the 
55-gal tank is kept relatively full. 
However, the flow meters should be 
checked periodically. 

Water was obtained from springs, 
small streams, or livestock watering 
troughs. Clogging of the steel tubes 
was largely prevented by passing the 
water through Aqua-pure Pl 11 filters. 

When clogging did occur, it was easily 
cleaned by pushing a small steel wire 
up the bore. 

Sediment production can be deter- 
mined from runoff at the end of the 
test. After each test, sediment trapped 
in the system is collected along with a 
900 ml thoroughly mixed sample of 
runoff from the 5-gal polyethylene 
bottle. Suspended sediment is allowed 
to settle in the laboratory and the 
water decanted. Samples are then oven 
dried, weighed and converted to tons 
per acre sediment. 

More specific information on the 
construction and operation of the 
infiltrometer can be obtained from the 
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A Double Sampling Technique for Estimating 
Dietary Composition 
DONALD G. PEDEN, RICHARD M. HANSEN, RICHARD W. RICE, AND GEORGE M. VAN DYNE 

Highlight: A double sampling technique is described which 
has a potential to increase sampling accuracy and efficiency 

Sampling for botanical composition of diets of grazing 

when estimating botanical composition of herbivore diets. animals is difficult. The cost of maintenance and care, the 

When applied to wild herbivores this technique may also short life expectancy, and the abnormal behavior of fistulated 

reduce the need for using fistulated and thus behaviorally animals are among the disadvantages of dietary sampling with 
abnormal animals. esophageal fistulated animals. These difficulties are accentu- 

ated with dietary sampling of wild ungulates. 

Donald Peden is with the Canadian Wildlife Service, University of 
Saskatchewan, Saskatoon, Canada; Richard Hansen, Range Science 

The relative simplicity with which fecal samples can be 

Department, Colorado State University! Fort Collins; Richard Rice, collected leads to the idea that diets of wild herbivores can be 
Department of Animal Science, University of Wyoming, Laramie; and 
George M. Van Dyne, Natural Resource Ecology Laboratory, Colorado 

estimated from them. It is known that forage species can be 
State University, Fort Collins. recognized in fecal samples by microscopic analysis of the 

This paper reports on work supported in part by National Science 
Foundation Grants GB-7824, GB-13096, GB-31862X, GB-31862X2, 

plant cuticle (Storr, 1961, 1968; Williams, 1969). Free et al. 
and GB-41233X to the Grassland Biome, U.S. Internatlonal Biological (1970) demonstrated that percentage dry weight composition 
Program, for “Analysis of Structure, Function, and Utilization of 
Grassland Ecosystems.” of native range plants could be determined from fecal analysis. 

Manuscript received August 13, 1973. However, Slater and Jones (1971) caution that biases can 
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occur in dietary estimates if fragile species such as the legume, where p is the correlation coefficient derived from the regres- 
white clover, are present in the diet. Similarly, Peden sion of y on x and where S; is the variance of y. The problem 
(1972) found that differential digestion rates of plant species at hand now is to find the minimum V (y,) for a given total 
are likely to occur in diets of bison. For clarity, differential cost C by determining appropriate levels of n and n’ where 
digestion refers to the change in composition of ingesta as a each observation costs C, and C,l , respectively. This is accom- 
result of the digestive process acting with different efficiencies plished by solving 

on the various components of the diet. Without some correc- 
tion for this bias, precise quantitative estimates from feces of 
dry weight composition of forage species in diets will likely be 

n d-)(sy)(ch) 

n’= d)(s;)(c, 
(3) 

inaccurate. Given that feces can be collected from a behavioral- 
ly normal animal at a relatively low cost and given that the 
potential bias can be measured, the possibility exists for 
selecting an optimal ratio of esophageal and fecal samples for some given n. Note that 
such that for a given total experimental cost, the variance of (C,) (n) + (Cn I 1 (n’ I= C (4) 
the mean of the predicted dry weight composition of ungulate 
diets will be minimized. The description of such a method is Results and Discussion 
the purpose of this paper. 

Materials and Methods 
During December, 1970, and March, May, June, August, 

and October, 1971, diets of bison were sampled using the 
esophageal fistula technique. For each of these particular 
sample periods, 2, 4, 3, 3, 4, and 4 animals were used, respec- 
tively. Each sample period consisted of four collection periods 
of approximately 45 minutes each. These collections were 
made on shortgrass range in northcentral Colorado. The 
extrusa from all daily collection periods within a given sample 
period and derived from a particular animal were mixed so 
that the dry weight contributions to the total from each daily 
collection were equal. This procedure was duplicated for each 
animal on an adjacent pasture having different levels of 
herbage biomass. Thus a total of 40 bison dietary samples 
was collected. 

The percent dry weight composition of warm season grass 
(%WSG) was estimated using the microscopic cuticle analysis 
technique of Sparks (1967). This warm season grass classifica- 
tion (Sims and Singh, 197 1) includes the following forage 
species: Bouteloua gracilis, Aristida longiseta, Buchloe dac- 
tyloides, Sporobolus cryptandrus, and Muhlenbergia torreyi. 
Each of these dietary samples was then subjected to a nylon 
bag microdigestion trial in three rumen-fistulated bison. Three 
to five replicates of each sample were placed in each of the 
three bison. The residues remaining in the nylon bags were 
then analyzed for %WSG using the previously described 
technique. For a more detailed description of the sampling 
and analysis techniques the reader is referred to Peden (1972). 

The mean %WSG (7) and its standard deviation of the 
n’ = dietary samples were 69.7% and 22.4%, respectively. The 
mean %WSG (X) and its standard deviation of the nylon bag 
residue were 70.8% and 23.0%, respectively. The regression of 
dietary %WSG (y) on the %WSG of the nylon bag residue (x) 
resulted in a regression coefficient (b) of 0.825 and a correla- 
tion coefficient (p”) of 0.720. Given that in future n’ addi- 
tional fecal samples were collected, the estimated mean %WSG 

under double sampling would be 

Yr = 69.7 t 0.824 (x1 - 70.8) (5) 

The use of equation (5) implies that the digestive process must 
not totally remove the identifiable cuticle, otherwise, b would 
be undefined. The measurement 7 is an unbiased estimator for 
%WSG in the diet. Further, the double sampling procedure 
(the addition of the term involving b) provides an estimator 
with smaller variance than 7 alone. Hence, equations (1) and 
(5) permit more accurate estimates of dietary %WSG. 

If we suppose, for example, that the total cost in man-hours 
(as estimated for the work of Peden, 1972) of collecting and 
analyzing one esophageal dietary sample is 26.5 hours (C,), 
while that of a fecal sample is 8.1 hours (C,l ), then we can 
determine which levels of n and n’ will minimize V (y,) in 

equation (2) for a particular available total man-hour level (C). 
This is accomplished by solving equation (3) thus 

n1 = 2.9 n E 3n (6) 

Based on the assumptions that the calibration equation Thus the optimal strategy for sampling will exist for the given 
relating %WSG of digested rumen samples to that of esophageal p2 , C,, and C,I when there are approximately three fecal 
dietary samples is linear and that most of the total digestive samples for every esophageal one. 
breakdown of cuticle is reflected in the composition of the 
digested rumen samples, then the following relation holds: 

The foregoing discussion suggests that in diet sampling of 
herbivores for botanical composition, it may be advisable to 

y, = 7 + b (X’ - i) (1) adopt a double sampling procedure. The advantages may in- 

where fr is the %WSG predicted from the information con- clude a gain in sampling efficiency, acquisition of data from 

tributed by both esophageal and fecal samples, y is the mean 
relatively normal animals,and a correction for biases associated 

%WSG of the esophageal diet samples, b is the regression co- with the effect of differential digestibility on fecal composi- 

efficient, X is the mean %WSG in the residue from the nylon tion. The procedure described has been applied only to one 

bag microdigestion, and x1 is the mean %WSG of any addition- dietary component, warm season grass (WSG). It may well be 
al fecal samnles. that different levels of n and n* will be obtained for other 

Let n anh n’ be the number of esophageal fistula samples forage species. Perhaps a multivariate extension of double sam- 
and the number of fecal samples, respectively. Following the pling would be appropriate whenever the entire dietary vector 
development of Cochran (1963), the variance Y (y,) of the is to be treated as a multivariate observation (Peden, 1972). 
predicted mean will be If one can assume that differential digestion as measured in 

V&)=s;(l -p’) [?$$&!Jt 7 
a captive fistulated herbivore is similar to that in a surgically 

(2) unaltered wild one, then the possibility exists of estimating a 
wild herbivore’s diet using captive individuals for the esophage- 
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al dietary sampling and relying on fecal samples alone for the 
wild ones. In sampling diets of free-ranging nondomesticated 
herbivores, costly training and care of fistulated individuals 
may be reduced by replacing them with readily handled 
domestic ones. 
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A Simple Field Technique 
for Identification of Some Sagebrush Taxa 
RICHARD STEVENS AND E. DURANT 
McARTHUR 

Highlight: A technique has been de- 
veloped that provides an on-the-spot fiercI 
test to aid in identification of some sage- 
brush taxa. Seeds, dried or green crushed 
leaf material, or stem cambium of various 
sagebrush taxa will produce distinctive 
shades of blue when wet and placed under 
longwave ultraviolet light. The technique is 
particularly helpful in separation of Artemi- 
sia tridentata subsp. tridentata from A. tri- 
dentata subsp. vaseyana. Subspecies vaseyana 

extracts are blue, whereas those of subsp. 
tridentata are not. All taxa producing blue 
water extracts are preferred by mule deer. 

Recent observations have demon- 
strated that palatability on winter 
ranges of some sagebrush taxa relates 
closely to chromatographic patterns 
(Hanks et al., 1971, 1973; Hanks and 
Jorgensen, 1973). Taylor et al. (1964) 

The authors are game biologist, Utah 
Division of Wildlife Resources, Ephraim, 
Utah, and research geneticist, U.S. Depart- 
ment of Agriculture, Forest Service, Inter- 
mountain Forest and Range Experiment 
Station, Ogden, Utah, stationed in Ephraim. 

Federal aid in wildlife restoration funds 
was provided through Project W-82-R. 

The use of trade, firm, or corporation 
names in this publication is for the informa- 
tion and convenience of the reader. Such 
use does not constitute an official endorse- 
ment or approval by the Utah Division of 
Wildlife Resources and the U.S. Department 
of Agriculture of any product or service to 
the exclusion of others which may be suit- 
able. 

The authors thank the members of 
Botany and Range Science Department of 
Brigham Young University, Provo, Utah, 
and the Chemistry Department of Snow 
College, Ephraim, Utah, for use of their 
equipment and materials. 

Manuscript received February 19, 1974. 

noted the differential fluorescence in 
moist seeds of Artemisia tridentata 
subsp. tridentata and subsp. vaseyana 
under ultraviolet light. Subspecies 
vaseyana seeds fluoresce and subsp. 
triden tata seeds do not. We have 
observed that different shades of blue 
are apparent in various sagebrush taxa 
immediately after application of water 
under longwave ultraviolet light (e.g., 
black light lamps M-l 6 for use in the 
field or UV-21 for laboratory use from 
Ultraviolet Products Inc., San Grabriel, 
Calif.). This test is effective on fresh or 
dried material (crushed leaves, seeds, 
or broken stems) any time of the year. 

Because of the technique’s sim- 
plicity and ease of use, it should prove 
useful for identifying sagebrush taxa. 
Taxa cannot be distinguished solely by 
color differences of water extract, but 
the color differences conveniently 
dovetail, so that taxa most likely to be 
confused on the basis of morphologi- 
cal criteria are in different color 
groups (Table 1); e.g., the subspecies 
of big sagebrush (A. tridentata). Sub- 
species tridentata extracts show little 
color, whereas those of subsp. 
vaseyana are an intense blue. The third 
subspecies, wyomingensis, is recog- 
nized by a light-blue water extract. 

Extracts of a larger statured ecotype of 
subsp. wyomingensis from north- 
central Nevada (Brunner, 1972) show 
more blue than those of subsp. 
wyomingensis collections from 
western Wyoming. Artemisia triden- 
tata subsp. tridentata and A. tridentata 
subsp. wyomingensis cannot always be 
separated by the color test, but the 
short stature and spatulate leaves of 
the latter subspecies contrast with the 
taller stature and narrow leaves of 
subsp. triden tata. 

Color extracts are helpful in identi- 
fying some palatable species and eco- 
types; e.g., two forms of A. nova have 
been identified (Tables 1 and 2) and 
designated as forms (a) and (b). 
Artemisia nova (a) tends to be more 
palatable and produces a bluer extract 
than A. nova (b). Beetle (1960) and 
Winward and Tisdale (1969) also 
noted two forms of A. nova. 

High preference is shown by mule 
deer for all taxa producing blue ex- 
tracts. The intensity of the blue can be 
taken as a palatability indicator with 
two notable exceptions: A. tridentata 
subsp. wyomingensis, which exhibits 
little color, is highly palatable and A. 
bigelovii, which lacks color, is also 
palatable. 

Table 1. Qualitative water soluble extract color groups of some Tridentatae taxa. 

Intense blue Light blue Pale blue to colorless 

A. arbuscula A. cana A. bigelovii 
A. longiloba A. rigida A. nova (b) 
A. nova (a) A. tridentata wyomingensis A. tridentata tridentata 
A. rothrockii A. tripartita 
A. tridentata vaseyana 

JOURNAL OF RANGE MANAGEMENT 27(4), July 1974 325 



al dietary sampling and relying on fecal samples alone for the 
wild ones. In sampling diets of free-ranging nondomesticated 
herbivores, costly training and care of fistulated individuals 
may be reduced by replacing them with readily handled 
domestic ones. 
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A Simple Field Technique 

for Identification of Some Sagebrush Taxa 
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Highlight: A technique has been de- 
veloped that provides an on-the-spot field 
test to aid in identification of some sage- 
brush taxa. Seeds, dried or green crushed 
leaf material, or stem cambium of various 
sagebrush taxa will produce distinctive 
shades of blue when wet and placed under 
longwave ultraviolet light. The technique is 
particularly helpful in separation of Artemi- 
sia tridentata subsp. tridentata from A. tri- 
dentata subsp. vaseyana. Subspecies vaseyana 
extracts are blue, whereas those of subsp. 
tridentata are not. All taxa producing blue 
water extracts are preferred by mule deer. 

Recent observations have demon- 
strated that palatability on winter 
ranges of some sagebrush taxa relates 
closely to chromatographic patterns 
(Hanks et al., 197 1, 1973; Hanks and 
Jorgensen, 1973). Taylor et al. (1964) 
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noted the differential fluorescence in 
moist seeds of Artemisia tridentata 
subsp. tridentata and subsp. vaseyana 
under ultraviolet light. Subspecies 
vaseyana seeds fluoresce and subsp. 
triden ta ta seeds do not. We have 
observed that different shades of blue 
are apparent in various sagebrush taxa 
immediately after application of water 
under longwave ultraviolet light (e.g., 
black light lamps M-16 for use in the 
field or UV-21 for laboratory use from 
Ultraviolet Products Inc., San Grabriel, 
Calif.). This test is effective on fresh or 
dried material (crushed leaves, seeds, 
or broken stems) any time of the year. 

Because of the technique’s sim- 
plicity and ease of use, it should prove 
useful for identifying sagebrush taxa. 
Taxa cannot be distinguished solely by 
color differences of water extract, but 
the color differences conveniently 
dovetail, so that taxa most likely to be 
confused on the basis of morphologi- 
cal criteria are in different color 
groups (Table 1); e.g., the subspecies 
of big sagebrush (A. tridentata). Sub- 
species triden tata extracts show little 
color, whereas those of subsp. 
vaseyana are an intense blue. The third 
subspecies, wyomingensis, is recog- 
nized by a light-blue water extract. 

Extracts of a larger statured ecotype of 
subsp. wyomingensis from north- 
central Nevada (Brunner, 1972) show 
more blue than those of subsp. 
wyomingensis collections from 
western Wyoming. Artemisia triden- 
tata subsp. triden tata and A. triden tata 
subsp. wyomingensis cannot always be 
separated by the color test, but the 
short stature and spatulate leaves of 
the latter subspecies contrast with the 
taller stature and narrow leaves of 
subsp. triden tata. 

Color extracts are helpful in identi- 
fying some palatable species and eco- 
types; e.g., two forms of A. nova have 
been identified (Tables 1 and 2) and 
designated as forms (a) and (b). 
Artemisia nova (a) tends to be more 
palatable and produces a bluer extract 
than A. nova (b). Beetle (1960) and 
Winward and Tisdale (1969) also 
noted two forms of A. nova. 

High preference is shown by mule 
deer for all taxa producing blue ex- 
tracts. The intensity of the blue can be 
taken as a palatability indicator with 
two notable exceptions: A. tridentata 
subsp. wyomingensis, which exhibits 
little color, is highly palatable and A. 
bigelovii, which lacks color, is also 
palatable. 

Table 1. Qualitative water soluble extract color groups of some Tridentatae taxa. 

Intense blue Light blue Pale blue to colorless 

A. arbuscula A. cana A. bigelovii 
A. longiloba A. rigida A. nova (b) 
A. nova (a) A. tridentata wyomingensis A. tridentata trlaentata 
A. rothrockii A. tripartita 
A. tridentata vaseyana 
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Table 2. Quantitative water extract differences of six sagebrush taxa as 
determined with a spectrophotometer. Low percent transmittance indi- 
cates blue extract. Data are from foliar material. 

Percent transmittance Number of 

Taxa Mean’ Range accessions 

A. y1ou~ (b) 43 ab 31-49 4 
A. tridentata tridentata 41 ab 29-55 15 
A. tridentata wyomingensis 33b 30-38 6 
A. nova (a) 18 c 12-25 5 
A. tridentata vaseyana 12c 6-18 13 
A. longiloba 5d 4-5 3 

’ Means followed by the same two letters are not significantly different, 
those sharing only one common letter are significantly different at the 
5% level, and those sharing no common letters are significantly different 
at the 1% level. 

When a color difference in leaf 
extract is not discernible and a differ- 
ence in palatability exists between or 
within taxa, a wet cambium usually 
exhibits a color difference. 

In order to quantify and test signifi- 
cance of color differences of certain 
sagebrush taxa, some standard labora- 
tory procedures were employed. Foliar 
material from about 50 widely 
occurring accessions of Tridentatae 
was collected. A mortar and pestle was 
used to pulverize air-dried foliar mate- 
rial. A lOO-mg sample was mixed with 
50 ml of distilled water, shaken for 30 
set, allowed to extract for an addi- 
tional 2-l/2 min, and filtered through 

Whatman No. 4 filter paper. The per- 
cent of light transmittance of the 
filtrate was measured with a Beckman 
Spectronic 20 Spectrophotometer at 
364 rnp. An analysis of variance test 
was employed to determine whether 
significant color differences occur 
between Artemisia taxa. Quantitative 
color differences between taxa are 
shown on Table 2. 

C omparison of two-dimensional 
chromatograms of both water- and 
alcohol-soluble extracts of foliar mate- 
rial indicated that the blue compounds 
are principally the coumarin deriva- 
tives and their glycosides described by 
Shafizadeh and Melnikoff (1970). 
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Grazing Management Terminology 
In order to communicate ideas one 

needs a set of terms with clear and 
precise meanings. Grazing management 
terminology has been confusing ever 
since Jared Smith recommended the 
regular deferment of grazing to 
improve and maintain range condition. 
Heady (197O)l in a review of grazing 
system terms stated: “The term used 
to label a system seldom defines the 
design of that system.-Therefore, a 

‘Heady, Harold F. 1970. Grazing Systems: 
Terms and Definitions. J. Range Manage. 
23:59-61. 

writer or a speaker cannot be fully 
understood unless he describes his 
system in more detail than simply 
naming it.” It is my purpose to define 
a set of terms applying to grazing 
management and to present a proce- 
dure for nomenclature of grazing 
systems that will aid in defining the 
design of the system. 

Grazing management is a broad 
term which may be defined as: The 
manipulation of livestock grazing to 
accomplish a desired result. As such, 
grazing management may include prac- 
tices such as deferred grazing or use of 
a grazing system. A grazing manage- 

ment plan is a program of action 
designed to secure the best practicable 
use of the forage resources. 

There are several terms used to 
describe types of grazing management 
which need precise definitions. Several 
other terms should be dropped 
because they cannot be precisely de- 
fined. Those terms which need defin- 
ing are continuous grazing, in term itten t 
grazing, deferred grazing, grazing sys- 
tem, and rotational grazing. Most con- 
fusion arises from the nomenclature of 
grazing systems with alternate periods 
of grazing and rest. The definitions 
proposed are as follows: 
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Table 2. Quantitative water extract differences of six sagebrush taxa as 
determined with a spectrophotometer. Low percent transmittance indi- 
cates blue extract. Data are from foliar material. 

Percent transmittance Number of 

Taxa Mean’ Range accessions 

A. nova (b) 43 ab 31-49 4 
A. tridentata tridentata 41 ab 29-55 15 
A. tridentata wyomingensis 33 b 30-38 6 
A. nova (a) 18 c 12-25 5 
A. tridentata vaseyana 12c 6-18 13 
A. longiloba 5d 4-5 3 

1 Means followed by the same two letters are not significantly different, 
those sharing only one common letter are significantly different at the 
5% level, and those sharing no common letters are significantly different 
at the 1% level. 

When a color difference in leaf 
extract is not discernible and a differ- 
ence in palatability exists between or 
within taxa, a wet cambium usually 
exhibits a color difference. 

In order to quantify and test signifi- 
cance of color differences of certain 
sagebrush taxa, some standard labora- 
tory procedures were employed. Foliar 
material from about 50 widely 
occurring accessions of Tridentatae 
was collected. A mortar and pestle was 
used to pulverize air-dried foliar mate- 
rial. A lOO-mg sample was mixed with 
50 ml of distilled water, shaken for 30 
set, allowed to extract for an addi- 
tional 2-l/2 min, and filtered through 

Whatman No. 4 filter paper. The per- 
cent of light transmittance of the 
filtrate was measured with a Beckman 
Spectronic 20 Spectrophotometer at 
364 mp. An analysis of variance test 
was employed to determine whether 
significant color differences occur 
between Artemisia taxa. Quantitative 
color differences between taxa are 
shown on Table 2. 

C omparison of two-dimensional 
chromatograms of both water- and 
alcohol-soluble extracts of foliar mate- 
rial indicated that the blue compounds 
are principally the coumarin deriva- 
tives and their glycosides described by 
Shafizadeh and Melnikoff (1970). 
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Grazing Management Terminology 
In order to communicate ideas one 

needs a set of terms with clear and 
precise meanings. Grazing management 
terminology has been confusing ever 
since Jared Smith recommended the 
regular deferment of grazing to 
improve and maintain range condition. 
Heady (1970)’ in a review of grazing 
system terms stated: “The term used 
to label a system seldom defines the 
design of that system.-Therefore, a 

‘Heady, Harold F. 1970. Grazing Systems: 
Terms and Definitions. J. Range Manage. 
23:59-61. 

writer or a speaker cannot be fully 
understood unless he describes his 
system in more detail than simply 
naming it.” It is my purpose to define 
a set of terms applying to grazing 
management and to present a proce- 
dure for nomenclature of grazing 
systems that will aid in defining the 
design of the system. 

Grazing management is a broad 
term which may be defined as: The 
manipulation of livestock grazing to 
accomplish a desired result. As such, 
grazing management may include prac- 
tices such as deferred grazing or use of 
a grazing system. A grazing manage- 

ment plan is a program of action 
designed to secure the best practicable 
use of the forage resources. 

There are several terms used to 
describe types of grazing management 
which need precise definitions. Several 
other terms should be dropped 
because they cannot be precisely de- 
fined. Those terms which need defin- 
ingarecontinuousgrazing, intermittent 
grazing, deferred grazing, grazing sys- 
tem, and rotational grazing. Most con- 
fusion arises from the nomenclature of 
grazing systems with alternate periods 
of grazing and rest. The definitions 
proposed are as follows: 
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Continuous grazing. The grazing of a 
specific unit by livestock throughout a 
year or grazing season. The term is not 
necessarily synonymous with yearlong 
grazing. 

Intermittent grazing. Grazing rangeland 
or tame pastureland for indefinite pe- 
riods at irregular intervals. 

Deferred grazing. The use of deferment 
in the grazing management of a unit, but 
not in a systematic rotation including 
other units. 

Grazing system. A specialization of graz- 
ing management which defines system- 
atically recurring periods of grazing and 
deferment for two or more pastures or 
management units. 

Rotationalgrazing. A form of grazing 
management generally used on tame 
pasture or cropland pasture, which em- 
braces periods of heavy stocking fol- 
lowed by periods of rest for herbage 
recovery during the same season. 

Properly used, these terms should 
provide adequate classification of graz- 
ing management practices. Attempts 
to attach very restricted meanings to 
common words such as “rest” and 
“ungrazed” only lead to greater con- 
fusion. If there is a real need for more 
specific terms to describe grazing 
management practices, coining new 
terms would be better than trying to 
attach a restricted meaning to a com- 
mon word. 

While the terms defined separate 
the primary types of grazing manage- 
ment, they do not assist in defining 
the design of specific grazing systems. 
To aid in this problem, the following 
system of nomenclature is proposed. It 
is intended to be used in much the 
same manner as scientific names of 
plants or diagnostic horizons in soil 
classification. It is recommended that 
specific individual common names be 
developed for those grazing systems 
that are used significantly. However, 
all grazing systems should be refer- 
enced in publication with the specific 
numerical designation describing the 
system. 

The system of nomenclature shall 
consist of a numerical description of 
the four primary factors (number of 
pastures, number of herds, length of 
grazing periods, length of rest periods) 
involved in any grazing system in the 
following order: [the number of pas- 
tures (or management units); number 
of herds; length of grazing periods; 
length of deferment periods for any 
given management unit in the system 
followed by an abbreviation of the 
unit of time used] . Examples: 

1. Merrill system /4-3;12:4 mo.] is a 
grazing system with 4 pastures, 3 herds 
of livestock, a 12-month grazing period 
and a 4-month deferment period. 
2. South African switchback 

(2-1;3:3,6:3,3:6 mo.J is a grazing sys- 
tem with 2 pastures, 1 herd, and a 
grazing cycle of 3 months grazing, 3 
months deferment, 6 months grazing, 3 
months deferment, 3 months grazing, 6 
months deferment. 
3. /14-1;12:156 da.] A grazing system 
consisting of 14 pastures, 1 herd, a 
12day grazing period and a 156day 
deferment period. 

Grazing systems having more than 
one herd in which the herds are 
rotated on different schedules and the 
rest periods differ among pastures 
should be described in more detail. In 
such cases, the sequence of grazing and 
rest must be given for each pasture, 
and the rotation sequence described 
for each herd. 

Terms which frequently contribute 
confusion to the range vocabulary 
include deferred-rotation, rotation- 
deferred, rest-rotation, decision defer- 
ment, non-selective grazing, short dur- 
ation grazing, high-intensity, low- 
frequency (HILF), and other terms 
which are not applicable to any partic- 
ular grazing system but generally refer 
to a category of systems. Use of these 
terms frequently leads to the problem 
pointed out by Heady (1970). That is, 
they do not specifically describe the 
system, and adequate explanation is 
not included. Some of these terms 
have a place in the range vocabulary, 
but they need clarification. 

Distinction may be made between 
types of systems based upon the pro- 
portion of time for rest and for grazing 
during the cycle for a pasture. The 
stocking density index may be used as 
a measure to make this distinction. 
Grazing systems having an index num- 
ber > 1 and < 2 fall into the conven- 
tional category of deferred-r0 tation as 
defined by Sampson (195 1)2. Other 
terms which have been used to de- 
scribe such systems include rest- 
rotation, rotation-deferred, rotational 
deferment, rotational grazing, and 
rotational resting. Past attempts to 
attach more specific meanings to these 
terms generally have not been success- 
ful. It is recommended that deferred- 
rotation be the preferred term for 
reference to this general group of 
grazing systems and that when the 
writer is referring to any particular 
system it should be identified with the 
proper numerical description. 

Grazing systems having a stocking 
density index of > 2 fall into the group 
generally referred to as short duration, 
non-selective, intensive, or high- 
intensity, low-frequency. The history 
of these grazing systems is much 
shorter and there has not been as great 

2 Sampson, Arthur W. 195 1. A Symposium 
on Rotation Grazing in North America. J. 
Range Manage. 4: 19-24. 
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a proliferation of descriptive terms as 
for those classed as deferred-rotation 

systems. While there is a great deal of 
variation among systems which can be 
classed as short duration grazing sys- 
tems, there does not appear to be a 
need for additional terms. Short dura- 
tion systems were initially developed 
in South Africa and Rhodesia. 
Although they have been termed 
“non-selective grazing systems,” it 
would seem desirable to restrict the 
use of non-selective grazing to describ- 
ing the type of utilization which may 
occur. Short duration would refer to 
the type of grazing system which 
might or might not produce non- 
selective grazing. 

There remains a large area of graz- 
ing management which has not been 
clearly defined. This includes all of 
those management systems which util- 
ize intermittent grazing and deferment, 
but depend upon the operator’s judg- 
ment and not a predetermined sched- 
ule. This type of management can be 
very effective in improving or main- 
taining range condition but does not 
lend itself to any system of nomen- 
clature other than grazing manage- 
ment. When reported in the literature, 
care should be taken to outline the 
criteria or guidelines used by the oper- 
ator in determining stocking rates and 
grazing and rest periods. 

Definitions of Terms Used 
Deferment-Delay or discontinuance of live- 
stock grazing on an area for an adequate 
time to provide for plant reproduction, 
establishment of new plants, or restoration 
of vigor of existing plants. 

Deferred-rotation grazing-Any grazing sys- 
tem having a stocking density index > 1 
and < 2, which provides for a systematic 
rotation of the deferment among pastures. 

Grazing period-The length of time that 
livestock are grazed on a specific area. 

Non-selective grazing-Utilization of forage 
by grazing animals in such a way that all 
forage species and plants are grazed to a 
comparable degree. It is generally achieved 
by using a high stocking density for a short 
grazing period. In practice this can rarely be 
achieved; however, the concept is useful. 

Rest period-A time interval during which a 
pasture is ungrazed by livestock. 

Short duration grazing-Any grazing system 
having a stocking density index > 2. 

Stocking density-The relationship between 
the number of animals and area of land at 
any instant of time. It may be expressed as 
animal-units/acre, animal-units/section, or 
animal-unit months/acre. 

Stocking density index-The reciprocal of 
that fraction of land available to the animals 
for the entire grazable period which is being 
grazed at any one time. 
-IV. M. Kothmam, Texas A & M Uni- 
versity, College Station, Texas. 
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Pest Control Strategies for the Future. 
By Agricultural Board, Division of 
Biology and Agriculture, National Re- 
search Council, National Academy of 
Sciences, 2101 Constitution Ave., 
Washington, D. C. 20418. 376 p., 
1972, $6.75 paperback. 

This work consists of a summariza- 
tion of the present state of knowledge 
in the extensive area of pest control. It 
is divided into five major areas, includ- 
ing pest control and human ecology, 
systems approach to pest control, 
strategies for better chemical control, 
alternative means to pest control, and 
finally a challenge for effective pest 
management strategies consistent with 
environmental quality. This book is 
the proceedings of a symposium in- 
volving over 30 recognized authorities 
in several areas of specialization rang- 
ing from economics and ecosystems 
analysis to rodent control and biologi- 
cal control. These authorities have 
done a commendable job of summariz- 
ing the major accomplishments of the 
past, and for the most part they have 
adequately discussed their viewpoints 
on possible strategies for the future. 
Most of the writers covered their 
subject in sufficient detail and in a 
form useful to the layman who is 
interested in pest control. However, in 
some sections the excessive use of 
scientific names of organisms, chemi- 
cal names, and mathematical equations 
may render the material of use mainly 
to scientists or specialists. 

The material is generally well- 
organized; however the reader may 
wonder why the section on rodent 
control strategy was included in the 
chapter entitled “Strategies for Better 
Chemical Control.” Duplication of 
material among writers is not excessive 
or distracting. 

In summary, the authors emphasize 
the importance of a thorough under- 
standing of ecological and biological 
principles, the development of selec- 
tive and biodegradable pesticides, the 
simultaneous utilization of many con- 
trol techniques, and the cooperation 
of industry and public agencies for 
efficient pest management programs. 
The volume should be of considerable 
value as a source book in the libraries 
of pest control scientists since many of 
the sections include ideas for future 
research as well as fairly extensive 
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bibliographies. -Darrell N. Ueckert, 
Lubbock, Texas. 

Wildlife Ecology, An Analytical Ap- 
proach. By Aaron N. Moen, W. H. 
Freeman and Company, 660 Market 
Street, San Francisco, Ca. 94104. 
458 p., 1973, $17.50. 

Just as a rose by any other name 
would smell as sweet, the wayward 
title of this book detracts nothing 
from its quality. Not that it isn’t about 
wildlife ecology; it’s just rather special- 
ized in scope. It emphasizes the physi- 
ological interaction of ruminants with 
environment, what the author calls 
“analytical ecology”-that is, quantita- 
tive modeling of ecological systems. 
However, while the coverage of general 
ecology is cursory, it suffices to indi- 
cate how other spheres of knowledge 
can be applied to an understanding of 
the ecology of a given species-the 
principal example being deer. 

Part 1 -“Life, Interactions, and 
Ecological Modeling”-is sketchy, 
though perhaps useful introductory 
material for a textbook. It includes the 
initial pitch for analytical ecology 
versus historical perspective as a means 
for understanding ecological processes, 
which is an appropriate adjuration to 
wildlife biologists who too often have 
confined themselves to descriptive 
studies and speculative interpretation. 
It is also appropriate to qualify this 
advice, as Dr. Moen does, by con- 
ceding that the value of a model is 
“dependent on the level of realism 
associated with the model and the part 
of the real world that it represents.” 
Observations on the adherence to this 
qualification are made later. 

Parts 2-5 are the meat of the book: 
“The Distribution of Matter and 
Energy in Time and Space”; “Metabo- 
lism and Nutrition” (mainly of rumi- 
nants); “Behavioral Factors in Rela- 
tion to Productivity” (covering a diver- 
sity of animals); “Energy Flux and the 
Ecological Organization of Matter” (a 
good review of bioenergetics). They 
include discussions of the influence of 
soil, water, topography, and weather 
on animals; their energy metabolism, 
digestive processes, and nutrient utili- 
zation; behavioral and trophic interac- 
tions between and within species; the 
energy transfer complex in biotic com- 
munities. How energy gets to, is used 

by, and governs the functioning of 
deer is a major contribution of the 
book. The area covered most thor- 
oughly is that of ruminant nutrition 
and energetics. Since that area is where 
the animal interacts with its environ- 
ment, its study provides a proper 
foundation for the understanding of 
ecology. But the source of nutrients 
and energy is vegetation, a subject that 
was accorded only 25 pages (Chapter 
15). Plant ecology deserves more 
attention in a book entitled Wildrife 
Ecology. 

I almost regret the inclusion of Part 
6, “Productivity, Populations, and 
Decision-making,” 89 pages dealing 
with modeling. In this and preceding 
sections there are perhaps as many 
revelations of deficient information as 
there are of adequate data for model- 
ing the systems that are discussed. 
Moen mentions that variability analy- 
sis and error analysis can offer safe- 
guards against irrelevant in-puts and 
inaccurate coefficients, but if we 
recognize we’ve been led astray only 
when the program yields an obvious 
absurdity, validation ultimately must 
depend on empirical research and 
experience. I would have preferred 
broader coverage of ecology to the 
section on modeling. On the other 
hand, the advent of systems analysis 
has provided means for ecologists to at 
least attempt to integrate knowledge 
of the parts of a system into a compre- 
hension of the whole system, and it 
behooves the wildlife profession to be 
cognizant of the potential. 

Whatever it may lack, this is prob- 
ably the most significant advance in 
wildlife textbooks since Aldo Leo- 
pold’s now simplistic Game Manage- 
ment was published 40 years ago. And 
it’s high time! Moreover, Moen’s per- 
spicacious condensation and interpre- 
tation of a large amount of important 
literature makes it a valuable reference 
in animal ecology. The teaching 
guides, “Ideas for Consideration,” at 
the end of many chapters and 
“Selected References” following every 
chapter add to its usefulness as a 
textbook. It is well written, too, and 
expertly and artistically put together. 
The few factual deficiencies, inaccur- 
acies, and redactory _ oversights that I 
noted are excusable in a generally 
excellent work.-0. C. Wallmo, Fort 
Collins, Colorado. 
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