










Economics of Carry-over Response 
Nitrogen Fertilization of Rangelands 

to 

JOHN P. WORKMAN AND PAUL W. MCCORMICK 

Highlight: Prior to the recent increases in nitrogen prices 
krtilization of a Utah mountain loam range site was found to be 
profitable when increased forage was harvested as grass hay, 
However, that evaluation was based only on forage response 
during the initial growing season. We have since observed signifi- 
cant carry-over response during the second and third years 
following fertilizer application. At the original nitrogen and hay 
prices studied, incorporation of carry-over into the economic 
analysis increased both optimum application rates and per acre 
profits from fertilization. ‘Fertilization was found even more 
profitable at current nitrogen and grass hay prices. Insufficient 
data were available to determine optimum reapplication schedules, 
although intuitive indications favor reapplication every 2 years for 
sites showing profitable initial and second year carry-over re- 
sponse. Spring application proved superior to fall application on 
both sites. 

Prior to the recent dramatic increases in ammonium nitrate 
prices, nitrogen fertilization was shown to be a profitable 
practice for a Utah mountain loam range site (Workman and 
Quigley 1974). When forage was harvested as hay, application 
of nitrogen at the optimum rates of 127 lb N per acre for fall 
application and 144 lb per acre for spring application yielded 
additional per-acre profits of $3.09 and $5.52, respectively. 
When increased yields were harvested directly by livestock as 
leased forage, nitrogen application was not profitable. In both 
cases, however, the analyses were based on forage response 
during only the initial growing season following application. 
From 1972 to 1974 the study was continued to determine 
carry-over forage production response during the second, third, 
and fourth growing seasons following application so that any 
significant carry-over response could be included in the eco- 
nomic analysis of range fertilization. 

Site Description 

Range sites studied included a mountain loam site and a semidesert 
loam site. The mountain loam site is situated at a 4,800-ft elevation 
about 0.5 mile west of Paradise, Utah. The soil is a silt loam and the 
vegetation is primarily seeded intermediate wheatgrass (Agropyron 
intermedium). Annual precipitation averages 16 inches, most of which 
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is received during the winter. The area is normally grazed by cattle in 
both spring and fall. 

The semidesert loam site is located 11 miles north of Snowville, 
Utah at an elevation of 4,800 feet, and supports a pure stand of crested 
wheatgrass (Agropyron cristatum). The soil is a silt loam and average 
annual precipitation is 11 inches. The area is grazed by cattle on a 
rotational basis from April through December. 

Methods 

Six rates of ammonium nitrate were applied to each site during 
spring and fall on 10 ft X 15 ft-subplots. The statistical design con- 
sisted of three replications of each application rate and season arranged 
in a randomized block. Application rates were 0,25,50, 100,200, and 
400 lb N/acre on the mountain loam site and 0, 12.5,25,50, 100, and 
200 lb N/acre on the semidesert loam site. Spring applications took 
place in 1971 on both sites. A fall application was made during 1970 
on the mountain loam site and during 1972 on the semidesert loam site. 

Beginning in 1971, each subplot was clipped at the end of the 
growing season and the harvested forage weighed to determine total 
air-dry forage production for the initial second, third, and fourth 
growing season following fertilizer application. Production equations 
for forage as a function of nitrogen application were estimated by step- 
wise regression analysis. Independent variables that showed t-test 
significance 1 90% were retained in the predictive equations. 

Statistically significant carry-over production functions were dis- 
counted back to year of initial application at the current cost of 
borrowed operating capital (10%) and added to the original forage 
production functions to form aggregate production functions (Baum et 
al. 1956). Standard marginal analysis was employed to determine 
optimum fertilizer rates (Heady and Pezek 1954). Fertilizer appli- 
cation and forage harvest costs employed in the analysis of the initial 
growing season production function followed Doane’s Agricultural 
Report ( 1972), while fertilizer and hay prices came from Christensen 
and Richards ( 1969). 

Results and Discussion 

Biological Response 
The production function tested by stepwise multiple regres- 

sion analysis for both forage production response during the 
initial growing season following application and carry-over 
response during subsequent growing seasons was: 

Y=a+bN+c@ 
where Y = pounds air dry forage per acre and N = pounds 
nitrogen applied per acre. Statistically significant production 
functions for initial and carry-over forage response to nitrogen 
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Table 1. Production functions with independent variables significant at 
2 90% probability. 

Site 

Season and 
year of No. of growing seasons 

application after application Production function P 

Semidesert Spring, 1971 Initial (1971) 
loam Second ( 1972) 

Third (1973) 
Fourth ( 1974) 

Fall, 1972 Initial (1973) 
Second ( 1974) 

Mountain Spring, 1971 Initial (1971) 
loam Second ( 1972) 

Third (1973) 

Fall, 1970 Initial (1971) 
Second ( 1972) 
Third (1973) 

Y = 1268+ 17.42N-.0623N2.56 
Insignificant 
Y=489+3.72N .69 
Insignificant 

Y=544+ 14.94N-.0399N* .83 
Insignificant 

Y= 1897+29.88N-.0462N* .81 
Y= 1822+7.33N .70 
Insignificant 

Y=2515+26.46N-.0392N* .73 
Y=2516+6.05N .67 
Insignificant 

fertilization appear in Table 1. Carry-over response on the 
mountain loam site was as might have been expected. Results on 
the semidesert loam site, however, are more difficult to explain. 
The absence of second-year carry-over response during 1972 
followed by significant carry-over in 1973 can probably be 
attributed to 1972 being a dry year. Only 8.6 inches of predipita- 
tion were received as compared to the average of 11 inches. 

Optimum Application Rates- 
Initial Growing Season 

Based on production functions for the initial growing season 
and prices employed in the original study (Workman and 
Quigley 1974), standard marginal analysis (Heady and Pezek 
1954) was used to determine the most profitable nitrogen 
application rates. For the fall application on the mountain loam 
site, for example, the nitrogen application rate that would 
maximize per-acre profit was found by equating 

dY 
- = 26.46 - .0784N 
dN 

with the ratio of nitrogen price to the net price of forage 

PN .1207 -=-* 

PY .0073 

Nitrogen price was based on the 197 1 price of $82.08 per ton for 
34% ammonium nitrate. Forage price represents the 1971 net 
price of hay after subtracting the variable costs of baling and 
hauling. Solving for N, we obtain 127 lb N per acre. Optimum 
application rates for both sites and both application seasons are 
shown in Table 2, along with calculated per-acre profit at the 
optimum application rate as compared to per-acre profit without 
fertilizer. Profit at the optimum application rate was calculated 
by substituting 127 lb N into the initial production function, 
valuing the resulting 5,243 lb forage per acre at $.0073 per 
pound and subtracting the fixed application cost of $1.50 per 
acre, fixed hay swathing costs of $3.50 per acre, and the 

Table 2. Per acre profit at optimum nitrogen application rate when 
analysis is based only on forage response during initial growing season. 

Site 

Profit at Profit Added profit 
Optimum optimum without due to 

Season of rate rate fertilizer fertilizer 
application (lb N/acre) ($/acre) ($/acre) ($/acre) 

SeEazsert S$ng 0 7 4.27 .47 5.76 .47 -1.49 0 

Mountain Spring 144 15.87 10.35 5.52 
loam Fall 127 17.95 14.86 3.09 

variable nitrogen costs of $15.33 per acre (.1207/lb x 127 lb 
N). The result was an estimated per-acre profit of $17.95. Per- 
acre profit without fertilizer amounted to 2,5 15 lb forage per 
acre valued at $.0073 per pound minus fixed hay swathing costs 
of $3.50 per acre, or $14.86 per acre. Thus, the additional per- 
acre profit obtained from nitrogen fertilization was $3.09. 

Fertilization increased the calculated per acre profit on the 
mountain loam site but was not economically feasible on the 
semidesert loam site. Although 7 lb N per acre is the recom- 
mended rate of fertilization if nitrogen is to be applied, fertili- 
zation of the semidesert loam site proved impractical since the 
value of the added forage production would not pay the fixed 
application costs. 

Spring application on the mountain loam site provided more 
added profit per acre than did fall fertilization (Table 2) due to 
higher forage response per pound of N applied (Table 1). 
Forage response per pound of N was also greater with spring 
than with fall application on the semidesert loam site. In both 
cases the smaller response to fall application was probably due 
to nitrogen losses by leaching or volatilization during the 5- 
month period between application and spring growth. 

Forage Carry-Over Response 
Both sites exhibited statistically significant carry-over re- 

sponses during their second or third growth seasons following 
fertilization (Table 1). Accurate determinations, then, of opti- 
mum fertilization rates and of expected additional per-acre 
profit due to applying those rates, must include carry-over 
responses. Such inclusion involves discounting carry-over re- 
sponses at the current cost of borrowed operating capital, lo%, 
back to the initial growing season following application and 
then summing the discounted carry-over function and the 
original forage response function to form an aggregate produc- 
tion function (Baum et al. 1956). Using the mountain loam site 
fall application response as an example, the second year carry- 
over response function is 

Y = 2,516 + 6.05N. 

Discounting the added forage production (6.05N only since the 
intercept term, 2,516, represents forage yield without fertili- 
zation) for 1 year at lo%, we obtained 5.5ON, which, when 
added to the original response function 

Y = 2,515 + 24.46N - .0392NZ 
produced the aggregate production function 

Y = 2,515 + 3 1.96N - .0392NL. 
Setting 

dY 
dN= 31.96 - .0784N 

equal to 
PN .1207 
-== 

PY .0073 

and solving for N, we obtained a revised optimum application 
rate of 195 lb N per acre. Substituting the optimum application 
rate into the aggregate production function and using the prices 
and costs listed above for forage, ammonium nitrate, fertilizer 
application, and hay swathing indicated a $24.44 per-acre profit 
at the revised optimum (Table 3), as compared to $17.95 for the 
initial growing season optimum (Table 2). An even more 
important comparison is between the $9.58 added profit per acre 
due to fertilizer ($24.444 14.96) when carry-over response was 
included and the $3.09 added profit per acre when the analysis 
was based on initial growing season response alone (Table 2). 
Revised optima and per-acre profitability are shown in Table 3. 
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Table 3. Revised per acre profit and revised optimum nitrogen application rates including carry-over response-original prices. 

Site 

Semidesert loam 

Mountain loam 

Season of 
application 

Spring 

Spring 
Pall 

Aggregate production function 

Y= 1268+20.49N-.0623N* 

Y=1896+3654N-.0462N2 
Y=2515+31.96N-.0392N* 

Optimum rate 
(lb N/acre) 

32 

217 
195 

Profit at 
optimum rate 

($/acre) 
4.71 

24.66 
24.44 

Profit without Added profit due 
fertilizer to fertilizer 
($/acre) ($/acre) 

5.76 -1.05 

10.35 14.31 
14.86 9.58 

In all cases both optimum application rate and added profit per 
acre due to fertilization were increased by inclusion of carry- 
over response. Economic analyses of range fertilization that do 
not include forage response during growing seasons subsequent 

to initial fertilizer application underestimate application rate 
optima and also understate fertilization profitability. 

With carry-over response included in the analysis, spring 
application on the mountain loam site showed an even more 
striking advantage by providing an increased per-acre profit of 
$14.3 1 versus $9.58 per acre increased profit with fall appli- 
cation (Table 3). 

doubling in both number of sample plots and number of growing 
Seasons studied. Key comparisons underlying fertilizer re- 
application decisions when data for both (1) and (2) are 
available are shown in Table 5. 

Table 5. Comparisons underlying fertilizer reapplication decisions for 
sites showing profitable initial and second year carry-over response. 

Our calculations showed nitrogen fertilization to remain 
unprofitable when increased production was valued at $6 per 
AUM (U. S. Dep. Agr. 1976) as leased forage to be used directly 
by livestock. 

Optimum application rates and per-acre profits at current 
prices (Table 4) were calculated using $17 1 per ton of 34% N 
ammonium nitrate ($.2525/1b N), $31 per ton of hay or $.0155 
per lb (net price based on a market price of $45 per ton of grass 
hay minus $9 per ton for baling minus $5 per ton for hauling), 
swathing costs of $5 per acre and fertilizer application costs of 
$2 per acre (Utah Agricultural Statistics 1976). When increased 
production was valued as harvested hay, fertilization of both 
sites studied was more profitable at current than at original 
prices studied (Table 4). This is due to the increased net price of 
grass hay which compensated for the recent sharp increase in 
ammonium nitrate prices. 

Initialyear(1971) Second year (1972) Third year ( 1973) 

(a) Net return to 197 1 (a) Net return to 1972 If no fertilizer 
response to 197 1 second year carry- applied in 1972: 
application and dis- over response and 
counted 1972 second discounted 1973 (a) Net return to 
year carry-over net return when 1973 response to 
response not fertilized 1973 application 

and discounted 
1974 second year 

Versus Versus carry-over 

@I) Net return in 197 1 (b) Net return to 
when not fertilized 1972 initial Versus 

response and 
discounted 1973 
second year carry- (b) Net return in 
over response 1973 when not 
from 1972 fertilized 
application plus 
net return to 
1972 second year 
carry-over 
response from 
197 1 application 

Table 4. Optimum application rates and per acre profit including carry- 
over response-current prices. 

Profit at 
Optimum optimum 

Season of rate rate 
Site application (lb N/acre ($/acre) 
Sernflsert S$ng 34 13.79 

0 3.43 

Mountain Spring 220 57.02 
loam Pall 201 56.45 

Profit Added profit 
without due to 
fertilizer fertilizer 
($/acre) ($/acre) 

14.65 -0.86 
3.43 0 

24.39 32.63 
33.98 22.47 

The 1971 decision represents the most simple case. The site 
in question has either not been fertilized previously or, if prior 
application has taken place, carry-over response is no longer 
present. The decision as to whether or not to apply fertilizer 
would be based simply on a comparison of net returns to initial 
and discounted 1972 carry-over response from the 197 1 appli- 
cation versus 197 1 net return in the absence of fertilizer 
application. 

Spring application again proved superior to fall application 
on both sites. Comparison of Tables 3 and 4 reveals that although 
calculated per acre profits from fertilization are much higher at 
current than at the original prices studied, optimum application 
rates are almost identical. 

Optimum Reapplication Schedule 
Determination of optimum reapplication schedules for sites 

showing profitable initial and second year carry-over responses 
to fertilization requires the following information: (1) initial and 
second year carry-over response to fertilizer application when 
the site has not been fertilized previously or when there is no 
carry-over response still present from previous applications, 
and (2) initial and second year carry-over response when 
second year carry-over response from application during the 
previous year is still present. Our study provides the necessary 
data for (1) but not for (2), which would have necessitated a 

Provided that fertilization was found to be profitable and 
application was made in 197 1, the 1972 reapplication decision 
would be more complex. In this case the net return of 1972 
second year carry-over response from the 197 1 application plus 
the discounted net return during 1973 (when not fertilized and 
with no significant third year carry-over) would be compared to 
net return to 1972 initial response from 1972 reapplication plus 
the discounted net return to 1973 second year carry-over from 
1972 reapplication plus the net return to 1972 second year 
carry-over response from the 197 1 application. 

If no fertilizer were applied in 1972, the 1973 reapplication 
decision would be identical to that described for the original 
application decision of 197 1. In the absence of significant carry- 
over from the 197 1 application, the 1973 decision would be 
between the sum of net return to 1973 initial and discounted 
1974 second year carry-over response to 1973 reapplication 
compared to net return in 1973 in the absence of fertilizer. 

Our study did not provide sufficient data to make the 
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comparisons outlined in Table 5. Since forage production 
response to reapplication in the presence of carry-over from a 
previous application is an unknown, the optimum reapplication 
schedule could not be calculated. Due to the quadratic nature 
(“law of diminishing returns”) of the production functions 
estimated for the initial growing season after application, re- 
application would undoubtedly have provided less added forage 
production than resulted from our initial application. While the 
diminished response cannot be quantified with the data avail- 
able, the near certainty that response to reapplication would 
have been less than response to our initial application leads to an 
intuitive comment concerning determination of an optimum re- 
application schedule. It appears that on sites that show profit- 
able response to fertilization for both the initial growing season 
and second year carry-over, the optimum reapplication schedule 
is every 2 years. 

Summary and Conclusions 

Two Utah range sites that responded significantly to nitrogen 
application during the initial 1971 growing season also ex- 
hibited significant second or third year carry-over responses. 
At the original hay and nitrogen prices studied, incorporation of 
carry-over into the analysis increased both optimum application 
rates and per-acre profitability from range fertilization. Eco- 
nomic studies that do not include carry-over response under- 
estimate optimum fertilizer rates and also understate profit- 
ability. 

Although ammonium nitrate recently increased from the $82 
per ton price tested originally to the current price of $17 1 per 
ton, the net price of grass hay has gone from $14.69 per ton to 

$3 1. As a result, nitrogen fertilization of the mountain loam 
site for the purpose of increasing grass hay production is even 
more profitable now than when originally evaluated. At the 
current Utah price of $6 per AUM, however, fertilization of 
tangeland to be harvested as leased forage remains unprofitable. 

Determination of optimum fertilizer reapplication schedules 
requires data concerning initial and carry-over responses to 
nitrogen in the absence of previous fertilizer application as well 
a measure of initial and carry-over responses in the presence of 
carry-over from previous fertilization. Although our experiment 
did not provide the latter data, intuitive indications favor 
reapplication every 2 years for sites showing profitable initial 
and second year carry-over response. 
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Soil Nitrogen Levels in a Semiarid Climate 
Following Long-term Nitrogen Fertilization 

FORREST A. SNEVA 

Highlight: Fertilizing crested wheatgrass for 14 years with 34 
kg/ha or less did not significantly increase the NOPN concentra- 
tion in a semiarid soil. Fertilization rates of 56 kg/ha or more 
resulted in a significant accumulation of NOR-N just above the 
cemented caliche layer. Total N accumulation in the upper 61 cm 
of soil from N fertilization levels of less than 56 kg/ha did not 
exceed 30% of that normally occurring in the profile. 

Nitrogen (N) fertilization of semiarid soil to increase forage 
production is neither widely recommended nor extensively 
practiced. For this reason, on- or off-site pollution effects have 
not been of major concern to investigators. However, grazing 
use of our naturai resource lands is being reduced by land with- 
drawals, urban sprawl, and administrative edict. Concurrently 
the cattle industry is attempting to increase the proportion of 

acid, and NOs-N was extracted by MgO in the presence of Devardas 
alloy. 

In April of 1974, soil cores by 20.3 cm increments were taken to a 
61 cm depth from unfertilized plots and from plots fertilized with 90 kg 
N/ha. These cores were used to establish bulk density. 

During 1957-1966, and in 197 1 and 1972, forage was sampled on 
May 15 and herbage yield and N concentrations were determined. 
Following the spring sampling the remaining grass growth on the plot 
was mowed but not removed. Then, on August 1, the regrowth was 
sampled and yield and N concentration again determined. During the 
years 1967-l 970, no direct yield estimates were made. For these years 
yield estimates were extrapolated from yield and N data of crested 
wheatgrass plots in an adjacent study, where harvest dates and some 
fertilizer treatments were the same. 

Statistically, the study was a randomized block design with three 
replications. 

grass-fat beef in the market. Thus, despite rising fertilizer cost, 
its use depends upon fat cattle prices as it is influenced by fed 
grain prices. 

Results 

This paper documents residual amounts of total N, NH+N 
Total N decreased significantly (PcO.05) with each succes- 

and NO:s-N remaining in the soil following 14 years of fertilizing 
sive increment in soil depth (Table 1). Fertilizer rates of 22,56, 

a stand of crested wheatgrass (Agropyron desertorum (Fisch ex 
and 90 kg/ha caused a significant (PcO.05) increase in total N 

Link) Schult.) with several levels of ammonium nitrate. 
above that of control plots, but N differences among those rates 
were not significant. Thirty-four kg N/ha did not significantly 

Materials and Methods 
(P>O.O5) increase total N above that of control plots. 

The Squaw Butte Experiment Station is located in southeastern 
Oregon, at an elevation of 1,37 1 meters. It receives approximately 30 
cm of precipitation annually, mostly as rain or snow during the winter 
months. 

The soil at the study site is unclassified, but has been described by 
Eckert (1957) as sandy loams overlying variable sandy-clay-loams to a 
depth of 48-81 cm. At the study site, the caliche layer began at 
approximately 61 cm below the soil surface. 

In the spring of 1956, plots (about 3 X 4 m) were seeded to crested 
wheatgrass in rows spaced 30 cm apart. Five levels of ammonium 
nitrate (0,22,34,56, and 90 kg of N/ha) were broadcast on those plots 
in the fall of each year from 1956 through 197 1, with the exception of 
1966 and 1969, when no fertilizer was applied. 

Soil samples were collected in April, 1973, from soil depths of 
approximately 0 to 20, 2 1 to 41, and 42 to 61 cm. An impervious 
caliche layer limits water movement below this depth. Samples were 
air dried, screened, and subsequently analyzed for total N, NO+N and 
NH+N (A.O.A.C. 1965). Total N was measured as Kjeldahl-N, 
NH-I-N was obtained by steam distillation in the presence of formic 

Table 1. Total N concentration (%) in the soil as influenced by soil depth 
and rates of N fertilization. 

Fertilizer rate (kg N/ha) 

Depth (cm) 0 22 34 56 90 Mean 

- 0 to 20 .048 .057 .056 .061 .063 .057a 
21 to 41 .042 .049 .043 .049 .055 .048b 
42 to 61 .039 .045 .038 .043 .049 .043c 

Mean .043” .051b .045” .051b .056b 

G b* c Statistical difference between means denoted by unlike letters (P<O.O5). 

Nitrate-N and NH4-N concentrations significantly (IWO.05) 
interacted with fertilization rate and soil depth (Fig. 1). Nitrate- 
N concentrations from fertilization levels of 34 kg/ha or were 
less than 6 ppm at all soil depths. Nitrate-N concentrations 
increased with depth to 22 and 61 ppm in the 42 to 61 cm soil 
depth for the 56 and 90 kg N/ha rate, respectively. 

The author is range scientist, U.S. Department of Agriculture, Agricultural Research 
Ammonium-N concentrations in the upper 26 cm of soil 

Service. increased from approximately 9 ppm on control plots to 73 ppm 
The report represents the cooperative investigations of the U.S. Department of Agricul- 

ture, Agricultural Research Service, and Oregon Agricultural Experiment Station, Squaw 
with 90 kg N/ha (Fig. 1). These amounts declined to less than 25 

Butte Experiment Station, Bums, Oregon, OAES Technical Paper No. 4248. ppm in the 2 1 to 4 1 cm depth and below 13 ppm in the lower 4 1 
Manuscript received August 2 I, 1976. to 61 cm depth. 
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Fig. 1. Ammonium-N and nitrate-N accumulations in a semiarid soilfollowing 
long-term nitrogen fertilization. 

Soil bulk density was unaffected by N rate, but did signifi- 
cantly (P<O.O5) increase as soil depth increased. Mean values 
for the O-20,21-41,42-61 cm increments were 1.26, 1.32, and 
1.35 g/cc, respectively. 

Based upon the soil bulk density and total N analysis the total 
soil N yield of unfertilized plots was 1,237, 1,118, and 1,070 
kg/ha for O-20, 4 l-6 1, and 42-6 1 cm increments. The greatest 
increase in residual total N occurred in the upper 20 cm of soil at 
the 56 and 90 kg/ha fertilization rates and in the 21-41 cm 
increment at the 90 kg/ha rate (Table 2). A decrease in residual 
amount occurred at the 42 to 61 cm depth on plots fertilized at 
the 34 kg/ha rate. For the total 6 1 cm of soil, the least amount of 
Esidual total N was measured from the 34 kg/ha rate. The 
residual amounts of total N for the 61 cm of soil sampled 
represent increases of 15, 6, 18, and 29% above the check plot 
yield, respectively, for 22, 34, 56, and 90 kg N/ha. 

Table 2. Changes in the N-content of the upper 61 cm of soil from 14 years 
of fertilization with 4 levels of N. 

Total N N applied annually (kg/ha) 

Soil depth (cm) in control plots 22 34 56 90 

0 to 20 1,231 +146 +197 +317 +376 
21 to 41 1,118 +204 + 27 +196 +357 
42 to 61 1,070 +164 - 28 +110 +266 

Total 3,425 +514 +196 +623 +999 

Total soil nitrogen, N additions and withdrawals, and final N 
accounting for the study is presented in Figure 2. Nitrogen 
addition to the soil, in addition to the fertilizer applied, 
consisted of that received via precipitation and was estimated at 
2.2 kg N/ha per year. Recovery of applied fertilizer N through 
the herbage was 30, 26, 21, and 23%, respectively, for N 

TOTAl_- N 

in out measured estimated +- 
N- FLOW RESIDUAL- N NET DIFF. 

18 

176 

208 

Fig. 2. Total soil nitrogen (kg/ha), nitrogen additions and withdrawals (kg/ 
ha), measured and estimated residual nitrogen (kg/ha) and net differences in 
accountability (kglha) on a semiarid soil followng long-term nitrogen 
fertilization. 
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fertilization rates of 22, 34, 56, and 90 kg/ha. Measured 
residual soil N exceeded estimated residual N at all rates of 
applied N. 

Discussion 

Residual NO:+N was significantly increased in the lower 
depth of this soil only when fertilizer rate exceeded 34 kg/ha. 
Sneva et al. ( 1958) and Long and Landers (1968) concluded that 
a fertilizer level of less than 34 kg N/ha was the most efficient 
for crested wheatgrass production in eastern Oregon and Wyo- 
ming, respectively. Thus, no residual NO:j-N should accumu- 
late in these soils if this recommended rate is used. These results 
are in agreement with those reported by Sommerfeldt and Smith 
(1973)) Larson et al. ( 197 1 ), Power ( 1970), and Power et al. 
(1973), who studied the grassland and cultivated soils of the 
Northern Great Plains. 

The buildup of NO:%-N in the deeper depths from nitrogen 
fertilization in excess of 34 kg/ha suggested that the N-pool has 
been saturated. Deep drainage or seepage in these soils is un- 
likely because precipitation is too limited to accomplish 
leaching, and the presence of an impervious layer would prevent 
it. Thus, a single, high N application should provide an excess 
of NO:+N that would be retained with only a small loss from the 
system. The disadvantages of a single high N application would 
be the accumulation of NO:+N at a depth below the primary 
mating zone, which would be an inefficient means of main- 
taining an adequate supply of N to the plant. There is also a 
possibility of denitrification whenever an excess of NO:+N 
accumulates. 

Clark ( 1924) suggested that 5.6 to 7.8 kg N/ha was added via 
precipitation in temperate regions. Recent investigations by 
Tarrant, et al. (1967), Lodge et al. (1968), Hart et al. (1971), 
and Fredrikson (1972) suggested much lower N additions via 
precipitation for the Pacific Northwest and Intermountain areas. 
Although no measurements were taken, the value of 2.2 kg N/ha 
was chosen for use in this report, based upon research cited. 

On plots receiving no fertilizer the amount of N removed 
through the harvested forage was 2 12 kg/ha, approximately 5 to 
6 times the amount of N estimated as received through precipita- 
tion additions (37 kg/ha). However, the estimate of N removed 
in the forage is derived from herbage harvested in the spring and 
again after summer regrowth. Sneva et al. (1958) reported N 
yields in crested wheatgrass harvested on June 1 to be nearly 
twice that in mature grass harvested on August 1. Over a 13-year 
period, crested wheatgrass yields harvested on August 1 con- 
tained an average of 5.6 kg N/ha (Sneva 1973). Thus, harves’t- 
ing crested wheatgrass in a mature stage from unfertilized areas 
removed 2.5 times the amount of N as is received through 
precipitation (as estimated herein), while harvesting earlier will 
remove greater amounts of N. 

Differences in the total N unaccounted for in Figure 2 
between N rates are not likely to be significant in themselves, 
with the possible exception of the 22 kg/ha rate. Considering 
that the total N supply in the upper 61 cm of this soil approxi- 
mates 3,400 kg, these unaccountable N amounts represent 5, 
14, 1,5, and 6% of that base amount, respectively, for the 0,22, 
34, 56, and 90 kg/ha fertilization rates. Even the 14% figure is 
not large relative to the normal errors associated with these 
kinds of samples. Thus, one could conclude that the accounta- 
bility of applied N has been quite good. 

At all fertilization rates, the unaccountable amounts of N 
indicated a positive balance. Nitrogen addition to the system 
could have resulted from recycled herbage N from the spring 



harvest. While the sampled herbage was removed from the area, 
the remaining grass in the treatment area was closely mowed but 
retained on that area. Other additions of N could have come by 
mineralization of soil organic matter, plant adsorption of 
atmospheric ammonia-N, and biological-N fixation. 

The 472 kg N/ha unaccounted for at the 22 kg/ha fertilization 
late is not large when compared to the soil N base of 3,400 
kg/ha. It contrasts sharply, however, with the N amounts 
remaining at the other nitrogen fertilization rates. This contrast, 
particularly that between the 22 and 34 kg/ha rates, interests the 
writer because of previous discrepancies in response between 
these two fertilizer rates. In the 10 years of herbage yield 
sampling on these plots, 22 kg of N/ha caused greater yield in 8 
years than the 34 kg/ha rate (Sneva and Rittenhouse 1976). In 
none of those years, nor in the means of the 10 years, were yield 
differences significant (P>O.O5). Yet, increasing levels of N 
above 34 kg/ha did cause significant yield increases in some 
years. Discrete differences due to fertilizer level were evident in 
herbage crude protein and dry matter concentrations, yet soil 
moisture depletion curves were sometimes reversed. Thus, the 
inconsistency seen in the residual amounts of total in this study 
at the 22 and 34 kg/ha fertilization rates is not inconsistent with 
previous response fluctuations measured. 

It is possible that this discrepancy is real. Three explanations 
are offered. First, during the years 197 1 and 1972, yield re- 
sponse to N was being limited by the availability of sulfur 
(Sneva and Rittenhouse 1976). Li ( 1964) and Williams (1967) 
have reported on the impact of soil temperature on soil sulfur 
mobilization. Thus nitrogen fertilization rate, availability of 
sulfur, and early spring temperature interactions may explain 
the discrepancy. 

Second, competition for applied N between root systems and 
the microbial populations on these low organic matter, semiarid 
soils may also interfere with the plant response to N. Thus, 
between the 22 and the 34 kg/ha rates, we may be encountering 
a sensitive, biological threshold that may account for the dis- 
crepancy . 

Third, rather than being tied up by competitive forces, 
applied nitrogen can stimulate the production of microbial 
populations and increase the output of N from a system. This 
“priming effect” has been recently studied and discussed by 
Westerman and Kurtz (1973). 

If the estimate of 2.2 kg/ha added annually via precipitation is 
approximately correct, then the removal of 13.2 kg/ha annually 
by crested wheatgrass suggests that a depletion of 11 .O kg/ha is 
occurring annually. Because a yield response to N fertilizer 
occurs on these soils, it is generally assumed that such grasses 
deplete soil N. However, declining herbage yield over time 
occurred both on fertilized and unfertilized plots of this study 
(Sneva and Rittenhouse 1976). Thus, it is inferred that the 11 .O 

kg/ha may be an estimation of unknown N additions, rather than 
a depletion of soil N. 

Most importantly, this study reveals that, should N fertili- 
zation of crested wheatgrass on semiarid soils become a 
practice, there is no danger of on- or off-side NO+N pollution 
when the recommended rates of N are used. 
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Weed Control-Revegetation Systems for Big 

Sagebrush-Downy Brome Rangelands 

RAYMOND A. EVANS AND JAMES A. YOUNG 

Highlight: Chemical weed control systems integrating 2,4-D or 
picloram spraying for brush control and atrazine fallow for downy 
brome control were investigated in a series of rangeland com- 
munities. Application of both weed control techniques greatly 
enhanced seedling growth and increased yield of perennial grasses 
seeded the year after the fallow. Added nitrogen either had 
negligible effects or tended to negate the benefits of the weed 
control systems on establishment of perennial grasses. The 2,4-D/ 
atrazine-fallow system also allowed establishment of the browse 
species, cliffrose, in a big sagebrush/downy brome community. 
Increased soil moisture available during the growing period of the 
Eallow and seedling years, because of decreased weed competition, 
was the major factor for the better stands of grass and browse that 
resulted from chemical weed control systems. 

Downy brome (Bromus tectorum) has invaded millions of 
hectares of formerly big sagebrush (Artqnisia tridentutu)/ 
bunchgrass vegetation in the Intermountain portion of western 
North America (Klemmedson and Smith 1964). Where recur- 
tent fires have eliminated native shrubs, downy brome has 
become completely dominant. This alien annual grass is a 
source of forage but does have definite limitations, such as: slow 
growth in the spring, short green feed period, high flammability 
in the summer, and highly erratic yield among years. Weed 
control-revegetation techniques have been developed to permit 
the establishment of desirable perennial grasses in these downy 
brome areas (Eckert and Evans 1967; Eckert et al. 1974; Evans 
et al. 1967). On rangelands, the application of the soil-active 
herbicide atrazine [2-chloro-4-(ethylamino)-6-(isopropylami- 
no)-s-triazine] to fallow downy brome communities for estab- 
lishment of perennial wheatgrass (Agropyron spp.) is registered 
by the Environmental Protection Agency. 

Degraded big sagebrush communities, where downy brome 
has not invaded, have been successfully converted to productive 
areas by reducing the brush stand with applications of 2,4,-D 
[(2,4-dichlorophenoxy)acetic acid] followed by seeding through 
the standing dead brush with a rangeland drill (Kay and Street 
196 1; Asher and Eckert 1973). Rangeland use of 2,4-D is 
registered by the Environmental Protection Agency. There are 
extensive areas in the Great Basin that have dense big sagebrush 
or rabbitbrush overstories with downy brome dominance under 
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the shrubs. The only revegetation technique applicable to these 
areas has been expensive, environmentally disruptive rangeland 
plowing. 

In this investigation, we have evaluated alternative ap- 
proaches that integrate existing and registered chemical weed 
control techniques for the manipulation of both shrub (with 
2,4-D) and herbaceous vegetation (with atrazine) for the estab- 
lishment of desirable species in degraded big sagebrush plant 
communities. In addition, picloram, an experimental herbicide 
on rangelands was tested for brush control in the weed-control 
systems. 

Methods 
The study areas were located at Medell Flat and surrounding 

vicinity, 35 km north of Reno, Nevada, in a 20-30 cm precipitation 
zone at 1,520-l ,800-m elevation. In 1969-70, total precipitation was 
30.3 cm, with 9.2 cm occurring in the spring and summer growing 
season; in 1970-71, precipitation totalled 35.5 cm, with 10.6 cm 
during the growing season; and in 1971-72, 20.2 cm occurred, with 
4.9 cm in the growing season. Soils of these areas belong to the order 
Aridisols and the group Haplargid or Duragid, depending on the 
presence of indurate pan development. 

Trials were conducted over a 3-year-period in four plant com- 
munities: (a) green rabbitbrush (Chrysothamnus viscidi&rus)/downy 
brome in 1969-70 and 197 l-72, (b) big sagebrush/downy brome in 
1970-7 1, (c) big sagebrush-rabbitbrush/Sandberg bluegrass (Z%U 
sundbergii)-downy brome in 1970-7 1 and 197 l-72, and (d) horse- 
brush (Tetrudymia cunescens)-rabbitbrush/downy brome in 197 l-72. 
The dates denote years of atrazine application and chemical fallow. 
Seeding was 1 year later. All of these communities are seral to a big 
sagebrush/Thurber needlegrass (Stipu Thurberiunu) potential com- 
munity (Young and Evans 1974). Studies in the four communities 
were conducted in three adjacent exclosures at Granite Peak, Medell 
Flat (two communities), and Horsebrush. 

Experimental design used in each study area consisted of four 
replications of 6.2 by 6.2-m plots arranged in a randomized block 
design. 

The basic procedure involved seven herbicide-fertilizer combi- 
nations and a control (Table 1). We also tested variations of the basic 
2,4-D plus atrazine system on separate plots by: applying 2,4-D in 
May 197 1 and atrazine in October 197 1; applying atrazine with 2,4-D 
in May 197 1; and applying atrazine in October 197 1 and 2,4-D in May 
1972. The latter timing of application of atrazine (fall) and 2,4-D (the 
next spring) was tested at all locations and in all years. Some of the 
combinations, or single herbicide treatments, were not meant to be 
practical systems. For example, 2,4-D alone was included to compare 
the influence of shrub removal with that of total vegetation control 
with 2,4-D plus atrazine in terms of competition with perennial grass 
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Table 1. Herbicide-fertilizer combination evaluated for shrub and annual 
weed control before seeding of perennial grasses. 

Treatment Rate (kg/ha) Time of application 

Control - - 

Atrazine 1.12 Fall 
Atrazine + 2,4-D 1.12 + 3.36 Fall-spring 
Atrazine + picloram 1.12 + 0.56 Fall-spring 
Atrazine + 2,4-D + nitrogen’ 1.12 f 3.36 + 56 Fall-spring-fall 
2,4-D + nitrogen 3.36 + 56 Spring-fall 
2,4-D 3.36 Spring 
Picloram 0.56 Spring 

’ Nitrogen source was ammonium sulfate 20-0-0. 

seedlings. Nitrogen was applied in some comparisons to assess its 
effect on shrub control and seedling establishment. With the two- 
application systems, atrazine (wetable powder) was applied in Sep- 
tember or October and low-volatile esters of 2,4-D or picloram 
(4-amino-3,5,6-trichloropicolinic acid) as potassium salt in May in 94 
liters/ha of water. Herbicides were applied with a backpack sprayer 
and hand-held boom. Picloram and 2,4-D were applied with 80” flat 
spray tip nozzles with 1.4 kg/cm2 pressure. Atrazine and the single 
simultaneous atrazine plus 2,4-D mixture were applied with whirl- 
chamber 49 by 49 nozzles (Klingman 1964) with 0.7 kg/cm2 pressure. 

Plots were seeded in October of the year following application of the 
atrazine. In one case in 1972, we reseeded part of the plots because of a 
failure to establish seedlings. In 1970 and 197 1, we used a modified 
mngeland drill to furrow and seed all plots. In 1972, the plots were 
fiu-rowed with fixed shovels mounted on a tool bar and seeded by 
hand. Plots were seeded with intermediate wheatgrass (Agropyron 
inter-medium) cultivar ‘ ‘Greener’ ’ in 1970 and 197 1. In 1972, the plots 
were split, with one-half seeded to “Amur” intermediate wheatgrass, 
and the other to “Nordan” crested wheatgrass (A. desertorum). 

In the 1970-71 trial at Granite Peak, year-old cliffrose (Cowania 
mexicana var. Stunsburianu) plants were transplanted in April, 197 1, 
into the check and 2,4-D/atrazine-fallow plots. Six plants were 
transplanted per plot with l-m spacing. These same plots were also 
seeded with intermediate wheatgrass in October 1970. 

Infestations of broadleaf weeds at varying intensities occur the 
seedling year on atrazine fallows, with resultant competition to 
seedling perennial grasses (Eckert and Evans 1967). In the spring of 
1972, we applied 0.56 kg/ha of 2,4-D to one-half of each plot, over the 
seedling wheatgrass stands, for control of broadleaf weeds. 

Shrub control was determined by counting dead plants the season 
after the herbicides were applied. Herbaceous weed control was 
determined by estimating cover of weedy species, on a plot basis, both 
in fallow and seedling years. Herbaceous weed competition in the 
seedling year of the perennial grasses was ascertained by clipping four 
square 0. l-m2 plots located over the drill rows in each treatment. 
Seedling stand establishment was evaluated at the end of the seedling 
year by counting and measuring the height of seedlings per meter of 
mw. Second-year herbage production of the wheatgrass was deter- 

mined by clipping four randomly located l-m sections of row in each 
plot at the maximum stage of herbage production. 

Available soil moisture was measured in the profile with gypsum 
blocks at five depths (7.5, 15, 30, 60, and 112 cm-effective depth of 
profile) for three treatments (control, 2,4-D, and 2,4-D plus atrazine) 
periodically during the growing season in 3 years of the study. 

Results 

Weed Control 

Shrub Control 
Control of green rabbitbrush and sagebrush was excellent 

with all 2,4-D and picloram treatments (Table 2). Control of 
horsebrush by these herbicides was variable in one year and at 
one location; otherwise, it was also consistently good. 

The atrazine-alone treatment was not expected to control 
shrubs. Its inclusion in the systems was designed to obtain a 
comparison of shrub versus herbaceous weed competition. 
However, 1.12 kg/ha of atrazine consistently controlled small 
mbbitbrush plants throughout the study. Even in 1972, at the 
Horsebrush exclosure where shrub control tended to be lower, 
atrazine alone killed 65% of the rabbitbrush plants present 
(Table 2). Atrazine was ineffective in controlling horsebrush or 
big sagebrush plants. 

Among the integrated shrub-herbaceous weed control sys- 
tems and the shrub control treatments, there were no clear 
advantages to any one treatment. All treatments produced 
excellent and almost consistent shrub control (Table 2). It was 
surprising that picloram alone adequately controlled big sage- 
brush, a species considered fairly resistant to this herbicide 
(Tueller and Evans 1969). 

Shrub control with 2,4-D was not different when atrazine was 
applied before, after, simultaneously, or not at all (Table 3). 
The whirl-chamber nozzles are designed to apply wettable 
powders with low volumes of carriers, but satisfactory brush 
control resulted when they were used to apply 2,4-D and 
atrazine simultaneously (Table 3). 

In 1972, in the Horsebrush exclosure, all shrub control 
treatments gave adequate control of green rabbitbrush, although 
some produced results lower than the average for the entire 
experiment. Horsebrush control was unacceptable, except for 
marginal control with 2,4-D (Table 2). The combination of 
2,4-D plus atrazine resulted in significantly (p=O.Ol) less 
control than 2,4-D alone. The combination of nitrogen with 
2,4-D did not significantly affect control. Control of horsebrush 
with picloram was satisfactory during the course of the experi- 
ment, except in 1972. 

Table 2. Shrub control (%) with herbicides and nitrogen (N) alone and in combination. All dates and locations averaged together with the exception of 
1972 at the Horsebrush Exclosure, where shrub control was variable.’ 

Mean of 3 years and 5 locations2 1972 Horsebrush exclosure3 

Treatment Rabbitbrush Horsebrush Big Sagebrush Rabbitbrush Horsebrush 

Control 0 0 0 oc Od 
Atrazine 59 6 18 64b 4d 
Atrazine + 2,4-D 96 98 100 92a 41 c 
Atrazine + picloram 93a 49 bc 
Atrazine + 2,4-D + N 98 94 100 1OOa 59b 
2,4-D + N 94 90 98 80a 75 a 
2,4-D 96 94 100 1OOa 84a 
Picloram 98 95 96 86a 4oc 

’ Means for Horsebrush Exclosure followed by same letter are not significantly different at the 0.05 level of probability as determined by Duncan’s multiple range test. Species compared 
individually. 

’ Not all locations compared each year and not all species present at each location. 
“No big sagebrush plants were present in the Horsebrush Exclosure. 
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Table 3. Control (%) of rabbitbrush and big sagebrush with 3.36 kg/ha of 
2,4-D applied alone and with 1.12 kg/ha of atrazine in different timing of 
application combinations. 

Treatment Date of application Rabbitbrush Big sagebrush 

2,4-D and May 1971 100 100 
Atrazine October 197 1 

2,4-D and Simultaneous (May 87 86 
Atrazine 1971) 

Atrazine and October 197 1 96 100 
2,4-D May 1972 

2,4-D May 1972 98 100 

Herbaceous Control 
In the fallow year of all the atrazine treatments, the plots were 

virtually free of downy brome or Sandberg bluegrass. Only 
under the dense shrub canopies did occasional downy brome 
plants escape the herbicide. 

Even the treatment where 2,4-D and atrazine were applied 
together gave satisfactory herbaceous weed control. The 
atrazine had to lie on the shrub canopies and on the soil surface 
horn June until October without precipitation to move it into the 
soil. 

The pertinent measure of herbaceous weed control is how 
much competition results from the treatment in the seedling year 
of the wheatgrass or in the season after the fallow. This 
competition can be from downy brome or from an alternate flora 
of broadleaf species, with tumble mustard (Sisymbrium &is- 
simum) being the most common species. 

In the seedling year, downy brome was eliminated or nearly 
so between shrub canopies by all atrazine treatments, alone or in 
combination with 2,4-D or picloram (Table 4). Downy brome 
was only partially controlled under the canopies of the shrubs by 
the atrazine treatments and enough plants remained, as we shall 
present later, to reduce establishment of wheatgrass seedlings. 
Atrazine treatments controlled downy brome under shrub 
canopies even less when nitrogen was included in the system. 
Between shrubs, added nitrogen had no adverse effect on 
control of downy brome. 

The major reason that the atrazine-fallow technique works in 
a pure downy brome stand is that all herbaceous litter disappears 
during the fallow season. This decreases the number of cary- 
opses (seeds) of downy brome and also puts the seedbed (bare 
soil surface) outside the germination potential of downy brome 

Table 4. Herbage yield (kg/ha) of downy brome and broadleaf weed 
species in relation to weed control treatments under and beneath shrubs 
in the wheatgrass seedling year in a rabbitbrush/downy brome com- 
munity.’ 

Location of treatment 

Undershrubs Between shrubs 

Treatment 
Downy Broad- 
brome leaf 

Downy 
brome 

Broad- 
leaf 

Control 
Atrazine 
Atrazine + 2,4-D 
Atrazine + piclorarn 
Atrazine + 2,4-D + N 
2,4-D + N 
2,4-D 
Picloram 

340a 40 
90b 110 
80b 80 

IlOb 0 
420 a 80 
410a 90 
470 a 60 
390a 0 

90 20b 
0 310a 
0 240 a 

10 lob 
20 370 a 

140 60b 
110 40b 
60 Ob 

’ Means followed by the same letter are not significantly different at the 0.01 level of 
probability as determined by Duncan’s multiple range test. Columns are compared inde- 
pendently. Columns without letters have no significantly different means. 

in terms of temperature and moisture and, therefore, effective 
weed control is attained the seedling year of the perennial 
grasses (Evans and Young 1970, 1972). There are large 
accumulations of litter under shrubs that contain many viable 
downy brome seeds (Young and Evans 1975). This litter was 
not entirely lost during the fallow period in this study and, 
consequently, downy brome was able to establish and compete 
with wheatgrass in its seedling year. Subcanopy litter with its 
favorable microenvironment and its reservoir of downy brome 
seeds is the major stumbling block in integrating brush and 
herbaceous weed control methods in these communities. 

When the downy brome population was reduced by atrazine 
treatment, a broadleaf weed infestation usually filled the eco- 
logic void (Table 4). This was especially evident in the area 
between shrub canopies because of the more complete control of 
downy brome. The amount and species composition of this 

rr=placement vegetation were variable among years and plant 
communities. Tumble mustard was very abundant on atrazine- 
fallow plots in the rabbitbrush/downy brome community in the 
1972 seedling year (Table 4), but was almost absent from the 
same treatments repeated in the community in 1973 (data not 
shown). 

Sufficient picloram herbicidal activity carried over in the 
litter and soil to reduce or eliminate tumble mustard in the 
seedling year on plots where this herbicide was used for brush 
control (Table 4). 

Seedling Establishment 

Stand Density 
No herbicide treatment markedly enhanced the establishment 

of stands of either intermediate or crested wheatgrass (Table 5). 
If we consider three seedlings per meter of row to be an 
acceptable density for this environment, the control plots 
contained adequate wheatgrass plants in five out of seven trials. 

Table 5. Seedlings per m of row of intermediate and crested wheatgrasses 
in relation to weed control treatments.’ 

Treatment 
Intermediate 
wheatgrass 

Crested 
wheatgrass 

Control 4.8 5.0 
Atrazine 6.6 5.0 
Atrazine + 2,4-D 8.8 6.5 
Atrazine + picloram 8.1 5.0 
Atrazine + 2,4-D + N 8.0 6.5 
2,4-D + N 4.6 4.8 
2,4-D 7.0 7.5 
Picloram 5.8 5.8 

I Seedling numbers expressed as means among various trials in years of study. No 
statistically significant differences were found among means of different treatments. 

Virtually all wheatgrass seedlings were established in the 
interspaces between shrubs and none under the shrub canopies. 
This probably was jointly caused by competition from downy 
brome and failure of the furrow-opener on the rangeland drill to 
penetrate the woody canopy and litter and, therefore, to provide 
an adequate furrow in seeding of perennial grasses. The 
favorable microenvironment created by furrowing is an impor- 
tant part of seedling establishment in this environment (Evans et 
al. 1970). 

Seedling Vigor 
Although stand density was not enhanced by herbicide treat- 

ment, seedling vigor, as indicated by height of plants at the end 
of the first growing season, was greatly affected (Table 6). 

JOURNAL OF RANGE MANAGEMENT 30(5), September 1977 333 



Heights of perennial grass seedlings were three and one-half 
times as great on 2,4-D/atrazine-fallow plots where both brush 
and downy brome had been controlled as they were on check 
plots. 

In general, taller and more vigorous seedlings were found on 
plots with brush and downy brome control (2.4.D/atrazine- 
fallow), the next on atrazine-fallow plots with usually only 
numeric difference between these two treatments, and the third 
on plots with brush control but no downy brome control. The 
latter group were no different than seedlings on check plots. 
Overall, the influence of added nitrogen was negligible on 
height and vigor of seedlings. 

Second Year Yield 
The influence of herbicide treatments on seedling vigor was 

also measured on plots where we obtained second-year yields of 
the perennial grasses (Table 7). The atrarine-fallow plots 
always had significantly higher yields than the control. As was 
hue for seedling vigor, a trend existed for greater yields on plots 
where brush and downy brome were both controlled (2,4-D/ 
atrazine-fallow). Differences were only numerical and not 
statistical between yields on these plots and on the atrazine- 
fallow plots. Added nitrogen reduced second-year yields of 
perennial grasses on atraxine-fallow plots in the rabbitbrush/ 
downy brome community. In other trials, yields were not 
affected by nitrogen. 

Alternate Flora Interactions 
We controlled tumble mustard competition the seedling year 



JUNE JULY 

APR MAY JUNE JULY AUG 

B/L LEpra 
----- TScm 

---- IS cm 
. . . . . . . . . - Jocn, 

0 
J 

MAR APR MAY JUNE JULY AUG 

Fig. 2. Soil-moisture depletion at various depths in the profile during the 
growing period and in relation to treatment in the fallow year: (top) depletion 
without weed control (check); (middle) with brush control by spraying 2,4-D; 
and (bottom) with brush control plus atrazine fallow for downy brome 
control. 

Similar trends were apparent in all plots and in all years of the 
study. 

Seedling Year 

on one-half of each plot in the rabbitbrush/downy brome 
community with an application of 0.56 kg/ha of 2,4-D in 1972. 
Control of tumble mustard in this manner did not markedly 
influence seedling establishment even though there were high 
weed infestations, especially on the atrazine-fallow plots. 
However, herbage yield of perennial grasses that had been 
established with atrazine fallow alone and combined with 2,4-D 
brush spraying, was increased three times by the end of the 
second year (1973) when mustard was controlled the seedling 

The year after chemical control, when seedlings of perennial 

grasses were growing, soil moisture depletion was delayed until 

the end of the growing season on 2,4-D/atrazine-fallow plots at 
30 cm and deeper (Fig. 3). No depletion occurred at the 112 cm 
depth. Recharge from rains during the growing season was more 

effective (in terms of available water) at the shallow depths on 

these plots compared to that on check plots. With brush control 
from 2,4-D, water depletion beyond the available range (- 15 
bars) did not occur at 60 cm or deeper. At shallower depths, 
depletion was similar to that on check plots. 

With no weed control, available water was depleted to 30 cm 
in June, 60 cm in July, and from the entire profile by August. 
There was some temporary recharge of shallow depths by rains 
in July. 

Control of downy brome was strikingly reflected by soil- 
moisture retention at all but the shallowest depths in both the 
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Table 8. Cover of tumble mustard during the seedling year and sub- 
sequent yield (kg/ha) of intermediate wheatgrass in relation to original 
treatment and with and without mustard control in the seedling year with 
0.56 kg/ha of 2,4-D.’ 

Intermediate wheatgrass yield 
1973 (kg/ha/m of row) 

Tumble mustard Tumble mustard 
Treatment cover 1972 (%) control No control 

Control 9b 50d 5oc 
Atrazine 53 a 390 a l20bc 
Atrazine + 2,4-D 43 a 480 a 170b 
Atrazine + picloram 4c 390a 410a 
Atrazine + 2,4-D + N 32ab 140cd IOObc 
2,4-D + N 13b 19Oc 14Obc 
2,4-D 14 b 120cd 15Obc 
Picloram IC 290b 310a 

’ Means followed by same letter are not significantly different at 0.05 level of probability 
as determined by Duncan’s multiple range test. Each column compared separately. 

year (1972) with 2,4-D (Table 8). Picloram used for brush 
control the previous year controlled tumble mustard in the 
seedling year on the picloram/atrazine-fallow plots, so no 
decrease resulted in yield of perennial grasses in the unsprayed 
portion of the plots. Added nitrogen resulted in decreased yield 
on 2,4-D/atrazine-fallow plots when mustard was controlled in 
the seedling year. Without mustard control, yields on these plots 
were low regardless of nitrogen application. 

Shrub Transplants 
Cliffrose transplants that were planted in the 2,4-D/atrazine- 

fallow plots at Granite Peak all survived and were l-m high and 

flowering by 1975 (Fig. 1). The transplants in the check plots all 
died. 

Available Soil Moisture 
Fallow Year 

With complete vegetation control in the fallow year from the 
2,4-D/atrazine-fallow treatment, soil moisture was depleted 
Tom only the surface layer (O-7.5 cm), or not at all, during the 
growing season. In one instance, soil-moisture depletion 
occurred to 15 cm in late summer (Fig. 2). In contrast, with no 
weed control available, water was depleted from the soil to 30 
cm in May, 60 cm in June, and to 112 cm (complete profile) by 
August. With brush control by 2,4-D, depletion was slowed at 
60 cm, and water remained available through the growing 
season at 112 cm. At shallower depths, recharge of the profile 
by rain was more apparent with brush control than without. 
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Fig. 3. Soil-moisture depletion at various depths in the profile during the 
growing period and in relation to treatment in the seedling year of perennial 
grasses.. (top) depletion without weed control (check); (middle) with brush 
control by-spraying 2,4-D; and (bottom) with brush control plus atrazine 
fallow for downy brome control. 

fallow and seedling years. Soil moisture depletion was curtailed 
by brush control only at the deeper depths (60 cm and deeper) in 
both of these years. 

Discussion 
Based on the results of this investigation, chemical weed 

control systems are a viable alternative to rangeland plowing for 

conversion of degraded downy brome-infested big sagebrush 

areas to stable perennial grass-dominated communities. Also, 
when a converted area is to be used as wildlife habitat as well as 
for cattle production, the possibility exists of transplanting 
browse shrubs by use of this technique. 

The basic problem of the integrated shrub-herbaceous weed 
control technique is the accumulation of litter and seed reserves 
under the shrub canopies. Plant litter on the sdil surface 
moderates the microenvironment to the extent that downy 
brome seeds can germinate and plants can become established. 
Seed reserves under shrubs provide ample opportunity for 
continued dominance of downy brome in these restricted areas. 
Enhancement of germination of downy brome seeds during the 
fallow period is one possibility of solving this problem (Evans 
and Young 1975). By use of the enhancement technique, all or 
most all of the seeds would be induced to germinate at the time 
of atrazine activity in the soil and would thus be killed. 

Despite the difficulties from downy brome competition 
beneath shrub canopies, enough seedlings were established in 
the interspaces to provide full stands of perennial grasses with 
2,4-D/atrazine-fallow technique. Differences in stand establish- 
ment between control and treated plots in these studies were not 
great, but in less favorable years, virtually no perennial grasses 
would be established in these communities without weed 
control (Evans et al. 1970). Increased plant vigor and yield of 
perennial grasses with weed control are indicative of the severe 
competition of downy brome and other annual weeds. Added 
nitrogen tended to increase this competition and negated the 
effects of weed control treatment in one trial. In the other trials, 
the effect of added nitrogen was negligible. Making soil 
moisture available over a longer period during the growing 
season was the primary factor enabling perennial grass seedlings 
to become established when downy brome and big sagebrush 
were controlled. Transplants of the browse shrub species, 
cliffrose, were also exceedingly sensitive to competition for 
moisture by downy brome and big sagebrush and became 
established only when the latter were controlled. 
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Controlling Prairie Threeawn (Aristida o/b 

gantha Michx.) in Central and Eastern Kansas 

with Fall Burning 

CLENTON E. OWENSBY AND JOHN L. LAUNCHBAUGH 

Highlight: Prairie threeawn, an annual, weedy grass of little or 
no grazing value, was controlled effectively by fall burning. 
Burning on dates later than early December gave no control. 
Mowing and raking gave some control, so mulch removal ap- 
peared to be the primary causal factor in control. Seeding native 
grasses on abandoned fields infested with prairie threeawn after 
6~11 burning gave excellent 
reduced the stands. 

stands, but subsequent winter heaving 

Prairie threeawn (Aristidu oligantha Michx.) occurs through- 
out the eastern half of the United States and is a pioneer in 
secondary succession in the east-central and southeastern Great 
Plains. It dominates the annual weed stage for 30 years or more 
(Booth 1941; Rice 197 1). Prairie threeawn is a warm-season 
annual, 8-12 inches tall, with a broad base panicle containing 
florets with a three-awned lemma. The awns are hygroscopic 
and aid in planting the seed in the fall, soon after they detach 
from the glumes. Seed dispersal is by wind and attachment to 
animals by a retrorsely-barbed, sharp callus. 

Since prairie threeawn has little or no grazing value for 
domestic livestock, its persistence is a major deterrent to 
abandoned fields’ returning to maximum livestock production. 
Some central Kansas areas that were heavily grazed, and then 
lightly grazed, are dominated by prairie threeawn, a condition 
that persists indefinitely even with proper use. Native hay 
meadows are also problem areas. They have been invaded 
insidiously over several years by prairie threeawn until large 
areas are not harvestable. In eastern Kansas, prairie threeawn 
infestations are primarily in hay meadows and abandoned fields 
(go-back), while in central Kansas grazed pastures also are 
infested. 

We studied burning for control of prairie threeawn in grazed 
pastures and abandoned fields, and seeded native grasses on a 
fall-burned, abandoned field site. 

Materials and Methods 

Prairie threeawn control was investigated on three study sites: (1) 
Kobbeman, (2) Deweese, and (3) Stover. 

Kobbeman Site 
The study area is in the Kansas Dakota Sandstone region 12 miles 

southwest of Lincoln, Kans. The pristine vegetation in the region was 
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versity, Manhattan 66506; and research range scientist, Fort Hays Branch Experiment 
Station, Hays 67601. 
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66506, Hays 6760 I. 
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dominated by big bluestem (Andropogon gerurdi Vitman), little 
bluestem (A. scoparius Michx.), and sideoats grama [Bouteloua 
curtipendulu (Michx.) Torr.]. Present vegetation in the area was 
Qminated by prairie threeawn, buffalograss [Buchlol; ductyloides 
(Nutt.) Engelm.], blue grama [Boutefouu grucilis (H.B.K.) Lag. ex 
Steud.], western ragweed (Ambrosia psilostuchyu DC.), and Japanese 
brome (Bromus juponicus L.). 

Trial I 
Fall burning (November 1, 197 l), spring burning (April 26, 1972), 

and no burning were compared on 6 x 20-ft plots replicated four times 
in a randomized complete block design. Composition percentage by 
weight of the total herbage production was estimated over the entire 
plot for prairie threeawn, other grasses, and western ragweed. 

Trial 2 
A 140-acre hay meadow, with more than half the acreage heavily 

infested with annual threeawn, was broadcast burned in mid Novem- 
her, 1972. 

Trial 3 
Plots were treated in consecutive years (November 30, 1973 and 

November 12, 1974). Burning with a headfire (with the wind) and a 
backfire (against the wind), mowing and raking, and no burning were 
compared on 10 x 20-ft plots, replicated four times in a randomized 
complete block design. Prairie threeawn seedlings were counted July 
1, 1974, and August 20, 1975, in eight, 2 x 12-inch subplots per main 
plot. Japanese brome seedlings were counted July 1, 1974. Herbage 
was harvested to ground level October 17, 1974, and percentage 
composition by weight was estimated for prairie threeawn, weeds, and 
other grasses. 

Deweese Site 
The study area is in the Kansas Flint Hills region 3 miles northeast of 

Leonardville, Kans. Pristine vegetation in the region was dominated 
by big bluestem, Indiangrass [Sorghustrum nutuns (L.) Nash], and 
little bluestem. The area studied was an abandoned, eroded field with 
14 to 16 inches of soil loss exposing the clayey B horizon. Present 
vegetation in the study area was primarily prairie threeawn, with 
scattered patches of buffalograss. 

Fall burning and no burning were studied with eight plots burned 
November 10, 1972, and again November 1, 1973, and eight plots 
with no burning in a completely random design. Another set of 16 
plots adjacent to and similar in design was burned November 1, 1973, 
and eight plots were left unburned. April 20, 1974, four burned and 
four unburned plots in the two sets of plots were seeded with a 
modified grass drill having spring-loaded press wheels. Big bluestem, 
Indiangrass, little bluestem, and switchgrass (Panicurn virgutum L.) 
were planted in two 20-ft rows per species per plot at 20 pure live seeds 
per linear foot of row. Seedlings of each species were counted in 6-ft 
segments of each planted row June 18, 1974. 
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Stover Site 
The study site is in the transitional area between True Prairie and 

Mixed Prairie 7 miles southeast of Bridgeport, Kans. Pristine vegeta- 
tion was dominated by big and little bluestem. The area studied was an 
abandoned field with only slight soil loss. Vegetation was primarily 
prairie threeawn and tall dropseed [Sporobofis asper (Michx.) Kunth]. 

Burning December 13, 1974, January 9, 1975, February 12, 1975, 
March 5, 1975, and no burning were compared on 15 x 15-ft plots 
replicated three times in randomized complete block design. Prairie 
threeawn seedlings were counted August 4, 1975, in four 2 X 5-inch 
subplots per main plot. 

Plant census was estimated from 50 random points per plot wth a 
modified step-point sampler (Owensby 1973). The data were sub- 
jected to analysis of variance and least significant differences (LSD) 
determined. 

Results and Discussion 

Kobbeman Site 

Trial I 
Estimates of relative herbage production in the stands indi- 

cated that fall burning significantly reduced prairie threeawn 
compared with no burning or spring burning (Table 1). Perenni- 
al grass production made up a greater percentage of the total on 
the fall-burned plots than on the spring-burned or unburned 
ones. Western ragweed percentages of the total were similar for 
all three treatments. 

Table 1. Percentages of total berbage production in fall, 1972, with no 
burning, fall burning, and spring burning. 

Unburned 
Spring l 
Pall* 
LSD.05 

Annual threeawn Perennial grasses Western ragweed 

- 73.7 21.2 5.0 
84.0 14.0 2.0 
13.7 75.8 7.0 
21.6 18.2 NS 

’ Burned 4-21-72. 
‘L Burned 1 l-8-7 1. 

Trial 2 
Information from Trial 1 at the Kobbeman site suggested that 

we bum (in early fall) a native hay meadow more than half 
heavily infested with prairie threeawn. Control was excellent; 
all the hay meadow was harvestable the next season. Where the 
mulch had not been consumed by the fire, prairie threeawn 
persisted. Trial 3 was designed to test the hypothesis that 
removing mulch was the key to control. 

Trial 3 
Headfire, backfire, and mow-and-rake plots had similar 

numbers of prairie threeawn seedlings in 1974 and 1975 after 
treatment the previous fall, but no-treatment plots had signifi- 
cantly more threeawn than previously (Table 2). Apparently, 
mulch removal was the key to prairie threeawn control. 

Japanese brome was reduced more on burned plots than on 
the unburned (P< .05). Burned plots averaged 8.6 seedlings/ft2 
and unburned ones, 65.5. Burning in November occurred after 

Table 2. Prairie threeawn seedlings (no./fV) July 1,1974, and August 20, 
1975, for indicated treatments. Burn and mow-rake treatments were 
applied on November 30, 1972, and November 12, 1974. 

Treatment 

Mow-and- No 
Seedlings Headfire Backfire rake treatment 

LSD 

.05 .lO 

1974 18.7 21.7 14.2 41.2 18.0 14.5 
1975 0.6 4.2 6.5 17.2 13.2 10.9 

the Japanese brome had emerged and was susceptible to injury. 
Total herbage production was greater on the no-treatment 

plots than on backfire or mow-and-rake ones, but not greater 
than that on headfire plots (Table 3), even though total herbage 
did not differ statistically among headfire, backfire, and mow- 
and-rake plots. Perennial grass yields were similar for the 
headfire, backfire, and mow-and-rake treatments. Both burning 
treatments increased perennial grass production over that from 
no-treatment plots, but the perennial grass production on 
mow-and-rake plots did not differ statistically from the no- 
treatment plots. Prairie threeawn production was similar from 
headfire, backfire, and mow-and-rake plots. Both burning 
treatments reduced prairie threeawn. Statistically, mow-and- 
rake plots did not differ in threeawn production from either the 
burned plots or the no-treatment plots. Weed yields were 
comparable for all treatments. 

Table 3. Herbage production (lb D.M./acre) for indicated yield compo- 
nents and treatments. Burn and mow-rake treatments were applied 
November 30, 1973, and harvested Octoberl7, 1974. 

Treatment 

Mow-and- No LSD 

Yield comnonent Headfire Backfire rake treatment .05 .I0 

Ftxennial grass 1738 1586 1309 932 700 567 
Prairie threeawn 78 443 689 1492 990 803 
Weeds 778 257 298 684 NS NS 
Total 2594 2332 2296 3108 803 650 

Apparently, removing mulch was a major factor in con- 
trolling prairie threeawn. Headfire and backfire produced al- 
most twice as much useable forage as no treatment did. 

Stover Site 
Plots burned in early December had fewer prairie threeawn 

seedlings than plots not burned or burned in January, February, 
or March (Table 4). Burning in early February increased numbers 
of threeawn seedlings above those of plots not burned. Burning 
later than early December either failed to control prairie 
threeawn or increased number of seedlings. Reducing prairie 
threeawn seedlings with a December bum resulted in tall drop- 
seed and perennial forbs asserting themselves (Table 5). 

Table 4. Threeawn seedling densities (no./ft2) for indicated burning dates 
at the Stover site August 4, 1975. 

Bum date 
No Dec. 13 Jan. 9 Feb. 12 Mar. 5 LSD 

treatment 1974 1975 1975 1975 .05 . 10 

Threeawri 
seedlings 99.1 31.6 129.4 156.2 121.1 55.1 43.4 

Table 5. Composition percentages of basal cover for indicated species 
after indicated burning dates at the Stover site August 4, 1975. 

Bum date 

Species 
No Dec. 13 Jan.9 Feb. 12 Mar.5 LSD 

treatment 1974 1975 1975 1975 .05 

Tall dropseed 6.7 28.3 10.0 10.0 10.0 10.2 
Other perennial 

grasses 10.0 8.3 11.7 1.7 1.7 NS 
Prairie threeawn 65.0 28.3 61.7 68.3 70.0 29.0 
Perennial forbs 11.7 26.7 11.6 11.6 11.6 10.4 
Annual forbs 3.3 6.7 1.7 3.3 5.0 NS 
Sedges 1.7 1.7 - 3.3 - NS 
Other species 1.6 - - - - NS 
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Table 6. Seedling establishment (no./ft2) of native species seeded on an 
abandoned field dominated by prairie threeawn afier fall burning 1 and 
2 years. 

Treatment 

Burned 1 year 
Burned 
Unburned 

Burned 2 years 
Burned 
Unburned 

LSD.,)5 = 1.52 

Big Little 
bluestem bluestem Indiangrass Switchgrass 

4.00 4.65 6.38 1.29 
0.83 0.77 1.31 0.44 

2.83 3.04 4.60 1.17 
0.27 0.31 0.75 0.00 

Deweese Site 
Big bluestem, little bluestem, and Indiangrass seedling 

numbers were greater on fall-burned than on unburned plots 
(‘Table 6). Switchgrass establishment was similar on both 
burned and unburned plots, as was Indiangrass establishment. 
Indiangrass established better on burned plots than did big and 
little bluestem, which established better than switchgrass. 
Seedling establishment, regardless of species, was better on 
plots burned only 1 year than on plots burned 2 years. 

Prairie threeawn control was excellent on the fall-burned 
plots and there was little competition for seeded species. 
However, winter heaving on the heavy clay soil reduced stands 
considerably the winter after productive grasses were seeded. 
Switchgrass was least affected by heaving. A less severely 

eroded site with a lower clay 
so severely during winter. 

content probably would heave 

Conclusions 

1. Fall burning reduced prairie threeawn seedlings the next 
year. 

2. On areas with a residual stand of desirable native grasses 
reducing prairie threeawn by fall burning increased production 
by desirable plant species. 

3. Removing mulch seemed to be the key to controlling 
prairie threeawn. 

4. Burning later than early December did not control prairie 
threeawn. 

5. Seeding native species the spring after fall burning of 
abandoned fields infested with prairie threeawn produced satis- 
factory stands, but winter heaving adversely affected stand 
maintenance. 
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Range Rehabilitation Problems of the Step- 
pit Zone of Iran 
NASSER NEMATI 

Highlight: Difficulty in establishing vegetation on depleted and eroded lands in the 
Steppic Zone of Iran is the problem. This analysis of the range problems of Iran is 
intended to serve as a guideline for revegetation of the Steppic Zone of Iran. The 
Steppic Zone, which covers about 2/S of Iran, is an area of 106200 mm rainfall 
annually; temperature is highly variable and dependent on altitude and latitude. The 
Steppic Zone has been severely overgrazed and depleted since the dawn of history. 
The number of livestock grazed now exceeds the forage producing capacity of range- 
land by at least 5 times and damage to watersheds is severe. Because of low precipi- 
tation and dry hot summers (at higher elevations extremely cold winters) and 
commonly saline alkaline soils with low amounts of or lack of organic matter, natural 
revegetation is extremely slow and reseeding of grasses and legumes has not shown 
success. 

The main ecological factors acting 
on the vegetation of the Steppic Zone of 
Iran are climatic, edaphic, topographic, 
and biotic (Zohary 1963; Pabot 1967). 
Many features of the climate make 
plant growth difficult. Those go be- 
yond the low and variable precipita- 
tion, the intense solar radiation, high 
evaporation of summer, and the cold of 

The author is deputy director general of Range Man- 
agement Department of Iran. 
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winter. Over most of the zone, the rains 
are often violent and occur only at long 
intervals; for a given amount of annual 
precipitation, the number of rainy days 
is relatively small. Much of the water 
streams down the slopes and the local 
vegetation does not benefit from it. In 
the fall rainy season, there are often 
periods of several weeks without any 
precipitation, which may stop germi- 
nation process and kill most of the 
young seedlings. The violence of the 

1977 

rains is equally destructive to the sur- 
face structure of fine-textured soils. 
Clay crusts are formed, which impede 
the growth of young plants and increase 
evaporation. The efficiency of the rains 
on the plants does not depend only on 
their abundance and regularity, but also 
on the mean daily temperature. 

The bulk of Iran’s area is occupied 
by steppes and deserts that are charac- 
terized by dwarf shrubs or herbaceous 
formations, the density of which is 
largely dependent upon the amount of 
nunfall. 

Typical steppe soils are seirozems. 
They are mostly oropedic, shallow with 
a A-C profile, almost devoid of a 
humiferous layer, grey in color, and for 
the most part highly calcareous and free 
or almost free from injurious salts. 
They develop under arid conditions 
with rainfall not exceeding 250 mm 
with cool to cold winters and hot and 
dry summers. The soils may occur in a 
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variety of forms caused by topography 

and nature of parent rock (Zohary 1963; 
Pabot 1967; Shaidaee 1975). 

Rangelands of Iran have been grazed 
by livestock for many centuries. The 
domestication of sheep and goats and 
later cattle probably began here about 
8,000 years ago. There is convincing 
evidence that most of the mountain 
slopes and uplands were covered by 
trees, shrubs, and grasses as recently as 
the 16th Century (Shaidaee 1975; 
Niknam et al 1975). Overgrazing at that 
time probably did not occur over 
extensive areas, because frequent tribal 
raids and wars, as well as diseases, 
parasites, and natural catastrophes, 
held the populations of both man and 
animals in check. These checks on 
population became significantly less 
effective relatively recently, beginning 
perhaps less than 100 hears ago. 

Restoration of the vegetation under 
the extremely rigorous climatic con- 
ditions of the Steppic Zone is difficult. 
Success from revegetation tests is 
uncertain. FAO ( 1970) reported that 
seedling survival in the Steppic Zone 
was poor mainly due not only to 
drought, but also to fluctuating snow 
covers, soil crusting, and competition 
from weeds. In milder climate winter 
losses were small and weeds were no 
problem, but in the long, hot, droughty 
summers seedling losses for most 
species were high. Transplanting has 
been successful for most shrubs in this 
zone. 

This paper evaluates the problems of 
rehabilitation of the Steppic Zone in 
Iran by (a) summarizing some eco- 
logical factors affecting vegetation 
growth and (b) recommending suitable 
techniques. 

Physiography 

The Steppic Zone surrounds the Sub- 
desertic Zone and reaches into the east 
and south of Khorrasan province, into 
the southwest half of the Khuzistan 
province, and into the north of the 
Baluchi Zone. It covers approximately 
two-fifths of Iran (Fig. 1). The cities of 
Tehran, Ghom, Esfahan, Shahrud, 
Sabzevar, Birjand, Zahedan, Kerman 
jiroft, Lar, Ahwaz, and Abadan are in 
this zone. The zone can be divided into 
subzones on the basis of winter temper- 
atures as follows: 

1) Warm Steppic Zone (Kuzistan, 
the southeast of Fars province; low- 
lying regions between the Baluchi Zone 
and the Central Desert), with mean 
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Fig. 1. Map of Iran showing the Steppic Zone. 

January temperatures generally above 
10°C. 

2) Mild Steppic Zone (Khom, 
Kerman, Zahedan, Birjand) with Janu- 
ary means of about 5 to 8°C. 

3) Cold Steppic Zone (Tehran, 
Esfahan, Sabzewar, and the mountain- 
ous regions of the center and southeast) 
with January temperatures of less than 
4°C. 

Climate 

In general the climate of the Steppic 
Zone is continental, temperate, and 
arid. Because most of the precipitation 
occurs in winter (Table I), the climate 
is considered Mediterranean. Precipi- 
tation ranges from 100 mm in the south 
to 200 mm in the north. In most parts of 
the Zone winters are cool, summers are 
hot, atmospheric humidity is low, and 
evaporation is high (Tables 2 and 3). In 
the colder parts of the Steppic Zone, 
summer temperatures are high but 
winters are cold with good snow cover 
at the higher elevations. High intensity 

winds are frequent, especially during 
the spring and autumn. These factors 
combined to make a difficult environ- 
ment for plant growth. These growing 
conditions prevent establishment of 
seedlings and young plants, and thus 
complicate the task of rehabilitating 
depleted rangelands by either natural 
recovery or artificial means. 

Details of the local climate in the 
Steppic Zone vary widely because of 
the differences in elevation, latitude, 
and local relief. The main features that 
make plant growth difficult are low and 
variable precipitation, intense solar 
radiation, and high evaporation during 
summer, and cold winters. Much of the 
limited precipitation falls in light 
showers that are not effective for plant 
growth, or, conversely, in high intensi- 
ty storms that are lost by run-off from 
the poorly vegetated slopes. High 
winds of several days’ duration are 
common. In winter, these blow snow 
into drifts and leave areas with thin 
vegetative cover bare, exposing the 

Table 1. Altitude and mean precipitation (mm) for main cities of the Steppic Zone. 

and 
altitude Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Year 

22 13 15 16 5 - - - - - 22 34 127 
41 22 32 14 6-__- 2 27 45 189 
41 25 29 36 14 - - - - - 9 15 169 
17 11 17 19 9 1 2 - - 2 13 19 110 
22 11 20 25 10 1 1 - - 7 16 19 132 
41 16 12 7 1 1 1 2 - - 4 15 100 
30 27 38 21 13 1 3 - 1 2 9 23 168 
23 18 29 24 19 4 - 1 - 4 13 17 153 
20 15 26 20 11 3 - 1 - 2 8 12 118 
15 13 26 21 17 4 2 1 3 7 9 9 127 
36 20 19 15 7 - - - - 1 7 23 128 

Abadan (3 m) 
Ahwaz (20 m) 
Birjand ( 1455 m) 
Esfahan (1590 m) 
Ghom (928 m) 
kmshahr (566 m) 
Kerman (1749 m) 
Sabzevar (940 m) 
Semnan 1200 m) 
Shahrud (1370 m) 
Zahedan (1370 m) 
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Table 2. Mean temperature (“C) for main cities of the Steppic Zone. 

Station Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Year 

Abadan 12.6 15.3 19.2 24.4 30.2 35.0 34.1 35.9 32.0 26.6 19.2 13.7 25.0 
Ahwaz 12.3 14.9 18.9 24.1 30.2 34.6 36.6 35.8 31.7 26.6 19.3 13.4 24.9 
Birjand 5.0 7.6 12.6 17.1 22.0 26.3 28.4 26.6 22.8 17.3 10.1 6.0 16.8 
Esfahan 3.3 6.2 10.5 15.0 20.3 25.5 28.1 26.5 22.7 16.2 9.4 4.3 15.7 
Ghom 5.0 8.3 12.4 17.5 23.7 28.2 30.9 29.5 25.4 19.1 11.1 6.1 18.1 
Jranshahr 16.5 19.0 22.6 26.1 32.0 35.5 37.0 36.0 33.3 29.0 23.2 17.9 27.3 
Kerman 4.8 7.9 11.8 16.2 20.6 25.3 26.6 25.0 21.6 15.8 9.8 5.8 15.9 
Sabzevar 3.0 6.6 10.8 16.5 22.2 26.7 29.9 27.3 23.6 18.9 9.0 4.3 16.4 
Semnan 3.5 6.6 10.3 16.0 22.4 27.0 30.5 29.5 25.5 19.4 11.2 5.2 17.3 
Shahrud 1.5 4.7 8.5 14.3 19.8 23.5 26.2 25.0 21.2 15.3 8.5 3.4 14.3 
Zahedan 7.0 11.0 15.5 19.5 24.1 26.8 28.2 26.2 22.4 17.1 12.1 8.4 18.2 

Table 3. Mean percent relative humidity of main cities of the Steppic Zone. 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Year __._ 
Abadan 69 60 50 47 36 24 32 31 34 43 57 65 45.6 
Ahwaz 71 63 54 50 37 29 35 35 37 46 57 68 48.6 
Birjand 57 49 45 42 31 24 24 26 27 30 44 54 37.7 
E%fahan 6 5 1 43 39 31 24 23 25 24 30 47 57 37.9 
Ghom 64 56 47 45 35 32 31 3 1 32 40 52 62 44.0 
Iranshahr 60 45 34 70 24 30 36 31 26 32 40 35 36.7 
Kerrnan 52 46 37 36 26 18 18 18 21 27 41 46 32.0 
Sabzevar 67 58 52 46 35 27 26 25 27 34 50 63 42.8 
!ku-ran 66 55 44 42 35 29 28 29 31 34 46 60 41.7 
Shahrud 66 59 54 49 42 38 37 37 43 51 58 63 49.4 
Zahedan 55 40 36 34 26 18 17 18 21 26 39 48 31.5 

Table 4. Chemical and textural analyses of soils from Ali-Reza Range. 

Sample 

1 

2 

3 

4 

5 

Depth 
(cm) 

5 
20 
40 

5 
20 
40 

5 
20 
40 

5 
20 
40 

5 
20 
40 

PJ-J 

7.8 
7.9 
7.8 

7.8 
7.8 
7.7 

7.8 
7.6 
7.6 

8.0 
8.5 
8.4 

7.8 
7.1 
7.9 

T.N.V.’ p (avg) K tavg) Clay Silt Sand 
(%J (PPm) (PPmJ (%J (%J (%) 

6.5 3.5 400 9 19 72 
15.0 1.0 330 8 10 72 
7.2 Trace2 150 8 10 82 

11.7 3.5 330 8 26 66 
25.0 1.0 280 16 26 58 
26.0 Trace 150 19 18 63 

19.0 3.0 280 7 27 66 
22.5 Trace 150 10 16 74 
18.5 Trace 50 16 11 73 

21.0 Trace 220 27 34 39 
15.0 Trace 110 18 34 48 
18.5 Trace 120 26 42 32 

14.0 3.0 390 28 20 59 
14.5 Trace 130 17 4 79 
13.0 Trace 170 17 5 28 

’ T.N.V. = Total Neutralizing Value (Ca CO:r). 
’ Trace = less than 0.5. 

ground surface to cold and robbing it of 
moisture. Temperature changes are 
frequently sudden. In the winter and 
spring, a series of warm days that 
induce germination and growth may be 
followed by freezing temperatures that 
kill the seedlings. The spring growing 
period is short. When moisture is 
available, temperatures generally are 
too low for plant development; and 
when temperatures raise, the soil dries 
rapidly. This makes it difficult for 
seedlings to become established and is 
the main factor limiting the growth of 
annuals. 

Soils 
The nature of the soils also creates 

problems. Erosion is incredibly preva- 
lent and severe. Soils generally are 
extremely low in organic matter and 
have poor structure. Chemical and 
textural analysis of soils from the 
Ali-Reza Range, which is located 70 km 
south of Tehran, is reported in Table 4. 
Most of the desert soils in need of 
revegetation are heavy textured, and 
emergence of seedings is hampered. 
Soils with high calcium carbonate and 
low organic matter content are preva- 
lent. Vesicular soils develop a heavy 
surface crust underlain with a 3- to 
5-cm layer of vesicles or granules that 
dry rapidly. Germinating seedlings 
have little chance of emergence under 
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these conditions and they soon perish of 
desiccation. Vesicular soils frequently 
develop on areas that have been 
cultivated and then left idle wth a scant 
vegetation cover. Under these con- 
ditions, the little organic matter present 
is rapidly destroyed. These are the 
situations most in need of rehabilita- 
tion, but they present a most difficult 
problem of establishment. 

Vegetation 

In arid sections of the Steppic Zone 
of Iran, wherever human influence is 
minimal, natural pastures are essential- 
ly composed of strongly rooted peren- 
nial grasses and woody or shrub-like 
species which form the solid basis of 
the vegetation, determine the micro- 
climate, and play an important role in 
the formation of the soils. 

Included with the valuable bunch- 
grasses and shrubs are annual and 
perennial legumes and forbs of undeter- 
mined quality. Individual species of the 
latter group may be unpalatable or even 
toxic. However, these unpalatable 
species are nevertheless a part of the 
biological complex of the matured 
langeland, and there is no reason to 
destroy them insofar as they do not tend 
to eliminate the good species. 

When the natural rangelands have 
not been impoverished by human 
exploitation, they possess a rich flora as 
well as an abundant and varied forage 
resource (Fig. 2). However, the peren- 
nial forage grasses and legumes have 
often disappeared over vast tracts of 
land centuries ago; the same can be 
frequently said for the combustible 
ligneous species. The remaining vege- 
tation thus consists of uninteresting 
species and those which can best 
survive due to their particular life forms 
(Fig. 3). Among the types of natual 
rangelands which have not been too 
depleted are those dominated by the 
following species: Aristida plumosa, 
Artemisia herba alba, Pennisetum di- 
chotomum, Aleuropus littoralis, Stipa 
barbata, Bromus tomentellus, Festuca 
ovina, Agropyron touri, Hordeum 
j-agile, and Bromus persicus. 

These types of rangelands almost 
always contain a certain proportion of 
spring species (herbaceous or woody). 
In reality, they are generally to be 
found only in a relic state in narrowly 
confined localities. 

Grazing Use 
Actually, most of Iran is grazed by 

domestic livestock at one time or 



another. The only exceptions are ex- 
tremely steep and rocky areas and 
completely barren salt flats, sand 
dunes, and deserts. Much of the grazed 
areas, however, produce little forage 
and should not be considered as true 
rangeland. It has been reported that 
88% of the total requirements of all of 
the country’s livestock is provided by 
natural forage (Shaidaee 1975). 

The distribution of the range forage 
types, their actual production com- 
pired with potential, the grazing use 
they receive, and whether they are 
deteriorating or improving in produc- 
tivity can be described only in the 
hoadest tams. Pabot (1967) reported 
that at the present time, practically all 
the ranges of Iran are overgrazed and 
because of overgrazing, the carrying 
capacity of much of the ranges varies 
fi-om 50 to 100 ha per animal unit. 

In addition to extensive livestock 
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numbers and overgrazing, the ranges 
have suffered from destructive man- 
agement practices. Most ranges are 
gazed too early in the spring before the 
forage plants have had achance to build 
up food reserve or the soil has become 
firm enough to maintain its structure 
under the effects of trampling. Many 
ranges are grazed at the wrong season. 

Seeding Problems 
Two zones play an important role in 

Foviding forage for Iran’s range live- 
sock. These two zones (Steppic and 
Substeppic) together cover more than 
half of the country and they receive 
enough rainfall to support a fairly dense 
and productive cover of good forage 
plants if properly managed. 

In the Substeppic Zone, rainfall is 
adequate (200 to 400 mm) to permit 
successful reseeding of adapted forage 
species with present knowledge and 

techniques. 
The climate limitations in thesteppic 

Zone are much more severe than in the 
Substeppic Zone, and widespread re- 
seeding is not possible. Except in 
twnote parts where stock water is 
lacking, range depletion has been 
general and recovery will be slow and 
difficult even with greatly reduced 
stocking and good management. 
Except where rainfall approaches 200 
mm per year, and the soils are 
favorable, the climate is generally too 
zevere to justify large scale reseeding, 
at least with present knowledge. It is 
likely that successful reseeding will 
&pend on the use of soil and moisture 
conservation methods in most places. 

Conclusions 

Increasing pressure on depletion of 
langelands calls for immediate re- 
habilitation of rangelands of Iran to 
insure cover for soil protection and 
food for animals. Since many ranges 
are so depleted that artificial revege- 
tation measures are necessary to reStOre 
Foduction, we must learn more about 
limiting factors for plant growth on 
these sites and requirements and toler- 
ances of desirable plant species. The 
necessary program for rehabilitation of 
the Steppic Zone therefore involves 
research in: (I) Natural recovely of 
rangelands through proper range man- 
agement. (2) Reseeding grasses and 
legumes in suitable sites with proper 
techniques. (3) Transplanting on areas 
where previous two solutions cannot be 
used. 

Natural regeneration of rangelands is 
nx feasible in many areas because a 
seed source of the desirable plants is no 
longer present. Planting by seed has 
very often failed because of reasons 
already discussed. Thus, shrub trans- 
planting may be the best solution under 
cur present knowledge. 
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Proper Burning Intervals for Tobosagrass in 
West Texas Based on Nitrogen Dynamics 

STEVEN H. SHARROW AND HENRY A. WRIGHT 

Highlight: The time required for re-establishment of pre-fire 
nitrogen levels in tobosagrass (Hiluriu mutica) communities in the 
Rolling Plains of West Texas was studied on five different ages of 
burns over a 2-year period. Time elapsed after burns varied from 
one to five growing seasons for both convex and concave topo- 
graphic sites near Colorado City, Texas. Standing old growth-N 
teeturned to pre-fire levels by the end of the third growing season. 
However, litter-N on the soil surface took 5 years to reach pre-fire 
kvels on concave sites and an estimated 8 years on convex sites. 
High variation prevented the recognition of any meaningful trends 
in root or soil nitrogen levels. Based on this data, tobosagrass 
should not be burned more frequently than 5 to 8 years, depending 
on the site. 

Fire has many beneficial effects in tobosagrass (Hilaria 
mutica) communities. It removes dead, standing mesquite 
(Prosopis glandulosa var. glandulosa) stems, which often pose 
an obstacle to the working of livestock. It has some value for 
control of unwanted plants such as mesquite, cactus, and cool 
season forbs such as annual broomweed (Xunthocephalum 
dracunculoides) (Wright 1972). But, probably the most dra- 
matic benefit following fire for the rancher is the two- to three- 
fold increase in grass production (Wright 1969, 1972) and the 
lo- to 15fold increase in utilization (Heirman and Wright 1973) 
during the first growing season after burning. Reports of these 
benefits during years with average to above-average precipi- 
tation have greatly increased rancher interest in burning pro- 
grams. Thus, the use of prescribed fire in tobosagrass com- 
munities can be expected to increase substantially in the near 
future. 

Although the benefits of controlled fire have been well 
documented, a management recommendation concerning how 
often tobosagrass communities can be burned without adverse 
effects has not been reported. A recently completed study 
(Sharrow and Wright 1977) indicates that higher tobosagrass 
yields following fire are accompanied by a reduction in the 
amount of nitrogen stored in the soil. Thus, too frequent burning 
may deplete the soil nitrogen reserves and reduce future plant 
growth. This concept is further supported by our observation 
that areas which are rebumed within 2 or 3 years after the first 
bum do not produce as much herbage as areas which are burned 
for the first time. This would tend to indicate that a burning 
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tieqency of one fire every 2 or 3 years is potentially damaging to 
the future productivity of tobosagrass. 

The objective of this study was to estimate the proper burning 
interval for tobosagrass communities based on the amount of 
nitrogen contained in current growth, standing old growth, 
litter, roots, and soil. This approach was taken for two reasons. 
First, nitrogen, which is easily consumed by fire (Sharrow and 
Wright 1977), often limits plant production in grassland com- 
munities (Power and Alessi 1971); and second, the stability of 
the nitrogen cycle within an ecosystem is often indicative of the 
stability of the ecosystem as a whole (Pomeroy 1970). 

Methods and Procedures 
Two replications of five different aged bums on convex and concave 
topographic sites, ranging from one to five growing seasons, were 
sampled for nitrogen content in July, 1973, and again in July, 1974, on 
the Spade Ranch near Colorado City, Texas. Elevation is 633 m and 
annual precipitation is 48 cm. 

Prior to prescribed burning treatments, the experimental plots 
supported a typical herbicide-sprayed mesquite-tobosagrass com- 
munity in the Rolling Plains. The vegetation consisted of a dense stand 
of tobosagrass with a fairly open overstory of mesquite trees. Both the 
tobosagrass and the mesquite were more dense on the concave sites, 
which receive more runoff water than the more xeric, convex sites, 
which lose water as runoff during rainstorms (Fig. 1). The mesquite on 
all plots was top-killed with 2,4,5-T in 1966, but resprouts from basal 
buds had grown over 5 ft high by the time this study was initiated 
1973. The soil on all sites was a Typic Chromustert (heavy clay of the 
Stamford series) with pronounced vertic (shrinking and swelling) 
properties. 

For convenience of study, the nitrogen content of these plots was 
subdivided into five increments: (1) current growth, (2) past years’ 
standing old growth, (3) litter, (4) coarse roots, and (5) soil (included 
fine roots). All aerial plant parts produced from April through July of 
the current growing season were included in new growth. Old growth 
consisted of all dead standing vegetation produced prior to the current 
growing season, while material lying at or near the soil surface was 
considered litter if it was easily recognized to be of plant origin. Soil 
included both mineral soil and organic matter which was too decom- 
posed to be easily recognized as a plant organ as well as fibrous grass 
roots which were too fine to be hand sorted from soil samples. Roots 
included only the large rhizomes and the coarse fibrous roots of 
tobosagrass. No tree or shrub roots were encountered during sampling. 

During 1973 and 1974 plant material was collected down to the soil 
surface from twenty 0.09-m’ rectangular quadrats in each replication. 
This material was hand-sorted into current tobosa growth, past years’ 
standing old growth, and litter. The sorted material was oven dried 
(60°C for 36 hours), weighed, and ground in a Wiley mill to pass 
#40 screen. 

Five soil nitrogen samples and 40 root nitrogen samples were 
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ml&ted on each replication to a depth of 5 cm. Sail samples were 
ovendried(60”C for36 hours), weighed, andgroundwithamortarand 
pstle to pass a I-mm sieve. All soil was washed off the roots for mot 
nitrogen samples. Roots were then oven dried (60°C). weighed, and 
Bound in a Wiley mill to pass a #40 screen. Total nitrogen was 
determined for every soil, plant, and root sample using a Coleman 
nitrogen analyzer. 

Nitrogen in current growth, past years’ standing old growth, litter, 
and rcots was separately calculated by multiplication of their standing 
biomass by their percent nitrogen content (based on oven-dry weight). 

Soil nitrogen was converted from percent oven-dry weight to kg/ha 
by multiplication of percent nitrogen times soil bulk density, times the 
appropriate conversion constant (cc/ha for a S-cm soil depth). Total 
nitrogen contained in each plant or soil increment of a bum was 
anpared to an unburned area to determine the length of time required 
for the reestablishment of pre-fire nitrogen levels. 

The effectiveness of all treatments was determined statistically by 
Snedecor’s F-test. Treatment means were separated using Duncan’s 
multiple range test. The critical region for all tests was at the .05 level. 

Results and Discussion 

Precipitation during 1973 was 46% above the long-time 
average for Colorado City, Tex., with 34 cm falling during the 
winter-spring period (January 1 to July I) and 36 cm falling 
during the summer-fall period (July 1 to December 31). 
However, precipitation during the period of most rapid growth 
in May and June was less than 50% of nom~al. This rainfall 
pattern (high winter precipitation and low spring precipitation) 
permitted plant growth to be slightly above normal. In contrast, 
precipitation in 1974 was 54% below average until August 1, 
with only 11 cm falling during the winter-spring period. Thus, 
in determining the long-term effects of fire on plants and soil 
nitrogen in tobosagrass communities, a wetter than average year 
is contrasted with a dry year. 

The amount of nitrogen contained in the new growth-N 
increment of a plant community is a direct expression of the 
current productivity of that community. Fortunately, the 
productivity of tobosagrass-mesquite communities following 
prescribed burning has been wll documented. Wright (1972), 
working on axas intermediate to the concave and convex sites 
examined in this study, reported that burning dramatically 
increased tobosagrass production during years of average or 
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above-average precipitation. He further noted, however, that 
during dry years, production either did not increase or was 
actually reduced by burning. Several other authors have re- 
potted a similar pattern of increased tobosagrass yields during 
normal or wet years (Heirman and Wright 1973) and reduced 
yields following burning during dry years (Dwyer 1972). Thus, 



60 ’ 

Wet Year (1973) 

n n 
Current 
growth rl 

10 

Surface litter 

0.3 1.3 2.3 3.3 Control 

Dry Year (1974) 

0.3 1.3 2.3 3.3 4.3 Control 

YEARS AFTER BURNING 

Fig. 3. Nitrogen content of tobosagrass material in July, 1973 and 1974, on 
concave topographic sites for five different ages of burns and an unburned 
control near Colorado City, Texas. 

this wet year-dry year response pattern appears to be typical for 
tobosagrass. One might well expect that this same pattern would 
be evident in new growth-N levels. This was indeed the case 
(Figs. 2 and 3). 

Fire removed a large portion of the accumulated litter-N 
originally present. Litter-N then gradually accumulated during 
the first four growing seasons. During the fifth growing season, 
litteriN abruptly increased to pre-fire levels on concave sites, 
but had not reached equilibrium by the fifth growing season on 
the less productive, convex sites (Figs. 2 and 3). A similar trend 
in litter accumulation was observed on convex tobosagrass sites 
by Whigham and Ueckert (1975). 

The longevity of tobosa culms most likely produces the 
following pattern of litter accumulation. Culms produced fol- 
lowing a fire will stand erect and live for several years before 
they die, break off, and contribute to the litter layer. Thus, 
during the first four growing seasons following fire, few dead 
stems are available and litter fall condists mostly of dead leaf 
blades. By the end of the fourth and fifth growing season, many 
stems have died and are sufficiently decomposed to fall as litter. 

Of all the nitrogen increments examined, the litter-N incre- 
ment was the last to recover following burning. The apparent 
susceptibility of litter-N to consumption by fire, its relative 
slowness to reaccumulate following fire, and its possible 
importance as a transition increment between the old growth-N 
and soil-N increments makes there-establishment of litter-N our 
best indicator of community-N recovery following fire. 

During a wet year, 1973, new growth-N levels dramatically 
increased the first growing season following fire. During a dry 
year, 1974, fire reduced new growth-N levels the first growing 
season. In addition, there appeared to be a residual effect which 
tends to sustain increased new growth-N levels during wet to 
normal years and to depress new growth-N levels during dry 
years for 3 or 4 years following burning. Other workers (Wright 
1972; Neuenschwander and Wright 1974) have also noticed this 
residual effect and arrived at a similar estimate of its longevity. 
It therefore appears that regardless of the initial response to fire, 
new growth-N usually returns to pre-fire levels by the end of the 
third or fourth growing season. 

Table 1. Nitrogen content (kg/ha) of the upper 5 cm of soil in July of 1973 
and 1974 measured on two topographic sites for five different ages of 
burns and an unburned area, near Colorado City, Texas.’ 

Year of sampled/site 

1973 1974 

Year burned Convex site Concave site Convex site Concave site 

1974 - - 655” 1 036=b 
1973 624” 8O2b 964b 1112”bC 
1972 1005” 857b 1045b 916” 
197 1 692a 527” 869”b 934” 
1970 819” I 185c 1045” 1334bc 
Unburned 704” 1237c 874ab 1174bc 

’ Means in a column not sharing a common letter are statistically different at P = 0.05. All 
data have been adjusted to a common bulk density. 

Litter and old growth often play an important role in regu- 
lating the productivity of grassland communities (Ehrenreich 
and Aikman 1963; Old 1969). Together, they form an insulating 
layer which can effectively reduce the rates of spring soil warm 
up (Ehrenre’ h lc and Aikman 1963; Weaver and Rowland 1952), 
delay fall soil cooling (MacKinney 1929), reduce evaporative 
water loss from the soil surface (Weaver and Rowland 1952; 
Glendening 1942), and protect the soil surface from erosion 
(Whigham and Ueckert 1975). In addition, they may serve as an 
important nitrogen reserve which can become available for 
future plant growth through the processes of organic decay, 
nitrogen mineralization, and nitrification. 

Table 2. Nitrogen content (kg/ha) of tobosa roots in the top 5 cm of soil in 
July, 1974, measured on five different ages of burns and an unburned 
area, near Colorado City, Texas.’ 

Topographic 

Year burned Convex site Concave site 

1974 22.3” 23.2” 
1973 26.3” 21.5” 
1972 17.9n 42. lc 
197 1 21.6n 26.40b 
1970 19.0Q 36.7bc 
Unburned 19.0” 21.5” 

’ Means in a column not sharing a common letter are statistically different at P = 0.05. 
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Fire removes almost all of the litter and old growth, leaving 
behind a thin layer of ash and charred material (Sharrow 1975). 
Thus, old growth-N is reduced almost to zero the first growing 
season following fire. Relatively high new growth-N produced 
the first two growing seasons after prescribed burning con- 
tributed substantially to old growth-N measured in succeeding 
years (Figs. 2 and 3). Increased plant productivity following the 
fires restored old growth-N to pre-fire levels by the end of the 
third growing season. Similarities between the time required for 
both new growth-N and old growth-N to recover from fire 
support the theory that old growth plays an important role in 
regulating the productivity of tobosagrass communities. 



Soil and tobosa root nitrogen contents in the upper 5 cm of 
soil are present in Tables 1 and 2. Sharrow and Wright (1977) 
reported decreased total soil nitrogen levels during an entire 
year on burned compared to unburned tobosagrass plots. Here, 
however, no meaningful soil-N or root-N patterns were observ- 
able, perhaps because of the high variation between the areas 
sampled and the relatively large amount of nitrogen stored in the 
soil increment. 

Management Implications 

The foregoing observations suggest that tobosagrass com- 
munities on concave sites in the Rolling Plains generally can be 
burned at 5-year intervals without depleting the community 
nitrogen reserves. Convex sites are slower to recover from fire 
and probably should not be burned more frequently than once 
every 7 or 8 years (Fig. 1). 

A management plan which observes these proper burning 
intervals should allow ranchers to reap the benefits of prescribed 
burning without depleting the community nitrogen reserves. 
However, the actual time required for the community to recover 
from fire will probably vary somewhat with yearly precipitation 
patterns. A series of dry years will likely delay recovery, while a 
series of wet years should hasten recovery. As with most range 
management practices, precipitation patterns should be taken 
into account when a management plan is executed. 
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Effect of Winter Burning on Herbaceous 

Cover on a Converted Chaparral Watershed 

C. P. PASE AND 0. D. KNIPE 

Highlight: Herbage production by weeping, Boer, and Lehmann 
bvegrasses was essentially unaffected by winter burning on a 
converted chaparral watershed in central Arizona. Burning 
opened up the stand and resulted in increased forb production, 
total herbage production, and frequency of some species. 

increasing forage and water yields, reduction of fire hazard, 
and improvement of wildlife habitat in Arizona chaparral 
require conversion from shrubs to a grass-shrub type. The 
future use of herbicides will likely be restricted because of 
possible adverse environmental impacts and high costs. At the 
present time it appears that burning is the only environmentally 
acceptable tool available for suppressing shrub growth on 
chaparral lands converted to grass-shrub types. 

If grass is burned during the winter, spring regrowth reduces 
the danger of accelerated erosion during the summer rains. To 

Authors are principal research forester and principal ecologist, U.S. Department of 
Agriculture, Forest Service, Rocky Mountain Forest and Range Experiment Station, 
Forest Hydrology Laboratory, Tempe, Arizona 8528 I. 
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be beneficial, however, such treatment must not appreciably 
damage the grass stand. Summer burning of Lehmann love- 
grass (Eragrostis lehmanniana)’ results in considerable 
mortality (Humphrey and Everson 195 1; Cable 1965) and may 
depress grasses native to the Southwest for as long as three 
years (Reynolds and Bohning 1956; Cable 1967; Dwyer and 
Pieper 1967). Pase ( 197 1 ), working in the same areas as in the 
present study, found that density and vigor of Lehmann 
lovegrass were essentially unaffected by a February bum; 
increases were noted in Turkistan bluestem (Bothriochloa 
Mzaemum) and its variety King Ranch bluestem. 

The purpose of this study was to determine the effect of 
winter burning on species frequently used for seeding in the 
Arizona chaparral type. 

Study Area 

The study was conducted on Watershed C of the Three Bar Game 
Management Study Area on the Tonto National Forest in central 

I Common and scientific names of grasses follow Hitchcock, 1950; scientific names of 
forbs and shrubs follow Keamey and Peebles, 1960; common names of forbs and shrubs 
follow Kelsey and Dayton, 1942. 
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Arizona. The area has been protected from grazing by domestic 
livestock since 1947. This watershed was burned by wildfire in June 
1959. At the time of the fire, shrub cover was 73%, consisting 
primarily of shrub live oak (Quercus turbine/la) and birchleaf moun- 
tainmahogany (Cercocarpus betuloides). The fire reduced shrub cover 
to 6%. The watershed was seeded with a mixture of weeping, Boer, 
and Lehmann lovegrasses (E. curvula, E. chloromelas, and E. 
khmanniana, respectively) in May 1960. The watershed was sprayed 
by helicopter with 2,4,5-T in 1960, 1961, 1962, and 1963 ; these 
treatments killed only 42% of the oak and 72% of the mountain- 
mahogany. The surviving shrubs were hand-treated with pelleted 
fenuron in 1964; a portion was treated with pelleted fenuron and a 
portion with granulated karbutylate in 1968. These treatments reduced 
shrub cover to less than 3%. Forbs and especially seeded and native 
grasses steadily increased as a result of these treatments. Forage 
production averaged 1,200 lb/acre/year from the fourth through the 
tenth year following the fire. 

The watershed was control-burned in the winter of 197 1. Topkill of 
shrub live oak and birchleaf mountainmahogany was 71 and 68%, 
tcspectively. 

Methods 

The study used a split plot design with two replications of burned 
and nonbumed plots (main plots) on both north- and south-facing 
slopes (subplots). 

Plot length, which depended on length of slope, varied from 60 to 
90 meters. The width of each plot was 20 meters. Burned and non- 
burned plots were separated by a 10-m burned buffer zone. Sample 
line bases were established 5 m in from the buffer-plot boundary to 
eliminate edge effects. 

Herbage production (green weight) was estimated in October, prior 
to burning in March, and the following October by double-sampling 
(Wilm et al. 1944). Sample plot size was 1 meter square. Samples 
were taken at 3-m intervals from a random starting point (0.3 to 3 m 
fi-om the base of the lines). Field herbage production estimates were 
corrected by regression analysis from ovendry weights of a random 
one-sixth of the sample plots. Regression through the origin was 
ovendry weight Y against green weight X. Plots randomly selected for 
preburn clippmg were excluded from postbum sampling. Production 
of current year’s growth of half shrubs was included in the estimates, 
but winter annuals and cool-season perennial grasses were excluded. 
Frequency of occurrence of species was determined as percent 
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Fig. 1. Pre- and postburn means and standard errors for herbage production 
on burned and nonburned plots; means not adjusted to accountfor low rain- 
fall of 1971. Nodes represent means, bars represent standard errors (IO). 

occurrences per sample plot. 

Results and Discussion 

Herbage Production 
Growing season precipitation in 1971 was below average 

(18.36 inches and 25.6 inches, respectively). Therefore blocks 
were combined and considered an index area in order to 
determine year effect on grass production independent of 
burning. Within-block sampling was used to evaluate year 
effect on the nonbumed plots. A simple t test showed means of 
pre- and postfire years differed significantly. These results were 
used to adjust the differences between overall watershed means 
before and after the burning. For the burned plots, the two 
blocks were combined in the analysis of covariance. There was 
no significant difference in herbage production between north 
and south slopes. The effects of low rainfall in 197 1 were not as 
marked on the bum plots. There was overlap in the pre- and 
postburning standard errors on burned plots whereas there was 
no overlap on nonbumed plots (Fig. 1 shows the relationship of 
unadjusted means and standard errors for pre- and postfire 

Table 1. Pounds per acre (ovendry basis) and percent contribution to herbage production of the important species on burned plots before and after 
burning. (1971 burned plot values were adjusted upward to remove the effects of low rainfall in that year.) 

Species 

North slopes South slopes 

Prebum Postbum Prebum Postbum 
(1970) (1971) ( 1970) (1971) 

lb/acre % prod. lb/acre % prod. lb/acre % prod. lb/acre % prod. 

Grasses 
Boer lovegrass (Eragrostis chloromelas) 
Lehmann lovegrass (E. lehmanniana) 
Weeping lovegrass (E. curvula) 
Roughstalk witchgrass (Panicum hirticauleY 
Totals 

97 9 155 9 510 42 577 38 
6 1 2 tr’ 100 8 84 6 

507 45 507 29 141 12 306 20 
62 6 158 9 87 7 106 7 

672 61 822 47 838 69 1073 71 
Forbs 

Scarlet spiderling (Boerhaavia coccinea) 
Telegraph plant (Heterotheca subaxillaris)’ 
Scarlet stargloty (Ipomoea coccinea)’ 
Missouri goldenrod (Solidago missouriensis) 
Globemallow (Sphaeralcea grossufariaefolia) 
Totals 

Half shrubs 
Artemisia (Artemisia ludoviciana) 

Other species” 

95 8 215 12 2 tr’ 8 1 
81 7 188 11 1 tr’ 14 1 
80 7 100 6 53 4 89 6 

8 1 11 1 119 10 144 9 
9 1 30 2 10 1 18 1 

273 24 544 32 185 15 273 18 

50 4 39 2 111 9 67 4 
132 12 356 20 70 6 118 8 

Totals 1127 101 1761 101 1204 99 1531 101 

’ tr = less than 0.5 lb/acre. 

‘1 Annual. 
” 38 species of minor individual importance. 
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herbage production). Upward adjustment of the 197 1 herbage 
production values (lb/acre) for the burned plots to remove the 
effects of low rainfall in that year results in the following: 

Table 2. Percent frequency of major plants prior to burning and following 
burning in 1970 and 1971. 

Preburn (1970) Postburn (1971) 

North Slope 1,125 1,760 
South Slope 1,203 1,531 
Mean 1,164 1,646 

Thus, there was a significant’ (41.4%) increase in herbage 

Species 

Grasses 

Burned Nonbumed 

1970 1971 1970 1971 

production as a result of burning, due to increased production by 
forbs (Table 1) . 

Species Contribution to Production 

Boer lovegrass (Erugrostis chloromelus) 20 24 37 40 
Lehmann lovegrass (E. lehmanniuna) 10 9 7 4 
Weeping lovegrass (E. curvulu) 19 22 19 11 
Roughstalk witchgrass (Punicum hirticuule)’ 48 63 60 49 

Forbs 

The percent of total herbage production contributed by the 
most important species varied according to aspect (Table 1). 
Warm-season growers such as Missouri goldenrod” and Boer 
and Lehmann lovegrass contributed a higher percentage on 
south slopes. Lehmann lovegrass was almost restricted to south 
slopes. Weeping lovegrass, scarlet spiderling , and telegraph 
plant contributed more on north slopes; the latter two species 
were almost restricted to north slopes. 

Scarlet spiderling (Boerhaviu coccineu) 4 12 11 19 
Telegraph plant (Heterothecu subu.xilluris)l 4 9 7 15 
Scarlet starglory (Ipomeu coccineu)’ 57 75 38 36 
Missouri goldenrod (Salidago missouriensis) 8 8 6 5 
Globemallow (Sphuerulcea grossuluriuefofiu) 5 10 5 10 

Half shrubs 
Artemisia (Artemisiu ludoviciunu) 14 14 5 5 

’ Annual. 

Species differences in percent contribution to herbage pro- 
duction as a result of burning sometimes varied with aspect. 
Contribution to total herbage production by weeping lovegrass 
on north slopes decreased from 45.1% prefire to 28.8% postfire. 
Percent contribution to total herbage production by Boer and 
Lehmann lovegrasses was slightly less following burning. It is 
important to note that these decreases are only relative to 
behavior of other species; pounds of herbage was actually 
greater (Table 1). The reduction in percent contribution by 
grasses reflects a greater increase in forbs. These increases are 
no doubt due to elimination of deep ground litter and standing 
litter, and the resultant reduction in competition for light. 

Frequency 

between burned and nonbumed plots, except for an apparently 
characteristic increase of scarlet starglory. We have noted that 
this species makes up a major portion of the forb stand following 
fire in Arizona chaparral. 

Conclusions 

Winter burning of a stand of weeping, Boer, and Lehmann 
lovegrass does not adversely affect herbage production by these 
species, and actually increases production by forbs. The obvious 
benefit to the forbs is probably due to a reduction of competition 
for light resulting from elimination of deep ground-and 
standing-litter. 

The frequency of weeping lovegrass increased slightly on 
burned plots and decreased on nonbumed plots (Table 2). 
Previous observations indicated that density of weeping love- 
grass stands in converted Arizona chaparral, tend to decline 3 to 
4 years after establishment when protected from grazing and fire 
(Pond 1968). 

Frequency of the major species was not reduced by burning; 
frequency of some species increased. Frequency of some 
species decreased on nonbumed plots. 

Chaparral shrubs are readily top-killed by hot, flashy grass 
fires. Winter burning can be used to maintain dominance by 
herbaceous species, in chaparral areas converted to lovegrass, 
without danger of damage to the grasses. Periodic burning 
would likely be effective and cost considerably less than 
maintenance with chemicals. 

Lavin and Johnsen (in press) reported that density of weeping 
lovegrass and other bunchgrass stands, in converted pinyon- 
juniper areas, decreases when protected from grazing or fire. 
They attributed the decrease to a “smothering” effect of old 
growth on new growth. Although density was not determined in 
this study, we feel that the frequency data are indicative of 
density. Thus this study confirms Pond’s earlier observations in 
the chaparral type, and those of Lavin and Johnsen in the 
pinyon-juniper type. Other research has shown that periodic 
burning stimulates production in weeping lovegrass (Hibbert et 
al. 1974). There was no appreciable change in frequency of the 
other major perennial grasses; Lehmann lovegrass showed a 
slight decrease on both burned and nonbumed plots. Pase 
(197 1) also observed a slight though insignificant decrease in 
density of Lehmann lovegrass following winter burning. 
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Digestibility of Tanoak 

D. R. KIRBY AND D. A. BRYANT 

Highlight: Tanoak is considered a weed species in nortb- 
western California. Dry-matter and cellulose digestibility trials 
were made with sheep to determine the possibility of using ground 
waste tanoak as an energy source in livestock rations. In vitro dry- 
matter and cellulose digestibility values were consistently higher 
than the in viva vdues. The in vitro dry-matter digestibility 
averaged 12.7% for four sheep, while the in vivu dry-matter 
digestibility averaged 8.9%. The in vitro cellulose digestibility 
averaged 5.0%; the in vivo cellulosedigestibility averaged 1.0%. It 
W’LW concluded that tanoak residues can only have consideration as 
an energy source to ruminants when some form of pretreatment 
am release the wood carbohydrates from their association with 
lignin. 

Tanoak (Lithocarpus densiflorus (Hook. and Am.) Rehd.) 
(Fig. I), considered to be a weed species, is the most abundant 
hardwood found in woodlands of northwestern California 
(Fowells 1965). It often grows in brush fields and reduces 
timber production and livestock grazing. Tanoak is also left 
lying on cut blocks as a logging residue. 

Recycling of waste materials, like tanoak, as livestock feeds 
has become increasingly important. Wood industry by-products 
such as sawdust, chips, and logging slash show potential for 
conversion into inexpensive feeds that replace grain or supple- 
ments in livestock rations. Various studies have been conducted 
on the value of ground wood cellulose as an energy source in 
livestock rations. !n vitro studies by Stranks (19591, Dinius and 
Baumgardt (1968), Millet et al. (1970), and Radwan and 
Crouch (1974), and an in viva study by Mellenberger et al. 
(1971) show some untreated hardwoods to have relatively high 
digestibility values when used as energy feeds. Brush also 
appears to have potential as a source of energy for ruminants 
@issell and Weir 1957; Furbush et al. 1960; Furbush 1962; 
Hickman 1975). 

The pulpox of the following experiment was to determine 
the dry-matter and cellulose digestibility of tanoak, and to 
compare and evaluate two microtechniques used for the deter- 
mination of wood digestibility. 

Materials and Methuds 

The substrate for the digestibility trials was 50 whole tanoak plants. 
The plants were chipped in a portable chipper, ovendried at 60°C for 
48 hours, andground througha0.5 mm screen ina Wiley mill. Ground 
samples were stored in sealed containers. 

The in vitro analysis was patterned after that described by 
Mellenberger et al. (1970). Modifications included centrifuging the 
inocula at 250X gravity (Dehority et al. 1960). extending the incu- 
bation period to 72 hours, and releasing the internal pressure of the 
screwcap test tubes every 24 hours. After femxntation the tanoak 
residue was wendtied, and the drymatter digestibility determined 
from the loss in weight. The residue was then analyzed for cellulose 
content. A correction factor for any dry matter added by the mmen 
ingesta was obtained by incubating a control tube of centrifuged 
ingesta and McDougall’s buffer (McDougall 1949) for the same length 
of time as the samples. 

The rumen-suspended, nylon bag technique of Van Keuren and 

Four rumen-fistulated Corriedale ewes, maintained on an all-alfalfa 
Heinemann (1962) was used to investigate in viva dry-matter digesti- 

hay diet, provided inocula for in vitro trials and were the subjects of in 
bility. Modifications included attaching a stainless steel washer to the 

vivo determinations. 
nylon bag, a 72.hour incubation period, and freezing the bag after 
digestion. After drying, the loss in weight was used to determine the 
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Table 1. Dry-matter and cellulose digestibility (%) of tanoak. 

Variables Dry-matter Cellulose 
and categories means means 

Time of trials 
Period 1 13.2 a’ 2.0a 
Period 2 10.2 b 4.1 b 
Period 3 10.0 b 3.oc 
Period 4 10.0 b 3.oc 

Sheep 
1 10.6a 2.5 a 
2 10.6a 2.9b 
3 10.9 a 4.oc 
4 11.4a 2.7 ab 

Method 
In vitro 12.7 a 5.0a 
In vivo 8.9b 1.0b 

’ Meas followed by the same letter are not significantly different (0.05) as determined by 
Duncan’s multiple range test. All comparisons are made within each column and 
variable. 

The cellulose content of tanoak was analyzed before and after all 
digestibility trials by the method of Crampton and Maynard (1938). A 
modification by Hershberger et al. (1959) was used in the digestion 
step. Each cellulose analysis included one standard tanoak sample of a 
predetermined cellulose content. 

A factorial analysis of variance was used to test for differences 
between replications, sheep, time of trial, procedure used, and the 
interactions between these factors. Differences between means of the 
two digestibility procedures were tested by Duncan’s multiple range 
test (Steel and Tot-tie 1960). 

Results and Discussion 

The overall cellulose and dry-matter digestibility values for 
tanoak were higher than for many hardwoods tested in previous 
studies. In addition, the in vitro dry-matter and cellulose digesti- 

n in vivo cellulose 
q  in vivo dry-matter 
FZil in vitro cellulose 
c] in vitro dry-matter 

2 3 4 
Sheep 

Fig. 2. In vitro and in vivo dry-matter and cellulose digestibility (%) oftanoak 
among sheep. 

bilities were significantly higher than the in vivo values (PI 
.05). 

Dry-Matter Digestibility 
The method used and the time of trial were found to have sig- 

nificant differences at the 0.05 level of probability in the dry- 
matter digestibility determination. There were no significant 
differences among sheep (Table 1). 

The in vitro dry-matter digestibility averaged 12.7% and the 
in vivo averaged 8.9%. In all replications, the in vitro dry- 
matter digestibility values were equal to or greater than the in 
vivo values. Apparently the unique features of each method led 
to the differences in dry-matter digestibility. 

The in vivo technique relied on nylon bags of a mesh size 
which presumably allowed microbes to pass into the bag. 
Possibly some small food particles were able to pass into the 
bag also. This would have added to the substrate, thereby 
lowering its apparent digestibility. Also, in the rumen, the 
microbes may have been preferentially selecting the alfalfa hay 
of the diet over the tanoak in the nylon bags. The in vitro 
technique of Mellenberger et al. (1970) optimized digestibility 
for woody plant species. In addition, the inocula used was 
subjected to straining and differential centrifugation, thus 
separating the microbes from the alfalfa particles of the diet. 
Therefore, both the in vivo and in vitro conditions probably 
contributed to the higher in vitro, lower in vivo digestibility 
values. 

Sheep had no significant differences in their ability to digest 
tanoak. Mean dry-matter digestibility values ranged from 
10.6% to 11.4%. However, these figures are somewhat mis- 
leading. The in vitro dry-matter digestibility for each sheep 
ranged from 12.3% to 13.2% and the in vivo ranged from 8.4% 
to 9.7% (Fig. 2). The consistent results from each sheep indicate 
that the in vitro technique was the most efficient means of esti- 
mating the dry-matter digestibility of tanoak. 
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Fig. 3. Change in dry-matter and cellulose digestibility (%) over time. 
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Time had a significant influence on the dry-matter digesti- 
bility of tanoak. There was greater digestibility during the first 
period of the study than during subsequent periods (Table 1). 
After the first period the dry-matter digestibility leveled off for 
the remainder of the study. Both in vitro and in vivo results 
followed this pattern (Fig. 3). The marked difference between 
period one and following periods presumably was caused by 
stress from handling the sheep, not from any influence of 
tanoak. Changes in rumen environment such as aeration and 
repeated draining for ingesta collection may have caused 
fluctuations in the number and kind of anaerobic rumen micro- 
organisms. In time, and with no increasing stress, a steady 
digestibility curve would likely occur (Fig. 3). Effects due to 
any influence of tanoak on rumen microorganisms would be 
expected to increase over time. which was not the case. 

Esulted in consistently greater digestibility. In contrast, the in 
vivo or “true” rumen digestion technique revealed lower 
digestibility values, probably due to microbial selection of an 
alternate feed source, the alfalfa ration. 

Conclusion 

As evident from these findings, tanoak residues can only have 
consideration as an energy source to ruminants when some form 
of pretreatment can release the wood carbohydrates from their 
association with lignin. Further research will be necessary to 
find commercially acceptable means of increasing tanoak’s 
digestibility. 
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Forage Selection Comparisons for Mule 
Deer and Cattle under Managed Ponderosa 

Pine 

P. 0. CURRIE, D. W. REICHERT, J. C. MALECHEK, AND 0. 
C. WALLMO 

Highlight: Cattle and mule deer competed very little for forage 
on a central Colorado ponderosa pine-bunchgrass range during 
the spring-summer-fall grazing season. Species they selected for 
the bulk of their diets were quite different. Diets overlapped most 
for fringed sagebrush and sunsedge. Fringed sagebrush was used 
heavily by both deer and cattle in April-May. Sunsedge was 
consumed in small amounts by both animals throughout most of 
the grazing season. Management of the timber stand increased 
forage for both types of animals. Also, timber stand improvement 
practices resulted in short-term availability of dried pine needles, 
a preferred deer food. 

pastures managed under a deferred-rotation system over those 
grazed seasonlong, and showed a high preference for forested 
habitat. They concluded that “there was no evidence of direct 
competition between big game and cattle for any particular food 
plant on the study areas. ” In Arizona, Neff ( 1974) determined 
that mule deer ate almost 100 taxa in the ponderosa pine type, 
but in each season of the year, only 10 taxa provided from 67 to 
95% of the total forage consumed. Chemical analyses of the 
simulated monthly diets from late spring through early summer 
showed forage quality declined as the seasons advanced, but 
dietary nutrients were usually adequate for growth and produc- 
tion of mule deer (Urness et al. 1975a; 1975b). Deer and cattle 

From spring through fall, mule deer (Odocoileus hemionus) 
diets were not compared in these studies, but the results 

frequently occupy the same rangelands as cattle throughout the 
provided insight into the adequacy of ponderosa pine-bunch- 

ponderosa pine (Pinus ponderosa) type of the central Rocky 
grass ranges to support mule deer. 

Mountains. These summer ranges provide a wide diversity of 
plants available as forage for both species of animals. There are 
questions, however, as to whether or not the two animals prefer 
the same plant species, and which plants comprise the bulk of 
the diet for each. In addition, commercial logging of ponderosa 
pine, a common practice on many of these lands, may affect the 
foraging habits of the mule deer. 

The objectives of this study were to compare diet selections of 
deer and cattle on pine-bunchgrass ranges on an area that had 
been commercially logged and received post harvest timber 
stand improvement. Observations were made at intervals from 
spring through fall, when there was joint use of these ranges. 
Some deer also used these ranges at other times of the year but 
not in direct competition with cattle. 

Several studies have indicated that competition for forage 
between cattle and deer is minimal on properly stocked, 
moderately grazed ranges (McMahan 1964; Skovlin et al. 1968; 
McKean 197 1; and Dusek 1975). On ponderosa pine-bunch- 
grass ranges in Oregon, Skovlin et al. ( 1968) found that 
moderate cattle grazing provided for full use of the forage with 
little or no effect on deer use. They also found deer preferred 

Cut-tie and Reichert are range scientist and range research technician, Rocky Mountain 
Forest and Range Experiment Station, U.S. Department of Agriculture, Forest Service, 
with central headquarters maintained at Fort Collins in cooperation with Colorado State 
University. Malechek is assistant professor, College of Natural Resources, Utah State 
University, Logan. Wallmo is wildlife biologist, Forestry Sciences Laboratory, Juneau, 
Alaska, Pacific Northwest Forest and Range Experiment Station with central headquarters 
in Portland, Oregon. 

Manuscript received January 15, 1977. 

Methods 

Study Areas 
The research was carried out at the Manitou Experimental Forest, 28 

miles (45 km) northwest of Colorado Springs, Colorado. at an 
elevation of approximately 7,800 ft (2,375 m). In this area, seasonal 
growth of native plants usually becomes evident in late March or early 
April, with the growing season ending in late September or early 
October. Plant growth is slow in early spring and late fall, however, 
with frost in all months except July and August. Daytime temperatures 
are cool and seldom exceed 90°F (32°C). Winters are open but cold and 
temperatures occasionally dip below -40°F (-40°C). 

Precipitation at Forest Headquarters has averaged 15.8 inches (40.1 
cm) annually for the 35 years, 1941-1975. About three-fourths of the 
annual precipitation is received during the April through August 
growing season. July is normally the wettest month with rainfall 
averaging approximately 3.5 inches (8.9 cm). 

Vegetation of the pine-bunchgrass type of the central Rocky 
Mountains is a complex of plant communities characterized by open 
grassland parks interspersed among the ponderosa pine. The under- 
story contains a large number of grass and forb species, with a rather 
limited number of shrub species. 

Silvicultural Treatment 
The study was conducted at a number of locations throughout 1,200 

acres (485 ha) of the type which has been brought under multipurpose 
silviculture management (Myers 1974). These prescriptions provide 
for several uses and products from the Forest but scenic and recreation 
values predominate with additional uses for grazing and wildlife. The 
total area was cut to “growing stock level 80,” which means that basal 
area of the trees is to be 80 ft2/acre (18.4 m2/ha) when average dbh 
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Fig. 1. Rumen collections provided material for analysis of cattle diets. Sub- 
samples from the collections were microscopically analyzed to quantitatively 
determine species composition. 

after cutting is 10 or more inches (25.4 cm). Improvement cuttings 
were made for dwarf mistletoe control and timber stand improvement. 
Slash was removed primarily for small posts and firewood; material 
smaller than 2 inches (5 cm) in diameter was lopped and scattered. 
Comprehensive and detailed prescriptions for the silvicultural prac- 
tices are described by Myers (1974). The net result was groups of 
managed irregular stands of ponderosa pine with good growth of the 
understory vegetation. 

Cattle Evaluations 
Cattle were grazed on a pasture basis in a separate study of weight 

gains. The area was fenced into 12 pastures of 100 acres (40.5 ha) 
each, with cattle use from mid-June to mid-October each year. 
Chemical analyses of species grazed and plant preferences by cattle 
were determined for native ranges in an earlier study (Malechek 1966). 
This work was done on range used or immediately adjacent to that used 
in the present study. Patterns of grazing use for cattle were the same 
throughout the cattle and deer studies and both animals were on the 
nurges at the same seasons. Forage species available were similar on 
all of the native ranges. 

For the early work on cattle, rumen samples were collected from 
fistulated steers (Fig. 1) following the “rumen evacuation” tech- 
niques of Lesperance et al. (1960). Samples were collected at approxi- 
mately l-month intervals with more frequent collections during 
periods of rapid plant growth. A detailed description of methodology 
used for determining contents of the sample is given by Malechek 
(1966). 

The samples were oven-dried and ground through a Wiley mill 
equipped with a l-m screen. Small subsamples were taken from the 
ground material and mounted on microscope slides. Relative botanical 
composition was determined by counting the number of epidermal 
fragments of each species recognized in 100 microscope fields at 
125x. Reference slides of known species were used to learn diagnostic 
features of the species. 

Mule Deer Evaluation 

Tame, trained deer ’ were used to determine forage selections con- 
sidered representative of mule deer diets. Procedures were similar to 
those described by Wallmo et al. ( 1972) except only 1 deer and 1 
observer were used to collect individual samples. On a number of 

’ The authors gratefully acknowledge cooperation of the Colorado Division of Wildlife for 
the of the mule deer used in this study. 

’ Samples from different fistulated animals and consecutive sample days within a month 
were averaged to obtain a single value for comparisons with mule deer data. 

2 Total use value for each species is an average of monthly values. 
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occasions, wild deer were observed in the same or an adjacent pasture. 
Available information (Wallmo and Neff 1970; Regelin et al. 1976) 
indicates diets for the two types of deer are similar, although the 
degree has not been definitely established. We assumed that plants 
selected by the tame deer represented preferences comparable to those 
for wild deer present on the study area. 

Forage selection samples were taken during June, July, August, and 
October of 1974 and April and May of 1975. Samples were taken 
during several consecutive days in each month. Four deer were usually 
used at each sampling period. One deer would be taken out for 1 to 2 
hours or as long as the deer was productively grazing. Then it would be 
returned to a holding barn and another deer would be taken out. The 
forage selected and bites taken by each deer during the 1 to 2 hours 
were considered a forage sample unit. In all, 137 forage sample units 
were collected during 158 hours of grazing observation throughout the 
six seasonal sampling periods. 

Grazing trials throughout the pastures started from a number of pre- 
determined points readily accessible by the truck used to haul deer. 
The observer then released the deer and followed its meanderings as it 
foraged. The species ingested and number of bites taken were recorded 
on a portable tape recorder. A record was made of grazing in relation to 
tree overstory by estimating the basal area of the ponderosa pine. A 
lo-factor prism for cruising timber was used to make estimates of basal 
area. Four stand densities were used to categorize the overstory: (1) 
open grassland parks or a tree density less than 10 ftZ/acre (0.9 m2/0.4 
ha), (2) 10-30 ft2/acre, (0.9-2.7 mZ/0.4 ha), (3) 40-60 ft’/acre (3.7- 
5.6 m2/0.4 ha), and (4) greater than 70 ft”/acre (6.5 m”/0.4 ha). 

Results 

Forage Preference of Cattle 
Cattle selected a predominance of grass or grasslike species 

Tom July to early November (Table 1). During June, about 
equal amounts of grass and forbs were taken; in May the cattle 

Table 1. Botanical composition (%) of forage samples from fistulated 
cattle grazing ponderosa pine-bunchgrass ranges. (Adapted from 
Malechek 1966.)’ 

Species Total” May June July Aug. Sept. Nov. - 
Grass and grasslike 15.4 .O <O. 1 50.2 0.6 11.7 29.7 

Agropyron smithii CO.1 .o .o 0.3 0.1 .o .o 
Blepharoneuron tricholepis 4.3 .O .O 0.1 13.0 10.3 2.4 
Bouteloua gracilis 
Calamagrostis inexpansia 
Carex heliophila 
Danthonia parryi 
Festuca arizonica 
Koeleria cristata 
Muhlenbergia montana 
Poa pratensis 
Stipa comata 
Stipa robusta 
Unidentifiable grasses 

Total 
Forbs 

Arenaria fendleri 
Artemisia frigida 
Chenopodium album 
Erigeron flagellaris 
Geranium parryi 
Melilotus oflcinalis 
Polygonum aviculare 
Potentilla pennsylvanica 
Unidentifiable forbs 

Total 
Shrubs 

0.9 .o .o .o .o .o 5.5 
2.8 ~0.1 1.0 .O 2.6 1.9 11.4 
0.7 .o .o .o 0.7 3.3 0.0 
7.3 4.3 1.5 0.6 16.5 20.8 0.0 
2.8 3.6 <O.l 0.0 4.8 6.4 2.2 

10.5 1.8 14.6 5.3 22.1 16.0 3.3 
3.5 2.7 0.0 0.8 3.9 3.0 10.5 
1.7 <O.l 5.0 0.0 2.0 2.2 0.8 
2.2 3.9 3.7 CO.1 0.1 .o 5.1 

16.0 25.0 23.3 11.0 20.3 7.0 9.4 
68.2 41.5 49.3 68.3 86.7 82.6 80.3 

0.7 .o .O 1.0 1.8 1.2 .O 
10.9 19.8 23.3 .O 4.0 9.2 9.0 

CO.1 .o .o CO.1 .o .o .o 
0.1 .o .o .o .o .O 0.8 

CO. 1 .o ‘Co. 1 .o .o .o .o 
0.1 CO.1 .O ~0.1 .O .6 .O 

CO.1 .o .o 5.4 .o .o .o 
8.0 32.4 12.4 1.6 .O .o 1.5 

11.3 5.9 15.1 24.0 8.0 6.3 8.5 
31.4 58.2 50.9 32.2 13.8 17.3 19.7 

Chrysothamnus viscidiflorus CO. 1 .O .O .O .o CO. 1 .o 
Total CO. 1 .o .o .o .o CO. 1 .o 
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The other forb of singular importance was Pennsylvania 
cinquefoil (Porentilla pennsylvanica), which contributed more 
than 32% to the composition of cattle diets in May and over 12% 
in June. The only other forb contributing substantially was 
knotweed (Polygonurn aviculare), which made up 5.4% of the 
diet in July but was not present in any other month. Fendler 
sandwort (Arenaria fendleri) contributed less than 2% to the 
diets in August and approximately 1% in both July and 
September. Difficulty was again experienced in identifying all 
forbs to the species level; in July 24% of the diet was made up of 
&combination of unidentifiable forbs. This problem was less 

consumed mostly forbs. Shrubs were unimportant in cattle diets 
throughout the growing season (Fig. 2). 

Some difficulty was experienced in identifying all species of 
grasses in cattle diets, particularly during the period of early 
growth in May and June and in August when regrowth occurred. 
Thus, unidentifiable grasses made up an average of 16% of the 
diet. Three species, western wheatgrass (Agropyron smithii), 
mountain muhly (Muhlenbergia monfano), and Arizona fescue 
(Fesfuca arizonica) made up an additional 33% of the diets and 
were the most preferred grasses. These species were generally 
grazed throughout or during the mid to late part of the season. 
Blue grama (Boufe~oua gracilis) and Kentucky bluegrass (Pea 
pratensis) became important in cattle diets late in the season, 
from August into November. Sunsedge (Carex heliophila) was 
grazed lightly in all months except November when it made up 
1.4% of the diet. 

Only two forbs were consistently selected by livestock 
throughout most of the growing season. Fringed sagebrush 
(Artemisiafiigida) was utilized during every month but July, 
and made up 19.8 and 23.3% of the diet in May and June (Table 
1). This use was of interest because fringed sagebrush is 
generally considered unimportant or an undesirable livestock 
forage. 

Tame mule deer showed a preference for ponderosa pine 
(Pinus ponderosa), followed by Arkansas rose (Rosa arkan- 



Table 2. Botanical composition of diets for tame mule deer grazing ponderosa pine-bunchgrass ranges. Ranking based on average consumptionfor the 
growing season and for species making up 1% or more of the total diets. 

Species Total April May June July August October 

Sampling size (total bites) 
Species grazed (number) 
Species preference (%)I 

Pinus ponderosa 
Rosa arkansana 
Poa spp. 
Geranium ji-emontii 
Cercocarpus montanus 
Potentilla hippiana 
Pulsatilla ludoviciana 
Artemisia frigida 
Frageria ovalis 
Bromus inermis 
Carex heliophila 
Taraxacum oficinale 
Oenothera spp. 
Populus tremuloides 
Chenopodium album 
Agropyron spp . 
Penstemon virens 
Convolvulus arvensis 
Eriogonum alatum 
Campanula rotundifolia 
Arctostaphylos uva-ursi 
Potentilla pennsylvanica 
Sitanion hystrix 

Additional species* 
Arcenthobium vaginatum 
Elymus junceus 
Antennaria parvifolia 
Sedum stenopetalum 
Ribes cereum 
Andropogon scoparius 
Stipa robusta 
Koelaria cristata 
Tragopogon parvifolius 
Polygonum aviculare 
Allium cernuum 
Fungi (mushroom) 
Sysimbrium altissimum 
Agrostis alba 
Solanum triflorum 
Melilotus oficinalis 

Rx-cent of diet composed of: 
Trees and shrubs 
Forbs 
Grass 
Other 

61,838 7,301 6,694 10,097 10,203 15,214 12,329 
129 43 47 68 72 74 57 

12.7 
8.3 
8.0 
6.2 
5.4 
4.3 
4.3 
3.9 
3.8 
3.4 
3.2 
2.6 
2.3 
2.0 
1.8 
1.8 
1.8 
1.7 
1.7 
1.6 
1.3 
1.2 
1.2 

25.2 
0.9 

14.0 
9.2 
2.7 
1.2 
6.9 

12.5 
.O 

3.0 
2.6 

.O 

.4 
1.2 

8.6 
1.0 

17.9 
2.8 

.2 
2.9 

11.4 
2.2 

.8 
7.2 
7.6 
5.9 

.9 
3.3 

.8 
3.2 
6.3 

.O 
2.1 
1.9 
1.3 
2.9 

.3 

6.2 
16.9 
4.3 
3.8 
9.6 
3.2 
2.8 
6.9 
4.0 
4.5 
5.3 
2.5 

.l 
1.3 
1.6 
1.0 
1.0 

.8 

.O 

.O 
1.0 

8.0 
18.1 

.3 
5.2 
7.0 
8.3 

8.2 
8.0 

.7 
6.5 
5.0 

2.5 
1.7 
.O 

2.0 
.I 

1.7 
1.7 
.7 4.7 

2.0 
3.9 
3.0 
3.4 
3.6 

.2 
2.4 

.5 

.5 
2.0 
1.0 
1.2 

8.6 
8.4 
4.9 
1.8 
T” 

6.1 
.2 
.4 

4.9 
6.1 

.3 
5.1 

.O 

.l 
4.9 
2.2 
4.6 

.3 

.7 

.l 

20.2 
5.1 

11.1 
7.6 
4.6 
5.4 
2.7 
1.0 
5.5 

.2 
2.9 

.4 
2.5 
2.9 

.4 
1.2 
2.1 
3.3 
2.7 
1.7 
1.0 

.4 

31.6 31.8 14.9 45.3 41.3 
48.1 40.2 46.9 26.5 43.7 
18.4 25.5 37.7 28.2 15.0 

1.9 2.5 .5 .O .O 

2.5 
1.1 

1.3 
1.1 

1.7 

1.8 
1.3 
1.2 
1.1 

2.0 

2.1 
1.2 
1.0 

3.3 
1.4 
4.0 
5.2 
1.2 

26.6 35.4 
66.5 45.2 

1.6 19.0 

1.8 

2.9 
1.6 
1.0 

5.3 .4 

1 Total use value for each species is an average of monthly values. 
2 AlI other species which contributed I % or more to the diet during specific months. 
” Trace. 

suna) and species of bluegrass (Pea spp.) (Table 2). Ponderosa 
pine contributed substantially to the diets in all months, with the 
highest preference of 20 to 25% in October and April, respec- 
tively. In all other months the percentage of pine needles in the 
diet averaged between 6 and 9%. 

Rose was used lightly in April and May before active leaf 
growth. By June and July, however, it made up about 17 to 18% 
of the diet, then decreased during late fall. The bluegrass species 
used by the deer was primarily mutton bluegrass (Poa fendleri- 
ana) rather than Kentucky bluegrass grazed by the cattle. The 
mutton bluegrass made up about 14 to 18% of the deer diets in 
April and May, decreased in importance during the summer, but 
contributed over 11% to the diets in October. 

Fringed sagebrush made up 12.5% of the diet for deer during 
May and 6.9% in July. During other months it ranged from a 
h-ace to 2.2%. Thus diet overlap for this species was substantial 
early in the growing season and some competition might occur 
with high densities of cattle or deer. However, competition was 
probably not severe because of moderate cattle stocking, rather 
low deer densities, and the availability and abundance of this 
species. By July, cattle quit using fringed sagebrush. Sunsedge 
was the only other species for which competition was particular- 
ly noted. The tame deer ate small amounts ranging from 0.1 to 
7.6% throughout the season. Sunsedge also appeared in cattle 
diets in all months except July. 

Pennsylvania cinquefoil, one of the forbs utilized heavily by 
cattle, was not grazed much by deer. Another cinquefoil 
(Potentilk hippiana) however, rated quite high in the diets of 
the tame deer throughout the entire grazing season. 

The tame deer grazed 129 species during the 7-month season. 
The fewest species were grazed in April and May because not all 
plants are available at this time. Maximum numbers were taken 
in July and August when maximum numbers were available. 
During such periods, mushrooms were actively sought out by 
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the deer. They would paw through needles and duff to find 
preferred fungi, which made up more than 5% of their diet 
(Table 2). 

Silvicultural Treatment and Deer Use 
The use of ponderosa pine was affected by the silvicultural 

practice and post-harvest treatment. The deer readily grazed 
needles from the lower branches of actively growing trees (Fig. 
3-left). They also demonstrated a taste for dry needles on trees 
that had been felled for control of dwarf mistletoe (Fig. 3-right). 
The deer were very selective as to which branches or needles 
were grazed on live trees, felled trees, or needles picked up from 
the ground. The dry needles from downed trees or those picked 
up from the ground were semidried, and generally somewhat 
crisp, but still retained a yellow-brown color, perhaps with 
some green. The deer did not eat old grey-brown needles which 
had been on the ground 2 or more years. The forage value of 
needles is not known, but Neff (1974) also found them to be 
used abundantly by mule deer in Arizona. 

In addition to the needles, the deer grazed a number of pine 
seedlings when they happened upon them in the pastures. 
Usually the terminal bud plus a number of upper needles were 
nipped off and eaten. 

Some dwarf mistletoe (Arceuthobium vaginatum) was gath- 
ered from the ground after it had fallen from live trees. Most of 
it, however, was selected from downed trees specifically felled 
to control spread of the organism. Dwarf mistletoe made up 
2.5% of the tame deer’s diet in April, coming from trees felled 
during the prior winter or early spring (Table 2). 

Cutting of timber to growing stock level 80 resulted in a 
residual stand of trees with basal areas ranging from 10 ft*/acre 
(0.9 m*/0.4 ha) to more than 70 ft*/acre (6.5 m*/0.4 ha). Inter- 
mingled with these tree stands are open grassland parks charac- 
teristic of the pine type. The tame deer spent about equal 
amounts of time grazing in the open parks, low-density stands, 
and high-density stands (Table 3). The least time was spent in 
areas with basal areas between 4&60 ft*/acre (3.7-5.6 m*/0.4 
ha). The average percentage of forage use in this intermediate 
basal area class was about half that for the other areas occupied 
by trees. This difference, however, was probably a result of 
forage supply rather than some well-defined preference. Trees, 
shrubs and other species were grazed more heavily on the areas 
which had a tree basal area greater than 70 ft”/acre. The category 
“other” was composed largely of fungi or dwarf mistletoe in 
areas which were heavily infected. 

Conclusions 

Earlier studies at the Manitou Experimental Forest have 
shown that grazing by cattle is concentrated in the openings or 
low-density timber areas (Smith 1967). Tame deer spent more 
than 50% of their time grazing in comparable areas. Dietary 
competition between the two kinds of animals was not of 
consequence, however, because of limited overlap in the 
species consumed. Fringed sagebrush and sunsedge are excep- 
tions, but neither species comprises a sufficient percentage in 
the overall diet of cattle or deer to be of much consequence. 

Table 3. Diet composition (%) by forage class and amount of time (%) 
spent grazing by tame mule deer in relation to basal area of ponderosa 
pine (fF/acre). 

Basal area (ft2/acre) 

Item 0 10-30 40-60 >70 

Forage source (%) 
Trees and shrubs 
Forbs 
Grasses 
Other 

18.8 31.0 15.4 34.8 
28.7 31.0 12.3 28.0 
36.9 36.5 13.3 13.3 

5.2 23.1 23.0 48.7 

Average 22.4 30.4 16.0 31.2 

Grazing time (%l 24 29 16 31 

Also, both species are sufficiently abundant so that competition 
is minimal. 

Commercial timber harvesting activities resulted in almost a 
two-fold increase in understory herbage yields, which has been 
beneficial to both deer and cattle. By harvesting timber to leave 
a density of stocking level 80, sufficient trees are available to 
provide the distribution and density of ponderosa pine needed to 
maintain the preferred forage of mule deer. Sanitation treat- 
ments and thinnings removed undesirable trees and provided a 

_ short-term preferred food source for mule deer. 
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Deer Browsing and Browse Production of 
Fertilized American Elm Sprouts 

JAMES F. GEORGE AND JEFF POWELL 

Highlight: Small blocks of land producing dense stands of 
American elm trees along streamcourses in north-central Okla- 

spp.) (Mitchell and Hosley 1936), oaks (Quercus spp.) (Ward 

homa were fertilized after clearcutting in late summer, late 
and Bowersox 1970), and even the relatively unpalatable 

winter, and spring. Twig tips of first-year elm sprouts were readily 
Mariposa manzanita (Arctosfaphylos mariposa) (Gibbens and 

browsed by deer after succulent cool season, berbaceous plants F’ieper 1962), and Douglasfir (Pseudotsuga menziesii) (Long- 
had matured in May. Browsing and browse production were burst et al. 1968) were browsed to a greater extent than un- 
greater on fertilized sprouts if trees were cut and fertilized in the fertilized Plants. 
previous late summer or current late spring seasons. Fertilization Based on the information concerning increased utilization of 
and lateral branching after browsing increased total twigs per 
sprout which, in turn, increased browse production and use as the 

woody plants as sprouts and from fertilization, we combined the 

season progressed. These results indicate browse production from 
hw practices in a habitat management study. The specific 

unproductive stands of elm trees can be increased greatly by 
objectives were to determine the first-year effects of top 

different habitat management practices. 
removal and fertilization of elm trees at different elm pheno- 
logical stages upon (I) the degree of browsing of elm sprouts by 

Much of the white-tailed deer (Odocoileus virginianus) 
&er and (2) browse production of elm sprouts during the 

habitat in the tallgrass prairie occurs as relatively narrow bands grow’ng season’ 
of woodlands along streamcourses. Throughout central Okla- 

.Wwl” Area ----a -- -- 

b”% he&,” elm (Ulmus americana) is a” impofla”t 
Our study area is about 18 km west of Stillwater in the Lake Carl 

member of the streamcourse woodland and is commonly found 
Blackwell watershed. The general area has a continental climate with 

on upland plains adjacent to floodplains (Fowells 1965). The 
tie average absolute maximum temperature exceeding 40”~ from JUW 

extent of woodlands is increasing in many of these areas because 
though September and the average absolute minimum temperature 

of the invasion of elm into grasslands adjacent to streamcourses 
t&w -20°C from December through March. The annual precipita- 
tion averages 820 ? 250 mm. The average precipitation distribution 

(Rice and Penfound 1959). during the 210 day growing season is 21% during April and May, 28% 

Although these elm stands provide woody cover for deer, 
&ring the June-August period, and 17% during September and 

shading, tree height, and lack of understory shrubs or herbs re. 
October, 

suit in relatiVely low amounts of forage for deer and livestock. 
American elm was given relatively low preference ratings for 
tath deer and cattle by Hosley (1956) and Petrides (1941), but 
elm sprouts were readily browsed in Pennsylvania (Pogge 
1967). Moore and Johnson (1967) also found elm sprouts to be 
readily browsed and much more than adjacent elm seedlings. 
Apparently, the greater succulence of sprouts increases the 
palatability of woody species compared to less succulent tree 
and seedling twig tips (Dalrymple et al. 1965). 

Fertilization also produces greater utilization of woody plants 
by deer. Fertilized plants of such species as dogwood (Cornus 



The study area lies within a transition zone between the floodplain 
of a perennial stream and the adjacent upland, tallgrass prairie (Fig. 1). 
The alluvial floodplain soil is a Port silt loam (Cumulic H@us~&) 
with the following chemical characteristics in the A horizon: 6.3 pH; 
1.7% organic matter; and extractable nutrients, 7 ppm Pod, 170 ppm 
K20, 1,300 ppm Ca, 290 ppm Mg, and 60 ppm Na (George 1974). 

The overstory vegetation consisted of a dense stand of uniform- 
sized trees, 97% of which were American elm. Associated species 
were green ash (Frminus pennsylvunica), black locust (Robinia 
pseudoacacia), hackberry (Celtis occident&is), postoak (Quercus 
stelluta), and blackjack oak (Q. murilundica). The stand contained 
2,500 trees per hectare, with an average basal diameter of 10.0 2 2.2 
cm. 

The most common understory species included little bluestem 
(Schizuchyrium scopurium), broomsedge (Andropogon virginicus), 
purpletop (Tridensfluvus), Scribner’s panicum (Panicurn scribnerari- 
unum), Japanese brome (Bromus japonicus), Virginia wildrye (Ely- 
mus virginicus), sedges (Curex spp.), western ironweed (Vernoniu 
baldwinii), tick clover (Desmodium sessififolium), and goldenrod 
(Solidago spp. ). 

Methods 

The experiment consisted of three replications of two fertilizer treat- 
ments on each of three different cutting dates. The 18 total plots, each 
15 m x 30 m, were arranged in a randomized block design. On each of 
the three cutting dates, all trees on plots randomly chosen to be cleared 
on that date were cut with chain saws at a height of 5-10 cm above 
ground level. The wood from tree trunks was removed from the plots 
as firewood, and tops were piled around the plot perimeter for small 
game cover and to facilitate sampling of the plot. The three cutting 
dates were selected to coincide with the following stages of elm 
phenology: mature leaf in late summer (g/15/72); bud stage in late 
winter (3/l/73); and half-leaf, rapid growth stage in late spring 
(5/15/73). 

After cutting and clearing on each cutting date, one plot per 
replication was broadcast fertilized with the equivalent of 210 kg of 
ammonium nitrate (33.5-O-O) and 160 kg of superphosphate (0-46-O) 
per hectare. A similarly cleared plot was left unfertilized in each 
replication. 

The degree of browsing on elm sprouts by deer, rabbits, and other 
browsing wildlife was determined monthly from May through Sep- 
tember, 1973. Nine different elm stumps with sprouts were randomly 
chosen from each plot each month for determination of degree of 
browsing. The total number of twig tips present and the number of 
twigs browsed during the preceding 30 days were counted for each of 
the selected stumps. The degree of browsing reported was calculated 
as the number of recently browsed twigs divided by the total number of 
twigs available (Aldous 1944). No attempt was made to distinguish 
deer browsing from browsing by rabbits or other small mammals since 
most twig tips were out of reach of small mammals within 30 days after 
sprout growth was initiated. Insects can have a significant effect on 
twig tips of sprouts (Powell et al. 1972), hence any insect damage on 
elm twig tips was noted, but was distinguished from deer browsing. 
Although the determination of how recently each twig tip had been 
browsed was an arbitrary decision, the decision was made only after 
careful consideration of the observable factors on the remaining 
portion of the browsed twig tip. 

All sprouts from three stumps selected in each plot were clipped at 
the base, weighed, and dried at 45°C to a constant weight to determine 
dry matter content. One soil sample was collected from the O-30 cm 
soil depth zone in each plot on each sampling date. Percent soil water 
was determined gravimetrically (N.R.C. 1962). 

The analysis of variance and least significant difference methods 
were used to determine statistically significant differences. Unless 
otherwise noted, all differences discussed are significant at the 95% or 
higher level of probability. 

350 

Results and Discussion 

Browsing Response 

Temporal Efsects 
The average degree of browsing in April (7%) was much 

lower than that in May (56%), June (54%), July (44%), or 
August (48%) (Fig. 2). In April all sprouts were relatively short 
and not easily seen because of the dense stand of taller, cool- 
season grasses. The cool-season grasses and forbs provided a 
variety of succulent, herbaceous plants and deer probably 
selected these plants rather than elm twigs. 
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F’ig. 2. Browsing (%) on fertilized and unfertilized sprouts. For sampling date 
means, LSD.05 = 7; for fertilizer X sampling date means, LSD.05 = 10. 

Browsing increased greatly on all cleared plots in May and 
remained high in June. Sprouts were taller and twig tips were 
probably more succulent than the rapidly maturing cool-season 
grasses and forbs. During July the degree of browsing averaged 
for all cleared plots was lower than earlier in June or later in 
August. 

Soil water content was 20%) 20%, 6%, 8%, and 18% on May 
4, June 6, July 9, August 8, and September 8, respectively. Elm 
sprout water content was 74%, 66%, 6 1%, 56%, and 58% on 
those dates. When plants undergo soil water stress, there is an 
accumulation of photosynthesis by-products (Black 1957). In 
certain shrubs the greatest increase in unpalatable (Nagy et al. 
1964) by-products occurs in the most rapidly growing plants 
(Powell 1970). The relatively lower degree of browsing of elm 
twigs in July may have resulted from a temporary decline in 
palatability. 
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Fertilizer Effects 
Degree of browsing was greater on fertilized plots than on un- 

fertilized plots (Fig. 2). The increased utilization of fertilized 
elm sprouts was apparently a response to increased palatability 
of the sprouts. However, there also appeared to be a preference 
for the fertilized plots, at least for bed sites. Although no data 
were collected, there appeared to be more deer beds on fertilized 
plots where the herbaceous plants were taller, more abundant, 
and provided more low-level cover. Anderson et al. (1974), 
using pellet group counts only, determined deer used fertilized 
oak range in New Mexico in the summer, fall, and winter more 
than unfertilized oak range. 

q  Twigs (Unfertlllzed) 

....... ....... ....... q  Twigs (Fertilized) ....... ....... 
70 

....... ....... 

h-l 

....... ....... ::::: :: q  Browsing (Unfertilized) ....... ....... ....... ....... ....... ....... ....... ....... q  Browsing (Fertilized 
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The average number of twigs per sprouting stump was 
slightly greater (P < . 11) on fertilized plots (106 twigs/stump) 
than on unfertilized plots (90 twigs/stump), but there was no 
difference in sprout dry matter content due to fertilization. We 
believe that data on twig tips alone would be more useful for 
predicting deer utilization and response to fertilization than that 
of the entire sprout. We observed that deer use, after April, was 
restricted almost entirely to twig tips. 

Interaction of Fertilizer and Temporal Efsects 

E 50- 
Z .- v) 

E 40- 
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Although browsing on fertilized elm twigs was consistently 
greater than on unfertilized twigs, the difference was greatest in 
May and minimal by the end of August (Fig. 2). The influence 
of fertilizer on preference was rather short-lived and dissipated 
with increasing sprout age. If deer are attracted to sprouting 
stumps because of the actual number of twig tips available, the 
influence of fertilizer on sprout morphology may be as impor- 
tant as its effect on palatability after the initial flush of growth. 

Interaction of Fertilizer and Date of Cutting 

a/15/72 3/l /73 5/15/73 

Dote Of Cutting 

Fig. 3. Total twig tips per stump and browsing (%) for different fertilizer 
date of cutting treatments. For total twig means, P < .09; for browsing 
means, LSD.& = 10. 

Differences in browsing response to fertilization were not 
consistent nor of the same magnitude on plots cleared on 
different dates. Browsing on fertilized, summer-cut sprouts 
(56%) averaged for all five sampling dates was about 20% 
greater than on unfertilized sprouts from stumps cut on the same 
date; however, browsing on fertilized (44%) and unfertilized 
(40%) sprouts from stumps cut during late winter was about the 
same. Since spring-cut plots were sampled only on the last three 
sampling dates, differences due to interaction of fertilizer and 
cutting date were also tested using data collected from all plots 
on the last three sampling dates. 

growing season may have a significant influence on browsing 
later in the year. Browsing or any other type of removal of apical 
dominance induces lateral branching and the production of more 
twig tips with continued plant growth. Therefore, those treat- - _ 
ments, such as fertilization, which increase browsing early 
the growing season, may produce a desirable effect for several 
months thereafter. 

Elm Browse Production 

Browsing differences due to fertilizer on the last three 
sampling dates were significant on summer-cut plots (64% vs 
48%) and on spring-cut plots (5 1% vs 3 I%), but not on 
winter-cut plots (49% vs 48%) (Fig. 3). The lowest average 
utilization was on unfertilized, spring-cut sprouts (3 I%), the 
highest on fertilized summer-cut sprouts (64%) and about the 
same (48-5 1%) for all other sprouts. 

The degree of browsing on twig tips per stump indicates 
effects of various habitat management practices on deer prefer- 
ence, but it does not express the effects of the practices on 
supply of the preferred (browsed) twigs. Since treatments had 
Ix) significant effect on percent sprouting elms or sprouts per 
stump (X = 36 ? 11 at the end of the growing season), 
number of browsed twig tips per stump was used as a measure 
elm browse production. 

Differences in total twig tips per stump due to interaction of 
fertilizer and date of cutting (P < . 10) during June, July, and 
August were very similar to those differences in degree of 
browsing (Fig. 3). Fertilization increased twig tip numbers on 
summer-cut and spring-cut plots but not on winter-cut plots. 

Gibbens and Pieper (1962) found the response of herbaceous 
plants fertilized in fall and winter had a detrimental effect on the 
survival of brush seedlings. We also found a much greater 
amount of cool-season herbage on fertilized, winter-cut plots 
than on any other plots. Apparently the shallow-rooted, cool- 
season annual grasses (primarily Japanese brome) pre-empted 
the fertilizer before the warm season elm plants were able to 
respond. 

Although the degree of browsing was similar between May 
and August, Figure 4 clearly shows deer were utilizing more 
total twig tips as the season progressed. Growing fawns could 
account for some of the increase in number of twig tips browsed, 
but it still appears that elm sprout browse became increasingly 
more important as the season progressed. The average number 
of twig tips browsed almost doubled during August compared 
July. 

Fertilized sprouts produced about 50% more browse than un- 
fertilized sprouts, but this was not consistent for all dates 
cutting (Fig. 5). The average number of browsed twigs was 
greater on fertilized, winter-cut plots than on unfertilized, 
winter-cut plots. 

If browsing is as closely related to total twig tips per stump as 
indicated in this study, the degree of browsing early in the 

Sprouts from summer-cut plots produced more browse than 
either winter-cut or spring-cut plots, primarily because of the 
much greater number of browsed twigs on fertilized, summer- 
cut sprouts. Since the total number of twigs on fertilized, 
summer-cut sprouts was not greater than those on unfertilized, 
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EIg. 4. Number of b rowsed twigs per stump for difSerent sampling dates and 

dates of cutting. For sampling date means, LSD.05 = 18;for sampling date x 
date of cutting means, LSD.05 = 29. 

summer-cut sprouts until after May, fertilization in late August 
of the previous growing season may have had a beneficial effect 
on the root system or carbohydrate reserves. The fertilized, 
summer-cut sprouts were apparently more vigorous, or had a 
more efficient root system than unfertilized, summer-cut 
sprouts. Twigs increased 166% of fertilized sprouts, but only 
53% on unfertilized sprouts during the very dry June period. 
The effect of late summer or fall fertilization on shrub and sprout 
production efficiency deserves additional research. 

Conclusions 
Based on these results, we believe (1) first-year elm sprouts 

provide a valuable source of browse for deer, especially during 
late summer, (2) fertilization and the date of cutting influence 
elm browse production, (3) early browsing should be en- 
couraged to induce lateral branching, and (4) more research on 
sprout morphology and physiology needs to be conducted if 
effective and economical deer habitat management practices are 
to be developed. 

The total size of the area cleared and sprouts produced at any 
one time probably needs to be coordinated with the existing deer 
grazing pressure or the grazing pressure obtained from live- 
stock. Early spring livestock grazing on cleared areas could 
benefit both livestock and deer by inducing lateral branching on 
elm sprouts and decreasing competition from fertilized cool- 
season annual grasses when they are palatable. 

If deer and livestock grazing is not heavy enough to prevent 
elm sprouts from growing out of reach, the sprouts will need to 
be mowed, crushed or burned periodically. Additional research 
is needed to compare the forage value of first-year sprouts to that 
of older sprouts. The optimum frequency and degree of live- 
stock grazing and mechanical sprout control should also be 
determined. Whatever the practice used, it is apparent elm 
stands can be manipulated to provide valuable browse for deer. 
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Effect of Mesquite Trees on Vegetation and 

Soils in the Desert Grassland 

ARTHUR R. TIEDEMANN AND JAMES 0. KLEMMEDSON 

Highlight: Studies were conducted in the mesquite-desert grass- 
land to assess effects of shade, roots, and litter of mesquite trees on 
understory vegetation and microenvironmental factors. Elimi- 
nation of mesquite shade and root action increased foliar cover of 
understory vegetation in the canopy zone from 19% with intact 
mesquite to 24%. Replacement of mesquite shade with artificial 
shade screens further increased understory vegetative cover to 
32%. Only forbs responded to elimination of mesquite roots in 
open areas. Vegetation responses indicated improved soil moisture 
in the canopy zone with both treatments, but there were no 
detectable soil moisture differences among treatments during the 
major part of the growing season. Greater vegetal cover with no- 
shade and artificial shade treatments was apparently associated 
with differential utilization of moisture compared with the mes- 
quite shade treatment. Increased soil moisture made available by 
mesquite removal and in excess of that lost by evaporation was 
reflected in greater vegetative cover. With artificial shade, poten- 
tial evaporation was similar to that for natural shade-thus 
increased moisture was utilized for growth of understory vege- 
tation. 

Invasion of trees and shrubs into grasslands of the South- 
west typically results in reduced forage production, in- 
creased soil erosion, and greater livestock handling cost 
(Cable 1975; Martin 1975). Mesquite (Prosopis julifloru 
(Swartz) DC.)’ is one of the most conspicuous of the trees 
and shrubs that have invaded ranges of the southwestern 
United States and Mexico; it now is a resident on about 8 
million ha of former desert grassland range (Martin 1966). 

Where mesquite has been eradicated, herbage yields have 
increased (Parker and Martin 1952; Cable and Tschirley 
196 1; Paulsen 1975), primarily in response to increased 
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moisture availability. Because mesquite uses 2 to 3 times 
more water than herbaceous vegetation (McGinnies and 
Arnold 1939), killing mesquite trees was found to increase 
moisture supply and duration of its availability within 
several meters of killed trees (Parker and Martin 1952). 
Hughes (1966) found similar responses in soil moisture 
when mesquite was killed by root plowing or herbicides. 

Despite benefits of mesquite eradication, presence of 
mesquite on desert grasslands may not be entirely detri- 
mental. Areas under canopies of mesquite and other trees 
and shrubs often support dense stands of herbaceous vege- 
tation (Went 1942; Cable and Tschirley 1961; Humphrey 
1962; Halvorson and Patten 1975). Garcia-Moya and 
McKell (1970) suggested that shrubs help maintain the pool 
of soil nutrients in desert ecosystems by creating islands of 
fertility beneath canopies through accumulation of organic 
matter. 

In 1966 we began studies to determine how mesquite 
trees modify the microenvironment and affect growth of 
herbaceous species beneath their canopies and in adjacent 
openings. Our purpose was to gain knowledge that would 
be useful to land managers in the design of practices for 
improving forage production. Results from some of these 
studies have been previously published (Tiedemann and 
Klemmedson 1973a and 1973b; Tiedemann et al. 1971). 
Purpose of the study reported here was to determine the 
effect of mesquite trees on soil moisture, soil temperature, 
and net radiation and to assess the importance of each in 
growth of vegetation under mesquite canopies and in 
adjacent open areas. In our experiment we attempted to 
evaluate separately three effects of mesquite trees on micro- 
environment: (1) shade, (2) action of roots, and (3) litter. 
Shade affects soil temperature, evaporation, and the amount 
of radiant energy impinging on understory vegetation. 
Mesquite roots extend downward and laterally and affect 
soil moisture under the canopy and in the open, thus 
possibly affecting herbage production of both locations. 
Litter beneath canopies alters physical and 
ties of soil (Tiedemann and Klemmedson 
turn affect soil temperature, infiltration, 
from soil. 

chemical proper- 
1973a) which in 
and evaporation 
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Study Area 
The study area was a 20.ha upland desert grassland site 

(elevation I.100 m) at the Santa Rita Experimental Range south 
of Tucson, Ariz., which has been protected from domestic live- 
sock use since 1937. 

Areas under mesquite canopies supported dense stands of 
herbaceous vegetation, mainly perennial grasses. Between mes- 
quite canopies, soils were exposed and vegetation consisted of 
sparse herbs with scattered shrubs and half-shrubs. 

Soils of the Comoro, Sonoita, and Continental series, derived 
from alluvium of basic and acidic igneous rocks, are coarse, 
deep, and well drained. The Comoro series is a member of the 
coarse-loamy, mixed, thermic family of Cumulic Haplustolls. The 
Sonoita series is a member of the tine-loamy, mixed, thermic 
family of typic Haplargids. The Continental series is of the tine, 
mixed, thermic family of typic Haplargids. 

Mesquite is the dominant overstay vegetation. Catclaw 
@aria greggii Gray), pricklypear and cholla (Opunrin spp.), and 
barrel cactus (Ferocacfus wislizeni (Engelm.) Britt. and Rose) are 
hnportant subdominants. Important half-shrubs include: burrowed 
oiplopappus renuisecrus (Greene) Blake) and zinnia (Zinnia 
pumila Gray). Arizona cottontop (Trichachne calrfornica (Benth.) 
Chase), bush muhly (Muhlenbergia porreri Scribn.), plains 
bristlegrass (Setaria macrosrachya H.B.K.), and black grama 
@outeloua eriopoda Tom.) are major perennial grasses. Forbs 
commonly encountered include spiderling (Boerhaavia spp.), 
trailing four-o’clock (Allionin incarnuta L.), portulaca (Portulaca 
SPP.). and globemallow (Sphaeralcea spp.). Needle gram 

(Boureloua arisridoides H.B.K.) is the predominant annual grass. 
Mean annual precipitation is 33 cm, with 40% or more 

occurring in July and August (Sellers 1960). Summer tempem- 
tures are moderate; they exceed 38°C on only I or 2 days. 
Maxima of 21°C occur in all winter months; frost occurs on an 
average of 25 days per year. 

Methods 

Our rationale for choosing treatments was to selectively elimi- 
nate shade, root action, and litter of mesquite so we could assess 
the effect of each of these on herbaceous understory vegetation, 
soil moisture, soil temperature, and net radiation. We selected 24 
uniform mesquite trees isolated at least 30 m from other mesquite 
tees, and randomly applied four replications of three shade and 
two mulch treatments. We did not attempt to block the area for 
soil variations-emphasis was placed on obtaining isolated trees 
with similar stature. Shade treatments were mesquite shade, 
artificial shade, and no shade (Table 1). 

Undisturbed mesquite trees served as the mesquite shade treat- 
ment (Fig. I). The artificial shade treatment was established by 
cutting mesquite trees at the base and substituting artificial shade 
(Fig. I). Stumps were treated with diesel oil to kill root crowns. 
Structures supporting samn shade cloth 3.7 x 3.7 m were 
centered over the cut stumps at a height of 1.2 m. These 
structures provided a reduction in light intensity of 55%-the 
approximate amount of shade actually provided when mesquite 
trees are in full leaf. Light quality under saran shade screen is 

similar to that under oak and maple trees (Gastin 1965). For the 
no-shade treatment, trees were cut and killed, but the area was 
left unshaded. 

To determine the effect of mesquite litter on microenviron- 
mental conditions and understory vegetation, natural litter was 
removed fmm half of the plots of each shade treatment. All 
accumulated litter was collected on three 0.3- x 0.9-m plots 
mdiating from the base of trees in north and south directions. 
&moles were washed to remove soil, ovendried at 7O”C, and 
w&hod. 

Vegetation cover and biomass were measured prior to tmatment 
of mesouite trees to assess pretmatment uniformity of under- 
story vegetation. Under mesquite where vegetati& appeared 
relatively uniform, we used a 2.4. x 0.6-m transect, whereas in 
open areas where vegetation was sparse we used a 4.8. x 0.3-m 
transect. Four permanent transects v,ere established under each 
mesquite canopy, radiating from the base of trees in each cardinal 
direction. Four transects in the open zone were established 6 m from 
the base of each tree at right angles to transects established under 
the tree. Foliar cover of each species was measured as a vertical 
projection of the foliage onto the ground surface using a 0.3 m2 
frame for reference. Perennial grasses were clipped 5 cm above 
the surface and dried at 55°C for 48 hours to estimate biomass. 
Vegetation was grouped into perennial grasses, annual grasses, 
half-shrubs, shrubs, and forbs for analysis of differences in foliar 
cover. Measurements were repeated in September 1967. 



Table 2. Percent cover response of five classes of vegetation to shade treatments. 

Canopy zone Open zone 

Mesquite No Artificial Mesquite No Artificial 
Class of vegetation shade shade shade shade shade shade 

Perennial grasses 16.0 A’ 16.2 A 23.4B 3.9a 5.8a 5.6a 
Shrubs 0.3 A 1.1 A 0.1 A 1.6a 1.2a 0.8a 
Half-shrubs 1.1A l.OA 0.5A 4.2a 5.7 a 5.1 a 
FiXbS 0.8B 3.9A 5.5A 0.9b 3.7 a 2.5a 
Annual grasses 0.6A 2.2A 2.4A 3.9a 4.4a 4.3a 

Total 18.8 A 24.4 B 31.9c 14.5 a 20.8 a 18.3a 

’ Capital letters designate comparison among treatments in the canopy zone. Lower case are for open zone comparisons. Values in the same line with different letters aresignificantly 
different at P = 0.05. 

Soil moisture was measured gravimetrically from the surface to 
15 cm depth and by neutron thermalization from 0.3 to 1.5 m. 
Access tubes for the latter were installed 1.4 and 6.0 m due 
north and south from the base of trees. Gravimetric samples were 
collected within an 80-cm radius of access tubes 24 hours after 
each rainfall event. Subsequent samples were collected at inter- 
vals of 3 to 5 days in the summer and 1 to 3 weeks during the 
rest of the year. Soil moisture between 0.3 and 1.5 m was 
measured at 5- to 6-week intervals using a nuclear depth-moisture 
probe and scaler. 

Soil temperature was measured between 10 A.M. and 4 P.M. 
every 4 to 6 weeks from May 1967 through January 1968 using 
copper-constantan thermocouples coated with epoxy resin installed 
permanently in undisturbed soil at depths of 2.5, 7.5, 15, and 30 
cm. Temperature profiles were located at north and south sides of 
the canopy and open zones. Temperature was measured on each 
shade and litter treatment replication within a 1.5-hour period- 
thus requiring 6 hours to measure the four replications. The same 
sequence was used within and among replications each time to 
avoid confounding diurnal temperature fluctuations with treat- 
ments. 

Differences in net radiation among treatments were evaluated 
from measurements taken in canopy and open zones with a 
Thomthwaite* net radiometer on a clear day in August. Air 
temperature and precipitation were recorded with hygrothermo- 
graphs and 20-cm recording rain gages. 

Design of the study was completely random for the factorial 
combination of three shade and two litter treatments over four 
Eplications. Sample locations (open zone or canopy zone) and 
side of plot were treated as subplots in a split-plot analysis. 
Effect of shade and litter treatments on vegetation, soil moisture, 
and soil temperature was evaluated using analysis of variance. 

Results and Discussion 

Pretreatment Vegetation Status 
Prior to treatment, cover of perennial grasses under mes- 

quite was 24% compared with 4% in the open. Cover of 
half-shrubs under mesquite was less than 2% compared 
with 8% in the open. These differences between locations 
were highly significant. Total cover of understory vegeta- 
tion was significantly greater (P = 0.01) under mesquite 
than in the open (27% vs 14%). Shrubs and forbs did not 
occur on enough plots to merit statistical analysis and 
annual grasses had disappeared by the harvesting date. 

Cover of perennial grasses on north and east quadrants 
under mesquite trees was 28 and 30%, respectively. The 
values were significantly higher (P = 0.01) than those for 
the south and west quadrants ( 19 and 20%, respectively). 
Differences among sides of the trees cannot be attributed to 
any single species; Arizona cottontop was the only species 

z Mention of a product by name is not an endorsement of that product by the U.S. Dep. 
Agr. 
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occurring on enough plots for a valid statistical analysis, 
and differences among quadrants were not significant. 

Pretreatment tests for uniformity showed there were no 
significant differences between shade and litter treatments 
for crown cover of perennial grasses, half-shrubs, and total 
vegetation. Thus, adjustment of treatment effects for pre- 
treatment differences was not necessary. 

Perennial grass biomass was 1,146 and 239 kg/ha in 
canopy and open zones, respectively. Arizona cottontop 
accounted for about half of this biomass (665 and 120 
kg/ha, respectively). Differences between canopy and open 
zones were highly significant for both Arizona cottontop 
and total perennial grasses. These results support observa- 
tions alluded to earlier concerning distribution of vegetation 
relative to shrub and tree cover. 

Biomass of perennial grasses under mesquite canopies 
prior to treatment (1,146 kg/ha) approached the maximum 
production recorded by Parker and Martin (1952) for desert 
grassland range (1,292 kg/ha) when all mesquite is killed. 
However, because Arizona cottontop and bush muhly have 
culms which live for more than one year (Cable 1971), and 
because the area had been protected from grazing for 30 
years, post-treatment measurements were probably a better 
indicator of yearly production capability of areas under 
mesquite canopies. 

Litter 

Litter under mesquite was greater on the north side of 
trees (2,150 kg/ha) than on the south (1,300 kg/ha) and 
greatest near the trunk. Within 1.8 m of mesquite trunks, 
litter weights on north and south sides of trees were not 
greatly different (750 vs 540 kg/ha). However, in the 1.8- 
to 2.7-m interval from trunks, dry weight of litter differed 
greatly between north and south sides (650 vs 220 kg/ha). 
Prevailing southeasterly winds and higher temperatures 
more favorable for decomposition may impede accumu- 
lation of litter on the south side of mesquite trees. 

Vegetal Response to Treatments 
Perennial grasses and forbs were the only classes of 

vegetation affected by shade treatments and only annual 
grasses were influenced by litter. In the canopy zone, cover 
of perennial grass was the same for mesquite shade and no- 
shade treatments ( 16.0 and 16.2%, respectively) but signifi- 
cantly higher for artificial shade (23.4%) (Table 2). The 
killing of mesquite roots had no significant effect on cover 
of perennial grasses in the open zone. Response of perennial 
grasses in the canopy zone to elimination of mesquite 
competition is apparently hindered by the harsher micro- 
environment created when natural shade is removed. The 
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perennial grasses may have been stressed physiologically 
because of sudden changes in radiative input and soil 
temperature when the overstory mesquite was removed. 
This interpretation is suggested by the marked response in 
cover and biomass of perennials with the artificial shade 
treatment. Differences in cover of perennial grasses be- 
tween shade treatments could not be attributed to any 
single species and apparently showed the combined re- 
sponse of all perennial grass species. 

Cover for forbs in the canopy zone with no shade and 
artificial shade was significantly greater (3.9 and 5.5%, 
respectively) than with mesquite shade (0.8%). In the open 
zone, cover of forbs increased significantly when mesquite 
mot action was eliminated. Two responses of forbs merit 
emphasis. First, forbs responded significantly to elimination 
of shade and root action of mesquite (i.e. mesquite shade 
vs no shade), whereas perennial grass did not. Artificial 
shade was needed for a response from perennial grasses. 
Thus, forbs appear to be less sensitive than grasses to the 
harsher microenvironment created with the no-shade treat- 
ment. Secondly, response of forbs in the open zone 
suggests an improvement in soil moisture as a result of 
killing the mesquite and eliminating lateral roots. 

Treatments that provided shade and eliminated mesquite 
toots had no effect on half-shrubs or annual grasses in 
either location, and shrubs occurred on too few plots for a 
valid test. Trend of the annual grass response to treatment 
in the canopy zone was similar to that of forbs (Table 2). 
Average cover of annual grasses in the open zone was 
4.1% compared with 1.7% in the canopy zone. This 
difference was highly significant. 

In the canopy zone, cover of total vegetation reflected the 
response of perennial grasses and forbs to shade treatments. 
Cover increased significantly (P = 0.05) from 18.8% with 
mesquite shade to 24.4% with no shade and 31.9% with 
artificial shade. However, neither treatment had an effect on 
cover of total vegetation in the open zone. Response of total 
vegetation in the canopy zone suggests that removal of competi- 
tion by mesquite roots benefitted vegetation directly beneath the 
canopy, but this was partially offset by the harsher micro- 
environment created when the mesquite crown was removed. 
When shade was replaced (artificial shade treatment), the 
microenvironment was less severe and growth of understory 
vegetation was further enhanced. 

Annual grass was the only vegetation that was affected by 
litter. Cover in the canopy zone with litter was 2% compared 
with 1% without, a significant difference (P = 0.10). Removal 
of litter to establish the no-litter treatment may have removed 
some annual grass seed. This may account for greater cover of 
annual grass in the open zone than in the canopy zone. 

Shade treatments affected biomass of perennial grasses as 
they affected cover. Production of perennial grasses in the 
canopy zone was 10 times greater (P = 0.01) than in the open 
zone (672 kg/ha vs 64 kg/ha). 

Biomass of perennial grasses in the canopy zone was signifi- 
cantly greater (P = 0.05) with artificial shade (908 kg/ha) than 
with mesquite shade (5 16 kg/ha) or no shade (626 kg/ha). Only 
Arizona cottontop showed a difference (P = 0.05) in biomass 
among shade treatments: it produced 3 13 kg/ha more herbage 
under artificial shade than with mesquite shade, but there was no 
significant difference for any other shade treatment comparison. 
Neither shade nor litter treatments affected perennial grass 
biomass in the open zone. 
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Fig. 2. Soil moisturefluctuations in the surface 15 cm in the canopy and open 
zones (average of shade treatments). Soil moisture is significantly different 
between zones at the 5% level on dates with a single asterisk and at the I % 
level with double asterisks. 

Soil Moisture 
During the study, soil moisture in the surface 15 cm fluctu- 

ated between 1.5 and 11.6% (Fig. 2). Using 4.6% as the lower 
limit of available moisture (Cable 1966), there was available 
moisture for plant growth on 16 of 28 sampling dates. In 
summer and fall when plants grew actively, available moisture 
was depleted within 7 to 10 days of replenishment. Rate of 
depletion was so slow during late fall and winter that soil 
moisture was continuously available from December 1967 to 
March 1968. 

There were only seven dates when soil moisture differed sig- 
nificantly between canopy and open zones (Fig. 2). On six of 
those dates, moisture was higher in the open zone. Lower soil 
moisture in the canopy zone probably resulted from interception 
of precipitation by mesquite trees, shade structures, and under- 
story vegetation, and greater use of moisture by understory 
vegetation. 

We detected no difference in soil moisture among treatments 
in the open zone. This is contrary to the results of Parker and 
Martin (1952), who found significant increases in soil moisture 
at distances of 6 m from the base of killed mesquite trees 
compared with live mesquite trees. In our study, lateral roots of 
nearby mesquite may have confounded treatment effects in the 
open zone. 

There were significant differences in soil moisture among 
shade treatments in the canopy zone on nine dates (Table 3). On 
eight of these dates, soil moisture was higher with artificial 
shade than with mesquite shade or no shade. Soil moisture 
differences between mesquite shade and no shade showed no 
consistent pattern. 

Soil moisture did not differ among shade treatments in the 
canopy zone during the major summer growing season (mid- 
July through mid-September). Thus, effect of low humidity 
and high air temperature on evaporation rate was probably too 
great to be offset by mesquite or artificial shade. This agrees 
with Shreve’s (1931) conclusion that the sparse shade of 
Parkinsonia, a tree similar to mesquite, was not sufficient to 
reduce the evaporative power of the air during the summer. 

Soil moisture in the surface 15 cm was significantly greater (P 
= 0.05) with litter than without litter on 5 of 28 individual dates 
and significantly greater (P = 0.10) for five additional dates. 
Because the above differences occurred immediately following 
I-dins and at times when soil moisture was very low, litter 
apparently affected both infiltration and evaporation. 
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Table 3. Soil moisture (percent by volume) in the surface 15 cm of the 
canopy zone for three shade treatments. 

Date 
Mesquite 

shade 
No 

shade 
Artificial F-test among 

shade treatments 

4-17-67 4.8 4.4 4.5 
5-l l-67 1.6 1.3 1.8 
5-26-67 1.5 1.8 1.4 
620-67 1.5 1.8 1.8 
627-67 5.2 5.5 5.7 
7-O 1-67 2.3 2.7 3.1 
7-05-67 4.5 5.8 5.5 
7-08-67 5.3 6.6 6.6 
7-10-67 6.3 7.3 7.9 
7- 18-67 9.0 9.3 9.2 
7-28-67 5.5 5.6 6.0 
810-67 4.6 5.3 4.8 
8-14-67 8.0 8.6 9.6 
8-24-67 7.0 6.1 7.4 
8-3 l-67 2.1 1.9 2.0 
9-06-67 8.7 7.8 9.1 
9-12-67 10.9 9.6 11.1 
9-23-67 2.4 2.0 2.7 
10-07-67 7.1 7.7 9.2 
10-22-67 2.0 2.1 3.0 
11-18-67 1.4 1.3 1.8 
12-02-67 10.2 9.8 10.8 
12-09-67 7.1 8.1 8.7 
12-27-67 10.2 9.6 10.2 
l-25-68 6.5 7.8 7.4 
2-17-68 10.9 10.4 11.1 
3-22-68 6.4 6.3 7.0 
409-68 2.9 3.1 3.4 

Average 5.6 5.7 6.2 

* 
* 

** 
* 

** 
** 
** 

** 

* 

*Significant at P = 0.05. 
**Significant at P = 0.01. 

North sides of the canopy zone had greater soil moisture than 
south sides (P = 0.05) in the surface 15 cm on eight dates. These 
differences became pronounced in early fall, thus supporting the 
conclusion that shade during summer is not sufficient to reduce 
evaporation. 

Soil moisture between 0.3- and 1.5-m depths remained 
constant from March through July (Fig. 3). In August, soil 
moisture increased throughout the entire profile, but the change 
was greatest in the upper 0.9 m and coincided with summer 
nuns. By November, soil moisture was depleted to early 
summer levels-6.4 cm of moisture in the entire 1.5-m profile. 
Rains in December doubled this value and caused a further 
increase in January. 

Soil moisture between 0.3 and 1.5 m depths did not differ 
among shade and litter treatments at any sampling depth or date. 
Soil moisture was slightly higher in the canopy zone than open 
zone, but differences were significant only at 0.6 m for three 
sampling dates. 

Soil Temperature 
Soil temperatures at the 2.5- and 7.5-cm depths rose sharply 

from May to a peak in June in both canopy and open zones, 
regardless of treatment, then declined sharply in July at the 
2.5-cm depth coincident with summer rainfall (Fig. 4). Except 
for the artificial shade treatment, this was followed by a second 
temperature peak in August. 

At 15 and 30 cm, temperature fluctuated less than at the 
2.5cm depth, and the maximum temperature occurred in July. 
The second peak temperature observed in August at 2.5 cm was 
not transmitted to the 15- and 30-cm depths. 

Temperatures at 2.5 and 7.5 cm were significantly higher (P 
= 0.01) in the open than in the canopy zone (average of treat- 
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Fig. 3. Soil moisture trendsfrom 0.3 to I .5 m for areas in open and canopy 
zones. 

ments) on all dates sampled. At 15 cm, temperature in the open 
zone was significantly higher (P = 0.01) than in the canopy 
zone from May through October. At 30 cm, temperature 
differences between locations narrowed considerably but were 
still significantly higher (P = 0.01) in the open zone from May 
through September and November and higher at P = 0.05 in 
October. 

Soil temperatures did not differ among treatments in the open 
zone. This is reasonable; shade treatments had no significant 
effect on soil moisture and affected only crown cover of forbs in 
that location. 

In the canopy zone, mesquite and artificial shade treatments 
teduced soil temperature at the 2.5-cm depth by 4 and 6”C, 
respectively, compared with the no-shade treatment. At 30 cm, 
the difference between the two shaded treatments and no shade 
had narrowed to 1 “C. 

Differences in soil temperature among shade treatments were 
significant (P = 0.05) from June through September at all 
depths. For these dates, soil temperatures of the no-shade 
treatments were significantly higher (P = 0.05) than those for 
mesquite shade and artificial shade; no differences occurred 
between the latter treatments. Temperature differences among 
the three shade treatments disappeared in November and Janu- 
ary for all depths. 

Differences in temperature among shade treatments are 
indicative of overstory shade effect on radiative flux at the soil 
surface. Both natural and artificial shade reduced net radiation 
by about one-half (Table 4). Vegetative cover usually causes 
soil temperature to decline in spring and summer and to rise in 
winter compared to bare areas. We did not observe an increase 
in winter temperature. Shade of mesquite stems, branches, and 
understory vegetation in winter is probably too sparse to 
appreciably affect re-radiation from soil. Even artificial shade 
did not cause an increase in winter soil temperature. 

Comparisons of soil temperature between canopy and onen 
I 

zones for the no-shade treatment provides a means of assessing 

Table 4. Net radiation (langleys/min) between 10 A.M. and 3 P.M. on 
August 28, 1967, for shade and litter treatments. 

Treatment 

Litter No litter 

Open Canopy Open Canopy 
zone zone zone zone 

Mesquite shade 0.49 0.20 0.53 0.22 
No shade 0.53 0.54 0.51 0.50 
Artificial shade 0.48 0.24 0.54 0.26 

JOURNAL OF RANGE MANAGEMENT 30(5), September 1977 365 





increased, We estimate from our biomass data and water 
requirement data (McGinnies and Arnold 1939) that moisture 
use by perennial grasses increased from 26 x lo4 kg/ha with 
mesquite shade to 45 x lo4 kg/ha for artificial shade. This 
additional moisture available for growth of understory vegeta- 
tion is approximately 7% of the May-October precipitation. 

We had only one indication of improved moisture availability 
in open areas after mesquite removal. That was the response of 
forbs in the open zone. This is in contrast to findings of Parker 
and Martin ( 1952). They found significant increases in soil 
moisture beyond mesquite canopies after killing the mesquite 
trees-and increased moisture was found in subsoils (30-46 
cm) where we noted no increase in soil moisture. One important 
difference distinguished their study from ours. Individual mes- 
quite trees were isolated by trenching; our trees were not 
trenched. We believe the open space between trees in fairly 
dense stands is probably occupied by roots of several trees. 
Hence, the effect of treating one individual tree without 
isolating other trees may exert only a small influence on 
moisture in soil of the open areas. 

Our results do not show the long-term response of these 
treatments. This would be desirable to determine the relative 
importance of physiological stress and evaporational loss of 
moisture on the response of understory vegetation in the 
no-shade treatment (compared with artificial shade). Informa- 
tion on the longevity of herbage yield response obtained in this 
study also would be useful to land managers contemplating 
mesquite removal programs. 
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increased. We estimate from our biomass data and water 
requirement data (McGinnies and Arnold 1939) that moisture 
use by perennial grasses increased from 26 x lo4 kg/ha with 
mesquite shade to 45 X lo4 kg/ha for artificial shade. This 
additional moisture available for growth of understory vegeta- 
tion is approximately 7% of the May-October precipitation. 

We had only one indication of improved moisture availability 
in open areas after mesquite removal. That was the response of 
forbs in the open zone. This is in contrast to findings of Parker 
and Martin (1952). They found significant increases in soil 
moisture beyond mesquite canopies after killing the mesquite 
trees-and increased moisture was found in subsoils (30-46 
cm) where we noted no increase in soil moisture. One important 
difference distinguished their study from ours. Individual mes- 
quite trees were isolated by trenching; our trees were not 
trenched. We believe the open space between trees in fairly 
dense stands is probably occupied by roots of several trees. 
Hence, the effect of treating one individual tree without 
isolating other trees may exert only a small influence on 
moisture in soil of the open areas. 

Our results do not show the long-term response of these 
treatments. This would be desirable to determine the relative 
importance of physiological stress and evaporational loss of 
moisture on the response of understory vegetation in the 
no-shade treatment (compared with artificial shade). Inforrna- 
tion on the longevity of herbage yield response obtained in this 
study also would be useful to land managers contemplating 
mesquite removal programs. 
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THESIS: TEXAS A&M UNIVERSITY 

Correlation of Net Aerial Primary Production with Selected Environmental 
Parameters in Andropogon-Paspalum Grassland Ecosystem, by Carlton Moss 
Britton, PhD, Range Science. 1975. 

Net aerial primary production in relation to selected environmental 
parameters was evaluated in an Andropogon-Paspalum grassland eco- 
system of east-central Texas. Production was estimated by harvesting 
three compartments of the aerial biomass during the growing seasons 
of 1973 and 1974. The compartments were ground litter, standing 
litter, and green biomass. Green biomass was separated by species and 
species groups. Production also was estimated by harvesting regrowth 
that occurred after the initial harvests. Harvest dates were determined 
by major phenologic events within the ecosystem. These events 
occurred 3 weeks earlier in 1974 than in 1973. 

Environmental parameters, correlated with production over both 
growing seasons, were similar in magnitude for equivalent harvest 
intervals, except for precipitation and available soil water. Changes in 
increments of production followed a monomodal pattern similar to that 
of air temperature, soil temperature, and photosynthetically active 
radiation. Deviation from this monomodal pattern were related to 
changes in available soil water and soil water deficit. 

Total production in 1973 (ca. 400 g/mg) was approximately 100 
g/m’ higher than in 1974. This difference was due to the drier 
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conditions during early spring growth and a 4 weeks longer summer 
dry period. 

Energy values of species and species groups were generally higher 
during the dry year (1974), while energy values of standing litter and 
ground litter were lower than in 1973. Relative changes within a 
growing season for species and species groups followed a trend of high 
values during initial growth stages and flowering and low values at 
other stages. This trend was inverse to ash content of the plant 
material. 

The photosynthetically active portion of shortwave n-radiance 
increased as shortwave it-radiance decreased, usually due to cloudi- 
ness. This occurrence was more evident during long photoperiod days 
(April 21-August 21) than short photoperiod days (October 2 l- 
February 21). Based on measurements of photosynthetically active 
radiation, energy values, and production, the conversion efficiency 
was 0.34% in 1973 and 0.23% in 1974. The highest conversion 
efficiencies for any harvest interval were 0.87% and 0.59% in early 
June 1973 and 1974, respectively. 
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Comparative Palatability of Atriprex 

canescens 

NASSER NEMATI 

Highlight: An Atriplex canewelts introduced to Iran and two weighed and recorded separately. This study was continued for about 
native species, Artemisiu herba alba and Kochiaprostrata, were fed 1 year. 
to sheep throughout a year to determine the comparative palata- For the statistical analysis, the analysis of variance was made on the 
bility of theAtriplex. The Kochia has the highest and Artemisia has mean grams used data, calculated from data for each species, amount, 
the lowest palatability when provided at two amounts on adjacent and lot summed over the days the study was conducted. The design 
days. Atriplex is of intermediate palatability in comparison with was a randomized block with amount on adjacent days as a split plot. 
the two native species. Significance was based on 95% probability. 

Results and Discussion 
Millions of hectares of arid and semiarid western states of the 

United States are covered by saltbush (Atriplex spp.) plants upon 
Differences in utilization of species, amount 

which millions of meat animals graze each year. Many saltbushes are 
between species and amount were found to be 

reasonably good forage plants wherever they grow (Bidwell and 
Wooton 1925). The ability of saltbushes to put out new growth in dry 
years when annual plants fail, makes these plants valuable for intensive 
year-round grazing practices (Sankary and Barbour 1972). The value 
of the saltbushes will be better appreciated when it is remembered that 
in the selection of foods, the chief nutrients to be considered are 
protein compounds or nitrogenous ingrediets. 

1501 

Saltbushes are eaten readily by sheep, goats, cattle, and horses 
when other feed is scarce. Desert saltbush (Atriplex polycarpa) has 
high forage value during the cool season of the year (Chatterton et al. 
1971). Leafy twigs of saltbushes have a nutritive value comparable 
with alfalfa (Cassady 1937). Superior palatability, productivity, and 
adaptability are three qualities that make fourwing saltbush (Atriplex 
cunescens) a favorable plant for game animals (Plummer et al. 1966). 

Fourwing saltbush is adapted to harsh environment and has been 1 oat 
used extensively in Iran for planting in the Steppic Arid and Semi- 
Arid Zone. Thousands of hectares receiving precipitation of about 
100-230 mm annually have been improved through transplanting. 
However, in Iran there is little information about the palatability of 2 
fourwing saltbush to local sheep. Z 

The objective of this study was to determine palatability of fourwing ?+I 
saltbush as compared with two important native species. 

Methods and Procedures 
A study was conducted at Homand Range Research Station (80 km 

50 

east of Tehran) in cooperation with the Research Institute for Forest 
and Rangeland. In this study, six sheep were given free access to 
utilize fresh cuttings of Artemisia herba alba, Atriplex canescens, and 
Kochia prostrata placed in food pans in each of three feed lots. Each 
feed lot was divided into three sublots. The cuttings of the three 
species were put into the sublots separately by random. Two levels of 
feed were provided on different days. At one level, 1.8 kg of the 
cuttings were put in each sublot and in the other level 2.0 kg of the 
cuttings were put in sublots for a 24-hour period. The amount of plant 
material remaining in each sublot after each 24-hour period was 

- 
Arhe Kopr Atca 

2.0 kg 

and the interaction 
significant. Kochia 

Arhe Kopr 

1.8 kg 

Atca 

- 

The author is deputy director general of Range Management Department, Ministry of Fig. 1. Mean grams of forage of Artemisia herba alba (Arhe), Atriplex 
Agriculture and Natural Resources, Tehran, Iran. canescens (Atca), and Kochia prostrata (Kopr) used per 24 hours by six 

-Manuscript received October 18, 1976. sheep when provided at two amounts on adjacent days. 
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prostrutu had the highest utilization at both 1.8 and 2.0 kg level (Fig. 
1). Artemisia herbu ulbu at both levels received the lowest utilization. 
The mean utilization at the 2.0 kg level was higher than at the 1.8 kg 
level. The mean utilization of Kochiu prostrum was the highest, and 
Artemisiu herbu albu was the lowest (Fig. 1). In Iran it has long been 
accepted that Kochia prostrata had a higher forage value than 
Artemisiu herbu ulbu. Thus, Atriplex cunescens had a palatability 
intermediate between the two species to which it was compared. 

Conclusion 

Statistical analysis shows that the differences in utilization of 
species, amount, and interaction between species and amount are 
significant. Artemisiu herbu ulbu is the least and Kochia prostrata is 
the most palatable of these two native species. The palatability of 
Atriplex cunescens is intermediate when compared with two other 
native species. Because of the success that has been achieved in 

establishing Atriplex cunescens in large scale plantings, Atriplex 
uznescens as a forage plant has considerable promise in Iran. 
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AWARD NOMINATIONS 

The SRM Honor Awards program includes the Frederic G. 
Renner Award, Fellow of the Society for Range Management 
Award, and the Outstanding Achievement Award. 

Nominations may be made by any member, officer, or com- 
mittee having actual knowledge of the nominee’s achievements. 
Nomination should be made by letter to the chairman of the 
Honor Awards Committee. The letter should state the nominee’s 
name and address, the award for which the person is being 
nominated, and a brief statement of the nominee’s qualifications. 

Nominations made before February 1, 1978, will be con- 
sidered for awards to be presented at the Society annual meeting 
in February, 1979. 

When making a nomination it is important to select the award 
for which the nominee is qualified. Use the following criteria as a 
guide: 

Frederic G. Renner Award 

The Frederic G. Renner Award gives special recognition to individu- 
als for their exceptional accomplishments in, or contributions to, range 
management. It is the highest award bestowed on an individual by the 
Society. 

The primary criterion for this award is current outstanding accom- 
plishment(s) in or contribution(s) to any aspect of range science and 
range management (viz. current is considered to be within the past 5 
years). Accomplishments or contributions may be in, but not neces- 
sarily limited to, such areas as range management practice, research, 
administration, teaching, writing, legislation, foreign affairs, business 
activities or public relations. Any individual, or small group of individu- 
als working as a close team (e.g. research team or ranch owner and 
foreman), is eligible for nomination for this award. Institutions, 
qencies, or other formally organized groups are not eligible. Neither 
membership in SRM nor U.S. citizenship is necessary. 

Fellow Award 
The title of Fellow is conferred upon members of the SRM in 

recognition of exceptional service to the Society and its programs. 
This honor is granted in the belief that special recognition should be 
given for dedicated service and professional involvement. 

Primary criterion is tangible evidence that the exceptional service 
performed by the nominee is widely effective and generally recog- 
nized throughout the Society. Evidence must support a strong case 
history of continuous contribution and service. Membership in the 
Society for at least ten consecutive years and evidence of significant 
participation in, and contribution to, progress of the Society during this 
period is required. This award will not be granted to recognize long 
and faithful service in lieu of the above criteria. 

Outstanding Achievement Award 

Presented to individuals whose contributions or careers have 
become eminently noteworthy in the advancement of the science and 
art of range related resource management. This award is presented 
as an encouragement for outstanding achievement by members and 
other qualified individuals working with rangeland resources. 

The primary requisite for this award is tangible evidence that the 
contributions or the career of the nominee is eminently noteworthy. 
Emphasis should be given to acknowledging currently recognized 
eminence. This award will not be given to recognize long and faithful 
service or occupation of a distinguished position in lieu of tangible 
evidence of noteworthy achievement as indicated above. Neither 
membership in SRM nor U.S. citizenship is required. 

The Committee Chairman will request that each nominee 
submit a written documentary of his past and current achieve- 
ments and contributions and other qualifications. An outline will 
be provided for this purpose. 

James E. Bowns, Chairman, Honor Awards Committee, 
Southern Utah State College, Cedar City, Utah 84720. 
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Seasonal Fluctuations in Nutrient Content 

of Feral Burro Forages, Lower Colorado 

River Valley, Arizona 

THOMAS A. HANLEY AND WARD W. BRADY 

Highlight: Nutrient contents of wooly Indianwheat, white bursage, desertthorn, species for feral burros were investi- 
and foothills paloverde were determined seasonally during 1974 and 1975 in the gated. 
Havasu Resource Area, California-Arizona. Gross energy content showed the least 
seasonal variation. Crude protein, phosphorus, and p-carotene contents increased 
during the pulse of growth produced by winter precipitation, then slowly declined. 

Study Area and Methods 

Although the forage species analyzed appeared to be deficient in phosphorus, feral The study was conducted in the Havasu 
burros in the study area appear to be in excellent health. Resource Area, 27 km north of Parker, 

Determination of carrying capacity 
of desert ranges for feral burros (Equus 
asinus) has recently become a major 
concern of land managers in the south- 
western United States. However, the 
feral burro has received little scientific 
attention, and ecological investigation 
of animal-forage relationships has con- 
centrated on more productive range- 
lands. In 1974, studies were initiated in 
the Havasu Resource Area, Lower 
Colorado River Valley, Califomia- 
Arizona, investigating feral burro pop- 
ulation parameters (Woodward 1976) 
and carrying capacity relationships 
(I-Ianley 1976). 

Forage quality has a direct bearing 
on the quantity of forage that must be 
consumed to meet animal nutritional 
requirements. Nutritional studies of 
browse species in Arizona have in- 
volved mule deer (Odocoileus hemi- 
onus) forages, particularly in the 
chaparral vegetation type (Swank 
1956; Reynolds 1967; Umess 1969; 
Umess and McCulloch 1973). Hot 
desert shrub species have received 
little attention. Woodward and Ohmart 
(1976) have reported results of fecal 
analysis of feral burros, and Watkins 
(1976) has determined in vitro digesti- 
bility of major forage species. In the 
present study, seasonal fluctuations in 
nutrient content of four major forage 

Authors are with the Division of Agriculture, Ari- 
zona State University, Tempe 8528 I. 

This research was sponsored by the Department of 
the Interior, Bureau of Land Management, under con- 
tract 52500-CT4-3 18. 

Manuscript received October 26, 1976. 
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Fii. 1. Seasonal fluctuations in nutritional quality and phenology of Plantago insularis in lower 
Colorado River Valley, Arizona (1974-75). 
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Arizona. The study area is a gentle sloping 
alluvial plain draining into the Colorado 
River at Lake Havasu. Soils are entisols 
and aridisols, ranging in texture from sand 
to sandy loam. 

Vegetation of the washes is dominated 
by foothills paloverde (Cercidium micro- 
phyllum), white bursage (Ambrosia 
dumosa). cheesebush (Hymenoclea sal- 
solu), and creosotebush (Larrea tridentu- 
ta). The interfluves are sparcely vegetated 
with creosotebush and scattered cholla 
(Opuntia spp.) plants. Riparian vegetation, 
dominated by saltcedar (Tumarix spp.), 
mesquite (Prosopis juliflora and P. pubes- 
tens), and arrowweed (Pluchea sericea), 
tiinges the lake shore at the mouths of the 
washes. Perennial grasses are absent from 
the flora. Herbaceous cover varies with 
precipitation, but is dominated by the 
winter annual, wooly Indianwheat (Pfuntu- 
go insularis). 
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Elevation of the study area ranges from 
140 m to 330 m above sea level. Mean 
annual precipitation at Parker, Ariz., is 116 
mm. Ambient air temperatures generally 
tange from winter lows around 0°C to 
summer highs around 42°C. The summers 
of 1974 and 1975 were particularly dry; 
only 70.1 mm of precipitation occurred in 
1975. 

Nutrient evaluation of forage on most 
rangeland can be based on protein, energy, 
phosphorus, and carotene contents of the 
forage species (Cook 1972). Preliminary 
reconnaissance in February, 1974, indi- 
cated burro use of four major forage 
species, wooly Indianwheat and the woody 
perennials desertthorn (Lycium ander- 
sonii), foothills paloverde, and white 
bursage. 

Nutrient contents were determined at the 
end of February, May, August, and 
November. Wooly Indianwheat was 
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Fig. 2. Seasonal fluctuations in nutritional quality and phenology of Ambrosia dumosa in lower 
Colorado River Valley, Arizona (1974-75). 
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clipped at ground level. Live stems of white 
bursage, desertthorn, and foothills palo- 
vet-de were clipped within 15 cm of the 
apical meristems. All samples were col- 
lected from several individuals. Forage 
samples were refrigerated until ground in a 
Wiley mill and analyzed for gross energy 
with an adiabatic calorimeter, crude protein 
(Chapman and Pratt 1961), phosphorus 
(Chapman and Pratt 196 1 ), and p-carotene 
(Association of Vitamin Chemists 1966) 
contents on an oven-dry weight basis. Data 
was collected over the 2-year period of 
February, 1974, through November, 1975. 

Results and Discussion 

Changes in nutritional quality gen- 
erally paralleled changes in phenology 
(Figs. I , 2, 3, and 4). Gross energy 
content was the least variable on a 
seasonal basis. Crude protein, phos- 
phorus, and p-carotene contents 
tended to follow the pattern generally 
expected, with nutritional quality in- 
creasing following the pulse of growth 
produced by winter precipitation, then 
slowly declining. 

Gross energy content was similar in 
all four species studied. Wooly Indian- 
wheat had the lowest gross energy 
values which declined with age of the 
plant. Values of 4.0 and 5.0 kcal/g are 
similar to those reported for other 
forages (Dietz 1972; National Acade- 
my of Sciences 1971). However, gross 
energy values alone can be misleading 
if the forage is high in nondigestible 
essential oils, resins, or waxes (Cook 
1972). 

Protein is generally considered the 
most important nutrient because 
serious deficiencies result in failure of 
the body to maintain itself, and slight 
deficiencies interfere with normal 
reproduction, growth, and fattening 
processes (Morrison 1957). Crude 
protein content of the forages studied 
increased in the spring and decreased 
through summer, fall, and early 
winter. The range of values was great- 
est in wooly Indianwheat, as would be 
expected since it is an annual forb. 
Crude protein content in the summer 
and fall were similar to values reported 
for browse species in Arizona chapar- 
ral (Swank 1956; Reynolds 1967; 
Umess and McCulloch 1973), Arizona 
ponderosa pine forest (Umess et al. 
1975), and the Black Hills of South 
Dakota (Dietz 1972). However, high 
values in the spring were lower than 
maximum values reported in the other 
vegetation types. 



Both calcium and phosphorus are 
essential to skeletal growth and cellu- 
lar function. Calcium supplies are 
generally adequate on western ranges 
in the United Sates (Morrison 1957). 
However, phosphorus deficiency in 
forage is widespread (Halls 1970). 
Phosphorus generally decreased in the 
summer and fall in the present study; 
but in foothills paloverde, maximum 
values were recorded in late November 
of both years. Morrison ( 1957) has 
recommended that feed given to cattle 
should contain not less than 1,700 
mg/kg of phosphorus. No browse 
species analyzed in this study con- 
tained this amount of phosphorus. 
Only wooly Indianwheat during active 
growth met this requirement. All 
phosphorus contents of the browse 
species analyzed were considerably 
lower than values reported for browse 
species elsewhere (Swank 1956; 
Reynolds 1967; Dietz 1972; Urness 
and McCulloch 1973; Umess et al. 
1975). 

Animals require vitamins in only 
minute amounts; however, vitamin A 
deficiencies often occur on shrub 
nmges when the forage species are 
dormant (Dietz 1972). Vitamin A is 
necessary for ephithelial maintenance. 
Deficiencies interfere with successful 
reproduction, growth, eyesight, and 
normal functioning of the nervous 
system (Morrison 1957). Vitamin A is 
formed from p-carotene, which is 
present in green plant tissue. 

p-carotene appeared to be the most 
sensitive to climatic conditions of the 
nutrients analyzed in this study. Great- 
est amounts were present in late 
winter, when growth was active. The 
content decreased as the seasons pro- 
gressed, and p-carotene was available 
in minute quantities only in foothills 
paloverde and desertthorn in late 
summer and fall. p-carotene content 
was greatest in wooly Indianwheat in 
February, 1974 (94.4 mg/kg). Ani- 
mals can store considerable amounts 
of vitamin A in the liver and body fat 
(Riggs 1940). p-carotene contents of 
the four forages analyzed were similar 
to those reported by the National 
Academy of Sciences (197 1) for other 
common range forage species. 

In vitro digestibilities of nine major 
forages used by feral burros in the 
Havasu Resource Area have been 
determined by Watkins ( 1976). Forage 
samples collected in September, 1975, 
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Fig. 3. Seasonal fluctuations in nutritional auality and phenology of Lycium andersonii in lower 
Colorado River- Valley, Arizona (1974-75): 

were digested with bovine rumen to be an excellent forage, very rich in 
fluid. Digestibilities were 39.8, 35.3, protein, phosphorus, and p-carotene, 
and 51.4% for white bursage, desert- and is highly digestible. Its nutritive 
thorn, and foothills paloverde, respec- value decreases as it cures. Foothills 
tively. Cured wooly Indianwheat col- paloverde and desertthorn may be 
lected in September, 1975, was 59.4% sources of phosphorus and p-carotene 
digestible, while green material col- in late summer and fall. White bursage 
lected in February, 1976, was 89.4% appears to be intermediate, greater in 
digestible. The values determined for nutrient value than the other browse 
the Sepember collection were con- species in the spring and less valuable 
sidered to be minimal digestibilities. than the others in the fall. Fecal 
These values compare favorably with analysis of feral burros in the Havasu 
those reported for Arizona chaparral Resource Area (Woodward and Ohmart 
browse species utilized by mule deer 1976) has shown that wooly Indian- 
(Umess and McCulloch 1973). Fur- wheat made up the bulk of feral burro 
thermore, equines are able to utilize diets from January through May. Foot- 
fibrous forage more efficiently than hills paloverde and desertthorn were 
ruminants (Bell 1969; Wolter and used mostly in the fall, and white 
Velandia 1970). bursage was used primarily in the 

Conclusions 
winter. Burros were dependent on the 
riparian habitat in the summer, and 

Green wooly Indianwheat appears mesquite and arrowweed were major 
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forage species at that time. Riparian 
vegetation was not investigated in the 
present study but is probably important 
in supplying carotene and possibly 
phosphorus in the summer months. 

Protein and phosphorus are generally 
considered the critical nutrients in 
Arizona browse species (Swank 1956; 
Reynolds 1967; Umess 1969; Umess 
and McCulloch 1973). The forage 
species analyzed in the present study 
would be considered generally good to 
fair in protein content, poor in phos- 
phorus content, and excellent to fair in 
digestibility, according to standards 
used by Umess and McCullock ( 1973) 
for Arizona deer forage. 

Feral burros in the Havasu Resource 
Area appear to be in excellent health. 
Physical examination and analysis of 

blood samples from 90 immobilized 
burros and necropsies of three sacri- 
ficed burros have indicated no signs of 
malnutrition nor parasite infestations 
(R. D. Ohmart and E. Bicknell, 
personal communication). Woodward 
(1976) observed a burro population 
increase rate of 20 to 25% per 13- to 18- 
month period in a closely adjacent 
study area. 

Although apparently adequate, nu- 
trient quality of the desert forage 
species fluctuates seasonally, being 
greatest in late winter and spring, and 
lowest in fall and early winter. Riparian 
vegetation appears to be very important 
in the summer months, and its role in 
meeting the nutritional requirements of 
feral burros should be investigated. 
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Feral Burro Impact on a Sonoran Desert Range 

THOMAS A. HANLEY AND WARD W. BRADY 

Highlight: Impact of feral burros on native desert vegetation 
was studied in the Havasu Resource Area, Lower Colorado River 
Valley, California-Arizona. Browse utilization ranged from heavy 
to light with increasing distance from the Colorado River. Over- 
grazing occurred near the Colorado River but decreased to light or 
moderate use at distances greater than 2.5 km from water. Over- 
grazing decreased the canopy cover of Ambrosia dumosa from 
about 2.26 to 0.04%, and decreased total canopy cover for aB 
species from 8.64 to 2.80%. No plant species appear to act as 
increasers or invaders under grazing pressure by burros on the 
study area. 

The feral burro (Equus asinus) has become a common 
member of the fauna in many areas of the southwestern United 
States. McKnight (1958) first called attention to potential range 
problems related to this animal. Recent ecological investi- 
gations of feral burros have centered on animal behavior and 
population parameters (Moehlman 1974; Woodward 1976). 
Woodward and Ohmart (1976) have reported on habitat use and 
dietary preferences in the Havasu Resource Area, California. 
However, quantitative information concerning feral burro im- 
pact on native vegetation has not been available. Perennial 
vegetation communities were identified and related to patterns 
of browse utilization in the present study. 

Study Area 

The study area is located in the Havasu Resource Area, 27 km north 
of Parker, Ariz. The Colorado River has been impounded at Parker 
Dam, forming Lake Havasu, which borders the study area on the 
southeast. Arizona State Highway 95 borders the study area on the 
north. Soils are entisols and aridisols, ranging in texture from sand to 
sandy loam. The study area is bisected by the Aubrey Hills, volcanic 
extrusions rising 100 to 150 m above the gentle sloping alluvial plain, 
and extending from the Bill Williams River about 25 km northwest to 
Lake Havasu City, Ariz. A major wash, called Standard Wash, also 
mns approximately north to south through the study area. When 
referred to in this paper, the study area will be called the Standard 
Wash study area. 

Vegetation of the washes is dominated by foothills paloverde 
(Cercidium microphyllum), white bursage (Ambrosia dumosa), 
cheesebush (Hymenoclea salsola), and creosotebush (Larrea tri- 
dentutu). The interfluves are sparcely vegetated with creosotebush and 
scattered chollas (Opuntia spp.). Riparian vegetation, dominated by 
salt cedar (Tomarix spp.), mesquite (Prosopis juliflora and P. 
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pubescens), and arrowweed (Pfuchea sericea), fringes the lake shore 
at the mouths of the washes. Perennial grasses are absent from the 
flora. Herbaceous cover varies with precipitation, but is dominated by 
the winter annual, wooly Indianwheat (Plantago insufaris). 

Approximately 50 feral burros inhabit the Aubrey Hills (Woodward 
1976). A few desert bighorn sheep (Ovis canadensis) and mule deer 
(Odocoileus hemionus) are also present. No livestock are grazed in the 
study area. 

Elevation of the study area ranges from 140 to 330 m above sea 
level. Mean annual precipitation for Parker, Ariz., is 116 mm. Am- 
bient air temperatures generally range from winter lows around 
0°C to summer highs around 42°C. The Colorado River is the only 
permanent source of water for all large animals. 

Vegetation communities, patterns of browse utilization, precipita- 
tion, and soil moisture relationships were investigated as part of a 

Fig. 1. Location of exclosures and paired plots and utilization transects in the 
Standard Wash study area. 
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study of carrying capacity relationships conducted in1974 and 1975 Table 1. Mean utilization (%) of live 
(Hanley 1976). (August 1974 to November 1975). 

Methods 

Precipitation and soil moisture were monitored in two exclosures 
and two paired plots measuring 70 by 20 m, at distances of 1.25 and 
3.25 km from the lake (Fig. 1). Both exclosures were located in 
secondary washes (i.e. washes in which flows of water were less 
li-equent and intense than in major or primary washes). Precipitation 
was collected in a rain gauge located in each exclosure. Soil moisture 
was measured with gypsum electrical resistance blocks buried at 
depths of 20,40,60, and 80 cm at each of two sampling sites in each 
exclosure and paired plot. Precipitation and soil moisture data were 
collected biweekly in winter and spring, monthly in summer and fall, 
from September, 1974, through November, 1975. The millimeters of 
water in the 20 cm of soil surrounding each electrical resistance block 
were summed by site and depth over the sampling period. The summed 
value gave a representation of the total soil water environment 
surrounding each block over the year. 

Distance from 
lake (km) Red Rock Wash 

5.0 1.1 2.8 
3.0 7.7 6.1 
1.5 64.2 56.6 
0.5 69.0 63.5 

foremost limiting factor in desert ecosystems, this indicates that 
lhe site potential of the study plots is probably similar for each. 

Browse utilization transects were evaluated four times per year: late 
February, May, August, and November. Four transects were located 
at distances of 0.5, 1.5, 3.0, and 5.0 km from the lake in each of two 
washes (Fig. 1). White bursage was selected for examination, since 
growth of the current growing season was easily recognizable, and it 
appeared to be a highly preferred and important browse species. 
Approximately 200 individual plants were examined in each transect. 
Degree of utilization was estimated by percentage of live stems that 
had been browsed. Estimates were tallied in utilization classes (0%, 1 
to5%,6to25%,26to50%,51 to75%,76to95%,and96to lOO%)to 
minimize error. Browse utilization data was evaluated from August, 
1974, through November, 1975. 

A tentative classification of perennial vegetation was developed 
following an intensive reconnaissance of the study area. Twenty-eight 
stands selected as representative of homogeneous community types 
were sampled by the point-center-quarter method. Eighty plants were 
sampled in each transect. Distance to nearest plant, species, average 
height, and average canopy diameter were recorded. Individual 
species canopy cover and density were calculated for each stand. The 
stands were classified using a diversity change index (Bonham and 
Brady 1973). In each community type thus classified, canopy cover 
and density were calculated for each species. Riparian communities 
were not sampled in this study. 

Given the probable similarity in site potential, the secondary 
wash vegetation above and below Aubrey Hills would also be 
expected to be broadly similar in the absence of herbivory or 
other significant but unmeasuredenvironmental parameters. The 
browse utilization transects were designed to provide &iective 
data both on intensities of utilization and its spatial variation 
vable 1). No significant differences (a! = .20) in utilization 
between the two washes occurred. Data from the two washes 
were therefore combined, and the mean values at each distance 
from the lake were tested with Friedman’s two-way analysis of 
variance by ranks. Blocks were sampling dates, treatments were 
distance from the lake. Highly significant differences among 
distances from water ((Y = .OOl) were found. Multiple com- 
parisons of ranked data showed a highly significant difference 
(CX = .Ol) between 0.5 and 5.0 km from the lake and a 
significant difference (CX = .05) between 1.5 and 5.0 km from 
the lake. Transects 3.0 km from water were not significantly 
different from those at either greater or lesser distances. The 

Major vegetation community types of the Standard Wash study Table 2. 
area. 

Community 
type 

Open Hills, 
Larrea 

Precipitation, soil moisture, and browse utilization data were 
analyzed by nonparametric statistical procedures (Zar 1974) to avoid 
the assumptions of parametric statistics (particularly those of normal- 
ity and homoscedasticity). Precipitation at the two exclosures was 
compared by the Wilcoxon paired-sample test. Differences in soil 
texture (which could markedly influence soil moisture characteristics) 
were tested using Cochran’s Q test for dichotomous nominal scale data 
in a randomized block analysis of variance. Blocks were soil depths; 
treatments were moisture block sites. Differences in total millimeters 
of water among the exclosures and paired plots were compared by the 
Kruskal-Wallis test, a single factor analysis of variance by ranks. 
Utilization differences between the two washes were compared by the 
Wilcoxon paired-sample test. Utilization differences at varying dis- 
tances from the lake were teted using Friedman’s two-way analysis of 
variance by ranks. 

Larrea tridentata 
Opuntia echinocarpa 
Ambrosia dumosa 
Cercidium microphyllum 
Opuntia basilaris and 
0. ramosissima 

Total 

Primary Wash, 
Cercidium-Hymenoclea 

Cercidium microphyllum 
Lurrea tridentata 
Hymenoclea salsola 
Lycium andersonii 
Dalea spinosa 
Acacia greggii 
Opuntia echinocarpa 
Bebbia juncea 
Ambrosia dumosa 
Encelia farinosa 

Total 

Secondary Wash, 
Cercidium-Ambrosia 

Results and Discussion 

No significant differences (a = .20) occurred in precipitation 
between the exclosures. The mean precipitation for the two 
exclosures over the 15month period was 77.3 mm. The 
summer of 1975 was particularly dry. No significant differences 
(a! = . 10) in soil texture occurred among sites. The sites could 
therefore be treated similarly in the analysis of their soil 
moisture regimes. Analysis of total water content of exclosures 
and the soils of the paired plots also indicated that no significant 
differences (a! = .05) occurred. Since soil moisture is the 

Cercidium microphq 
Larrea tridentata 
Ambrosia dumosa 
Lycium andersonii 
Krameria grayi 
Opuntia spp. * 

Total 

Secondary Wash, 
Cercidium-Larrea 

Cercidium microphyllum 1.25 29.7 
Larrea tridentata 1.20 95.6 
Lycium andersonii .23 28.0 
Encelia farinosa .07 27.7 
Ambrosia dumosa .04 62.4 
Opuntia spp . * .Ol 9.1 

Total 2.80 252.5 

Wpunria basilaris, 0. echinocarpa, 0. ramosissima. 

bursage in two washes 

East Red Rock Wash 

Canopy Density 
cover (%) (plants/ha) 

Illurn 

1.03 165.5 
.09 19.2 
.05 19.2 
.04 1.1 

.Ol 8.0 
1.22 204.0 

3.01 34.7 
2.52 53.7 
1.59 179.0 

.76 39.3 

.16 10.7 

.15 3.1 

.06 6.4 

.02 3.3 

.02 14.6 

.Ol 2.0 
8.30 346.8 

3.66 66.5 
2.52 190.3 
2.26 402.1 

.12 11.9 

.05 12.9 

.03 37.0 
8.64 720.7 
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subjected to much higher levels of vegetation utilization than 
those areas above Aubrey Hills. Actual percent utilization (% of 
current year’s growth removed by herbivory) quite likely 
exceeded 100% in several instances. 

The results of this variation in utilization pressure was evident 
in terms of vegetation composition. Analysis of vegetative data 
resulted in the grouping of stands into four major vegetation 
community types (Table 2). 

The “Open Hills, Lana” community type (Fig. 2a) oc- 
curred on the dry intertluvial hills and was the most widespread 
mmmunity in the study area. It was composed almost entirely of 
creosotebush and had the lowest percent canopy cover and 
density of the community types. 

The “Priman Wash, Cercidium-Hvmenoclea” type (Fig. 
I. 2b) was restricted to the major drainage washes throughout the 

study area. The vegetation was dominated by relatively large 
foothills paloverde and creosotebush individuals and a great 
abundance of cheesebush. Smoke tree (Dalea spinosa) occurred 
only in this community type. 

The “Secondary Wash, Cercidium-Ambrosia” type (Fig. 2~) 
was dominated by foothills paloverde, creosotebush, and white 
bursage. This community type was common in washes re- 
ceiving lower utilization pressures and was restricted to the 
portion of the study area between Aubrey Hills and Arizona 
Highway 95. It had the greatest canopy cover and density of the 
four community types. 

The “Secondary Wash, Cercidium-La-ma” type (Fig. 2d) 
axurred in topographic situations similar to the Secondary 
Wash, Cercidium-Ambrosia type, but was restricted to the 
portion of the study area between Lake Havasu and Aubrey Hills 
where utilization pressures were heaviest. The same species 
were dominant (with the exception of white bursage), but both 
canopy cover and density were only about one-third as great. 

Burro impact on the study area was most pronounced in the 
secondaly wash communities. The magnitude of impact can be 
evaluated by comparing cover and density values (Table 2) for 
tie Secondaty Wash, Cercidium-Ambrosia type (low utili- 
zation) and the Secondary Wash, Cercidium-Larrea type(heavy 
utilization). Over-utilization resulted in a great reduction in 
density and sire of white bursage and a general reduction in 
density and canopy cover of nearly all species. There appeared 
to be no species acting as increasers or invaders under heavy 
burro utilization pressure. 

That burros have had a substantial impact on the vegetation of 
this area is evident. However, assessment of the impact is 
complicated by the unavailability of data concerning the time 
required and the numbers of burros responsible for the differ- 
ences observed in community structure. Information is also 
unavailable concerning the effects on other animal populations 
and the effects of interspecific competition for food resources. 
Browsing of white bursage, foothills paloverde, and creosote- 
bush by hares was apparent (as evidenced by feces and stem 
gnawings) in both the exclosures and paired plots. Utilization by 
hares was greatest in the plots nearest Lake Havasu. 

Woodward and Ohmart ( 1976) reported that burros grazed on 
interfluves mainly during the winter months, and washes were 
used primarily for travel to the Colorado River for water. 
Habitat use shifted to the washes with thegreeningofperennials 
in the spring. During the summer, burros were more restricted in 
their movements and primarily utilized the riparian habitat and 
washes within 3 km from the river. During the cooler months, 



utilization was more widespread and at greater distances from 
water. 

Grazing on the interfluves (Open Hills, Larrea community 
type) is largely consumption of wooly Indianwheat. Availability 
of this forage resource depends on favorable precipitation 
patterns in the winter. The secondary wash communities, on the 
other hand, provide both perennial and annual forage species 
during years of favorable precipitation. During years of poor 
precipitation, however, the forage provided by annuals in any 
location may be insignificant and the major source of forage will 
be perennial vegetation in the secondary washes. 

Management, therefore, should be concerned primarily with 
carrying capacity of the secondary wash communities. They are 
the greatest forage resource, and consequently suffer the great- 
est feral burro impact. 
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Vegetative Propagation of Desert Saltgrass 
Rhizomes 

KENNETH A. PAVLICEK, GORDON V. JOHNSON, AND 
EARL F. ALDON 

Highlight: Desert saltgrass is a potential candidate for mine 
spoil-bank revegetation in much of the semiarid West. Laboratory 
studies showed optimum temperature for growth to be 25 to 30°C. 
No clear relationship was found between length of a rhizome 
section and its capacity to sprout. In desiccation experiments, one- 
node segments lost water more quickly than did two-node sections. 
A marked reduction in rhizome sprouting occurred when moisture 
bsses exceeded 35% of the initial weight. One-node rhizomes 
stored in polyethylene bags of temperatures of 2 and 10°C had 
sprouting percentages in excess of 65% after 28 days. 

Desert saltgrass (Distichlis strictu (Torr.) Rydb .), a dioecious 
perennial with stout rhizomes and firm culms and leaves, 
teproduces itself mainly by rhizome production. Seed produc- 
tion plays a minor role in its pervasiveness. 

Because of its reproductive capacity and grazing potential, 
saltgrass is a candidate for revegetating disturbed areas in the 
arid Southwest. This paper discusses some aspects of the 
physiology of rhizomatous growth in desert saltgrass, and some 
methods of collection and use in revegetation efforts. 

The authors are, respectively, graduate student and associate professor of biology, 
University of New Mexico, Albuquerque; and principal hydrologist, Rocky Mountain 
Forest and Range Experiment Station, U.S. Department of Agriculture, Forest Service, 
Albuquerque, in cooperation with University of New Mexico. Station’s central head- 
quarters is maintained at Fort Collins in cooperation with Colorado State University. 

The research reported here is a contribution to the SEAM program. SEAM, an acronym 
for Surface Environment and Mining, is a Forest Service program to research, develop, 
and apply technology that will help maintain a quality environment and other surface 
values while helping meet the Nation’s mineral requirements. 

Manuscript received November 12, 1976. 

JXJRNAL OF RANGE MANAGEMENT 30(5), September 1977 

Methods 

Saltgrass rhizomes were freshly collected from a saline site along 
the Rio Salado near San Ysidro, New Mexico. Only healthy looking 
specimens, uniform in morphology and size, were used. Samples were 
washed in tap water, then wrapped in moist paper towels to prevent 
drying. Rhizomes were planted in moist perlite and incubated for 
specified periods in darkness to assess sprouting capacity. All sprout- 
ing determinations were based upon the initial number of buds in the 
sample. 

Ten-node sections of rhizomes with the apex removed were 
collected in the field monthly and prepared for testing rhizome 
dormancy. Axillary buds per ten-node section were counted prior to 
incubation. Following a 4-week incubation at 25”C, the sections were 
examined for bud growth. Sprouted buds were expressed as a percent- 
age of the initial number of buds present. 

Bud sprouting activity was tested with the rhizome apex intact and 
with the apical segment removed. Ten-node sections were incubated in 
trays of moist perlite at 25°C and harvested after 4 weeks. The 
sprouting of buds at each nodal position was computed as a percent- 
age. The basic criterion for bud sprouting in this experiment was the 
development of rhizome buds into shoots with a minimum length of 
10 mm. 

Maximum bud growth and root production were correlated with 
section length by sectioning one-, two-, and three-node rhizomes and 
incubating at 25°C. 

To estimate the influence of temperature on the sprouting of 
rhizomes, one-, two-, and three-node sections, averaging 2.5, 5.5, 
and 9.5 cm in length respectively, were randomly placed in trays of 
moist perlite and subjected to a 5°C increment temperature regime 
from 10 to 40°C for 4 weeks. The number of sprouting rhizomes was 
expressed as a percentage of the number of samples prepared. 
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Table 1. Sprouting capacity and bud extension of lo-node rhizomes with the apical rhizome (apex) intact and removed (N = 10). 

Node 
position 

1 (apical) 
2 
3 
4 
5 
6 
7 
8 
9 

10 (basal) 

Apex intact Apex removed 

Sprouted buds’ Mean bud length cv2 Sprouted buds Mean bud length CV 
(S) (mn-0 (%) (%) (mm) (%) 

0.0 2.8 14 77.7 25.0 14 
20.0 7.7 8 66.6 17.6 20 
44.4 9.8 14 57.1 15.3 34 
40.4 13.3 18 75.0 25.7 26 
62.5 17.3 29 100.0 51.6 9 
88.8 32.2 17 88.8 53.7 20 
90.0 49.3 18 100.0 70.1 14 
87.5 46.7 .24 100.0 78.9 8 

100.0 76.2 5 loo.0 82.9 7 
100.0 73.3 7 100.0 77.2 3 

’ Based upon bud measurement exceeding 10 mm in length. 

“CV = coefficient of variation. 

To test the effect of storage on rhizome viability, rhizomes were 
washed, leaving leaf scales and roots intact, then stored in 4- by 9-inch 
self-locking sterile polyethylene bags. Five one-node rhizomes were 
placed in a bag; five bags comprised a treatment group. Samples were 
stored at temperatures ranging from - 10 to 23°C for 1, 2, 3, or 4 
weeks. At weekly intervals, groups were removed from storage, 
planted in moist perlite, and incubated at 25°C. Survival, based upon 
bud sprouting, was evaluated after 28 days. 

The effects of desiccation on rhizome viability were determined on 
one- and two-node rhizome sections. All leaf scales and roots were 
removed to maintain uniformity of samples. Fresh weights of the 
rhizome sections were recorded prior to placing the rhizomes in open 
trays and subjecting them to air drying at a constant room temperature 
of 22°C with relative humidity between 45 and 60%. Periods of 
desiccation ranged from 1 to 24 hours. Following each drying period, 
rhizomes were again weighed and sections were covered with moist 
perlite and incubated at 25°C for 28 days to assess sprouting capacity. 
Water loss was expressed as a percentage of fresh weight and survival 
was expressed as the percentage of the sample that produced sprouts. 

Effects of osmotic stress were evaluated on one-node rhizomes. 
Solutions of NaCl, ranging from 0.05 to 0.50 M at 25°C and 
corresponding to osmotic potentials in the range of - 2.34 to - 22.8 1 
bars, were used to create stress treatments (Lang 1967). Rhizomes 
were placed on cheesecloth which was stretched over a petri dish with 
adrain hole in the bottom. The dish was enclosed in a larger petri dish 
containing the NaCl solution. The cheesecloth acted as a wick keeping 
the rhizome sections bathed in the solution. This technique was 
modified from that used by Thomas (1967). After a 3-week incubation 
period at 25”C, survival was assessed in terms of root growth and/or 
bud sprouting. 

degree of suppression decreasing as the distance from the apex 
increased. When the apex was removed, proximal bud sprouting 
increased markedly (Table 1). 

Rhizome apex had a highly significant regression effect 
(P<.OOl) on bud length. In spite of large differences among 
individuals, bud length at each node generally increased as 
distance from the rhizome apex increased (Fig. 1). 

On rhizome segments with intact apices, mean bud length 
increased from 2.8 to 73.3 mm (Table 1). Mean bud length was 
usually increased substantially by removal of the apex. 

An axillary bud has three possible fates: to remain inhibited 
under some form of correlative inhibition, to sprout and develop 
into an aerial shoot, or to sprout and branch into new rhizomes. 
These data suggest that desert saltgrass rhizomes are under the 
control of apical dominance. 

Section Length 
Neither percentage bud sprouting nor shoot and root length 

varied appreciably with section length. Thus section length 
cannot be used as an index in selection for maximum shoot 

o Apex intact 

o Apex removed 

80 
I 

Results 

Rhizome Dormancy 

z 70 

5 60 

Ten-node sections of desert saltgrass rhizomes harvested 
monthly over a year sprouted satisfactorily when incubated 
under favorable conditions. Sprouting percentages fluctuated 
&om 55.7 to 74.1% throughout the year. This variability may be 
attributed in part to sampling methods, since rhizomes were 
taken at random. 

Generally, viable buds do not all sprout at the same time 
under field conditions. Since desert saltgrass buds did not show 
seasonal dormancy, other regulatory factors seem to be in- 
volved. The practical implication from these results is that 
roughly two-thirds of rhizome buds are capable of sprouting and 
forming shoots in any season. 

IO 

Influence of Rhizome Apex on Bud Sprouting 
The rhizome apex dominated the axillary buds. The sprouting 

capacity of buds closest to the apex was suppressed, with the 

2 3 4 5 6 7 8 Node &sol8 

Fig. l.Mean bud length as a function of node position for rhizomes with apex 
intact and apex removed. 
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Table 2. Effect of section length on bud activity and shoot and root growth 
in saltgrass rhizomes (IV = 10). 

Rhizome 
section 

Buds 
sprouted 

(%) 

Mean shoot 
length 
(mm) 

Mean root 
length 
(mm) 

1 node 70.0 (10)’ 36.6 41.6 
2 node 73.7 (19) 36.4 42.4 
3 node 85.7 (28) 34.1 37.7 

’ Numbers in parentheses indicate the initial number of buds upon which the sprouting 
percentages are based. 

development or root production in desert saltgrass rhizomes 
(Table 2). 

Temperature 

Desert saltgrass rhizome response to temperature was opti- 
mum between 25 and 30°C (Fig. 2). Three-node rhizome 
sections had maximum sprouting of 80% at 25 and 3O”C, while 
70% of the two-node sections sprouted at 30°C. Sprouting 
capacity was appreciably diminished at temperatures of 15°C 
and 3540°C. 

Rhizome sections did not sprout at 10°C. Similar results were 
reported by Horowitz (1972a, b) in work with Johnsongrass and 
Bermudagrass rhizomes. In this investigation, a high percent- 
age of the rhizomes initially incubated at 10°C sprouted when 
incubated at 25°C. A similar pattern was observed in tests 
following the storage of rhizomes at 10°C. 

m I node 

cl 2 nodes 

m 3 nodes 

: .: 

~ 

_:_. ,: al 
IO 15 20 25 30 35 40 

Temperature , Oc 

Fig. 2. Sprouting response to temperature. 

Storage 
Rhizomes were successfully stored at temperatures of 2 and 

10°C with humidities from 60 to 75% for up to 28 days (Table 
3). 

No buds sprouted when rhizomes were stored at - 10°C. 
Segments stored at 23°C for 7 days had a sprouting capacity of 
76%, but increasing the length of storage to 14 days decreased 
survival to zero. The decreasing sprouting capacity with storage 
was attributed to fungal infections. 

To alleviate the hazards of desiccation, the undesirable 
premature sprouting and rooting of rhizomes, and rhizome rot, 
it is suggested that desert saltgrass rhizomes be stored at a 

temperature between 2 and 10°C. 

Table 3. Survival of one-node rhizomes effected by storage temperature 
and time (IV = 25). 

Storage 
temperature 

(“C) 

-10 
2 

10 
15 
23 

Relative humidity 
range (%) 

49-56 
60-65 
64-75 
72-83 
80-90 

Survival after (%) 

7 14 21 28 
days days days days 

0 0 0 0 
84 80 68 76 
76 72 68 76 
68 44 36 0 
76 0 0 0 

Desiccation 
One-node segments of desert saltgrass rhizomes were more 

adversely affected by water loss than were two-node sections 
(Table 4), but the magnitude of the difference decreased with 
time. The viability of rhizomes was generally unaffected by a 
small initial weight loss, but sprouting capacity decreased as 
moisture content decreased. 

Generally, rhizome sprouting dropped markedly when mois- 
ture losses exceeded 35% of the initial fresh weight. Mean 
weight loss for one-node rhizomes was 4 1.1% after 2 1 hours as 
compared to 28.6% for two-node sections. The sprouting 
capacities at these times were 0% and 40%, respectively. In 
one-node rhizomes, 50% viability was obtained when the mean 
weight loss reached approximately 29%. For two-node sections, 
50% viability corresponded to a 2 1% weight loss (Table 4). 

Table 4. Percentage of water loss and buds sprouted for one- and two-node 
rhizomes as influenced by periods of desiccation (IV = 10). 

Desiccation 
period 
(hour) 

One-node rhizomes 

Buds Mean 
sprouted water loss 

(%) (%) 

Two-node rhizomes 

Buds Mean 
sprouted water loss 

(%) (%) 

0 100.0 0.0 100.0 0.0 
1 90.0 8.3 100.0 2.2 
2 70.0 15.7 80.0 3.2 
5 70.0 22.7 90.0 8.5 
7 50.0 30.1 70.0 10.3 

10 50.0 28.8 70.0 15.7 
15 20.0 35.1 50.0 21.5 
21 0.0 41.2 40.0 28.6 
24 0.0 44.0 20.0 35.6 

Osmotic Stress 
Survival ranged from 53.3 to 93.3% over the osmotic 

potentials tested (Table 5). The mean values for survival varied 
with concentration of NaCl but the differences were non- 
significant. 

The data suggest that saltgrass rhizomes can tolerate a wide 
range of osmotic and water potentials less than -22.8 bars. 

Table 5. Survival of one-node saltgrass rhizomes incubated in NaCl 
solutions at 25°C (N = 15). 

Concentration Osmotic potential Survival 
(M) (bars) (%) 

control 0.00 80.0 
0.05 -2.34 93.3 
0.10 A.62 60.0 
0.20 -9.15 73.3 
0.30 -13.68 73.3 
0.40 -18.23 53.3 
0.50 -22.81 66.6 
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Revegetation Guidelines temperatures (2- 1 OOC) for at least a month. Brought to optimum 

Desert saltgrass rhizomes can tolerate a wide range of conditions, they will quickly sprout. 

osmotic potentials, but are sensitive to desiccation. Attempts to 
establish this species from rhizome sections should be limited to Literature Cited 
wet, saline areas. 

Cutting rhizomes into smaller sections negates the influence 
Horowitz, M. 1972a. Early development of Johnsongrass. Weed Sci. 20: 

27 l-272. 
of apical dominance and enhances bud sprouting, but planting Horowitz, M. 1972b. Development of Cynodon ducrylon (L.) Pers. Weed Res. 

sections containing more than one node should increase chances 12:207-220. 

of survival. Axillary buds are capable of sprouting at any season Lang, A. R. G. 1967. Osmotic coefficients and water potentials of sodium 

to form new shoots and tillers, but growth response is optimum 
chloride solutions from 0 to 40 C. Aust. J. Chem. 20:2017-2023. 

Th 
at temperatures of 25 and 30°C. 

omas, P. E. L. 1967. A rhizome germinating technique for glasshouse 
propagation. Pest. Artic. C. I3:22 I-222. 

Desert saltgrass rhizomes can be stored successfully at low - - - 



The Black Grass Bug (Labops hesperius 
Uhler): Its Effect on Several Native and 
Introduced Grasses 

KURT M. HIGGINS, JAMES E. BOWNS, AND B. AUSTIN HAWS 

Highlight: Large areas of Utah’s rangeland have been seeded to introduced wheat- 
grasses, and many of these areas are now infested with the black grass bug (Labops 
hesperius). A study of the effects of this insect pest on several native and introduced 
grasses was conducted on three experimental study plots in southwestern Utah. The 
data revealed that the six introduced grass species studied, growing in small mono- 
cultures, contained considerably more black grass bugs than did the native range 
grasses in nearby areas. Thus, the six monoculture grass species were more suscepti- 
ble to grass bug damage than were the native range grasses. Moreover, variations in 
black grass bug populations within the six grass monocultures also revealed 
differences in susceptibility. Phenology comparison data revealed there was no 
correlation between the phenological stage of plant development and the stage of 
black grass bug instar development, therefore ruling out an accurate means of deter- 
mining time of spraying in relation to plant maturation. 

About 89% of Utah is considered 
rangeland (Nielsen 1967). Large areas 
of this rangeland have been seeded to 
grasses for livestock forage and water- 
shed stabilization. Much of the spring- 
fall range in southern Utah has been 
seeded to introduced wheatgrasses, and 
many of these seeded areas are now 
infested with the black grass bug 
(Labops hesperius Uhler). This insect 
pest damages range grasses, especially 

Authors are land specialist, Division of State Lands, 
Salt Lake City, Utah; range ecologist, Range Science 
Department, Utah State University, Logan; and pro- 
fessor of entomology, Department of Zoology, Utah 
State University, Logan. 

This report is a contribution of the Utah Agricultural 
Experiment Station as Journal Paper No. 2062. 

Manuscript received February 7, 1976. 

in early spring. Stockmen indicate that 
the palatability of the infested grasses is 
greatly reduced. 

The life cycle and habits of all 
species of Labops are not completely 
known, but it has been reported that 
there are five nymphal instars before 
the bug reaches the adult stage (Todd 
and Kamm 1974) (Fig. 1). Slater 
(1954) reported that the life cycle of 
Labops is completed in one season, 
with the insects over-wintering as eggs. 

Black grass bugs have piercing, 
sucking mouth parts, and the damaged 
areas develop a yellowish to whitish 
mottled effect on the leaf surface 
marked with small black fecal spots. 
According to Markgraf ( 1974), the 
bugs puncture the plant cell walls and 

extract the liquid cell content re- 
moving much of the plant’s “photo- 
synthetic material.” 

The black grass bug problem was 
first recognized when large fields and 
vast rangelands were planted to mono- 

Fig. 1. Adult Labops 
and (lower) female. 

hesperius: (upper) male 
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Inflorescence 

Mountain 
brome 

Smooth 
brome 

Orchard 
grass 

Slender 
wheatgrass 

Intermediate 
wheatgrass 

Kentucky 
bluegrass 

6/16 6/26 7/2 7/9 7/14 7118 7125 7r30 a/3 ara ah4 

Date of observation 

Fig. 2. Phenological stages qf the grass spries studied at Deer Valley study plot on I I dates during 
1973. 

cultures of crested wheatgrass (Agro- 
pyron desertorum) and other intro- 
duced grasses. Early observations of 
grass bugs in Utah were made between 
1925 and 1943 by Knowlton (197 1). 
In some areas of Utah, grass bug popu- 
lations have been as numerous as 100 
to 1,000 in a single clump of grass 
(Haws et al. 1973; Knowlton 1967). 
Knowlton (1967) reported a reduction 
in forage growth in Garfield County in 
Utah of over 60%. Many species of 
grasses have been damaged by black 
grass bugs, and Hewitt et al. ( 1974) 
reported that grass species and varie- 
ties vary in susceptibility to damage. 

The damaged plant material is not 
attractive feed for livestock, but usual- 
ly the infested grass will again become 
green, grow, and produce additional 
feed in late summer, after the insects 
have completed their life cycle (Jensen 
197 1; Knowlton 1966a). 

Knowlton (1966b) reported that for 
effective control, insecticides should 
be applied after the eggs have hatched 
in the spring, and before the adults lay 
eggs. 

Study Areas and Methods 
Three study plots, each measuring 69 m 

X 36.6 m, were selected on Cedar Moun- 
tain in the Dixie National Forest in south- 
western Utah, and studies were conducted 
during the summer of 1973. The Deer 
Valley study plot was located in Iron 
County near State Highway 14 east of 
Cedar City at an elevation of 2,926 m; the 

Dry Valley plot in Kane County at an 
elevation of 2,743 m; and the Long Valley 
plot in Iron County near Cedar Breaks 
National Monument at an elevation of 
3,170 m. 

In the fall of 1965, six species of native 
and introduced grasses including inter- 
mediate wheatgrass (Agropyron inter- 
medium), slender wheatgrass (Agropyron 
trachycaulum), smooth brome (Bromus 
inermis), mountain brome (Bromus poly- 
anthus), orchardgrass (Dactylus glomera- 
tu), and Kentucky bluegrass (Poa praten- 
sis) were seeded in parallel rows in a 
nmdomized block design at each study 
plot. Native vegetation in the surrounding 
plant community was dominated by Letter- 
mans needlegrass (Stipa lettermanni), 
sheep fescue (Festuca ovina), and moun- 
tain muhly (Muhlenbergia montana) and 
served as a “control.” The native vegeta- 
tion of this area has been characterized by 
Bowns (1972). Each plot was fenced to ex- 
clude livestock. 

Each plot was divided in half, and half 
of each of the grass species and the control 
was randomly selected and fertilized with 
ammonium nitrate at the rate of 116.6 kg 
N/ha. Fertilizer was applied in the late 
autumn of 1972 with a cyclone seeder. 

Malathion (57% E.C.) was applied at 
the rate of 584.8 ml/ha to each plot on one- 
half of the fertilized and one-half of the 
nonfertilized portions of the plot through- 
out the summer of 1973, thus making four 
treatments within each of the six grass 
species and control, creating a total of 28 
experimental units. Premeasured amounts 
of the spray were mixed with water and 
applied to the plots with a hand pump 
sprayer. Black grass bug populations were 
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monitored, and when the population in- 
creased, the spray was again applied to the 
treatment areas to control the bugs. In 
Deer Valley, Malathion was applied on 
three dates, June 22, July 10, and again on 
August 2. In Dry Valley, the insecticide 
was sprayed on June 26 and on July 10. 
Insecticide was applied in Long Valley on 
two dates, July 9 and August 2. 

Grass plants were collected at regular 
intervals throughout the summer of 1973, 
to study the phenology and to get an 
approximation of the damage that had 
occurred (Fig. 2). Two plants were 
collected on each date from each of the 28 
experimental units within the three study 
plots. The two plants were selected so as to 
be characteristic of that experimental unit. 
Plants were collected by cutting them at 
ground level. Then the plants were placed 
in a plant press, dried, mounted, and 
labeled. 

Populations of black grass bug were 
collected in two ways. The fourth and fifth 
instars and adults were collected by taking 
three sweeps per experimental unit, using 
a .38-m diameter insect sweep net. The 
sweep net was positioned at ground level 
and a sweep of approximately 180 degrees 
was taken. The samples were immediately 
placed in paper sacks to be counted and 
preserved in alcohol. The first three instar 
nymphs were collected individually by 
hand with a small paint brush and vial of 
alcohol because of their extremely small 
size. 

At peak production, in early September, 
grass samples were collected from each of 
the 28 experimental units. Ten quadrats 
(0.186 m’) were clipped to ground level in 
each of the 28 experimental units. The 
harvested samples were weighed. An air- 
dry weight value was obtained for each 
grass species and field weights were 
adjusted to an air-dry weight basis. Forage 
production data were subjected to analysis 
of variance in a 2 x 2 ~7 factorial design 
with 10 replications. 

Results and Discussion 

Phenology of Black Grass Bug 
The eggs, which over-wintered un- 

der the snow, began to hatch in mid- 
June, about 1 week after the snow had 
melted. Hatching periods varied a- 
mong the study plots, as well as within 
each individual study plot. Apparently 
several factors, other than the time of 
snow melt, affect the period when 
eggs begin to hatch and the length of 
time until hatching is completed. 
Haws et al. (1973) were of the opinion 
that the eggs may hatch in the late fall 
or during warm periods in the winter if 
the eggs are first exposed to cold 
temperatures. These nymphs may then 
be able to survive in grass crowns if 
snow and cold weather return. 
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Agin Popr Agtr Dagl Brin Brpo Native 

DEER VALLEY 
Agin Popr Agtr Dagl Brin Brpo Native 

DRY VALLEY 

Agin Popr Agtr Dagl Brin Brpo Native 

LONG VALLEY 
Agin Popr Agtr Dagl Brin Brpo Native 

AVERAGE 
Grass Species 

Agin - Intermediate Wheatgrass 
Popr - 

Bag1 - Orchard Grass 
Kentucky Bluegrass 

Brpo - Mountain Brome 
Brin - Smooth Brome 

Agtr - Slender Wheatgrass 
Native - Native Grass 

Fig. 3. Percent of total Labops hesperius per 12 sweeps per grass species on each of 10 dates at each study plot during 1973 disregarding treatment areas. 

It was observed that approximately 
2 weeks were required for nymphs to 
develop from hatching eggs to third 
instar nymphs, and approximately 4 
weeks were required for the black 
grass bug to develop from newly- 
hatched first instar nymphs to adults. 

Therefore, a meaningful control pro- 
gram of the black grass bug would 
have to be undertaken by directly 
observing the development of the bug 
and as Knowlton (1966b) suggested, 
spraying with insecticide after the eggs 
hatch in the spring, and before the bug 
matures to the adult stage and begins 
laying eggs. 

yellow spotted color, making it obvi- 
ous which species within the plot were 
being fed on most heavily. Because 
the plots were relatively small, the 
grass bugs had easy access to all grass 
species. 

Comparison Between Black Grass 
Bug and Grass Development 

From detailed investigation of grass 
and bug phenology at the Deer Valley 
plot it was observed that the nymphal 
stage of development corresponded to 
the vegetative stage of grass phenology 
in four of the six grass species. 
However, by the time the adult bugs 
appeared, there was no longer any 
correlation between grass and bug 
phenologies. Moreover, there was 
considerable intraspecific variability in 
maturation of the grass plants. Be- 
cause of this variation in phenological 
development, there would be no way 
to determine the stage of black grass 
bug instar development by examining 
the phenological stage of the grasses. 

Grass Species Susceptibility 
Kentucky bluegrass, intermediate 

wheatgrass, orchardgrass, and smooth 
brome have previously been reported 
to be infested by black grass bug 
(Bohning and C urrier 1967; Todd and 
Kamm 1974). Slender wheatgrass has 
also been reported to have infestations 
by Charles J. Brandt (1966) in his 
Administrative Study of Labops hes- 
perius in the Cuba Ranger District in 
Santa Fe National Forest, New 
Mexico. 

Most male black grass bugs have 
well-developed meso- and metatho- 
racic wings, but the metathoracic 
wings of a high percentage of females 
are brachypterous (short-winged). Fly- 
ing did not appear to be a significant 
means of locomotion for the insect. 
However, the insects were able to 
move very rapidly on the ground as 
well as through the litter and grass 
crowns. 

Throughout the course of this study, 
differing degrees of susceptibility to 
damage were evident among the grass 
species. The infested plants turned a 

The degree of infestation within all 
grass species varied from plot to plot, 
but definite trends could be observed. 
Figure 3 shows percentages of the total 
number of black grass bugs collected 
throughout the summer in each of the 
different grass species, disregarding 
the variables of the insecticide and 
fertilizer treatments (since all grass 
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species were treated equally). The 
wheatgrasses and Kentucky bluegrass 
were the species most heavily infested 
by the bugs. The other grass species 
studied, in all three study plots, were 
ranked fourth, fifth, sixth, and seventh 
in every instance (Fig. 3). In general, 
the six seeded species supported much 
higher numbers of bugs than did the 
native grass species in the control 
poltions of the study plots. For 
example, the overall average of the 
three plots showed that slender wheat- 
grass supported 47 times more bugs, 
intermediate wheatgrass 40 times more 
bugs, and bluegrass 28 times more 
bugs than did the native grasses. 

These results support observations 
made by Jensen (1971) in the Dixie 
National Forest and also Hewitt et al. 
(1974) concerning damaging effects to 
mngelands which are seeded to mono- 
cultures of range grasses. On the 

native ranges black grass bugs are not 
usually present in numbers sufficiently 
large to cause heavy damage. 

Forage production data showed 
some interesting results with respect to 
black grass bug populations. For 
example, mountain brome ranked first 
in forage production in Deer Valley, 
Fzventh in forage production in Dry 
Valley, and sixth in forage production 
in Long Valley; but at all three plots, it 
consistently ranked sixth with respect 
to black grass bug populations. This, 
along with similar findings as each 
grass species was observed in relation- 
ship to bug numbers, suggested that 
the susceptibility of the grass species is 
not related to the quantity of grass 
pP%Hlt. 

The grass samples taken were care- 
fullv studied one bv one. and Fieures 4 
and 5 show a representative of the 
maximum amount of damage within 
the experimental study plots and the 
least damage accumulative over the 
entire 1973 season, respectively. The 
whitish mottled areas on the surface of 
tie leaves characterize the damage 
done by the grass bug. 

Response of Black Grass Bug 
Populations to Fertilization 

Fertilizer was applied initially to 
determine its effects on forage produc- 
tion, crude protein, and gross energy 
content of the plants. It was thought 
that the beneficial effects on these 
parameters would enable the plants to 
withstand the damaging effects of the 
bug. 

The fertilized treatments of the 
study plots were visible because of the 
darker green color of the grass as 
compared to the nonfertilized treat- 
ments. Forage production data showed 
that the fertilized treatments produced 
significantly more forage than the 
nonfertilized treatments, as expected. 
It was also shown that the interaction 
between the fertilized treatment and 
grass species was significant at the 5% 
level of probability for the Deer Valley 
and Dry Valley plots. It appears that 
some grass species respond better to 
the fertilizer treatment than others. 

The fertilized treatments also sup- 
ported higher population densities of 
black grass bug than did the non- 
fertilized treatments. It was found that 
there were 25% more bugs in the 
fertilized treatments. Cook (165) re- 
ported that with proper nitrogen fertili- 
zatmn, cattle utilization of range 

forage was significantly higher. The 
authors hypothesized that fertilizer 
might increase the palatability of the 
plants to the bugs. 

Response of Black Grass Bug 
Populations to Insecticide Spraying 

The insecticide was applied at a 
time of day and in such a manner as to 
minimize drift from one area to 
another. The drift effect was moni- 
tored and none was detected during the 
time of application. Insect populations 
were sampled the day following spray- 
ing, and there was essentially 100% 
control of the bugs in the sprayed 
treatments. Also, several days follow- 
ing the application of the Malathion, 
the numbers were reduced greatly in 
the nonsprayed treatment. It was con- 
cluded that spray drift did not kill the 
insects in the nonsprayed treatments, 
but that the rapid movement of the 
bugs enabled many in the nonsprayed 
treatment to come in contact with the 
spray in the sprayed treatment. This 
phenomenon was probably exagger- 
ated in this study because of the small 
plot size. 

Conclusions 

Variability in phenological develop- 
ment of the grass species masked any 
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correlation between black grass bug 
damage and the developmental stage 
of the plant or the bug. In these small 
monocultures, the six seeded grass 
species were infested with greater 
numbers of bugs than were the native 
range grasses. Using the differences in 
bug populations and the amount of 
injury to the grasses as criteria of 
susceptibility, the grasses ranked in 
the order of greatest to least suscepti- 
bility as follows: intermediate wheat- 
grass, Kentucky bluegrass, slender 
wheatgrass, orchardgrass, smooth 
brome, mountain brome, and the 
native grasses at all three study plots. 
Higher black grass bug densities were 
observed in the fertilized than in non- 
fertilized treatments, indicating an 
increased susceptibility following ni- 
trogen fertilizer applications. Mala- 
thion applied at a rate 584.8 ml/ha 

proved to be an excellent means 
control ling the black grass bug. 

of 
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THESIS: OREGON STATE UNIVERSITY 

Multiseasonal-multispectral Remote Sensing of Phenological Changes for Natural 
Vegetation Inventory, by Barry James Schrumpf, PhD, Rangeland Resources. 1975. 

The advent of the Earth Resources Technology Satellite system 
(ERTS) brought with it the prospects of multispectral and multi- 
seasonal views of the earth. The imaging capabilities of the system 
have provided current and repetitive pictures of the earth of such scale, 
extent, and detail as to reveal surficial features in a manner that was 
kretofore unavailable. 

The repetitive aspects of the system’s operations enable two signifi- 
cant capabilities: (1) monitoring changes occurring on the earth’s 
surface and (2) identifying surficial subjects through recognition of 
characteristic chronological patterns of change that are repeated both 
in time and space. This latter capability was explored for the purpose 
of discriminating kinds of natural vegetation. 

A test site in southern Arizona was selected which contained a wide 
variety of vegetation, including Sonoran and Chihuahuan desert 
shrub, desert grassland, savanna-like intergrades, juniper-oak wood- 
lands, chaparral, and mixed coniferous forest. This vegetation exists 
under two rainy seasons/year with the result that there are two 
“greening up” periods/year. In addition, there are several species 
which retain a green appearance throughout the year. Thus there were 
three convenient phenological classes to which most of the plants 
which were encountered could be assigned: evergreens (EVGN); 
winter dormant (WIND); and winter-spring dormant (WISP). Dis- 
crimination criteria based on the phenological differences among these 
classes provided the means for stratifying the landscape into pheno- 
logically distinct areas. 

Spectral radiance (ERTS multispectral scanner data) from three 
vegetation types was associated with seasonal changes in plant 
foliage. The vegetation types were: (1) mixed coniferous forest; (2) 
mesquite bosque; and (3) tobosagrass swale. The physiognomy of 
each was tree, shrub, and herbaceous, respectively. When all were in 
leaf (late summer), they had similar spectral radiance patterns. The 
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evergreen coniferous forest had nearly the same pattern on the 
summer, winter, and spring sampling dates. The pattern varied 
substantially, however, for the shrub type after the mesquite leaves 
dropped, and for the tobosagrass when the leaves and culms were 
dried. Spectral radiance from the flat top of a copper mine trailings pile 
represented a surface which did not undergo temporal changes 
between the sampling dates. This provided a standard of “no 
change. ’ ’ 

Several schemes for classifying radiance data were successfully 
used for discriminating the phenological patterns of the three vegeta- 
tion types and the “no change” subject. The classification schemes 
utilized ERTS radiance data (MSS Bands 4, 5, 6, and 7), and values 
derived from that data: (1) MSS 5 + MSS 7; (2) (MSS 7 - MSS 5) + 
9MSS 7 + MSS 5); and (3) date to date change factors for the derived 
values. Seventeen areas representing the four subjects were correctly 
identified with all schemes except the change factor scheme, which 
misidentified two areas. 

Radiance in red wavelengths, which was strongly absorbed by green 
leaves, and radiance in the near infrared, which was strongly reflected 
by those leaves, were the best for discriminating among the pheno- 
logical classes. Furthermore, data from two or more seasons permitted 
better identification results from data from one date. 

Two test areas, each containing EVGN plus either WIND or WISP, 
were successfully stratified with the MSS 5 + MSS 7 scheme. 
Vegetation stands representing the same plant community were 
classified into one phenological class when there was uniformity 
among the stands in their physiognomic appearances. This stratifi- 
cation provided a demonstration of a practical application of synoptic, 
multiseasonal, and multispectral remote sensing for characterizing a 
landscape. Furthermore, the stratification was accomplished with a 
small percentage (0.2%) of the available ERTS data points. 
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Management Practices to Manipulate Popu- 

lations of the Plant Bug Labops hesperius 
Uhler 

J. A. KAMM AND J. R. FUXA 

Highlight: Nitrogen fertilization of wheatgrass significantly increased populations 
of the plant bug Labops hesperius Uhler; applications of potassium and phosphorus 
did not. Paraquat applied to wheatgrass to cure the herbage prematurely (in early 
May) also reduced the population of plant bugs by starving them. Mechanical 
removal of herbage also effectively reduced the bug populations both in the spring 
and the summer. Heavy spring grazing significantly reduced the bug population the 
first year and also thereafter. Wheatgrass pastures that are not fully utilized will 
provide oviposition material, winter protection, and a habitat that favors survival of 
the bugs. 

Dense infestations of the plant bug 
Labops hesperius Uhlerl reduce both 
the quantity and quality of wheatgrass 
(YTodd and Kamm 1974). The inherent 
productivity of a given pasture deter- 
mines the carrying capacity of both 
domestic livestock and the plant bug. 
Therefore, management practices that 
maintain or increase forage production 
may also affect the bug population. For 
example, rest rotation grazing of in- 
fested pastures may increase the num- 
ber of bugs since the population is 
directly correlated with the amount of 
old herbage present (Fuxa and Kamm 
1976). On most rangeland, the use of 
cultural or management practices to 
manipulate bug populations would be 
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tion of a pesticide in this paper does not constitute a 
recommendation for use by the U.S. Dep. Agr. nor does 
it imply registration under FIFRA as amended. 

Manuscript received October 28, 1976. 

’ Hemiptera: Miridae. 

preferable to and often more economi- 
cal than the use of insecticides, which 
also affect nontarget organisms. 

The present paper describes the 
impact of fertilization, chemical curing 
of forage, mechanical removal of 
herbage, and grazing by cattle on 
pastures infested with populations of L. 
hesperius. 

Materials and Methods 

The effect of fertilizers on the population 
of L. hesperius in crested wheatgrass 
(Agropyron cristutum) was determined by 
applying nitrogen, phosphorus, or sulfur 
alone or in combination at rates comparable 
to those used on Oregon rangeland 
(Pumphrey and Hart 1973). Each treatment 
was replicated four times in a randomized 
block of 9.3-m2 plots. Applications were 
made October 6, 1973, and the density of 
bugs was determined in two random 
quadrats (0.09 m2) of each plot from May 
29 to June 1, 1974, with previously 
described methods (Todd and Kamm 
1974). 

Paraquat (1,l ‘-dimethyl-4,4’-bipyridini- 
urn ion salt), which can be applied to range 
grasses at low doses to chemically cure 
herbage for late season grazing (Snevaet al. 
1973), might also deprive the bugs of plant 
sap (paraquat stops translocation of sap) and 
thereby starve them. We therefore applied 
paraquat at a rate of 0.23 kg/ha in 15 1 liters 
of water/ha plus 0.5% X-77R spreader- 
sticker. Four plots (37.2 m2) were arranged 

JOURNAL OF RANGE MANAGEMENT 30(5), September 1977 

in a randomized block and sprayed: April 
30, 1974 (during the 5th instar); May 13 
(during the preoviposition period of adults); 
June 7 (during oviposition of adults). Im- 
mediately after each treatment, one cage (1 
m2) was placed on each plot to confine the 
bugs to prevent immigration and migration. 
Density of the bugs was then determined in 
two quadrats inside and three outside the 
cages. Also, the density of eggs laid was 
determined by dissection of the straw from 
two quadrats after the adults had died. 

The effect of mechanical removal of 
herbage on the density of bugs was 
evaluated in a randomized block of 37.2-m2 
plots. The grass was mowed to a height of 
ca. 5 cm with a power scythe and the 
krbage raked off the plots. The first series 
of plots was mowed August 30, 1973, 
when the bugs were in the egg stage; a 
second series of plots was mowed on April 
18, 1974, when 2nd instars were present; 
and still another series of plots was mowed 
May 14,1974. One cage was placed on each 
mowed and each unmowed plot immediate- 
ly after all but the August mowing. 
However, cages were installed in the plots 
mowed in August the following March 28, 
shortly after egg hatch. The density of bugs 
on all plots was determined May 22, 1974. 
The density of eggs inside the cages was 
determined June 26 after the adults had 
died. 

The effect of grazing by cattle on the 
density of bugs was initiated in 1973 by 
installing five circular grazing exclosures 
(ca. 6.5-m diameter) in three crested wheat- 
grass pastures near Seneca and two 900-m2 
exclosures in a large pasture ca. 20 km from 
Vale, Ore. The pastures at Seneca were 
heavily grazed (to a height of 5 cm) in the 
spring; the pasture at Vale was moderately 
grazed (to a height of 15-20 cm) in 1974 and 
1975; and none of the pastures were grazed 
in 1976 before the density of bugs was 
assessed. The density of bugs in four or more 
quadrats (0.09 m2) both outside and inside 
each exclosure was determined each year. 
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FERTILIZER TREATMENT. 

FQ. 1. Mean number of Labops hesperius per 0.09 m2 on control compared with test plots fertilized 
with: LO NI = ammonium nitrate (33.6 kg N/ha); LO N2 = urea (33.6 kg Nlha); LO P = phosphate 
(44.8 kg PzOslha); LO S = sulfur (I I .2 kg gypsum/ha); HI NI = ammonium nitrate (67.2 kg Nlha); 
HI N2 = urea (67.2 kg N/ha); HI P = phosphate (89.7 kg PnOslha); and HI S = sulfur (22.4 kg 
gypsumlha). 

Results 
All plots treated with fertilizer con- 

taining nitrogen had more bugs than 
control plots, and six treatments were 
significantly different (Fig. 1). Phos- 
phorus or sulfur alone or in combi- 
nation had no significant effect. Since 
cattle grazed all plots to a height of 10 
to 15 cm during the test, any increase in 
bug density cannot be attributed to an 
increased amount of foliage produced 
by the fertilizer. The bugs clearly 
preferred the wheatgrass fertilized with 
nitrogen at the rate of 33.6 kg/ha. 

density of bugs (Table 2). For example, 
herbage removed in August, when only 
eggs were present, significantly re- 
duced the density of bugs in cages since 
movement of the bugs was restricted by 
the cages the following spring. How- 
ever, no significant reduction resulted 
outside the cages because bugs moved 
into plots the following spring. Also, 
spring removal of both green and 

The effect of grazing (to a height of 5 
to 8 cm) by cattle on pastures in early 
spring significantly reduced bug popu- 
lations since the cattle and bugs were 
direct competitors for the same herbage 
(Table 3). Even though none of the 
pastures were grazed in 1976 before 
counts of bugs were made, five of 
seven pastures had significantly fewer 
bugs outside the exclosures because the 
bug population had been reduced in 
1975 by grazing and thereby reduced 
the food and oviposition sites of the 
bugs. 

Discussion 
Previously, ammonium nitrate ap- 

plied to wheatgrass at a rate of 33.6 
kg/ha over 13 years increased produc- 
tion of herbage 83% and increased the 
crude protein 54% (Sneva 1972). In our 

Table 1. Number of Labops hesperius on plots treated with paraquat and untreated plots and 
number of eggs laid subsequently by adults. 

Paraquat significantly reduced the 
population of bugs ca. eight days after 

-application both inside and outside the 
cages (Table 1). However, subsequent 
sampling indicated that bugs were 
reinfesting the plots as soon as new 
growth appeared at the base of plants. 
Approximately 95% of the leaves in 
sprayed plots turned brown three days 
after treatment, and the bugs migrated 
to unsprayed checks. However, numer- 
ous dead bugs were observed inside the 
cages in treated plots but not inside 
cages on the control plots. During the 
test, a sample of bugs was removed 
fi-om the field and exposed to blotter 
paper soaked in the paraquat spray. No 
mortality was observed after 8 days, 
even though bugs were in direct contact 
with the paper. Thus, paraquat was not 
directly toxic to the bugs. Paraquat thus 
effectively reduced the bug population 
on all dates it was applied, and adult 
bugs laid significantly fewer eggs if 
paraquat was applied before or during 
the preoviposition period. 

Date of application 

Measurement and April 30 May 13 June 7 

sampling dates Paraquat Check Paraquat Check Paraquat Check 

Bugs/O.09 m2 
May 11 3.2**(0.6*)a 33.6(41 .6)a 
May 16 9.3 25.0 
May 21 1.3**(0.6**)a 19.3(18.6)a 
May 24 4.3 14.0 
June 3 2.8 11.0 
June 14 0.4**(1.3**) 18.8(15.5)a 
June 21 0.3* 8.3 

Eggs/O109 m2 
inside cages 
June 22 57** 235.5 
June 25 82 178 

*P < 0.05 (t-test). 
**p < 0.01. 
a Bugs/O.09 m’ confined by cages on plots to avoid immigration and migration. 

Table 2. Density (NoJO. m2) of Labops hesperius inside and outside cages where herbage was 
mechanically removed and where left in place taken at three dates. 

Date of 
herbage removal 

Date of 
but sample 

Outside cages 

Herbage Herbage left 
removed in place 

Inside cages 

Herbage Herbage left 
removed in place 

8/30/73 4119174 4.0 24.3 
4/ 18174 513174 17.5* 35.8 
5/ 14/74 5/22/74 1.8** 13.8 

2.5** 15.1 

9.4 (o.o*p il.3 (72&a 

Mechanical removal of herbage like- 
wise had a pronounced effect on the 

*P < 0.05 (AOV). 
**p < 0.01. 
a Eggs/O.09 m’ on 6126174. 

386 JOURNAL OF RANGE MANAGEMENT 30(5), September 1977 

weathered herbage significantly re- 
duced the bugs outside (because bugs 
moved out of plots where food was 
more abundant) but not inside cages. 
However, the number of eggs laid was 
xeduced significantly since food was in 
short supply and most oviposition sites 
had been removed. Nevertheless, re- 
moval of herbage did reduce the 
population of bugs. 



Table 3. Mean number (no./0.09 m2) of lubops hesperius found inside @grazed) and outside 
(grazed in spring by cattle) exclosures in wheatgrass pastures in indicated year. 

Location of 1974 1975 1976 

exclosure Inside Outside Inside Outside Inside Outside 

Seneca, Ore. 
A 
B 
C 
D 
E 

Vale, Ore. 
A 
B 

28.4 6 ** 35.8 8.5** 32.5 6.5** 
12.5 1.8** 36 2.3** 12.0 1 .o** 
52.0 32.0 118 65.7 loo.3 78.3 
39.9 13.9* 176.Y 79.5* 221 98 * 

312.4 40.6** 263.8 70.0” 225 91 * 

62.2 .46 44.6 17.8* 62.5 25 * 
29.7 17.8 27.6 16 * 39.5 24.2 

*P < 0.05; ** P < 0.01 Mann, Whitney U-test. 

tests, nitrogen applied to wheatgrass chemically cured herbage gained sig- 
increased the density of bugs because nificantly more weight than those 
the fertilized grass was probably of grazing on naturally cured herbage 
better quality than was unfertilized (Sneva et al. 1973). However, when 
grass. Thus, over a period of years, any control of bugs is a consideraton, 
increase in forage production would paraquat must be applied ca. 10 days 
probably be accompanied by a corres- earlier than when it is applied only to 
ponding increase in the bug population. cure the herbage. 

Paraquat effectively reduced the 
density of bugs by prematurely curing 
the grass and thereby starving a signifi- 
cant number of the insects. Also, the 
surviving population laid 76% fewer 
eggs, thereby reducing the population 
expected the following year. Although 
the application of paraquat increased 
the quality and reduced the yield of 
herbage, yearling heifers grazing on the 

Spring grazing by cattle and mech- 
anical removal of herbage both limited 
the feeding injury of the plant bugs and 
also reduced the number of eggs laid by 
surviving adults. (In effect, the herbage 
was harvested before the bugs could 
inflict damage, and the infestation the 
following year was significantly less.) 
Mechanical removal of herbage in late 
summer also reduced the bug popu- 

lation the next year by destroying the 
eggs; however, in this case the forage 
sustained the total impact of the feeding 
injury of the bug, and the yield for the 
current season was lower. Heavy fall 
grazing would probably produce a 
similar effect. Indeed, wheatgrass pas- 
tures not fully utilized (unless sprayed 
with paraquat) will provide winter 
protection and habitat that favors sur- 
vival of bugs the following year. 
Clearly, L. hesperius and domestic 
livestock are direct competitors for the 
same food, and the management prac- 
tices described can minimize the loss of 
herbage due to the feeding of bugs. 
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THESIS: OREGON STATE UNIVERSITY 

Diet and Feeding Behavior of Cattle at Risk to Dietary Acute Bovine Pulmonary 
Emphysema (DABPE), by Jon Carner Elliott, MS, Rangeland Resources. 1976. 

The objectives of this study were to determine the diets of cattle at 
risk to dietary acute bovine pulmonary emphysema (DABPE) on stress 
and inciting pastures and to determine if segregated feeding groups of 
cattle displayed differential susceptibility to DABPE. 

Stress pastures were classified and mapped by plant communities 
and segregated feeding group areas. Cattle diets were determined for 
each segregated feeding group area. Cattle were marked to identify 
each individual as a member of a particular group. Major dietary 
species on the stress pastures were Kentucky bluegrass, Idaho fescue, 
bluebunch wheatgrass, elk sedge, yellow sweetclover, and American 
vetch. Major dietary species on the inciting pastures were alfalfa, 
common timothy, smooth brome, Kentucky bluegrass, and reed 
canary grass. 

Twenty cows whose activities could be traced back to a specific area 
on the stress pasture contracted DABPE during the study. Two 
similarities were common to 19 of the 20 cows stricken with the 
disease. Nineteen of these cows had grazed on areas of the stress 
pasture where the diet was lower in percent dry matter than the diets on 
the driest areas of the same stress pasture. The same cows all had 
grazed areas on the stress pasture where Kentucky bluegrass was the 
dominant dietary species. However, there was not sufficient evidence 
to conclude that Kentucky bluegrass was a causative agent of DABPE. 
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Forty-three cows between the age of 5 and 12 years showed signs of 
DABPE during the 2-year study. Thirty-two cows were stricken on the 
Izee inciting pasture in 1974 (20% overall morbidity) and seven died 
(22% mortality of those animals stricken). Only nine of the 32 stricken 
cows could be traced back to specific areas on the stress pasture. 
Thirty-three cows had grazed on the two stress pasture areas that 
appeared to be associated wth DABPE. The nine stricken cows 
accounted for a morbidity of 27% and a mortality of 33%. Nine cows 
showed signs of DABPE on the Rockpile inciting pasture in 1974 
(17% overall morbidity) but none died. All nine were from two 
specific stress pasture areas. Twenty-five cows had grazed on the two 
stress pasture areas that appeared to be associated with DABPE. The 
nine stricken cows accounted for a morbidity of 36%. Cattle were dry- 
lotted and introduced over a period of 6 days to the Izee inciting 
pasture in 1975. No cases of DABPE were noted. Two cows showed 
signs of DABPE on the Rockpile inciting pasture in 1975 (2.8% 
overall morbidity) and one died. Both cows had grazed the same area 
on the stress pasture in a group of 20 cows. 

When cattle were drylotted for 3 to 6 days while being gradually 
introduced to the inciting pastures, no mortality from DABPE was 
noted. Prior to drylotting, neither ranch had experienced zero mortali- 
ty from DABPE for at least 10 years. 



Table 3. Mean number (no./0.09 mZ) of labops hesperius found inside (ungrazed) and 
(grazed in spring by cattle) exclosures in wheatgrass pastures in indicated year. 

Location of 

exclosure 

Seneca, Ore. 
A 
B 
C 
D 
E 

Vale, Ore. 
A 
B 

1974 1975 1976 

Inside Outside Inside Outside Inside Outside 

28.4 6 ** 35.8 8.5** 32.5 6.5** 
12.5 1.8** 36 2.3** 12.0 1 .o** 
52.0 32.0 118 65.7 100.3 78.3 
39.9 13.9* 176.5” 79.5* 221 98 * 

312.4 40.6** 263.8 70.0* 225 91 * 

62.2 46 44.6 17.8* 62.5 25 * 
29.7 17.8 27.6 16 * 39.5 24.2 

*P < 0.05; ** P < 0.01 Mann, Whitney U-test. 

tests, nitrogen applied to wheatgrass 
increased the density of bugs because 
the fertilized grass was probably of 
better quality than was unfertilized 
grass. Thus, over a period of years, any 
increase in forage production would 
probably be accompanied by a corres- 
ponding increase in the bug population. 

Paraquat effectively reduced the 
density of bugs by prematurely curing 
the grass and thereby starving a signifi- 
cant number of the insects. Also, the 
surviving population laid 76% fewer 
eggs, thereby reducing the population 
expected the following year. Although 
the application of paraquat increased 
the quality and reduced the yield of 
herbage, yearling heifers grazing on the 

chemically cured herbage gained sig- 
nificantly more weight than those 
grazing on naturally cured herbage 
(Sneva et al. 1973). However, when 
control of bugs is a consideraton, 
paraquat must be applied ca. 10 days 
earlier than when it is applied only to 
cure the herbage. 

Spring grazing by cattle and mech- 
anical removal of herbage both limited 
the feeding injury of the plant bugs and 
also reduced the number of eggs laid by 
surviving adults. (In effect, the herbage 
was harvested before the bugs could 
inflict damage, and the infestation the 
following year was significantly less.) 
Mechanical removal of herbage in late 
summer also reduced the bug popu- 

lation the next year by destroying the 
eggs; however, in this case the forage 
sustained the total impact of the feeding 
injury of the bug, and the yield for the 
current season was lower. Heavy fall 
grazing would probably produce a 
similar effect. Indeed, wheatgrass pas- 
tures not fully utilized (unless sprayed 
with paraquat) will provide winter 
protection and habitat that favors sur- 
vival of bugs the following year. 
Clearly, L. hesperius and domestic 
livestock are direct competitors for the 
same food, and the management prac- 
tices described can minimize the loss of 
herbage due to the feeding of bugs. 
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THESIS: OREGON STATE UNIVERSITY 

Diet and Feeding Behavior of Cattle at Risk to Dietary Acute Bovine Pulmonary 
Emphysema (DABPE), by Jon Camer Elliott, MS, Rangeland Resources. 1976. 

The objectives of this study were to determine the diets of cattle at 
risk to dietary acute bovine pulmonary emphysema (DABPE) on stress 
and inciting pastures and to determine if segregated feeding groups of 
cattle displayed differential susceptibility to DABPE. 

Stress pastures were classified and mapped by plant communities 
and segregated feeding group areas. Cattle diets were determined for 
each segregated feeding group area. Cattle were marked to identify 
each individual as a member of a particular group. Major dietary 
species on the stress pastures were Kentucky l$uegrass, Idaho fescue, 
bluebunch wheatgrass, elk sedge, yellow sweetclover, and American 
vetch. Major dietary species on the inciting pastures were alfalfa, 
common timothy, smooth brome, Kentucky bluegrass, and reed 
canarygrass. 

Twenty cows whose activities could be traced back to a specific area 
on the stress pasture contracted DABPE during the study. Two 
similarities were common to 19 of the 20 cows stricken with the 
disease. Nineteen of these cows had grazed on areas of the stress 
pasture where the diet was lower in percent dry matter than the diets on 
the driest areas of the same stress pasture. The same cows all had 
grazed areas on the stress pasture where Kentucky bluegrass was the 
dominant dietary species. However, there was not sufficient evidence 
to conclude that Kentucky bluegrass was a causative agent of DABPE. 
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Forty-three cows between the age of 5 and 12 years showed signs of 
DABPE during the 2-year study. Thirty-two cows were stricken on the 
Izee inciting pasture in 1974 (20% overall morbidity) and seven died 
(22% mortality of those animals stricken). Only nine of the 32 stricken 
oows could be traced back to specific areas on the stress pasture. 
Thirty-three cows had grazed on the two stress pasture areas that 
appeared to be associated wth DABPE. The nine stricken cows 
accounted for a morbidity of 27% and a mortality of 33%. Nine cows 
showed signs of DABPE on the Rockpile inciting pasture in 1974 
(17% overall morbidity) but none died. All nine were from two 
specific stress pasture areas. Twenty-five cows had grazed on the two 
stress pasture areas that appeared to be associated with DABPE. The 
nine stricken cows accounted for a morbidity of 36%. Cattle were dry- 
lotted and introduced over a period of 6 days to the Izee inciting 
pasture in 1975. No cases of DABPE were noted. Two cows showed 
signs of DABPE on the Rockpile inciting pasture in 1975 (2.8% 
overall morbidity) and one died. Both cows had grazed the same area 
on the stress pasture in a group of 20 cows. 

When cattle were drylotted for 3 to 6 days while being gradually 
introduced to the inciting pastures, no mortality from DABPE was 
noted. Prior to drylotting, neither ranch had experienced zero mortali- 
ty from DABPE for at least 10 years. 
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Mineral Composition of Rumen Fistula 
Samples Compared to Diet 

H. F. MAYLAND AND A. L. LESPERANCE 

Highlight: Forage sampling using fistulated grazing animals is a ters associated with ingestion (Lesperance et al. 1974). Eso- 
generally accepted technique to measure dietary forage quality 
and botanical composition, but is it a satisfactory technique to 

phageal- and rumen-fistula samples were higher in fiber and 

evaluate dietary mineral intake? Using a variety of diets which 
lignin, but lower in nitrogen-free extract (NFE), soluble carbo- 

were fed to rumen-fistulated steers, the fistula samples had 
h y ra d t es, and Ca. Fiber and lignin increases and NFE decreases 

relatively larger concentrations of ash, Si, Na, P, Zn, and Co (PC 
were at least partially attributable to sample preparation. The 

0.05) than did diet samples. Small decreases in the Mg and Ca con- esophageal- and rumen-fistula samples should also have higher 

centrations of the fistula sample, as well as the small increases in concentrations of ash, N, P, K, Na, and Cl than do diet samples 

N, K, Mn, Fe, and MO values, were not generally different from because of saliva mineral concentration (McDougall 1948). 

diet concentrations. Regression equations predicting diet-mineral Mineral concentrations will change because of (1) a concen- 
concentrations of all diets, given the concentration in the fistula trating effect when some forage solubles are lost; (2) a solubili- 
sample, were accompanied by errors of 8 to 37% of the true value. zation and loss, if saliva is removed from the fistula sample by 
Smaller errors can be expected when similar diets like alfalfa hay drainage, hand-squeezing, or washing; or (3) an increase from 
are used throughout a given study. salivary or rumen epithelial sources (Cundy and Rice 1968; and 

The use of esophageal or rumen-fistulated animals for col- 
Weston and Kastelic 1967). 

letting forage samples is common in range nutrition. This 
Mineral contamination of ingested samples is proportional to 

procedure accommodates the animals’ preference for individual 
th e amount of saliva excreted per unit of forage dry matter and to 

plants and certain plant parts. When compared with clipped or 
the mineral concentration in the saliva. Salivary secretion rates 

hand-plucked forage samples, fistula collected samples often 
are greater when cattle graze fibrous roughages than when they 

will contain more crude protein and total ash, but less soluble 
are fed concentrates or succulent forages (Setia et al. 1971). 

carbohydrates. Fistula SaITIpkS are alSO useful in determining 
C att 1 e consuming air-dried hay secrete about 4 liters of saliva for 

intake and botanical composition of the grazing diet. Re- 
the first kilogram dry matter consumed (Lesperance et al_ 

searchers generally conclude that fistula samples are more 
1974). The extent of mineral enrichment of either esophageal- 

representative of forage consumed by the grazing animal than 
or rumen-fistula forage samples should be known before these 

are hand-plucked or clipped samples (Lesperance et al. 1974). 
samples are used in determining the mineral status of the grazed 

Fistula sampling, however, introduces certain biases because 
forage. 

of mastication, salivary additions, and rumen epithelial se- 
Our objective in this study was to determine the accuracy with 

cretions. Additional biases associated with esophageal fistula 
which the dietary mineral concentration could be predicted from 

collections may include leaching of forage nutrients through the 
measuring the concentration in the rumen-fistula sample. 

screen-bottomed collection bag, incomplete sample collections 
(Hoehn et al. 1967; and Kiesling et al. 1969), and occasional 

Methods and Procedure 

tumen bolus regurgitation. We used the rumen evacuation technique (Lesperance et al. 1974) to 

Forage samples divided for direct chemical analysis and for 
sample several feeds fed to three rumen-fistulated yearling steers that 

ingestion by the fistulated animal and retrieved for analysis 
were maintained on good quality grass hay (not analyzed) and they 

showed concentration changes in some forage quality parame- 
experienced several tests per day with a minimum of 1.5 hours 
between tests. Animals did not have access to drinking water during 
the test period. Before sampling, the entire rumen-reticulum contents 

Authors are soil scientist, Snake River Conservation Research Center, Kimberly, Idaho were removed and the sides of the rumen cleaned by downward strokes 
83341; and animal scientist, University of Nevada, Reno 89507. of the hand. The rumen-reticulum was washed with water, and the 

The report is a contribution from the Western Region, Agricultural Research Service, 
U.S. Department of Agriculture, in cooperation with the University of Nevada Agricul- 

water then evacuated. We used this technique because experimental 
tural Experiment Station, Reno. animals were available and because recovery of diet samples were 

Manuscript received November 17, 1976. incomplete when using the esophageal-fistula. 
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Table 1. Mineral composition of three diet groups before and after ingestion and the error associated with p when the mineral composition of the diet 
(dependent variable) is regressed on the rumen sample concentration. 

Element 

Ash 
Silica 
N 
Na 
K 
Mg 
ca 
P 
Mn 
Fe 
zl 
co 
MO 

Mineral concentration in Mineral enrichment in Pregiction error associated 
diet sample (mg/kg) l rumen sample (%)I with Y of sample diet (2 %)‘t * 

All diets Alfalfa hay Grass hay All diets Alfalfa hay Grass hay All diets Alfalfa hay Grass hay 

90,000 82,000 85,000 24**z 40** 19 12 2 6 
27,000 28,000 42,000 12* 17* -0.6 18 27 8 
26,000 27,000 17,000 1 -2 1 8 6 3 

1,680 66 130 64Q** 1,400** 570** 26 8 43 
15,900 17,000 16,100 7* 4 -2 12 7 27 
2,540 2,750 2,470 -7* -3 -21 11 3 16 

16,600 16,800 12,700 -2 -1 -3 12 7 3 
2,600 1,980 1,270 47** 92** 52* 37 4 20 

29 14 57 5 15** -13 21 5 16 
270 130 160 19 30 5 25 1 23 

27 15 12 22** 54* 14 26 9 17 
0.22 0.23 0.10 17** 30** 58* 21 9 17 
2.3 1.7 2.1 3 18 -17 23 12 17 

’ n = 18, 7, and 4 for all diets, alfalfa hay, and grass hay, respectively. 
t Sample-diet standard deviation from regression (P k Syex) divided by mean dietary mineral concentration and expressed as percent. 
,’ *, ** = Paired t-test significant at r = .05 and .Ol, respectively, between mean mineral levels in diet compared with those in rumen sample 

About 2 kg of the test feed were divided in half-for direct chemical 
analysis, and for ingestion by the test animal. After cattle consumed all 
the feed offered, generally within 30 to 45 minutes, the freshly 
ingested test sample was removed and the former rumen contents 
replaced in the rumen. All samples were dried at 60°C for 48 hours and 
ground to pass 20-mesh screens. 

This study was part of a larger study by Ansotegui et al. ( 197 1) and 
included 18 of 62 previously tested feeds: an alfalfa hay-barley (5:l) 
mix, four pelleted concentrates, two pelleted alfalfas, seven baled 
alfalfa hays, and four baled grass hays. 

Samples were wet-washed, using an HNOzHC104 (3:l) mixture. 
Phosphorus was determined by vanadomolybdate, and the other 
minerals by standard atomic absorption techniques. Cobalt and MO 
were determined on an atomic absorption instrument equipped with a 
graphite furnace. We did not determine Cu because of contamination 
during sample preparation. Total N was determined by the Kjeldahl 
procedure, and total ash by dry-ashing I-g sample at 550°C for 4 hours. 
To calculate acid-insoluble residue (AIR), which we assumed to be 
equal to silica, the ashed sample was moistened with water, dissolved 
in 20-ml concentrated HCl, and dried on a hot plate. The ash was re- 
dissolved‘ with 25-ml 2N HNOa, diluted with water to 100 ml, 
and then filtered through Whatman No. 1 paper. The residue was 
thoroughly washed with water, then re-ashed for 4 hours at 55O”C, 
moistened with water, acidified with 2-ml HCI, dried on a hot plate, 
and reweighed after cooling. 

Statistical methods included a paired comparison t-test between 
feed and fistula samples and regression by least squares analysis. 

Results and Discussion 
Rumen-fistula samples contained significantly (P < 0.05) 

more Na, P, and Co than did the original diet sample (Table 1). 
Fistula samples in previous studies have contained up to 10,000 
mg/kg dry matter (DM), more Na, and up to 3,200 mg/kg DM 
more P than measured in diet samples (Table 2). We found no 
previous data on increases in Co levels. The fistula samples also 
contained more Zn than did the diet samples. The relatively 
large Zn concentration increases in the rumen-fistula sample 
confirmed similar increases of 32 mg/kg DM reported in 
esophageal-fistula samples (Little 1975). Intravenously injected 
=Zn was found by Weston and Kastelic (1967) to enter the 
mmen from both salivary and rumen epithelial secretions. This 
was further subtantiated by Grace (1975), who measured more 
Zn and Co leaving the stomach of sheep than was consumed, but 
no changes in the quantities of Cu and Mn. The short-term 
sampling used in our study, together with previously reported 
esophageal data, indicated that salivary Zn (Little 1975) and P 
(Lesperance et al. 1974) contributions are appreciable. 

Table 2. Literature values (g/100 g) for mineral enrichment of esophageal samples taken from cattle (unless noted otherwise). Data are actual values 
determined by subtracting concentration in diet from that in tistula sample.’ 

Reference Diet Ash N P Na K Mg 
Ansotegui et al. (197 l)* Variety 0.77** 0.14* 0.01* 
Cundy and Rice (1968) Hay, haylage, silage 9to 13 -0.3 to + 0.4 
Hoehne et al. (1967) Prairie sandreed 1.7* -0.03* 0.32** 

Blue grama 4.6** 0.06 0.01 
Kiesling et al. (1969) Alfalfa and tobosa hay 3 0.7 
Langlands ( 1966)” Chopped alfalfa 0.76* 

I 

0.12** 1 .o** -0.69** 
Fresh alfalfa 1.29* 0.18* 0.18** 0.9** -0.23** 
Fresh phalaris a.24 0.11* 0.9** -1.05 

Lesperance et al. ( 1974)*Variety 2to3. 0.18** 
Little (1972, 1975)4 Chopped hay 4.3 0.26 0.20 0.01 
Scales et al. (1974) Alfalfa, grama, wheatgrass 2.9 0.38 0.13 

’ *, ** = Paired r-test significant at t = 0.05 and 0.01, respectively, between mean mineral levels in diet compared with those in the rumen sample. 
” Rumen fistula. 
” Esophageal fistulated sheep. 

‘Little also reported + 0.01% S, + I ppm Mn, - 0.6 ppm MO, + 0.6 ppm Cu, + 3 I ppm Zn**, and - 0.2 ppm Ti. 

Ca Cl 

0 

-0.08 0.19 
0 0.20 

0.05 
0 
0.02 

-0.02 
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After feed was ingested by cattle, the Mg and Ca concentra- 
tions decreased slightly (Table 1). The decrease in Mg of 
approximately 200 mg/km DM in this study compared favora- 
bly with the lOO-mg value reported by Ansotegui et al. (1971) 
for the larger group of feed samples. We detected small 
decreases in silica, K, Mg, Ca, Mn, and MO levels in the 
ingested grass samples. Small increases or decreases have been 
previously reported for the Mg and Ca concentration in fistula 
samples as compared with diet samples (Ansotegui et al. 1971; 
Hoehne et al. 1967; and Little 1975). Ansotegui et al. (1971) 
reported rumen-fistula samples from a wide variety of feeds 
averaged 400 mg/kg DM more K than the original diet, which 
compared favorably with the 1,100 mg/kg DM more K we 
calculated from the data for all diets. 

Table 1 shows the errors associated with predicting dietary 
mineral concentration when only the mineral concentrations in 
the rumen-fistula sample are given. The errors are greatest for 
the all-diet group because of the wide range in mineral con- 
centrations as compared with the alfalfa-hay or grass-hay group. 
The alfalfa-hay group had the lowest errors, which suggests that 
the prediction error is directly related to diet diversity. Thus, the 
diet mineral content of homogenous forage samples might be 
predicted from fistula samples with less than 10% error. 

In general, the errors associated with the predicted diet- 
mineral concentrations were greater than 10% for the all-diet 
and grass-hay group, but less than 12% for the alfalfa-hay 
samples. Langlands (1966) reported that forage N and Ca 
concentrations could be estimated from esophageal-sample 
values with less than 10% error. However, the Na, K, and ash 
concentrations of the diet could not be reliably estimated from 
esophageal-sample values. Little (1975) found that Ca, S, Cu, 
and Mg levels in chaffed hay diets could be predicted from 
esophageal samples with an error of < & 9%. Little ( 1975) also 
reported that the predicted MO and Mn concentrations had an 
error of 2 15%, whereas Zn enrichment of fistula forage 
samples was appreciable and highly variable. 

Dietary mineral intake from ingested feeds, salt, and soil is 
the major source of minerals transported via the blood to body 
tissues, including the salivary glands. Thus, variations in the 
mineral intake could affect the mineral concentration in the 
excreted saliva (Setia et al. 1971). For example, Little (1972) 
and Scales et al. (1974) reported higher N concentration in 
fistula samples than in the diet samples when diet-N con- 

centrations were low, but lower N concentrations than in the diet 
sample when diet-N concentrations were higher. Omitting all 
supplementary salt from diets of fistulated test animals might 
decrease the degree of mineral contamination of the boluses, 
especially Na and Cl, but such a practice may affect animal 
behavior. Therefore, additional research is needed on this 
subject. 
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Mixtures of Bottom Ash and Soil as a 

Growth Medium for Three Range Species 

DAVID B. WESTER AND M. J. TRLICA 

Highlight: Bottom ash from a coal-fired power plant was mixed 
with soil in varying proportions to determine its effects on germi- 
nation, growth, and survival of blue grama (Boutelowr gracilis 
(H.B.K.) Lag. ex Steud.), western wheatgrass (Agropyron smithii 
Rydb.), and fourwing saltbush (Atriblex canescens (Pursh) Nutt.). 
Five ash-soil growth mediums were developed, ranging from 
100% ash-O% soil to 0% ash-100% soil (control). Bottom ash had 
no significant effect on the percentage germination of western 
wheatgrass and fourwing saltbush, but germination of blue grama 
seeds was reduced by the 100% ash-O% soil treatment. Percentage 
survival of all three species was not significantly affected by any of 
the ash-soil treatments. The treatments did, however, exert a 
tignificant effect on height growth of all three species. Plant height 
usually increased as the proportion of soil in the mixtures was 
increased. In addition, control plants produced significantly more 
biomass than did plants growing in any of the ash-soil treatments. 
Some of the physical and chemical properties of the bottom ash 
may account for its deleterious effects on the growth of these three 
species. High pH, lack of adequate plant nutrients such as nitrates 
and potassium, and unfavorable structural characteristics of the 
bottom ash may have caused reductions in plant growth. 

Coal ash is a general term used to describe the waste material 
which is produced after the combustion of pulverized coal. 
There are two main types of coal ash: (1) fly ash, the lighter, less 
massive waste which flies up the smoke stack, and (2) bottom 
ash, the more massive, conglomerate waste which must be 
removed from the furnace. Coal ash is the ninth most abundant 
solid mineral being produced in the U.S. today. It has been 
estimated that by 1980 over 50 million tons of ash will be 
produced annually (Covey and Faber 1972), of which 16 million 
tons will be bottom ash and 36 million tons will be fly ash 
(Brackett 1970). Only about 10% of the ash being produced 
today is utilized for industrial purposes such as construction fill, 
road bases, concrete, and concrete products. The rest of this ash 
is being disposed of at considerable cost (Martens et al. 1970). 
With new coal-fired power plants being constructed to utilize 
the vast western coal deposits, ash disposal might become an 
important problem in the future. At present, various means of 
ash disposal include dumping the material directly on some 
rangelands or burying it and subsequently seeding the area with 
range species. 

Fly ash and bottom ash may pose several severe problems for 
plant growth, such as (1) lack of adequate nutrients (for 
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example, nitrogen), (2) high concentrations of certain elements 
(for example, aluminum, boron, manganese, and selenium), 
(3) unfavorable textural and structural characteristics, and (4) 
high pH. Rees and Sidrak (1956) found that natural plant 
colonization of ash deposits in Warwickshire, England, was 
markedly different from the earlier stages of colonization of 
other waste areas. Specifically, they found that Atriplex hastutu 
var. deltoidea often formed a nearly pure stand on ash deposits, 
excluding other common weeds usually prevalent in coloni- 
zation. Hodgson and Townsend (1973) found that within 5 or 6 
years a number of species successfully established themselves 
on ash deposits in England, beginning with a moss (Funaria 
hygrometrica), and succeeeding to woody species such as Ulex 
sp. and Bet&a sp. These latter species came in after much of the 
toxicity had been reduced by natural weathering. 

Gutenmann et al. (1976) found that fly ash from 2 1 states 
contained total selenium contents ranging from 1.2 to 16.5 parts 
per million (ppm). Cabbage (Brassica oleracea var. green 
winter) grown on soil containing 10% of this fly ash absorbed 
selenium in direct proportion to the selenium concentrations in 
the ash. Rees and Sidrak (1956) investigated the nutritional 
value of fly ash for plant growth and found it to be low in 
nitrogen. They also indicated that manganese and aluminum 
appeared to be present in toxic amounts. Other investigators 
have found that boron, rather than manganese and aluminum, 
was the dominant toxic element in fly ash (Holliday et al. 1958; 
Hodgson and Townsend 1973). Capp and Spencer (1970) 
discussed this apparent contradiction. They reported that other 
studies had shown that aluminum and manganese were present 
in toxic amounts in coal ash from the United States, whereas 
boron was found to be the principal offender in restricting plant 
growth in coal ash from Britain. It should be noted, however, 
that the solubility and availability of manganese and aluminum 
is‘largely dependent on soil pH. These elements are more likely 
to become soluble under acidic conditions (Gilbert and Pember 
1935; Gotoh and Patrick 1972). 

Plant growth and crop yield can be increased when fly ash is 
mixed with infertile loam soils and acidic mine spoils, if 
fertilizers are also added (Capp and Engle 1967; Adams et al. 
1972). In these cases, the ash increased the pH and altered soil 
texture which improved growth characteristics. 

The purpose of the present study was to determine if bottom 
ash could be incorporated into a rangeland soil and still support 
native shortgrass species. If this were feasible, it might provide 
an economical alternative means for ash disposal. 

Methods and Materials 
The unweathered bottom ash used in this experiment was obtained 

from a coal-fired power plant in central Wyoming. Sub-bituminous 
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Table 1. Analyses for bottom ash and soil used in the experiment. 

Analysis Bottom ash 

Organic matter (%) 0.5 2.2 
Nitrate-nitrogen (ppm) 1.8 17.5 
Phosphorus (ppm) 33.3 8.0 
Potassium (ppm) 62.0 301 .o 
hn (ppm) 17.8 6.4 
Manganese (pm) 2.2 4.2 
Boron (ppm) 1.2 0.3 
CJX (m.e./lOO g) 5.9 38.9 
E!C (mmhos/cm) 1.0 0.4 
PH 11.8 7.4 

Soil Procedures 

Wet oxidation-calorimetric 
Silver sulfate-nitrate electrode 
Olsen bicarbonate-calorimetric 
Ammonium acetate-flame emission 
DTPA-atomic absorption 
DTPA-atomic absorption 
Hot water-calorimetric 
Sodium acetate-flame emission 
Saturated paste-conductivity bridge 
Saturated paste-pH electrode - 

coal for this electrical power generating plant comes from a strip mine 
near the plant. The coal is taken from the Fort Union formation and has 
approximately 2 1% ash and 0.7% sulfur content (Radian Corp. 1975). 
The soil was obtained from a shortgrass prairie site on the Foothills 
Campus of Colorado State University. Analyses of these two growth 
mediums are presented in Table 1. 

The bottom ash was passed through a 0.635mm screen and mixed 
with soil on a volume basis in the following proportions: 

Treatment No. Bottom Ash (%) Soil (%) 

1 100 0 
2 75 25 
3 50 50 
4 25 75 
5 0 100 

The ash-soil mixtures as growth mediums were tested by growing 
blue grama (Bouteloua grucilis (H.B.K.) Lag. ex Steud.), western 
wheatgrass (Agropyron smithii Rydb.), and fourwing saltbush (Atri- 
plex canescens (Pursh) Nutt.) in a greenhouse experiment using a 
completely randomized design with six replications for each species. 
Twenty seeds of blue grama and western wheatgrass and 10 seeds of 
fourwing saltbush were planted at a depth of 1 cm in separate 3.8-liter 
containers as each replication. Treatments were randomly assigned to 
bench space in the greenhouse. The greenhouse was maintained at 
30°C day and 20°C night temperatures. Artificial lighting was not used 
as a supplement or to extend the photoperiod. 

All ash-soil treatments were watered regularly to restore the growth 
mediums to field capacity. Blue grama and western wheatgrass were 
allowed to grow for about 14 weeks (May 15, 1975 to August. 21, 
1975) and fourwing saltbush was allowed to grow for about 10 weeks 
(July 2, 1975 to September 10, 1975). A nutrient solution (Hoagland’s 
solution) was used to water blue grama and western wheatgrass for 
several weeks in June; thereafter, this was discontinued. 

The following data were taken for each species: percentage germi- 
nation, percentage survival, height at 2-week intervals, and above- 
ground biomass production. All data were analyzed using standard 
statistical procedures (Steel and Torrie 1960). Significant differences 
were accepted at the 0.05 level of probability and Tukey’s test was 
used to distinguish significant treatment effects. 

Results 
Percentage germination and survival of blue grama, western 

wheatgrass and fourwing saltbush as influenced by ash-soil 
treatments is shown in Table 2. Percentage germination for the 
three species ranged from 25 to 77%. Germination of blue 
grama was significantly lower in the 100% ash-O% soil treat- 
ment than in the control. However, the ash-soil treatments had 
little effect on germination of western wheatgrass and fourwing 
saltbush. 

The survival of the plants which germinated was high, 
ranging from 76 to 100% (Table 2). Western wheatgrass and 
fourwing saltbush had the highest percentage survival, whereas 
blue grama had the lowest percentage survival. There were no 

Table 2. Average percentage germination and survival for blue grama, 
western wheatgrass, and fourwing saltbush in the ash-soil treatments. 

Ash-soil treatment Germination 
Species (So) (%) 

Blue grama 100-O 35 a’ 
75-25 46 ab 
50-50 58 ab 
25-75 57ab 

O-100 62b 

Western wheatgrass 100-O 50 a1 
75-25 77a 
50-50 76a 
25-75 76a 

O-100 77a 

Fourwing saltbush 100-O 38 a1 
75-25 35a 
50-50 27a 
25-75 37a 

O-100 25a 

Survival 
(So) 

76a 
87 a 
88a 
94a 
93a 

99a 
99a 
98a 
99a 
1OOa 

1OOa 
1OOa 
1OOa 
1OOa 
1OOa 

’ Means for a species in a column with a similar letter are not significantly different at 
p = 0.05. 

significant treatment effects on the survival of these three 
species. In addition, there were no significant interactions 
between ash-soil treatments and species for either percentage 
germination or percentage survival. 

The average heights of blue grama, western wheatgrass, and 
fourwing saltbush in each ash-soil treatment are shown as a 
function of time in Figures 1, 2, and 3, respectively. The 
ash-soil treatments exerted a significant influence on the heights 
of each of the three species. In general, plant heights increased 
as the proportion of soil in the mixtures was increased, with the 
largest difference in height occurring between the control and all 
the other ash-soil treatments. Final heights of blue grama ranged 
from 3.2 cm in the 75% ash-25% soil treatment to 54.5 cm in the 
0% ash-100% soil treatment (control) (Fig. 1). Final heights of 
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western wheatgrass ranged from 7.4 cm in the 100% ash-O% 
soil treatment to 36.6 cm in the control (Fig. 2). Final heights of 
fourwing saltbush ranged from 4.9 cm in the 100% ash-O% soil 
treatment to 32.1 cm in the control (Fig. 3). In general, both the 
growth rate and the period of rapid height growth increased for 
all three species as the proportion of soil in the mixtures was 
increased. This is particularly evident when the controls are 
compared with the other ash-soil treatments. Plants in the 100% 
ash-O% soil treatment usually attained maximum height after 
only a few weeks of growth, whereas plants in the 0% ash- 100% 
soil treatment (control) continued growing for 8 to 14 weeks. 

There were significant interactions between species and 
ash-soil treatment with regard to height growth (Figs. 1,2, and 
3). In all ash-soil treatments other than the control, western 
wheatgrass was usually the tallest of the three species, while 
blue grama was the shortest. In addition, more variability was 
noted in the height growth of western wheatgrass than for the 
other two species in the various ash-soil mixtures. 

Very early in the growing period (until about 2 weeks of age), 
plant height of all species responded similarly to the ash-soil 
treatments (Figs. 1, 2, and 3). Both blue grama and fourwing 
saltbush usually reacted in a similar manner to the ash-soil 
treatments during the middle portion of the growing period 
(from about 2 weeks through about 6 weeks of age), while 
western wheatgrass tended to be taller than these two species. 
Toward the end of the growing period (from about 6 weeks 
through 10 weeks of age), blue grama tended to be shorter than 
western wheatgrass in the various ash-soil treatments. 

In an effort to determine if the major problems in early growth 
exhibited by blue grama and western wheatgrass were being 
caused by a nutrient deficiency, or alternatively by toxicity 
posed by the bottom ash, a nutrient solution (Hoagland’s solu- 
tion) was added to the growth mediums of these two species 
three times a week for 3 weeks in June. Because seedlings of 
these two species in all of the ash-soil treatments except the 
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control were very small and stunted at this time (2-6 cm tall), 
any positive effects of the nutrient solution additions should 
have been noted within a few days. However, because there 
were no evident changes in growth following these additions, 
nutrient solution additions were discontinued. 

A multiple step-wise regression analysis was used to study 
the predictability of height growth (dependent variable) of the 
three species as affected by the five following variables: (1) time 
(weeks), (2) time squared, (3) soil percentage in the ash-soil 
treatment, (4) soil percentage squared, and (5) soil percentage 
x time. The multiple 3 values for each of the three species were 
relatively high, indicating the strength of the relationship 
between the percentage of soil in the ash-soil mixture and time 
as they affected height growth of these species. The multiple P 
values for height growth of blue grama, western wheatgrass, 
and four-wing saltbush were 0.78,0.81, and 0.80, respectively. 
For all three species, a large portion of the variability in height 
was accounted for by the single variable of soil percentage 
squared. Using only this variable, P values of 0.50, 0.58, and 
0.50 were obtained for height growth of blue grama, western 
wheatgrass, and fourwing saltbush, respectively. 

Aboveground biomass production for blue grama, western 
wheatgrass, and fourwing saltbush as affected by ash-soil treat- 
ments is shown in Table 3. Aboveground biomass production of 
all three species was significantly reduced by all combinations 
of ash and soil. Although no significant differences in pro- 
duction for any of the three species were noted among the 
various ash-soil mixtures, production usually increased with an 
increase in the proportion of soil in the mixtures. In addition, it 
should be noted that the largest difference in aboveground 
biomass production occurred between the control and the 25% 
ash-75% soil treatment. These results indicate that when there 
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Table 3. Aboveground biomass production (g/m2) of blue grama, western 
wheatgrass, and fourwing saltbush in the ash-soil treatments. 

Ash-soil 
treatment Production 

(So) Blue grama Western wheatgrass Fourwing saltbush 

100-O 0.54 a’ 3.24a 4.32 a 
75-25 0.54a 5.4Oa 8.64a 
50-50 0.54a 5.94a 7.56 a 
25-75 l.OSa 6.48 a 24.84 a 

O-100 471.96b 214.92 b 164.70 b 

’ Means in a column followed by a similar letter are not significantly different atp = 0.05. 

was at least 25% bottom ash in the treatment, aboveground bio- 
mass production was severely reduced. 

Discussion and Conclusions 
Results of this study indicated that growth responses, as 

determined by plant height and aboveground biomass pro- 
duction of blue grama, western wheatgrass, and four-wing 
saltbush, were significantly influenced when plants were grown 
in ash-soil mixtures containing at least 25% bottom ash. Plants 
growing in the ash-soil mixtures were severely stunted, even 
after 14 weeks of growth under greenhouse conditions with 
adequate soil water. Because of strong pozzolanic (cementing) 
activity in the 100% ash-O% soil treatment, root development of 
western wheatgrass was restricted to the seminal root stage with 
the stunted plants being maintained only by the seminal roots. 
Limited water and nutrient uptake imposed by this situation 
were compounded by the fact that the seminal roots could not 
adequately anchor the plants and in some cases rendered them 
easily uprooted during watering. 

The plants growing in the ash-soil mixtures exhibited severe 
leaf chlorosis and tip die-back, indicative of nutrient deficien- 
cies or toxicities. In some cases, all the leaves of the blue grama 
growing in the 100% ash-O% soil treatment showed die-back, 
leaving only the lower portion of the culm green. 

Other than the percentage germination of blue grama being 
reduced by the ash-soil treatments, there were no significant 
treatment effects on either the percentage germination or 
survival of blue grama, western wheatgrass, and four-wing 
saltbush. Apparently, any toxicity problems posed by the 
bottom ash were not experienced by the germinating seeds of 
these species. Because of the stunting and retarded root develop- 
ment of plants in the mixtures containing bottom ash, it is doubt- 
tit1 whether these plants would have survived a period of 
dormancy and renewed growth activity. Survival undoubtedly 
would be reduced by bottom ash under harsh growth conditions 
generally present on the shortgrass plains. 

Some of the physical and chemical properties of bottom ash 
may account for its deleterious effects on the growth of these 
three species. Although it was not the objective of this study to 
identify specific deficiency or toxicity mechanisms (and it may 
be difficult to attribute the poor growth of these species to any 
one problem posed by the ash), chemical analyses of the bottom 
ash indicated that there may be a host of nutritional imbalances 
confounded by an extremely high pH. The bottom ash used in 
this experiment was low in organic matter, nitrate, and potassi- 
um. In addition, the cation exchange capacity (CEC) was 
marginally low. These unfavorable properties, along with the 
structural properties previously discussed, must be amended in 
order for blue grama, western wheatgrass, and four-wing salt- 
bush to attain adequate growth in bottom ash-soil mixtures. 

Hodgson and Townsend (1973) found that by incorporating 
5.1 to 7.6 cm layers of colloidal material such as sewage or clay 
into raw ash, structural stability was improved. Surface particle 
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coalescence, which inhibits seed emergence of some small-seed 
species, may be decreased by using sewage. In addition, they 
found that pozzolanic activity was inhibited by adding small 
amounts of sewage, peat, or ground straw. 

It is difficult to reduce the high pH of the ashes, although 
weathering and normal leaching will reduce alkalinity (Hodgson 
and Townsend 1973). Townsend and Hodgson ( 1973) found 
that natural weathering would reduce pH values only slightly, 
but that the soluble salt content was reduced to tolerable levels in 
2 to 3 years. In order to obtain complete neutralization of a 23- to 
25-cm layer of ash, as much as 112 metric tons per hectare of 
concentrated sulfuric acid would need to be added (Hodgson 
and Townseld 1973). 

Because bottom ash and fly ash are usually low in such 
essential nutrients as nitrogen, the addition of fertilizer may be 
necessary for normal plant growth. Rees and Sidrak (1956) 
found that fertilizing with nitrogen, phosphorus, and potassium 
increased plant yields in fly ash-soil mixtures. Capp and Engle 
(1967) and Adams et al. ( 1972) also added nitrogen, phos- 
phorus, and potassium fertilizers to their experimental plots 
when they mixed fly ash with acidic mine spoils. 

Results of this study indicate that incorporation of bottom ash 
into shortgrass prairie soil may not be a desirable means of ash 
disposal. Other methods, such as ash burial within the mine and 
commercial uses, should be investigated. 
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C. M. BRITTON, B. L. KARR, AND 
F. A. SNEVA 

Highlight: An inexpensive technique is pre- 
sented for photographically recording rate of 
spread of prescribed fires. This technique 
hvolves the use of infrared film and a split- 
field clove-up lens. The infrared film enables 
the tire front to be photographed without 
nterference from visible smoke. The split- 
field close-up lens provides for inclusion of a 
timing device in the lower part of the photo- 
graph- 

Interest in prescribed burning research in 
nmgeland ecosystems has increased dra- 
matically in the past decade. This change in 
attitude has been caused by two factors: (1) 
the acceptance that fire has a natural place 
in most rangeland ecosystems and (2) other 
vegetation manipulation techniques may be 
11=stricted due to environmental impacts. 

No longer is it adequate to characterize a 
prescribed fire as a spring bum, fall bum, 
hot fire, or a cool fire. If the ecological 
effects of prescribed burning are to be better 
understood, more concise data must be 
Ecorded. Currently, these data include 
such factors as wind speed, humidity, air 
temperature, soil moisture, fuel moisture, 
tie1 loading, fuel bed characteristics, and 
fire temperature. Other fire characteristics 
that may prove valuable in ecological 
Rsearch are rate of fire spread, flame 
length, and fire intensity. Fire intensity, or 
the rate of energy release, is basically a 
kmction of rate of fire spread as modified 
by fuel characteristics (Bryam 1959). If rate 
of fire spread and fire intensity are to be 
used in ecological studies, a need exists for 
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A Technique for Measuring Rate of Fire Spread 

Fig. LCamera set up with 25Afilter and split-field close-up lens (Proxifar). 

Fig. 2. Camera with stop watch positioned at the focusing length (25 cm) of the Proxifar 10 split-field 
close-up lens with laboratory clamps. 
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Field Validation 

This technique was tested doting two 
experimental bums with Arremesia cana 
providing the fuel. Photographs were made 
simultaneously using black and white 
panchromatic and infrared films (Fig. 3). 
Three, 2 m tall steel posts were placed 
15 m apart in the area to be burned. 
Rectangular (30 x 45 cm) pieces of sheet 
metal were attached to the top of each post 
to facilitate locating them on the photo- 
graphs. Cameras were located perpendicu- 

Photographic Techniques 

A simple and accurate technique of 
photographically recording rate of fire 
qread data is proposed. This technique 
uses black and white infrared film because 
it is insensitive to and does not record the 
snake image. Therefore, the problem of 
seeing through dense smoke to determine 
the location of the fire front is eliminated. 
With a mounted camera loaded with infra- 
ted film and a method of recording the time 
tequired for a tire front to move a known 
ground distance, the rate of fire spread can 
be accurately calculated. 

The most efficient camera for use with 
black and white infrared film is the 35 mm 
single lens reflex type (SLR). Kodak High 
Speed Infrared Film1 is usually available. 
The basic camera set up requires a filter and 
split-field close-up lens (Fig. I). The 25A 
or similar dark red filter should be used 
with infrared film to absorb blue and violet 
wavelengths. A Proxifar lOI or similar 
split-field close-up lens enables half the 
negative area to be focused at infinity and 
tie other half to be focused at 25 cm. There- 
fore, half the picture area will be focused on 
the fire front, with the other half focused on 
a timing device. A stop watch, secured to a 
bipod with laboratory clamps (Fig. 2), can 
be used. 

Black and white infrared film differs 
from regular panchromatic film because it: 
(I) must be handled in total darkness, (2) 
has no designated film speed or ASA 
number, and (3) does not focus in the same 
plane as other films. Care most be taken to 
open the film can, load, and unload the 
anera in total darkness. This can be 
accomplished in the field by using a 
light-proof changing bag. Proper exposure 
for sharp images will be obtained through 
tial and error in different situations. An 
exposure of 11125 set at fl6 will normally 
yield acceptable negatives on a clear day. 
Since infrared film does not focus in the 
same plane as regular film, an average 
mrrection of 0.25% of the focal length 
should be added to the lens-film extension 
br infinity focus (Eastman Kodak 1972). 
Most cameras have an auxiliary focusing 
mark on the lens for use with infrared film. 
Infrared film can be processed commercial- 
ly or in a modestly equipped darkroom. 

lar to the post line. In the lower left comer 
of the infrared photograph, a stop watch 
was positioned to record time. The photo- 
graph taken with panchromatic film shows 
the interference of smoke. With the infrared 
film, smoke is not visible and the tire front 
and flame length can be clearly seen. Thus, 
when the distance scale ofthe photograph is 
adjusted, rate of fire spread and flame 
characteristics can be calculated from a 
series of photographs. 

During the experimental bums, 8 infra- 
red photographs were taken per bum. Data 



from these photographs indicated that 
there was nearly a four-fold difference in 
rate of fire spread, although most in- 
fluencing parameters were similar (Table 
1). The most apparent difference was in 
fuel moisture, which was related to the 
physiological status of the plants and not to 
immediate atmospheric conditions. This 

illustrates the usefulness of rate of fire 
spread data, as these two bums would have 
been considered similar by commonly used 
criteria. 

Total cost of the split-field close-up lens, 
A25 filter, and changing bag was approxi- 
mately $22. Other equipment needed 
includes camera, tripod, laboratory clamps, 

and stop watch. These items are generally 
available. 
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A Durable Esophageal Cannula for Sheep and Goats 

C. A. TAYLOR AND F. C. BRYANT 

Highlight: Problems often arise in the selection of a permanent esophage- 
al cannula to be used in f&Mated animals. A permanent cannula con- 
structed from PVC pipe and Plexiglas is described which has strength, 
rigidity, and durability while keeping costs to a minimum. 

The esophageal fistula fitted with various types of cannulae pro- 
vides a popular technique for estimating dietary constituents of 
range animals. Cannulae are continually being modified to minimize 
cost, weight, and animal stress, while maximizing efficiency and 
durability. Types of cannulae have been adequately described by Van 
Dyne and Ton-e11 (1964). Construction materials mentioned included 
latex, stainless steel, and lucite. Acrylic resin tubing and butyrate 
plastic also have been used, but these were easily broken (Veteto et al. 
1972). Thus, stronger materials are desirable. 

Lesperance et al. ( 1974) reported a permanent cannula is neither 
necessary nor desirable due to reduced recovery of ingesta. Further, a 
permanent cannula may cause the development of a “pouch” anterior 
to the fistula (Van Dyne and Ton-e11 1964). However, the permanent 
cannula is advantageous because it minimizes animal stress, reduces 
the chances of the fistula closing upon removing the cannula for 
extended time periods, and increases the ease and efficiency in 
obtaining diet samples. Two construction materials for permanent 
cannulae are described in this paper and their advantages are 
enumerated. 

Materials and Methods 

The cannulae were made of two easily obtainable materials, poly- 
vinyl chloride (PVC) and Plexiglas (Fig. 1). The cannulae are 
modified from the Type D cannula described by Van Dyne and Torrell 
(1964). In our cannula design, the cap end of the Plexiglas neck was 
threaded with right-hand threads (17/inch) and the flange end with 
left-hand threads (17linch). This type of construction prevents un- 
screwing the neck from the flange when removing the cap. 

The chemical agents used to join the two materials were methylene 
chloride (PVC to PVC) and vinyl adhesive’ (PVC to Plexiglas). 
Threading of the two materials required the services of a machine 
shop; however, the majority of the labor in producing a cannula of the 
type shown in Figure 1 involves an electric buffer and sand paper. 

At the time of this research project, the authors were research associate and research 
assistant, Range Science, Texas Agricultural Experiment Station, Sonora. Bryant is now 
assistant professor, Department of Range and Wildlife Management, Texas Tech 
University, Lubbock 79400. 

The report is Technical Article No. 12740 from the Texas Agr. Exp. Sta. The editing 
and advice of Dr. M. M. Kothmann is gratefully acknowledged. Mention of a trademark 
does not constitute a guarantee or a warranty of the product by the Texas Agr. Exp. Sta. 
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’ CADCO-adhesive, SC-203; Cadillac Plastic and Chemical Co., 503 1 Gulf Freeway, 
Houston, Texas 77023. 
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Fig. 1. Diagram of complete cannula with dimensions for sheep and goats (in 
parenthesis). 

The cost per cannula in 1975, excluding labor of a technician, was 
approximately $17. 

Cannula construction is relatively simple and dimensions are easily 
varied according to individual needs (Fig. 1). The dimensions shown 
have been found most useful in sheep and goats. Van Dyne and Torrell 
(1964) recommend a 30-mm inside diameter for sheep. For Spanish 
(meat-type) and Angora goats, a 26-mm inside diameter is more 

desirable because their esophagi are smaller than the sheep’s Veteto et 
al. (1972) found this size cannula also worked well in tractable white- 
tailed deer (Odocoileus virginianus). However, percent recovery of 
ingesta in all size cannulae has not been adequately investigated 
(Lesperance et al. 1974). 

The length of the cannula neck should be 50 mm for sheep and 42 
mm for Angora goats (Fig. 1). If used in Spanish goats or deer, this 
length should not exceed 25 mm. 
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PVC TEE INSIDE 

OUTSIDE COUPLER 

COUPLER INSERTED 

COUPLED RIPPED 

SANDED 

Fig. 2. Diagram of flange construction from the basic PVC tee, including 
couplers for added length. 

The 3-mm extension at the base of Plexiglas tubing has two at least three different pastures each month. They were released to 
advantages (Fig. 1). Upon observation, it immediately distinguishes graze the pasture to be sampled a few days prior to diet collections. By 
the left-hand from the right-hand threading. Also, the extension changing their ration from an alfalfa pellet” to cottonseed cake”, 
provides a “fit” to enhance finding the thread when it becomes leakage, “pouch” formation, and pressure necrosis were significantly 
necessary to replace the cannula after removal for normal maintenance reduced except for a few problem animals. This was attributed to 
of the fistula. physical properties of the cottonseed cake. 

Flanges should be at least 28-30 mm long for sheep and 26 mm for 
goats. If the PVC tee is too short, couplers are easily installed to add 
desired length (Fig. 2). Van Dyne and Torrell(l964) suggested short 
and long ends, with periodic switching of these, to maintain a healthy 

fistula. Our original cannulae were constructed with flange ends equal 
in length. Some animals have carried these 3 years with no serious 
problems, probably because the material is lightweight. Consequently, 
flanges described herein do not have short and long ends, although 
they may be so constructed. 

For problem animals, a plug was glued to the inner wall of the 
cannula neck (Fig. 3). This closed neck was replaced with an open 
neck during diet collections. 

Conclusions 

Before threading the PVC tee, the anterior extension should be 
teduced from 6 mm to 4 mm (Fig. 1). This will reduce complication 
during surgery while the cannula is being inserted. 

Plexiglas was selected over PVC as the material for constructing the 
neck of the cannulabecause its greater degree of hardness and thicker 
walls (3 mm) enhanced threading. We have also constructed PVC 
cannulae (43-mm inside diameter; 16 l-mm overall flange length) for 
use in cattle with excellent results. Four steers having thermal-setting 
plastic cannulae experienced numerous problems, namely compaction 
of forage and losing the cannulae when rubbing on or walking through 
brush. Since stronger neck material is desirable, we substituted 
Plexiglas with ABS pipe2 (81 mm in length). After a 2-week 
adjustment period, the steers have been maintenance free for 6 
months, even while kept in a brushy, 21-hectare pasture. 

A disadvantage with this cannula is that it is sometimes expelled, 
primarily by the Spanish goat. Similar problems arise with the Boer 
goat of South Africa when fitted with the Nebraska type cannulag 
(A. J. Aucamp, personal communication). 

However, a permanent cannula constructed from PVC and Plexiglas 
offers numerous advantages. These include (1) optimum strength and 
rigidity without increasing weight, (2) low construction costs, (3) 
teady availability of materials, and (4) variability in desired dimen- 
sions. Paramount among these is that the researcher can tailor the 
cannula to fit individual needs. 
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Fig. 3. A can&a neck modified with a plug to prevent compaction 
This reduces the weight of the cannula in the animal’s neck. 
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z Acrylonitrile-butadiene-styrene. ‘Precision Machine Company, 2933 North 36th Street, Lincoln, Nebraska. 
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Smudge Pot Lighter-an Effective Tool for Prescribed 
Burning in Pinyon-Juniper 

ALLEN D. BRUNER 

Prescribed burning pinyon-juniper (Pinus-Juniperus) out of fire 
season is difficult in scattered and dispersed stands with tree cover 
tanging from 10 to 35%. 

It is necessary to light several tree clusters to generate enough heat 
and flame length to spread a fire through these stands. Direct lighting 
of trees has been found to be a successful method of starting a fire 
which will carry. 

Tree-Lighting Tool 
Orchard heater lighters (smudge pot lighter) work well for direct 

lighting of trees. The long spout gives a good pouring balance and 
provides some distance from the flame. The lighter will emit a lot of 
tirel, which when mixed 50-50 (50% gasoline and 50% diesel oil) will 
remain burning on the bark or needles for 10 to 20 seconds. 

Tree-Lighting Technique 
Light the individual trees directly by pouring a heavy stream of 

burning fuel on the trunks. Light the ground needles and any shrubs 
under the tree while backing out from under the canopy on the 
windward side. By directly lighting several trees, the ambient temper- 
ature of the area increases rapidly and understory plants are ignited. It 
is this initial torch of several trees producing a flame length of 30 to 40 
feet, with proper atmospheric conditions, that is necessary to develop 
a fire which will carry. 

Heat and flame are not generated fast enough if only the shrubs are 
ignited, especially those in the tree interspaces. Fig. 1. Orchard heater lighter. 

Lighter Acquisition 
Author is research associate, Division of Renewable Natural Resources, Max C. 

Fleischmann College of Agriculture, University of Nevada, Reno. 

The research is a contribution of the Nevada Agricultural Experiment Station, Journal 
Series No. 360. 

Manuscript received February 7, 1977. 

Orchard heater lighters can be obtained in citrus producing areas at 
growers’ supply houses under $25.00 each. In declining citrus areas, 
such as parts of southern California, used lighters are under $5.00 
each. 
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Mustang: Life and Legend of Nevada’s Wild Horses. By 
Anthony Amaral. University of Nevada Press. Reno, Nevada 
89557. 1977. 156 p. $9.00. 

This book makes interesting reading, particularly in view of the 
recent and sometimes heated arguments over the pros and cons of wild 
horses on western rangelands. 

The book is composed of seven chapters and an epilogue. The first 
and last chapters are perhaps the most interesting and enlightening. 
Chapter 1 reviews the historical background of the horse in the 
Western Hemisphere, tracing the bloodlines of those horses called 
Mustangs which inhabit these western rangelands. The last chapter 
called “The Horse Nobody Wants” describes the treatment, mis- 
tteatment, slaughtering, values, laws, and economic impetus sur- 
munding the killing of wild horses. This subject matter, which can be 
an emotional topic, was well presented by the author in a generally 
unbiased manner. 

Chapters 2 through 6, although entertaining, provide only limited 
additional understanding of wild horses. Much of the writing is 
devoted to anecdotes of early mustangers, or cowboys and their 
experiences with wild horses. Some of these stories are interesting if a 
person is familiar with Nevada and some of its early history.--Pat 0. 
Currie, Fort Collins, Colorado. 

NEW PUBLICATIONS 
A second edition and a supplement of study questions for COM- 

MON WESTERN RANGE PLANTS ( 1976) by John V. Stechman is 
available from Vocational Education Productions, California Poly- 
technic State University, San Luis Obispo 93407, for $9.95. This 
manual is primarily designed for teaching and educational purposes 
for introductory mid-level (high school-introductory college) instruc- 
tional programs. The first edition sold mainly to Vocational Agricul- 
ture and associated programs. It is a practical guide to some of the 
more common range plants from the western parts of the Rocky 
Mountain States through the Intermountain and Pacific Coast areas. It 
is intended to present information useful to the reader on fundamental 
structure, growth, and values of range plants and principles for their 
management. 

INTERPRETATION OF AERIAL PHOTOGRAPHS by T. E. 
Avery is now in third edition from Burgess Publishing Company, 
Minneapolis, Minn. 55435. 1977. 31 p. $14.95. This thirdedition like 
earlier editions is directed toward providing the “nuts and bolts” 
approach of human photographic interpretation. It includes new 
sections on flight planning, land-cover mapping, archeology, and 
nonphotographic sensors. All chapters have been revised or updated 
and the appendix expanded to include metric conversion tables. Also 
included is a model outline for a short course in photo interpretation 
and remote sensing. 



THESIS: UNIVERSITY OF ARIZONA 

Grass Production Changes with Mesquite (Prosopis jzdiflora) Reinvasion in 
Southern Arizona, by Patrick Thomas Williams, MS, Range Management, 1976. 

Mesquite density crown cover and grass production were used to 
evaluate the rate and effect of mesquite reinvasion at five study areas. 
The mesquite elimination study consisted of sixteen l-acre plots, of 
which eight were cleared of mesquite in 1940. The four thinning study 
areas each consisted of one control plot and plots where the mesquite 
was thinned to leave 25, 16,9, or 0 trees per acre in 1945. Analysis of 
variance and regression analysis were used to aid in the evaluation. 

All mesquite trees were counted. Crown cover was based on a 
sample of 10 trees per acre. Grass production on the elimination study 
was determined by clipping four randomized belt transects (4” x 33’) 
per plot. Grass production on the thinning study was determined by 

double sampling using ocular estimates on two 5-plot samples per 
2-acre treatment plot. Herbage from one plot in each sample was 
clipped and weighed. 

In the mesquite elimination study, more grass was produced in 1974 
on the treated areas than on the untreated. In the mesquite thinning 
study, grass yields generally were negatively related to thinning 
density. 

These results show retreatment following mesquite control is not 
Ileeded for at least 30 years if all of the mesquite are killed by the initial 
control job. Retreatment would be needed sooner following the 
average mesquite control project where about half of the mesquite 
fesprout vigorously soon after treatment. 
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