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Marginal Benefits of Grazing and Agricultu- 
ral Practices on a Mexican Ejido 
DONALD A. JAMESON, J. ROBERTO ARMIJO-T., J. GAL0 MEDINA-T., AND ROBERTO NAVA-C. 

The ejidos, or communal farms, of northeastern Mexico tradi- 
tionally produce cattle, goats, corn, and beans. In addition, several 
plant species are gathered for sale as food, fiber, or other uses. The 
present governmental policy is to provide price supports for the 
gathered plants as an incentive for families to remain on the ejidos. 
An l ltemative to this program is a program of grazing land 
improvements to provide increased forage for cattle and goats. On 
the Ejido Norla de Guadalupe in the state of Zacatecrs, analysis of 
the marginal contribution of increments of labor clearly shows that 
improvement of graxlng would be more effective in attracting 
families to the ejidos than the present practice of price supports but 
would result in some challenging changes in social organization. 

Resumen 

Los ejidos o predios comunales de1 norte de Mexico se caracteri- 
xan por ser productores de grnado vacuno y cap&o, y en menor 
escaln, productores de maiz y frijol. Como una actividrd rdicional 
se reriixrn colectas de ciertas especies nativas de las cuales se 
obtiene flbra, hule, productos quimicos y aliment0 parr humanos. 
La politica actual de1 gobiemo con&e en subsidlar estas activi- 
dades para proporcionar empleo y fortalecer el arraigo al ejido. 
Unr rltemativa al programa actual consiste en incrementar la 
production de forraje, mediante una serie de mejoras en el manejo 
total del ejido. En el case especiflco del ejido Noria de Guadalupe, 
Zac., cl analisis demuestra que 10s margenes de contrlbucion, 
debido a un increment0 en la fiterxa de trabajo, son mryores parr 
las actividndes de pastoreo bajo las condiciones propuestas que la 
practica de subsidio vigente en la actualidad. Sin embargo, esta 
nueva propuestn demanda desaflentes combios en la organization 
productiva de1 ejido para que sea congmente con las estrategias de 
manejo propuestas. 

The ejidos of Mexico are communal farms established as a result 
of agrarian reforms; the dewellers of ejidos are known as ejidata- 
rios. Some ejidatarios, particularly those living at the higher eleva- 
tions and on lands with higher prescription, enjoy a fairly high 
standard of living; but the ejidatarios living at lower elevations 
generally are in a state of severe poverty. A change in methods of 
management seems to be in order for the more impoverished 
ejidos, and several new technologies have been suggested as a result 
of field experiments and observations of management in more 
developed areas. Since the ejidatarios do not have managerial 
experience with these new technologies, several governmental pro- 
grams have attempted to provide managerial guidance toward 
more profitable agricultural practices. 

The problem, common in land management planning, is to select 
management actions which best utilize a set of scarce resources to 
maximize a goal such as net revenue or another index of social 
welfare. One widely used mathematical approach to solving this 
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problem is linear programming. Although linear programming is 
commonly thought of as a suitable way to calculate the “optimal” 
plan for a single firm or agency, the basic technique can also be 
used to examine the structure of a production system when several, 
perhaps conflicting, individuals are collectively involved. In this 
instance a set of linear programming problems are solved to show 
appropriate management strategies with different numbers of 
individuals active in the production system, and to determine the 
marginal benefits of labor as individuals enter and leave. 

Study Area 

The geographical area used in this study was the Ejido Noria de 
Guadalupe, located about midway between Zacatecas, Zacatecas, 
and Saltillo, Coahuila, Mexico, adjacent to the Zacatecas-Saltillo 
highway. Originally founded in 1948 and expanded in 1968, the 
ejido covers an area of about 16,671 ha. Vegetation consists of 5 
primary types: halophyte shrub (Atriplex canescens and Suaeda 
mexicana), 1,504 ha; halophyte grassland (Sporobolus airoides 
and Hiharia mutica), 273 ha; Lorrea-Flourensia (Larrea tridentata 
and Flourensia cernua), 8,395 ha; Yucca-Opuntia (Yuccafilifera 
and Opuntia spp.), 691 ha; and Agave-Parthenium (Agave leche- 
guilla and Parthenium argentatum), 5,473 ha. About 335 ha are 
used for growing corn and beans; the rest of the area is grazed by 
cattle and goats. 

The most productive lands for cattle grazing are the 2 halophyte 
communities, and to a lesser degree the Larrea-Flourensia type. 
The Yucca-Opuntia and Agave-Parthenium types are primarily 
grazed by goats. Goats are also grazed in the L.urrea-Flourensia 
type. 

In addition to cattle and goat grazing, several of the native plants 
are gathered for various products. These include (a) guayule 
(Parthenium argentatum) for rubber production, (b) agave for 
fiber, (c)yucca for fiber and seeds, (d) fruits (tuna) and young pads 
(nopalitos) of Opuntia spp. for human food, and (e) mature pads 
(pencas) of Opuntia spp. for livestock feed. 

Approximately 50 families live on the ejido. The word “ejido” 
implies a communal land area, but there is considerable economic 
and social distinction among the resident families. A few of the 
most affluent families (caciques) raise cattle on the halophyte 
shrub and halophyte grassland and effectively exclude others from 
using these areas. A few additional families have cows for milk 
production but primarily raise goats. Most families have a few 
goats for milk but primarily raise corn and beans and gather the 
native plants for cash crops. Families of the lowest income levels 
may have only a few chickens and utilize only the poorer lands. 
Current governmental policy is designed to provide price supports 
for fiber and food gathering in order to encourage individuals of 
the lowest income levels to remain on the ejido rather than to 
migrate to the cities. 

Methods 

The analytical formulation used in this study was the standard 
linear programming structure: 
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Maximize cx of Opuntia available, the resultant nopalito gathering completely 
Subject to Ax Ib dominated all linear programming solutions. Because nopalito 

where c is a vector of costs and revenues, xa vector of production possibili- gathering obscured the determination of the economic value of 

ties, A a matrix of production coefficients, and b a vector of constraints. other activities, it was necessary to either numerically constrain the 

For this study the formulation is further detailed as described by D’Aquino nopalito harvest or to delete it from the model. Questions of 

(1974): regional supply and demand are important for the nopalito harvest 
but are not investigated here. The other gathered products are of 

Maximize czxz - ~1x1 sufficiently low profitability that the possibility of regional over- 
Subject to: AIXI = bl 

&x1-Aaxz~0 

&xa 2 bs 

where cr is a vector of costs of land treatments (pesos), x2 is a vector 
of revenue from product sales (pesos), xt is a vector of land treat- 
ments (ha), xz is a vector of revenue producing activities (in kg or 
other units), bl is a vector of land areas (ha) or other resource 
constraints, 33 is a vector of desired outputs (in kg or other units), 
AI is a submatrix with elements of 1 if a land treatment is used on a 
land area and 0 otherwise, As is a submatrix of production coeffi- 
cients in kg/ ha or animal unit years (AUY)/ ha resulting from land 
treatments, As a submatrix of coefficients expressing use of inter- 
mediate outputs by revenue producing activities, and Aa a subma- 
trix of l’s and O’s linking the revenue producing activities to desired 
output levels or goals. The function to be maximized, variable 
benefits less variable costs, is defined as the contribution margin in 
accounting literature and as gross margin in farm management 
literature; the increase in contribution margin per unit of labor is 
defined as the marginal contribution of labor. Decision variables 
(the x vector) applied to the land are designated as “prescriptions,” 
and each prescription may contain one more more management 
practices. 

Several management prescriptions (i.e., one or more practices 
on a land area) detailing various degrees of production technology 
were described for each vegetation type. These prescriptions 
included such practices as rest-rotation grazing, shrub control, and 
combinations of grazing systems and shrub control. The practices 
considered for each type also included “do nothing new”(i.e., the 
current practices) and “do nothing”(i.e., discontinue all active use 
of the land); the latter category was included as a device to account 
for all land areas. A water-use constraint was also included, but 
this constraint had little impact on the model results since water use 
and cropland are already carefully balanced. 

For each of the 5 vegetation types and the cropland, a series of 3 
to 10 existing and potential management practices were described, 
and production coefficients such as animal unit year (AUY) of 
grazing animals per ha and kg of fiber per ha developed for each. 
The coefficients and practices were based on previous experimen- 
tal work at the Campo Experimental de Noria de Guadalupe. 
Detailed descriptions of the coefficients are given in Medina (1980) 
and Armijo (1981). The coefficients in these previous reports are 
identical, but the model formulations were different. 

A second model was derived from the first which basically 
included the “do nothing new” and “do nothing” practices. The 
purpose of this model was to allow analysis of marginal benefits 
with only the current management strategies available. Higher, 
possibly destructive, rates of grazing by cattle were allowed in this 
model to more accurately reflect the current situation; i.e., the 
coefficients for cattle grazing on the halophyte types were set at 
0.37 AUY/ha with the “do nothing new” practice. These coeffi- 
cients were necessary so that the calculated number of cattle graz- 
ing the halophyte land type would correspond to the current 
number of animals. This latter model will be called the “current 
technology”mode1, and the model presented earlier by Medina will 
be called the “new technology’* model. 

The original model develoned bv Medina included aatherine 

supply does not seem to be a relevant question from the viewpoint 
of a single ejido. 

The “current technology” and “new technology*’ models were 
analyzed for optimal strategies using parametric or sensitivity 
analysis of labor ranging from 1,000 to 20,000 days of labor with 
increments of 1,000 days, and from 20,000 to 130,000 days or labor 
using increments of 10,000 days. Production of various outputs 
which could result from these optimal strategies are shown in Table 
1 for the current technology and Table 2 for the new technology. 
Marginal contributions of days of labor are also shown in Figure 1. 

In analyses such as linear programming it is to be expected that 
the most profitable strategies with the lowest labor input would be 
selected and that less and less profitable practices would be imple- 
mented as labor increases. When labor is not a constraint, as is 
effectively the case when 130,000 days of labor are available, linear 
programming will select that combination of practices which max- 
imizes the contribution margin even though the contribution of the 
last increment of labor may be very small. 

In linear programming the solution process identifies a series of 
optimal corner points in a solution space. The identification of 
changes in optimal points as some constraint is eased is generally 
called sensitivity analysis. Between the optimal points lie “pla- 
teaus” wherein one practice can be exchanged for another without 
loss of contribution margin. Although this may at first seem to be a 
fault in the formulation, in fact, it is a realistic expression of the 
actual situation. As more profitable land areas are fully utilized, 
production naturally shifts to the next category of land. Once 
production begins on a land type, a sizeable area may become 
available which will require several increments of labor input to 
fully utilize the land type. As rather broad plateaus of “optimal” 
operational strategies result from these analyses, the range of days 
of labor required for these plateaus is of sufficient magnitude to 
suggest that social groups which specialize in the activities of a 
production plateau could be identified. 

Results 
Current Technology 

Observations made since about 1972 at the Ejidor Norio de 
Guadalupe indicate that preferred production activities at Noria de 
Guadalupe are, in order, (1) cattle raising, (2) goat raising, (3) corn 
and bean farming, (4) agave fiber and guayule gathering, and (5) 
yucca fiber and yucca seed gathering. If the formulation of the 
“current technology’* model is reasonable, the preferred activities 
should occur in the same sequence in an economic model. 

At the currently estimated labor force of 27,375 days of labor per 
year, production activities for the “current technology” model 
include cattle grazing, goat grazing, bean growing, and agave fiber 
and guayule gathering; these activities also currently occur at the 
ejido. In addition, the order of economic activities for the current 
technology is, as shown in Table 1, the same as the socially pre- 
ferred order. Labor inputs from 0 to 1,000 days gave an average 
yield of $7,458 (pesos’) per days, an obviously profitable and 
same order of social acceptance because of the need to have corn, 
increment was cattle grazing. Additions of labor from i,OOO to 
5,000 days resulted primarily in goat grazing with a marginal 
contribution of labor of $99 1 per day. From 6,000 to 11,000 days 

young pad; of Opuntia spp. o;“nopilitos.“This activity,%thougi 
seasonal, has a sufficiently high rate of return in the free market so 

1111 this paper the S symbol, in keeping with long-standing Mexican practice, will be 

that it is profitable as a separate enterprise. With the large amount 
used to indicate the peso. The $ symbol was brought to the United States from Mexico 
about 1776. The peso value ranged from 0.022 to 0.007 US dollarsduring thecourse of 
the study. 
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the new productive efforts were in growing beans with a marginal 
contribution of $389 per day. (Corn growing is probably of the 
same order of social acceptance because of the need to have corn, 
but appeared in the solution only if forced because it is less profita- 
ble than bean growing and competes for the same type of land.) 
From 12,080 through 50,000 days the new activities included agave 
and guayule gathering, with small increases in goat raising, for a 
marginal contribution corresponding closely to the $220 per day, 
the current standard minimum labor wage in Mexico. At 70,000 
days and beyond, the marginal contribution dropped to $177 and 
less per day. The total contribution margin at 27,375 days of labor 
was about $17,500.000. 

New Technology 
The “new technologies” selected by the linear programming 

model involved primarily shrub control and rest-rotation grazing. 
The results from the new technology model showed that cattle 
grazing and goat grazing would still be the most preferred activities 
but with major increases in cattle production. Management activi- 
ties selected in the linear programming solutions are described in 
the next section. Details of both selected and nonselected activities 
can be found in Medina (1980) and Armijo (1981). 

For the first 1,000 days of labor, the new technology would yield 
only $3,734 per day as contrasted to $7,458 for the current technol- 
ogy results because a “destructive”grazing rate was not allowed in 
the new technology model. The average for the first 3,000 days of 
labor with the current technology was $3,347 compared to $3,147 
for the current technology with the same labor. From 6,000 
through 9,000 days labor, however, the new technology would 
result in about 1,500 cattle compared to 615 cattle, and 0 goats 
compared to 2,351 goats with the current technology. With a labor 
force of 30,000 days, which is approximately the current labor 
force, the goat numbers of the two technologies would be essen- 

tially the same at 2,750 goats while cattle numbers would be 2,247 
compared to the present 615. 

The new technology model included gathering activities, which 
are key to range improvement practices, because properly designed 
gathering allows increased growth of desired forage species and 
properly designed grazing can contribute to the growth of species 
to be gathered. Thus, gathering would occur with a marginal 
contribution of labor in the range of $400 to $600 per day as 
contrasted to $227 per day with the current technology model. This 
gives rise to one possible scenario which could result from adop- 
tion of the new technology: some gathering would be done with the 
existing labor force. However, because of the integration of gather- 
ing and grazing the marginal contribution per labor day for the 
integrated practices would be about 3 times that of current practi- 
ces of gathering alone. With a labor force of 27,375 days, the 
contribution margin with the new technology would be $27500,000 
compared to $17,500,000 with the current technology. 

One of the objectives of improved ejido management is to 
attract, or at least to hold, individuals to the ejido, thus in- 
migration rather than increased income to existing residents would 
be considered a desirable effect. This assumption gives rise to a 
second scenario: if the improved profitability of the new technol- 
ogy resulted in an in-migration to the ejido until the marginal 
contribution reached the current level, the resultant labor force 
would be 120,000 man days, or about 4 times the current labor 
force. 

Land Management Implications 
Since the optimal combination of technologies depends on the 

assumptions made about labor supply, selecting a sequence of 
technologies to initiate with different amounts of labor becomes an 
important question. Both the social acceptability of the technolo- 

Table 1. Outputs and marginal contribution of labor per day for the “current technology” l ltcrnatlve. 

Labor Cattle Goats Beans Agave fiber Rubber Yucca fiber Yucca seeds Marginal contribution 
(days) (head) (head) (kg) (kg) (kg) (kg) (kg) (Pesos) 

1000 
2000 
3000 
4wo 
5ooo 616 2339 
6ooo 615 2351 
7000 615 
8WO 615 
9Om 615 

loo00 
11000 
12ooa 
13ooo 
14000 
15ooO 
16ooo 
17m 
18000 
19000 
20000 

80000 
90000 

1OOOOO 
lloooo 
120000 
130000 

737 272 
707 789 
677 1306 
646 1822 

615 
615 
615 
615 
615 
615 
615 
615 
615 
615 
615 
615 
615 
615 
615 
615 
615 
615 
615 
615 
615 
615 

2351 
2351 
2351 
2351 
2351 

2392 
2413 
2434 
2455 
2476 
2497 
2518 
2539 
2750 
2960 
3171 
3303 
3152 
3001 
2849 
2698 
2547 
2396 
2441 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

27140 0 0 0 
54920 0 0 0 
82699 0 0 0 

I10478 0 0 0 
I38258 0 0 0 
166037 0 0 0 
167500 3679 510 0 
167500 7562 1048 0 
167500 11446 1586 0 
167500 15239 2124 0 
167500 19213 2662 0 
167500 23096 3200 0 
167500 26980 3738 0 
167500 30863 4276 0 
167500 34747 4814 0 
167500 73582 10195 0 
167500 I12417 15576 0 
167500 151252 20957 0 
167500 197268 24341 0 
167500 269369 20476 0 
167500 341469 16610 0 
167500 413570 12745 0 
167500 48567 1 8879 0 
167500 557772 5014 0 
167500 629873 1148 0 
167500 651287 0 11747 

0 
0 
0 
0 
0 
0 
0 
0 
0 227 
0 227 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

173441 

7458 
991 
991 
991 
991 
403 
389 
389 
389 
389 
389 
236 
227 
227 
227 
227 

227 
227 
227 
227 
227 
216 
177 
177 
177 
177 
177 
177 
128 
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gies and their ecological impacts must be considered. 
For the current technology scenario the optimal sequence of 

activities is (1) graze the halophyte communities with cattle, (2) 
graze the Larrea-Flourensia community with goats, (3) raise beans 
and corn on the croplands, (4) gather agave and guayule from the 
Agave-Parthenium type, and (5) gather yucca fiber and seeds from 
the Yucca-Qvuntia type. 

For the new technology scenario the optimal sequence of activi- 
ties is somewhat more complex. In instituting a new technology it is 
important to avoid taking irreversible steps at an early stage which 
would prevent adopting a more productive technique at a later 
stage. Fortunately, this does not seem to be a problem in this 
example as long as the management uses a labor force of less than 
70,000 days. 

The most efficient (i.e., the greatest monetary increase per unit of 
monetary input) of the new technologies would be to initiate a 
rest-rotation system in the Lurrea-Flourensia type. However, since 
total gains possible in animal numbers with this practice are low, it 
would probably create less interest than more intensive practices. 
The second most profitable practice is improvement of the 2 halo- 
phyte communities. Unpalatable shrubs should be removed manu- 
ally to save the more palatable shrubs, thus fostering the increase of 
those shrubs and grasses. To maintain the number of shrubs not 
preferred by cattle at a low level, goat grazing should be instituted 
after the initial shrub control action. Because extensive use of 
fourwing saltbush or chamizo (Atriplex canescens) reputedly 
reduces goat milk production, it should be easy to convince goat 
herders to avoid excessive grazing on this species and to concen- 
trate on other shrub species. This may cause some social problems 
as goats and cattle traditionally are not grazed in the same areas. 
However, a rotation system could be initiated so that goats and 
cattle do not graze an area at the same time; the rotation system 
itself would also benefit cattle grazing directly (Reardon 

and Merrill 1976). Shrub control without subsequent rotation 
grazing and use of goats would result in a more rapid return of the 
unpalatable shrubs. Shrub control followed only by a rotation 
grazing system with cattle is also a useful practice but would 
probably be more expensive to maintain due to brush revinvasion. 
Even with a conservative stocking rate, all of the present commer- 
cial cattlecould be grazed on the improved halophyte communities. 

Except for possible objections to grazing cattle with goats, using 
goats to reduce shrub reinvasion should be a highly desirable 
practice. If the new grazing on the halophyte vegetation type 
capacity were limited to the present users of these lands, there 
should be good social support. However, prior to shrub control 
there should be a firm agreement on the institution of rotation 
grazing systems between the livestock owners and the government 
agency providing support. 

The next most productive activity is to improve grazing via 
shrub control in the Lurrea-Flourensia vegetation type. As noted 
above, practices such as rest-rotation grazing could cause such an 
improvement. This would probably be acceptable for herded goats 
but, because of capital costs in fencing, would require some addi- 
tional incentive for cattle owners. A shrub control program fol- 
lowed by rest-rotation grazing would allow even further increases 
in grazing for cattle. In this vegetation type the shrub control 
practices can be mechanical (such as railing) since there is no need 
to preserve palatable shrubs. As in the case of the halophyte land 
types, livestock owners and agency personnel should make firm 
agreements on grazing practices before the shrub clearing is begun. 
With a well-designed grazing system this type could support an 
additional 1,200 head of cattle. The dominant shrub in this type, 
Larrea tridentata, has little useful value at present, but develop- 
ment of commercial uses of this species would at least partially 
offset the cost of shrub control. 

The first 2 sets of treatments outlined above promise to be so 

Table 2. Outputs and marginal contribution of labor per day for the “new technology” alternative. 

Labor cattle 
(days) (head) 

Goats 
(head) 

Beans 
(kg) 

Agave fiber 
(W 

Rubber 
(kg) 

Yucca fiber Yucca seeds Marginal contribution 
(kg) (kg) (Pesos) 

1000 
2000 
3000 
4000 
5000 
6000 
7000 
8000 
9000 

10000 
11000 
12000 
13000 
14000 
15000 
16000 
17000 
18000 
19000 
20000 

50000 

70008 
80000 

1OOoOo 
llOoOO 
120000 
130000 

2509 

405 
845 

2007 

1092 
1213 
1313 
1404 
1495 
1586 
1677 
1748 
1773 
1798 
1823 
1849 
1874 
1899 
1924 
1949 
1974 
1999 
2247 
2496 
2564 

0 
0 
0 
0 
0 
0 
0 
0 
0 

48 
205 
361 
518 
675 
832 
989 

1145 
1281 
1406 
1531 
2781 
4031 
5258 

1787 
1572 
1357 
1143 
994 
998 

9893 
I1487 

5867 

13080 
14674 

8282 

I5730 
15635 

0 
0 
0 
0 

:: 
0 
0 
0 
0 
0 

8 
0 
0 
0 

8 
0 
0 

8 
0 

167500 
167500 
167500 
167508 
167500 
167500 
167508 
167500 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

: 
0 
0 
0 
0 

8 

2066: 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

848 
2143 
3438 

16393 
29348 
31196 
31196 
31196 
31196 
31196 
31196 
31196 
30206 
27092 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Fl 
0 
0 
0 
0 
0 
0 
0 
0 
0 

9536 
13129 
13129 
13129 
13129 
13129 
13129 
13129 
13129 

0 3734 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

: 
0 
0 
0 
0 
0 
0 
0 
0 
0 

138524 
190716 
190716 
190716 
190716 
190716 
190716 
190716 
190716 

4051 
2256 
1083 
846 
746 
746 
746 
746 
736 
712 
712 
712 
712 
712 
712 
712 
681 
665 
665 
665 
665 
478 
389 
303 
267 
265 
265 
265 
237 
178 
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Fig. 1. Marginalcontribution (verticalaxis) related to days Lbor (horizon- 
tal axis). 

productive that traditional corn and bean raising would be even 
less profitable by comparison than they are at present. However, if 
the introduction of improved production practices allowed corn 
yields to be raised from the currently estimated 250 kg/ ha to about 
1,250 kg/ ha and bean yields from 500 kg/ ha to 750 kg/ ha, these 
crops would be competitive with other activities of the ejido even 
with improved technologies for livestock production. Historically, 
introduction of new corn and bean raising technology has met with 
little success. 

To achieve the support of present influential cattle owners, who 
presently dominate or “own” the better grazing areas, a program of 
manual shrub control and improved grazing practices should be 
introduced on the productive halophyte shrub and grassland types. 
In addition, a major program of mechanical or manual shrub 
control should be initiated on selected sites of the Larrea- 
Flourensia type. The resultant increased grazing capacity, mostly 
suitable for cattle, could be utilized by expanded herds of present 
cattle owners, by changes of some goat owners to cattle owners, or 
by new livestock owners. If new cattle owners enter the system, a 
training program in cattle management probably would be neces- 
sary. 

Improvements on the Agave-Parthenium and Yucca-Opuntia 
sites will be more subtle and less profitable than on the other 
vegetation types. Gathering of agave, guayule, yucca, and nopali- 
tos should continue to be encouraged. However, research should 
be done to identify sites where improved grazing capacity will 
result from the gathering efforts. Thus, economic benefits could 
accrue from both the sale of the plant products and improved 
grazing. Seasonally selected goat grazing should be promoted in 
these areas to reduce competition and promote growth of the 
Yucca, Opuntia, Agave, and Parthenium plants. 

On the Agave-Parthenium type, Parthenium argentium is very 
susceptible to competition from other plants. In a preliminary 
study Gonzales (1982) found that goats do not readily browse 
Parthenium argentium but do browse other species of Parthenium. 
Thus, a program of agave gathering and goat grazing could be 
designed to promote growth of guayule. 

Present and new owners of goats should be encouraged to use 
the Yucca-Opuntia and Agave-Parthenium sites as goat grazing in 
these areas would promote growth of plant species more suitable 
for gathering than for grazing. A study of site potentials in these 
areas would allow concentration of goat grazing and shrub control 
on the most productive sites. 

Although grazing by either goats or cattle is marginal on the 
Yucca-Opuntia type, no “normal” grazing is probably best on this 
type (essentially the “do nothing” prescription). Yucca and nopa- 
lito gathering could still be an important activity on this type but 
would require no particular management planning. 

Application of these production practices can be expected to 
raise the average income of the present labor force about 1.6 times. 
Most of the increased income would accrue to an expanded mid- 
range economic group as production shifts to increased numbers of 
cattle. Alternatively, the result could be an in-migration to the 
ejido up to a population level of about 4 times the present numbers 
before the present income level of the poorer inhabitants is again 
reached. It is clear from the model results that improvement of the 
grazing capacity would be a more effective mechanism than the 
present program of price supports for gathering activities. How- 
ever, utilization of the increased capacity would require innova- 
tions in social organization of the ejidos, such as the formation of 
grazing associations and capitalization for new livestock owners, 
which do not presently exist. 

Literature Cited 
Although the most intensive goat browsing would be on the 

halophyte shrub with 1,200 goats, an additional 2,000 goats could 
be used on the remainder of the area, especially the Agave- 
Parthenium type which is currently mostly unused. Thus, the new 
technology would not require a reduction of goat numbers but 
would require some changes in location. If grazing and harvesting 
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practices were integrated, use of the new locations would be more 
profitable than at present. Movement of goats from their tradi- 
tional grazing areas could be promoted if there were some mecha- 
nism for goat owners to share in the proceeds of integrated 
management. 

Reseeding with species such as Bouteloua curtipendula. Era- 
grostis lehmanni, and Sporobolus cryptandrus was not included 
because of lack of data on success and yields, but reseeding 
obviously should be considered. Also not included in the model are 
site differences within the ubiquitous Larrea-Flourensia type, 
which could be important for specific locations of improvement practices. 

Reardon and Merrill (1976) have outlined important results 
which should be considered in designing grazing systems where 
both cattle and goats are used. Once the halophyte and Larrea- 
Flourensia types have been improved and rest-rotation grazing 
systems initiated, the continued success of this program will 
depend on observations to determine changes,‘if any, which are 
needed in animal numbers. 

Discussion and Conclusions 
As stated in the section on study area, the current governmental 

policy is to provide price supports for fiber gathering to encourage 
ejido dwellers to remain on the ejido. Marginal contribution ana- 
lyses of current and possible future technologies on the Ejido Noria 
de Guadalupe suggest that improvement of basic grazing capacity 
will be more effective in maintaining the economic health and 
population size of the ejido than the current program of price 
supports for gathering of plant products. 
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A Method for Estimating Economic Injury 
Levels for Control of Rangeland Grass- 
hoppers with Malathion and Carbaryl 

JEROME A. ONSAGER 

Abstract 

A theoretical “average” rangeland grasshopper weighs 81.6 mg 
(dry weight) in the adult stage and consumes 9,22, and 53 mg of 
forage/day in the 4th instar, 5th instar, and adult stages, respective- 
ly. Criteria for a computer program are presented whereby grazing 
pressure from grasshopper infestations can be predicted as a 
function of initial density and normal daily rate of survival. The 
benefits of a contemplated control measure may then be estimated 
through appropriate adjustment of the survival rate. By assigning 
dollar values to the worth of forage and cost of treatment, the 
lowest infestation that will justify control measures can be 
determined. The technique is demonstrated for 2 effective but 
dissimilar insecticides, malathion and carbaryl. By using actual 
treatment costs for 1981 control programs and by assuming that an 
AUM (364 kg of forage) saved from destruction by grasshoppers 
has a marghral value product of S14, it was calculated that grazing 
by grasshoppers must approach 0.25 AUM/ha before treatment 
becomes economical. If treatments are not applied before carrying 
capacity has been depleted by grasshoppers, then the forage that is 
saved cannot be harvested. Thus, early treatments with both 
chemicals are much more economical than late treatments. 

Stern et al. (1959) defined the economic injury level (EIL) of a 
pest insect as “the lowest population density that will cause 
economic damage,” where economic damage is “the amount of 
injury which will justify the cost of artificial control measures.‘* In 
theory, the EIL concept has been widely accepted among entomolo- 
gists as the economic basis for rational pest management. In prac- 
tice, however, EILs have often been among the weakest compo- 
nents in management programs (Poston et al. 1983). On rangeland, 
for example, cooperative Federal-State-private grasshopper con- 
trol programs administered by USDA’s Animal and Plant Health 
Inspection Service (APHIS) have traditionally required an average 
density of 9.6 or more grasshoppers/mr. That level is strictly an 
administrative guideline, and it obviously does not consider such 
factors as cost, potency, persistence, or time of application, all of 
which vary considerably among alternative treatments. 

The objectives of this paper are to provide a method for estimat- 

Author is with the Rangeland Insect Laboratory, Agricultural Research Service, 
USDA, Bozeman, Mont. 59717. 
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ing EILs for grasshoppers on range, and to report relationships 
between efficacy and time of application for 2 effective but dissimi- 
lar treatments, malathion and carbaryl. Except for information on 
costs of treatments, all data for this study were available in pub- 
lished literature but required modification, extended interpreta- 
tion, and synthesis. 

Materials and Methods 
Forage Destruction Potential 

The rate at which an infestation of grasshoppers destroys forage 
is a highly variable function of species composition, stage of 
development, and rate of survival over time (Capinera et al. 1982, 
Onsager 1983). Most destructive grasshopper species have 5 nym- 
phal instars. It is most probable that the first 3 instars will be 
responsible for only about 1520% of the total forage utilization by 
a generation of grasshoppers (Onsager 1983). The first 2 instars 
usually are of little consequence, but the 3rd tends to become 
important for 3 reasons: (1) it begins to consume forage at a 
significant rate, (2) its appearance coincides with maturation of 
important cool-season grasses so forage losses may not be replaced 
by regrowth, and (3) the probability of catastrophic mortality 
becomes relatively low (Hewitt 1979). Because the majority of 
grasshoppers must attain the 3rd instar before one can confidently 
diagnose an economic infestation and bring control measures to 
bear, forage utilization by that stage must be conceded. In subse- 
quent discussion, therefore, the destructive period will by defini- 
tion begin with appearance of the 4th instar, against which control 
tactics definitely are feasible. 

In a recent study of potential forage losses, Hewitt and Onsager 
(1982) divided grasshopper species into 3 size classes on the basis of 
dry body weight. Their infestations over a 3-year period were 
comprised of an average of 40, 55, and 5% small, medium, and 
large species, respectively. Important destructive species whose 
weight closely approximated average weights for the 3 size classes 
were Ageneotettix deorum (Scudder) and Melanoplus infantilis 
Scudder, Aulocara elliotti (Thomas) and M. sanguinipes (Say), 
and M. bivittatus (Say), respectively. The adult grasshoppers des- 
troyed forage equivalent to an average of 0.65 times their weight 
each day. For the current study, it was determined that a theoreti- 
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Table 1. Rciations between density of young 4th instar grasshoppers, natural average daily rates of survival, and potential grazing intensity. 

Density 
(no./mz) 

Daily 
survival 

rate 

4th instar 
Forage 

consumed 
GHD/mz (kg/ha) 

lnstar or stage 
5th instar Adult 

Forage Forage 
consumed consumed 

GHD/mz (kg/ha) GHD/m* (kg/ ha) 

Total grazing 
intensity 

kg/ha AUM/ha 

4 0.98550 33.8 3.0 29.6 6.5 154.8 82.1 91.6 0.25 
6 .98156 49.7 4.5 42.0 9.3 188.2 99.7 113.5 .31 
8 .97833 64.1 5.8 53.1 11.7 211.7 112.2 129.7 .36 

.96972 124.0 11.2 94.4 20.8 280.8 148.8 180.8 .50 

.95999 235.9 21.2 163.0 35.9 356.0 188.7 245.8 .68 

cal “representative”adult of a population comprised of the above 
proportions and species would weigh 81.6 mg (dry weight) and 
would destroy 53 mg (i.e., 81.6 X 0.65) of forage/day. Because 
daily forage destruction increases by a factor of 2.42 with each 
successive molt (Onsager 1983), the average daily rate for represen- 
tative 4th and 5th instar nymphs was set at 9 and 22 mg, 
respectively. 

Hewitt and Onsager (1982) estimated the destructive potential of 
untreated populations of grasshoppers by assuming constant aver- 
age rates of survival and forage destruction for predominant spe- 
cies. It was later determined that because survival rates were adver- 
sely affected by density (Onsager et al. 198 I), nymphs consumed 
proportionately more forage under high density conditions than 
under low densities (Capinera et al. 1982, Onsager 1983). There- 
fore, a more accurate method for estimating destructive potential is 
as follows. The average daily survival rate (S) is calculated as a 
function of density (D) of 4th instar nymphs/m2 according to the 
formula, In S q  -0.0028909 - O.O064462(1n D) - O.O012987(1n D)* 
(an elaboration of Table 2, Onsager 1983). For any given density of 
4th instar grasshoppers/m2, the number of survivors is plotted 
versus time, according to the formula Di q  D, (S’), where Di q  
density of survivors on the ith day, D, q  initial density of 4th instar 
nymphs, S q  daily survival rate, and i = no. of days after beginning 
of the 4th instar. Assuming that representative nymphal instars 
require 9 days each and no adults survive beyond 90 days, the areas 
under the survival curve for 4th instars, 5th instars, and adults are 
determined separately by the trapazoid method of numerical inte- 
gration. These areas are the products of grasshoppers multiplied by 
time, and the units are designated grasshopper days (GHD). The 
GHD for each development period is multiplied by the appropriate 
average daily rate of forage destruction, and the summation of the 
3 products is the total potential forage destruction per m*. The total 
potential forage destruction/m* associated with 5 selected popula- 
tion densities is illustrated in Table 1. The benefits of a contem- 
plated treatment may then be estimated by adjusting the survival 
curve according to anticipated effects of treatment, calculating the 

GHD and associated forage destruction under the new curve, and 
attributing the difference to benefits of treatment (Onsager 1978). 

Efficacy of Malathion 
Table 2 summarizes results from 4 experiments between 1976 

and 1979 where the author and a coworker applied 584 ml of 95% 
technical malathion/ ha to grasshopper-infested rangeland. At 3 
days after treatment, the reduction in density was quite variable 
and ranged from 66 to 98.6% with average daily survival rates of 
about 0.70 to 0.24, respectively. Efficacy did not appear related to 
stage of development at treatment time, so the mean of the 4 daily 
survival rates (0.49) was accepted as the expected efficacy of the 
treatment. The survival rates during days 4 through 7 after treat- 
ment also were quite variable but averaged well below the natural 
rates in Table 1. It was therefore assumed that malathion had slight 
but measurable effects (S = 0.93) during days 4 through 7 after 
treatment. 

Malathion was considered a candidate treatment for only a 
relatively short interval of time. The earliest experiment in Table 2 
was successful against predominantly 5th instar nymphs (about 
day 14 of the destructive period) but early treatments are risky 
because they can essentially be negated by factors like cool weather 
or precipitation after application. Treatments should not be app- 
lied after oviposition begins (after about day 35 of the destructive 
period) for 2 reasons: most of the potential current-season forage 
destruction will already have occurred, and the potential for pre- 
venting infestation during the following season will have dimin- 
ished. Therefore, the malathion treatment was considered an 
option only for the approximate period of days 14 to 34, inclusive, 
of the destructive period. 

The efficacy of malathion applied on successive days to the 
infestations of Table 1 was estimated as follows. The daily survival 
rate for day 1 of the destructive period (for day 1 of the 4th instar 
stage) until the day of treatment was the natural rate listed in Table 
1, for the first 3 days after treatment was 0.49, for days 4 through 7 
after treatment was 0.93, and was again the natural rate there- 

Table 2. Survival of grasshopper populations at 3 and 7 days after treatment with 584 ml of 95% technical malathion/ ha, and estimation of average daily 
survivai rates (an eiaboration of data published by J.A. Onsager and P.C. Mazuranich in Insecticide and Acaricide Tests (IAT). 

IAT reference 

1978 3:132 

Stage of 
grasshopper development Average proportion of grasshopper survival(p) Average daily survival rate (S) 

at treatment 3 days after treatment 7 days after treatment days O-31 days 4-72 

0.16 0.11 0.55 0.9 1 
1978 3:132-133 
1979 4144 
1980 5:200 

‘S =r- 
=s ‘~P?IPS 
‘Aberrant due to immigration 

91% adults .34 .33 .70 .99 
53% adults .Ol . 10’ .24 
7% adults .lO .06 .46 .88 

Mean .49 .93 
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after. Benefits of treatment were then estimated as described. 
Results for 2 levels of infestation, expressed as percent reduction in 
forage destruction, are shown in Figure 1. 

65 - 

65 -- 

45 -- 

C-8 

t 
2s 1 I 

3RD 4TH STH ADULT 
DEVELOPMENT (NYMPHAL INSTARS 

OR YOUNG ADULTS) 

Fig. 1. Relationships between stage of grasshopper development at time of 
treatment andpercent reduction inforage lossfollowing treatments with 
malathion (M) or carbaryl (C)applied to infestations that averaged 8 or 
32/m’ at the beginning of the 4th nymphal instar. 

Efficacy of Carbnryl 
Table 3 summarizes results from experiments where the Sevin4 

oil@ formulation of carbaryl was applied at 0.56 kg of toxicant/ ha 
to 3 different life stages of grasshoppers on rangeland (Onsager 
1978). At 7 days after treatment, the reductions in density ranged 
from 70 to 94% and were directly related to the time of treatment. 
Therefore, average daily survival rates from the 7-day period after 
treatment were estimated for different treatment dates by linear 
regression; i.e., S = 0.79333 - 0.0056500(i), where i = day of the 
destructive period when the treatment was applied. The survival 
rates for days 8-14 after treatment suggested that the early treat- 
ments caused some mortality during the 2nd week after treatment, 
so S-values for that interval also were estimated by regression; i.e., 
S = 0.93344+ 0.0014014(i). However, in order to prevent extrapola- 
tion errors, the latter rates were not allowed to exceed estimated 
natural survival rates for untreated populations of the same 
density. 

Carbaryl was considered a candidate treatment for a relatively 
long interval of time. The earliest treatments reported in Table 3 
were successfully applied about 10 days before the beginning of the 
destructive period (i = -IO), and late treatments can confidently be 
applied up to within 1 week of oviposition (i q  28). The relative 
efficacy of carbaryl treatments at intervals between i = -10 and i = 
28, inclusive, was estimated similarily as for malathion treatments. 

Exceptions were that survival rates after treatment were calculated 
by regression and were applied for a 14-day rather than a 7day 
period. Results for 2 levels of infestation, expressed as percent 
reduction in forage destruction, are shown in Figure I. 

Results 

Economic analysis is accomplished by comparing treatment 
costs versus the value of forage that was saved. A computer pro- 
gram that allows user input of cost-benefit data is available in 
BASIC language from the author. For demonstration purposes, it 
is here assumed that 364 kg of forage constitutes an AUM, and an 
AUM that is saved from destruction by grasshoppers has a margi- 
nal value product of $14. This value is for illustrative purposes 
only; readers could use any value they thought appropriate. 

In 1981, malathion treatments cost an average of $3.58/ ha in 2 
cooperative control programs executed by APHIS in Wyoming 
and Oregon (unpublished data available from APHIS). Therefore, 
a malathion treatment must save 93 kg/ ha (%3.58/ha X 364 
kg/$l4) or 0.25 AUM/ha (93 kg/ha X 1 AUM/364 kg) to be 
efficacious. That savings did not occur for treatments applied after 
days IS, 21,29, and 32 of the destructive period for infestations that 
initially were 6, 8, 16, and 32 4th instars/m*, respectively. Treat- 
ments applied on or before the aforementioned days were poten- 
tially efficacious, so the EILs were estimated as the densities that 
existed on those days; i.e., as 4.54, 5.06, 6.62, and 8.6 grass- 
hoppers/m*, respectively. The relationship between time of treat- 
ment and EIL is illustrated in Figure 2. 

of 40 
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Fig. 2. Relationships betweenstage ofgrasshopper development at time of 
treatment and economic injury level (EIL)for treatments with malathion 
(M) or carbaryl (C). (In EILM = 2.012 - 0.0642i + 0.00213W and EIk = 
27.05 - 1.471i + 0.0499i2, wherei = numberofdaysafter beginningof the 
4th instar.) 

Table 3. Survival of grasshopper populations at 7 and 14 days after treatment with 0.56 kg AI of carbaryl/hn, and estimation of average daily survival rates 
(an elaboration of data published by Onsager, 197g). 

Stage of grass- Time relative 
hopper development to destructive ueriod Average proportion of grasshoper survival (p) Daily survival rate (S) 
at treatment (days) 

5 I% in 2nd & 3rd instar -10 
57% in 4th & 5th instar 9 
85% in adult stage 21 

7 days after treatment 14 days after treatment days O-71 days 8-142 

0.303 0.174 0.84 0.92 
.I46 .O9l .76 .93 
.057 .O46 .66 .97 
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The above EILs are valid only if the forage saved from destruc- 
tion is harvestable and will support at least 0.25 AUM/ ha. In other 
words, treatment costs cannot be quickly recovered if grazing by 
grasshoppers has already approached or exceeded the desired car- 
rying capacity. For example, a treatment may be efficacious 
against a light infestation (4S/mr) in a habitat where the carrying 
capacity is 0.35 AUM/ ha, provided it is applied early enough (day 
14 of the destructive period) so that only 0.1 AUM is lost despite 
treatment. On the other hand, the same treatment against a dense 
infestation (9/mz) in the same habitat would be relatively worthless 
if applied so late (day 32) that grasshoppers had already consumed 
0.4 AUM/ha. Treatments will provide short-term profits only if 
the total carrying capacity is at least 0.30, 0.35, 0.49, and 0.67 
AUM/ha., respectively, for the aforementioned EILs. The rela- 
tionship between time of treatment and minimum carrying capac- 
ity for economical malathion treatments is given in Figure 3. 

t .6 
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n I / 
cl 

p’ 
.4 

O’ .2 1 
0 z t 
n 
b 01 , 
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G DEVELOPMENT (NYMPHAL INSTARS 
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Fig. 3. Relationships betweenstage ofgrasshopper development at time of 
treatment and minimum total carrying capacity (AVMlha) required to 
recover costs of treatment with malathion (M) or carbaryl (C). (In 
AVMM= -0.560 - 0.0807i + 0.002652and AVMc = 0.588 - 0.00667i + 
0.000952i1, where i = number of days after beginning of rhe 4th instar.) 

Early treatments with carbaryl are obviously more effective in 
limiting forage destruction than later treatments with either car- 
baryl or malathion. It is equally obvious that late treatments of the 
2 chemicals give nearly identical results. 

In 1981, carbaryl treatments cost an average of $6.70/ha in 2 
cooperative control programs in Wyoming and Colorado (unpub- 
lished data available from APHIS). By using the same methodol- 
ogy as for malathion, it was estimated that a carbaryl treatment, to 
be efficacious, must save 174 kg of forage to support at least 0.48 
AUM/ha. EILs for carbaryl also are illustrated in Figure 2. The 
minimum carrying capacity required to recover the costs of the 
carbaryl treatments ranged from about 0.6 to 1 AUM/ ha (Fig. 3). 
For less intense stocking the carbaryl treatment is not economical. 

Discussion 
These results support the general contention of Onsager (1978) 

that early treatments with carbaryl are more efftcacious than late 
treatments with either chemical. Regardless of density, the most 

effective time for carbaryl treatments was during the 4th instar 
stage. The earliest malathion treatments also were the most eco- 
nomical. These provided control equivalent to the most effective 
carbaryl treatments. The primary advantage of carbaryl appears to 
be that maximum benefits can be derived from treatments over 
about a 3-week period during which efficacy of malathion has not 
been demonstrated. In contrast, maximum benefits from mala- 
thion are attainable only with perfect timing within a very narrow 
time frame. During the interval when either chemical may be used 
with confidence, malathion is clearly more efficacious than car- 
baryl in that almost identical grasshopper control can be achieved 
for about half the cost. 

The type of weather associated with low forage production (hot 
and dry) unfortunately favors rapid development and high survival 
of grasshoppers. Furthermore, most of the damaging species prefer 
habitats with sparse vegetation and thus would be favored where 
range is overgrazed (Hardman and Smoliak 1982). Consequently, 
grasshopper populations are likely to be highest when forage pro- 
duction is lowest; the demand for forage by grasshoppers is likely 
to be greatest when ranchers can least afford to feed them, and the 
marginal value product of forage that is saved from destruction is 
disproportionately high during dry seasons. 

If one expects short-term recovery of treatment costs, it seems 
imperative that any protective treatments be applied as early as 
possible in the season. The lower the carrying capacity, the more 
important it is to apply treatments early. These considerations do 
not preclude treatments to obtain long-range, intangible benefits 
(for example, to assure “rest” in a rest-rotation grazing system or to 
protect spring range from continued mid-summer grazing bygrass- 
hoppers). Intangible benefits, however, are beyond the scope of 
this study. 
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Effects of Planting Depth and Soil Texture 
on the Emergence of Four Lovegrasses 
JERRY R. COX AND MARTHA H. MARTIN 

Abstract 

We studied the emergence of 4 lovegrass accessions planted at 
0.0,0.5,1.0,1.5, and 2.0 cm depths in Pima silty clay loam, Sonoita 
silty clay loam, and Comoro sandy loam soils in a greenhouse. 
Catalina boer lovegrass (Erugrostis curvulu var. confertcr Nees) 
emergence was superior to A-84 boer lovegrass, A-68 Lehmann 
lovegrass (Eragrostis lehmanniana Nees) and Cochise lovegrass 
(Eragrostis leh&iana Nees X E. trichopheru Goss & Dur.) in all 
soils and at all depths. Approximately 75% of the radicles of 
germinating Lehmann and A-&4 boer lovegrass seeds failed to 
penetrate the surface of the 3 soils when surface sown. Lehmann 
lovegrass seed planted below the surface failed to emerge in the 3 
soils. 

Cox et al. (1982) found that more than 250 accessions of 80 grass 
species had been seeded at 400 locations in the Southwestern 
United States and Northern Mexico between 1890 and 1980. The 
most easily established and persistent grasses were Lehmann love- 
grass (Eragrostis lehmanniana Nees) accession A-68, boer love- 
grass (Eragrostis curvula var. conferta Nees) accessions A-84 and 
Catalina, and Cochise lovegrass (Erugrostis lehmunniana Nees X 
E. trichophera Coss & Dur.). 

Lovegrass emergence is highly variable and may be greater in 
average rainfall summers than in atypically wet summers. Establish- 
ment appears to be more influenced by rainfall distribution rather 
than total summer rainfall (Cox and Jordan 1983). Reduced grass 
emergence has been attributed to annual and perennial forb, grass 
and shrub competition (Klingman and Ashton 1975), evaporation 
(Stoddard et al. 1975) and inadequate precipitation amounts 
and distribution (Jordan and Maynard 1970). 

Field observations have indicated that lovegrass emergence is 
also influenced by soil texture and planting depth. Currently 
recommended seeding depths for lovegrass are 0.5 to 0.7 cm (Jor- 
dan I98 I), but interactions between seeding depths and clay frac- 
tions within various soils on accession emergence have not been 
investigated. This study was initiated to determine the effects of 
planting depths, soil texture, and clay fractions within similar soil 
textural classes on the emergence of 4 selected lovegrasses. 

Materials and Methods 

Soils with textural characteristics common to the desert regions 
of the Southwestern United States and Northern Mexico were 
collected in summer of 1982. Samples of Pima silty clay loam, 
Sonoita silty clay loam and Comoro sandy loam were collected in 
southeastern Arizona. All soils were collected from the 0 to 15 cm 
depth and each thoroughly mixed to simulate mechanical soil 
disturbance. The 3 soils are classified as thermic Typic Torriflu- 
vents (Gelderman 1972). The clay content of both the Pima and 
Sonoita silty clay loam soils was 20%; however, the clay fraction of 
the Pima was 60% montmorillionite and the Sonoita was 80% 

Authors are range scientist, USDA, Agr. Res. Serv., Arid Land Ecosystems 
Improvement, 2000 E. Allen Road, Tucson, Ark 85719; and graduate student, range 
management, School of Renewable Natural Resources, University of Arizona, Tuc- 
son. Ark. 8572 I. 
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kaolinite (USDA-Soil Conservation Service, personal COmmUni- 
cations). 

Soils were screened to 5 mm, thoroughly mixed and added to 15 
X 15-cm tapered plastic pots to 12.7, 12.2, 11.7, 11.2, and 10.7 cm 
depths above the pot base. Twenty-five pure live seed of one 
lovegrass accession were sown on the soil surface on each pot. Soils 
were added to 12.7 cm depths in all pots; thus, seed were planted at 
0.0, 0.5, 1.0, 1.5, and 2.0 cm depths below the soil surface. 

Pots were subirrigated with distilled water to insure that the soil 
surfaces were moist and undisturbed during the 1Cday study. 
Emergence was considered complete when the first leaf was 1.5 cm 
above the soil surface in those pots planted at depths of 0.5 to 2.0 
cm, or when the first leaf was 1.5 cm above the soil surface and the 
seed radicle had penetrated the soil in those pots in which seed were 
sown on the surface. Seedlings were counted daily and summed for 
the 14day experiment. 

The study was a completely randomized block design, with 6 
blocks. Each block contained 60 pots, 4 accessions, 3 soils, and 5 
planting depths. Data were subjected to analysis of variance and a 
Duncan’s new multiple range test (Steel and Torrie 1960) used to 
separate means (B.05). 

Results and Discussion 

Germination of the lovegrass accessions on soil surfaces ranged 
between 92 and 96%. The emergence of Catalina boer lovegrass 
was greatest, Cochise lovegrass was intermediate, and A-68 Leh- 
mann and A-84 boer lovegrass were least on soil surfaces (Table 1). 

Table 1. Mean’ emergence (%) of four lovegrass accessions sown at five 
soil depths (cm). 

Emergence from depths 
Accession 0.02 0.5 1.0 1.5 2.0 

A-68 e 

3 

C C e C 

Cochise !b 
A-84 26” 

2:; 1:; l? c 
;$ ;;a 3$ 

c 
Catalina 71* 2$ 

‘Each mean is the average of six replications of 25 pure live seed. 
*Means within a column followed by the same superscripts are not significantly 
different (PSO.05). 

Lehmann and A-84 boer lovegrass seed radicles grew horizontally; 
less than 28% penetrated the soil surfaces, and those which did not 
penetrate the surface died within 48 h. 

A-68 Lehmann lovegrass failed to emerge when planted at 0.5 
cm or greater depths, and A-84 boer lovegrass failed to emerge 
when planted at I .5 and 2.0 cm depths (Table 1). The emergence of 
Catalina boer lovegrass was more than 50% greater at 0.5 to 2.0 cm 
depths than that of the other lovegrasses. 

The emergence of Catalina boer lovegrass was significantly 
(m.05) greater in the 3 soils, as compared to the other lovegrasses 
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Table 2. Memr emergence ($6) of four lovegrass accessions sown in three 
SOilS. 

Accession 
Emergence from soils 

Pima Sonoita Comoro 

A-68 2’ e 

Cochise lob 
A-84 c 

2;’ 
bc 2:; 

Catalina :;a ::a 

‘Each mean is the average of six replications of 25 pure live seed. 
2Means within a column followed by the same superscripts are not significantly 
different (p10.05). 

(Table 2). Emergence means for the respective accessions were 
generally equivalent in the Sonoita and Comoro soils and at least 
50% less in the Pima soil, with the expanding clay fraction. 

Our results demonstrate the importance of planting depth, soil 
texture, and the clay fraction on the emergence of 4 lovegrasses. 
Our most important finding is that Lehmann lovegrass must be 
surface sown and will not emerge when planted at 0.5 cm or greater 
depths in these 3 soils. 

Greater emergence of surface sown seed can be expected; how- 
ever, the soil surface dries rapidly in summer and it is desirable to 
plant seed below the surface where moisture persists longer (Tad- 
more and Cohen 1968). The number of Catalina boer lovegrass 
seedlings emerging from the 5 depths within 3 soils indicates a 
greater emergence potential as compared to A-68 Lehmann, A-84 
boer, and Cochise lovegrasses. 

Silty clay loams with expanding clay fractions are often, but not 
always found in alluvial plains and sandy loams are found near 
mountainous or foothill areas in the Southwestern United States 
(Gelderman 1972, Turner, 1977, Richardson et al. 1979). Summer 
storm intensities and duration usually decrease with decreasing 
elevation (Jordan 198 1). Therefore, seeding failures are assumed to 
be associated with the lack of precipitation, and proper emphasis 
has not been given to soil texture, expanding clays, and planting 
depth. 

Conclusions 

Range managers should not incur the costs associated with 
seedbed preparation if lovegrasses are to be sown on or in expand- 

ing silty clay loams with expanding clay fractions, regardless of 
elevation, and A-68 Lehmann lovegrass should be surface sown. 
Catalina boer lovegrass should be included in the seed mix when 
seeding in semidesert grasslands and seed may be planted to 0.5 cm 
depths. 

Initial emergence and stand densities, under rangeland condi- 
tions, of Catalina boer lovegrass and Cochise lovegrass may be 
greater than or equal to A-68 Lehmann lovegrass and A-84 boer 
lovegrass (Wright and Jordan 1970, Holzworth 1980). However, 
emergence may not be related to long-term survival and produc- 
tion (Herbel et al. 1973, Cox and Jordan 1983). 
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Stand Establishment: The Role of Seedling 
Size and Winter Injury in Early Growth of 
Three Perennial Grass Species 
RICHARD S. WHITE 

Abstract 

Winter damage and the subsequent number of viable leaves at Methods 
the beginning of growth in spring were highly correlated with 
spring and fall seedling growth in crested wheatgrass, Russian wild 
ryegrass, and pubescent wheatgrass. As spring leaf numbers on 
individual plants increased from one to four, there was a correspon- 
ding increase in subsequent growth. As winter injury increased, 
seedling growth was reduced. These results suggest that late- 
summer seeding in the Northern Great Plains would hasten stand 
establishment and reduce the length of grazing deferment on newly 
seeded stands. 

Introduced grasses have been widely used to increase herbage 
production and provide high-quality forage in early spring or late 
summer when native ranges cannot be readily grazed. They also 
provide greater management flexibility with respect to more effec- 
tive utilization of available range resources. In the Northern Great 
Plains, several studies have established that substantial economic 
advantage can be realized by using introduced forage species in 
combination with native range (Kilcher and Lawrence 1979; Smo- 
liak and Slen 1974; Houston and Urick 1972; Lodge 1970; and Hart 
et al. 1983). Applying these principles to management, however, 
has been handicapped by limited knowledge of ontogenetic rela- 
tionships in seedlings and the importance of early seedling growth 
on stand establishment. 

This study examined seedling development and stand establish- 
ment of Nordan crested wheatgrass (Agropyron desertorum 
(Fisch.) Schult.), Vinall Russian wild ryegrass (Elymus junceus 
Fisch.), and Mandan 759 pubescent wheatgrass (Agropyron 
intermedium subsp. trichophorum (Link) Reichb. ex Hegi). These 
three species are widely used for range improvement in the North- 
ern Great Plains, and they are commonly seeded in other mesic 
areas of the Intermountain West. Plots 23 by 90 m were established 
with four replications of each species in a randomized complete 
block design. Commercial seed was planted at a 2.5 cm depth with 
a double disk drill. Drill rows were 35 cm apart. All plots were 
planted on a summer fallowed, weed-free site under dryland condi- 
tions, and plants were not subjected to irrigation. 

The three species were planted in 1977 on August 30, September 
9 and 28 and October 13 and 26, to provide seedlings with diverse 
morphological development before overwintering. Seedling emer- 
gence was observed in the fall on plots planted earlier than October 
26. Seedlings from the October 26 date emerged the following 
spring and thereby constituted a dormant seeding. Weather condi- 
tions were close to long term averages with respect to precipitation 
and temperature for the duration of the study, and growing condi- 
tions were therefore representative of those normally encountered. 

Attainment of a suitable stand for grazing depends upon at least Thirty individual plants of each species were randomly selected 
two interrelated constituents. Conditions must be favorable for and marked with wire loops from each planting date within each of 
adequate germination, and seedlings must achieve enough growth the four replications. Plants that emerged in the fall were marked in 
so that.they are not uprooted by grazing animals. Although many November, while seedlings that emerged the following spring were 
studies have evaluated seeding techniques and factors affecting marked in April. Seedlings that emerged the previous fall were 
germination, few studies have examined post-emergent develop- examined during the first 2 weeks of April to assess the extent of 
ment in seeded stands. Several investigations have identified a winter damage. Plants were assigned to one of three damage cate- 
variety of factors which operate on an inter- and intraspecific level gories depending upon the amount of dead tissue observed. Plants 
to affect growth. Such things as soil fertility, soil water, and light with less than 5% leaf tissue mortality were regarded as having 
among others have been well-defined as influencing growth and sustained no appreciable winter damage; plants with 5 to 24% leaf 
phenological development. Heinrichs and Bolton (1950), Evans tissue mortality were considered to have received light damage; 
(1961) and Bryan and McMurphy (1968) studied specific effects of and plants with more than 24% leaf tissue mortality were classed as 
competition on stand development while more general discussions moderately damaged. Winter-killed seedlings were eliminated 
have been provided by Dimbleby (1963) and Milthorpe (1961). from the study. Winter kill was low, however, occurring in less than 
However, literature concerning the inherent capacity of a species to 5% of the smaller marked plants and in none of the plants with 
develop into a mature stand is lacking. My work is an effort to more than 2 fall leaves. Additional information on methodology 
remedy this deficiency and provide a better understanding of how and factors affecting winter injury can be found in White and 
small individual seedlings grow and mature into established plants. Currie (1980, 1983). 

The specific objectives of the present study were to: (1) determine 
whether seedling size (viz. leaf number) and winter tissue damage 
were related to subsequent growth, and (2) define the quantitative 
relationship between these characteristics. Both spring and fall 
growth were examined during the first full growing season. 

Growth of individually marked plants was determined by meas- 
uring the green foliage present in early July and in late October, 
1978. These sampling periods therefore estimated spring-summer 
growth (hereafter referred to as spring growth) as well as fall 
regrowth following summer dormancy. No livestock grazing was 
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were disregarded. The July observations had very little brown 
tissue, but fall measurements had considerably more since dead 
spring growth was still present. Growth response was evaluated by 
standard analysis of variance techniques. Spring leaf number and 
winter injury were regarded as factors in a 4 X 3 factorial arrange- 
ment in a randomized block design, and observations were 
obtained from individually marked plants. Separate analysis of 
variance tables were determined for each species and growth char- 
acteristic. Duncan’s multiple range test was used to compare mean 
values among spring leaf number of winter injury categories when 
significant (KO.05) F values were obtained for main effects in the 
analysis of variance. 

Plants were also assigned to one of three growth categories 
depending upon the number of green leaves present during the 
spring or fall measurement periods. Categories were small (l-10 
leaves), medium ( 1 l-20 leaves), and large (2 1 + leaves) plants. Chi 
square analysis was then used to evaluate frequency distribution of 
plants with respect to the plant growth category and either spring 
leaf number or winter injury classes. Contingency tables were set 
up so that individual comparisons could be made as desired for 
each species. 

Results 

When favorable growing temperatures occurred in the spring, 
seedling sizes varied among the 1800 marked plants, from plants 
with a single leaf to those with several tillers and leaves. The 
amount of winter injury also varied considerably among individual 
plants. Although some of the observed response could be attrib- 
uted to seeding date, seedling size was considerably more impor- 
tant (White and Currie 1980). The results of this work are therefore 
interpreted on the latter basis. 

Seedling size in early spring had a substantial effect upon subse- 
quent growth in all three species, particularly during the initial 
spring growth period (Table 1). It also remained an important 
factor with respect to fall regrowth. Crested and pubescent wheat- 
grass seedlings had similar numbers of leaves produced from 
spring growth. In contrast, Russian wild ryegrass seedlings had a 
much slower growth rate with proportionately fewer plants exceed- 
ing 10 leaves by early July. 

Evaluation of contingency tables from Chi square analysis 
showed that the number of early spring leaves had a significant 
(x0.05) effect on how many leaves were present by early July. 
Seedlings that emerged from the October 26 dormant seeding 
rarely grew more than 20 leaves, and more commonly they had 
fewer than 10 leaves (Table 1). All Russian wild ryegrass seedlings 
that emerged in spring had less than 10 leaves by July. About 
one-third of the crested and pubescent wheatgrass seedlings that 
initially had one spring leaf developed more than 10 leaves during 
spring growth, but this amount of growth was not observed in 
Russian wild ryegrass unless seedlings began growth as a two-leaf 
plant. When two or three leaves were present in early spring, about 
75% of both wheatgrass species had more than 10 leaves by early 
July; and when more than four leaves were present, over 75% of all 
plants of each species grew more than 20 leaves. 

Fall regrowth following summer dormancy was also related to 
leaf number at the beginning of spring (Table 1). Crested wheat- 
grass seedlings showed the most regrowth with respect to leaf 
number, while Russian wild ryegrass exhibited the least. An over- 
whelming majority of crested and pubescent wheatgrass seedlings 
with two or more spring leaves had fall regrowth in excess of 10 
leaves, and many had more than 20. Russian wild ryegrass, in 
contrast, had fewer new fall leaves. None of the spring-germinated 
Russian wildrye seedlings exceeded 10 leaves. 

The amount of winter damage also significantly (x0.05) 
affected both spring and fall leaf number in all three species (Table 
2). At least two-thirds of the undamaged seedlings had more than 
20 leaves by summer, while only about half of the lightly damaged 
plants were in the same size category. Most moderately damaged 
seedlings had less than 10 leaves by July. The effect of winter 
damage on subsequent spring growth was similar in crested and 
pubescent wheatgrasses. Progressively fewer leaves grew as winter 
injury increased. Russian wild ryegrass, however, showed a much 
greater difference in the amount of leaf growth between undam- 
aged and moderately damaged plants. Approximately 80% of the 
undamaged Russian wild ryegrass plants had more than 20 leaves, 
while about the same proportion of moderately damaged seedlings 
had fewer than 10 leaves. Only 3% of the moderately damaged 
plants had more than 20 leaves. When winter damage exceeded 
24% in all species, there seemed to be relatively little change in the 

Table 1. Frequency distribution (%) of plants according to number of green leaves praent in early July (spring growth) and late October (fall regrowth) ea 
related to the number of leaves present at tbe beginning of spring. Plants witbout spring luva were domunt seeded the preceding fell. 

Spring growth category’ Fall regrowth category’ 
No. of leaves in (plant size) (plant size) 

early spring Small Medium Large Sig.2 Small Medium Large Sig.2 

Crested Wheatgrass 

0 83 15 2 64 20 16 I 65 22 13 : 34 22 44 : 
2 27 29 44 c 13 31 56 C 
3 24 41 35 c 0 
4+ 0 24 76 d 4 ;; 

71 C 
69 C 

Russian Wild Ryegrass 

0 100 0 0 a 100 0 0 1 81 16 3 b 71 18 5 t 
2 65 31 4 b 67 22 11 bc 
3 46 25 29 

: 
38 33 29 cd 

4+ 2 19 79 32 23 55 d 

Pubescent Wheatgrass 
0 73 21 6 a 58 35 7 a 
I 67 28 5 

: 
55 24 21 

2 18 24 58 20 41 39 : 
3 24 35 41 b 46 31 23 ab 
4+ 3 13 84 c 13 25 62 C 

~Small, medium and large size plants were classified as having I-10, 1 I-20, or 21+ leaves respectively at the time of measurement. 
ZDifferences in frequency between spring leaf categories within species and season are not significantly different (K.05) when followed by the same letter according to Chi 
square analysis. 
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Table 2. Frequency distribution (SD) of plants according to number of green leaves present in early July (spring growth) and late October (fall regrowth) aa 
related to amount of winter damage. 

Winter 
damage’ Small 

Spring growth category* 
(plant size) 

Medium Large Sig.3 Small 

Fall regrowth category 
(plant size) 

Medium Large Sig’ 

none 7 25 68 
light 18 27 55 
mod 50 28 22 

Crested Wheatgrass 
a I 24 75 

z 
14 33 52 : 
22 26 52 b 

Russian Wild Ryegrass 
none 8 I3 79 

: 
12 18 70 

light 24 30 46 40 31 29 
mod 

6 
78 I9 3 C 78 17 5 C 

Pubescent 
none 0 

Wheatgrass 
12 88 

: 
I4 26 60 

light 
a 

20 20 20 32 48 
mod 50 30 C 46 30 24 FI 

‘Criteria used to establish winter damage categories are described in the methods section. 
*Small, medium and large size plants were classified as having l-10, 1 l-20, or 21+ leaves respectively at the time of measurement. 
‘Differences in frequency between winter damage categories are not significantly different (K.05) when followed by the same letter according to Chi square analysis. 

proportion Of plants in different leaf categories, This was observed 
for both spring and fall growth. Consequently, all such plants were 
combined for analysis purposes and regarded as being moderately 
damaged. _ 

The effects of winter damage on fall regrowth following fall 
dormancy were still evident in late October (Table 2). Plants with 
the greatest winter injury had the fewest fall leaves, and seedlings 
with no damage had the most. As with summer growth, the impact 
of winter injury was greatest on Russian wild ryegrass and some- 
what less pronounced on crested and pubescent wheatgrasses. 
About one-half of all damaged crested wheatgrass seedlings had 
more than 20 fall leaves, but only the lightly damaged pubescent 
wheatgrass seedlings had that many leaves. About one-fourth of 
both the lightly damaged Russian wild ryegrass seedlings and the 
moderately damaged pubescent wheatgrass seedlings had more 
than 20 leaves. Only 5% of the moderately damaged Russian wild 
ryegrass plants had more than 20 leaves. Thus, the relationships 
between winter damage and fall leaf growth varied among species 
but were consistent and comparable within each species. 

Frequency distributions among the three growth categories 
indicated that winter damage had the least effect on crested wheat- 
grass and most effect on Russian wild ryegrass (Table 2). Pubes- 
cent wheatgrass was intermediate. This pattern was apparent for 
both spring and fall growth. Examination of individual growth 
characteristics showed similar relationships among the three spe- 
cies, and spring growth exceeded fall growth in all species. The 
number of leaves when growth began also played an important role 
in determining the relative amount of new tissue growth. Conse- 
quently, both winter damage and leaf number were evaluated 
together as factors contributing to seedling growth. 

Winter damage and plant size at the beginning of spring were 
significantly (KO.05) related to number of tillers, number of 
leaves, basal intercept, and plant weight in July and October 
(Tables 3 and 4). Similar characteristics were observed in all three 
species although the magnitude of response differed among 
species. 

As anticipated, early growth was greatest for undamaged seed- 
lings with four or more spring leaves (Table 3). It was least for 
seedlings with one spring leaf and moderate winter damage. Dif- 
ferences between these extremes were considerable. With respect to 
tillers, for example, crested wheatgrass showed a four-fold differ- 
ence, while Russian wild ryegrass had an eight-fold difference. 
Similar comparisons with number of leaves, basal intercept and 
plant weight showed even greater difference between undamaged 
large seedlings and moderately damaged small seedlings. 
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Crested wheatgrass and Russian wild ryegrass seedlings that 
emerged from the October 26 dormant seeding (i.e., with 0 leaves 
present in early spring) had less growth by early July than even 
moderately damaged plants with one leaf (Table 3). This was 
observed with all growth characteristics that were measured. 
Pubescent wheatgrass seedlings, in contrast, showed relatively 
more growth in dormant-seeded plants as compared to moderately 
damaged plants with one leaf. One-leaf plants with light winter 
damage, however, were able to outgrow dormant-seeded seedlings. 

Growth relationships between winter damage and spring plant 
size can be more easily visualized when they are portrayed graphi- 
cally (Figure I). Within any specific spring leaf category, growth 

WlttTlR IMA COQfS 
II n wolf (O-4%) 
i ’ LI6HT a-Zi%) 
Ma MODfMTf (zs%+) 

Fig. 1. Spring growth of crested wheatgrass as related to initial seedling 
size and winter damage. Vertical axes show mean values of individual 
growth characteristicsfrom about 240 markedplants. 
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T8ble 3. Spring seedling growth 8s rel8ted to winter injury 8nd seedling size 8t the beginning of spring growth. Pl8nts without spring luves were domunt 
seeded the preceding f8k 

Winter damage* 

Spring leaf Crested wheatgrass Russian wildrye Pubescent wheatgrass 

number None Light Mod Average’ None Light Mod Average’ None Light Mod Average’ 

0 
I 
2 
3 
4+ 

Avg’ 

0 

2 
3 
4+ 

Avg 

0 

: 
4+ 

Avg 

0 

2 
3 
4+ 

Avg 

1.9 
3.0 
5.8 

F6 
5.5 

Number of tillers 
- 1.9a 
2.5 2.6ab 
3.9 4.x 

5.8 4.4 2.2 5.0bc 
9.6 1.1 4.0 8.7d 
8.4a 

9.8 
17.4 
30.3 

5.6b 3.2~ 

Number of leaves 
- - 9.8a 

14.2 9.8 11.6a 
29.2 20.4 25.0b 

32.5 20.1 12.6 26.8bc 
36.5 31.3 32.0 36.5~ 
35.la 28.3a 16.lb 

Basal intercept (mm) 
1.8 - - 
3.2 3.2 2.7 
9.5 7.0 4.8 
7.8 8.0 4.2 

13.0 12.0 9.5 
11.4a 8.Ob 4.lc 

Plant weight (g) 
.3 - - 
.I .6 .5 

2.8 2.1 1.1 
1.5 1.5 .7 
5.5 3.7 1.9 
4.6a 2.3b .8c 

I .8a 
2.8a 
6.3b 
l.lb 

12.5~ 

.3a 
.6ab 

1.7c 
I .8bc 
4.8d 

1.1 
3.0 
2.0 
4.5 

10.8 
9.5a 

4.0 
11.0 
6.0 

16.5 
49.6 
43.4a 

1.0 
4.0 
1.0 
8.5 

12.8 
11.6a 

.O 

.2 

.O 

.6 
1.6 
1.4a 

Number of tillers 
- - I.la 
4.1 1.4 1.8a 
3.1 1.8 2.3ab 
4.4 1.6 3.6b 
7.8 6.5 8.8c 
5.5b 1.8~ 

Number of leaves 
- - 4.Oa 

19.0 5.6 7.4ab 
12.4 8.1 9.6bc 
19.4 8.3 15.9c 
35.0 32.8 40.3d 
24.5b 7.8~ 

Basal intercept (mm) 
- 1.7 2.lb 1.Oa 

3.5 2.6 2.9b 
5.9 2.3 5.Oc 
9.0 8.0 10.4d 
6.6b 2.3~ 

Plant weight (g) 
- - .Oa 

.5 .I .la 

.2 .l .2ab 

.5 .I .4b 

.9 .5 1.2c 

.Ib .IC 

1.9 
- 
6.8 
4.1 

12.3 
5% 

ii 
4.6 
3.6 

10.6 
6.7a 

9.la 
- 

33.2 
28.0 
56.9 
24.8a 

- 
10.9 8.8 9.3a 
23.3 19.3 23.4b 
17.8 17.0 
53.3 48.3 
34. lb 13.6c 

2.3 - 
- 3.1 

12.6 8.8 
1.7 4. I 

19.4 15.8 
8.Oa 10.7b 

.4 
- 

E 
13:o 
4.4a 

- 

3:: 
1.1 

10.0 
5.6a 

Number of tillers 
- 1.9a 
1.8 1.8a 
3.5 4.5b 
2.8 

11.0 
2.6b 

3.5ab 
11.3c 

Number of leaves 
- 9.la 

19.4ab 
54.6c 

Basal intercept (mm) 
- 2.3a 
2.2 2.3a 
6.6 8.5b 
5.0 5.0ab 

11.3 17.2~ 
3.9c 

Plant weight (g) 
- .4a 

.3 .4a 
1.7 3.0b 
1.4 1.3ab 
8.5 
l.Ob 

11.3c 

generally increased as winter damage decreased. In a similar 
fashion, growth within a single damage category increased as 
spring leaf number increased. 

Departure from these general trends can be partially explained 
by examining interactions. Interactions between variables are illus- 
trated by changes in slope on the growth response surface (Figure 
1). Such interactions were significant (KO.05). The interactions 
that are presented in Figure 1 showed that changing relationships 
took place with different variable combinations. Thus, the degree 
of interaction that was expressed depended upon the quantitative 
level of independent variables. Interactions appear to be particu- 
larly critical with two or three spring leaves and light or no winter 
damage. Response of Russian wild ryegrass and pubsecent wheat- 
grass were comparable to those shown with crested wheatgrass. 

one spring leaf and undamaged seedlings with four or more leaves. 
Crested wheatgrass, for example, showed about a three-fold differ- 
ence in number of tillers and plant weight but only about a two-fold 
difference in number of leaves and basal intercept. Ratios in Rus- 
sian wild ryegrass and pubescent wheatgrass were likewise reduced 
although Russian wild ryegrass continued to exhibit the greatest 
disparity among individual growth traits. 

The number of leaves in early spring had more of an impact on 
subsequent spring growth than did winter damage, but winter 
injury was also obviously an important contributor (Figure 1). 
Both factors were significant (X0.05) in all three species for all 
measured growth characteristics. Interpretation of additional 
three-dimensional graphs from the results presented in Tables 3 
and 4 showed similar relationships among variables. However, 
some differences did exist in magnitude, amplitude, and interac- 
tions among variables with respect to species, season, and individ- 
ual growth characteristics. 

Significant interactions between spring seedling size and winter 
injury were observed among individual fall growth traits in all 
three species (Table 4). As with spring growth (Table 3), interac- 
tions seemed to affect growth response most when seedlings had 
two or three spring leaves along with light or no winter injury. 
However, interactions associated with fall regrowth did not seem 
to produce as much of a change in plant growth as they did with 
spring growth. This difference was probably associated with the 
lower growth rates in the fall. 

Individual fall growth characteristics continued to reflect the 
effects of spring seedling size and winter damage (Table 4). As with 
spring growth, larger plants with no injury grew more than smaller 
plants with greater damage. However, fall growth was less than 
spring growth, especially with respect to seedlings with more than 
three spring leaves. Consequently, there was a corresponding 
reduction in the ratio between moderately damaged seedlings with 

In general, fall growth showed the same relative relationships 
among individual growth characteristics as were found in spring 
growth although overall growth was less (Tables 3 and 4). Seed- 
ling size in the spring and winter injury were still correlated with 
growth response, but the cause-and+ffect relationships seemed to 
be diminished. Crested and pubescent wheatgrasses had more fall 
regrowth than Russian wild ryegrass, but this could perhaps be 
more reasonably attributed to maturity differences among species 
than to seedling factors. 

Discussion 
Because seedling size had such a profound effect on subsequent 

plant development, it would be very advantageous to obtain max- 
imum growth before winter dormancy. This would result in 
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Table 4. Fall regrowth in the first growing season as related to winter injury and seedling size at the beginning of spring growth. Plants without spring 
leaves were dormant seeded the preceding fall. 

Spring Crested wheatgrass 

leaf number None Light Mod Average’ None 

Winter damage* 
Russian wildrye Pubescent wheatgrass 

Light Mod Average’ None Light Mod Average’ 

0 5.8 
I 10.0 
2 15.8 
3 17.1 
4+ 27.9 

Avg’ 25.Oa 

0 14.3 
1 23.5 
2 30.2 
3 39.3 
4+ 53.7 

Avg 49.Ia 

0 7.1 
I 8.0 
2 12.4 
3 14.7 
4+ 22.0 

Avg 19.9a 

0 .2 
I .3 
2 .5 
3 .7 
4+ 1.0 

Avg .9a 

Number of tillers Number of tillers Number of tillers 
- - 5.8a 
8.9 10.9 lO.Oab 

15.2 14.3 14.7bc 
15.8 - 18.8cd 
15.5 11.0 24.6d 
14.0b 14.3b 

Number of leaves 

1.8 
5.0 
8.0 

18.0 
23.0 
21.4a 

- - 
5.2 3.0 
6.1 4.1 

11.1 9.0 
7.9 2.5 
8.0b 3.61~ 

I .8a 
3.3a 
5.Oa 

12.Ib 
14.8b 

4.6 
5.0 

10.6 
26.3 
23.4 
l8.7a 

- - 
9.5 4.7 
9.3 6.4 
7.4 8.0 

17.4 19.6 
12.7b 6.4c 

4.6a 
5.7ab 
8.5bc 

11.8~ 
19.7d 

Number of leaves 
- - 14.3a 

17.6 22.7 21.lab 
30.0 25.4 27.4b 
25.1 - 34.0bc 
32.8 21.0 48.1~ 
27.2b 25.6b 

Basal intercept (mm) 
- 

- 
7.la 

8.2 10.6 9.4ab 
12.3 14.1 13.3bc 
18.7 - 18.4cd 
11.8 12.0 19.4d 
12.3b 13.8b 

Plant weight (g) 
- - .2a 

.3 .4 .4ab 

.6 .4 .5b 

.7 .8bc 

.7 I5 .9c 

.6b .5b 

4.1 
12.0 
18.0 
33.5 
49.0 
45.la 

- - 4.la 
12.8 6.3 7.2a 
12.6 8.8 IO.& 
13.4 8.3 16.5a 
19.3 2.5 32.7b 
16.0b 7.lc 

Basal intercept (mm) 

10.9 
10.0 
25.3 
60.3 
46.5 
39.3a 

2.2 
5.0 

12.0 
17.3 
16.7 
16.2~~ 

- 
6.4 2 
5.5 4.7 
7.4 8.0 

11.2 2.5 
8.7b 4.7c 

Plant weight (g) 
- - 

.2 .I 

.I .I 
1: .3 

.O 
.3b .IC 

2.2a 
4.8b 
5.2b 
9.4c 

13&l 

.la 

.la 

.la 

.4b 

.6c 

7.4 
14.0 
19.4 
28.7 
26.6 
24.Oa 

.I 

.I 

.3 

.8 

.8 

.8a 

.3 

.3 
1.0 
3.6 
2.2 
1.9a 

Number of leaves 
- 

- 
lO.9a 

20.1 11.1 13.0a 
22.0 14.8 20.la 
12.3 16.5 24.Oa 
41.8 45.6 44.2b 
29.7a lS.Ob 

Basal intercept (mm) 
- - 7.4a 
11.1 6.5 7.6a 
14.7 10.4 14.lb 
10.4 8.5 14.3ab 
24.3 24.2 25.4c 
l8.lb 9.k 

Plant weight(g) 
- - .3a 
.5 .4 .4a 
.7 .4 .7a 
.4 .I l.la 

1.9 1.0 I .9b 
l.2b .5c 

‘Differences in average values within a row or column within species are not significantly different (X.05) when followed by the same letter according to Duncan’s multiple 
range test. 
*Criteria used to establish winter damage categories are described in the Methods section. 

reduced winter injury (White and Currie 1980) and enhanced 
spring and fall growth during the first growing season. Conse- 
quently, stand development would be more rapid. Even a differ- 
ence of one or two leaves results in as much as twice the growth 
depending on the amount of winter injury. Growth of three or 
more leaves prior to winter dormancy should be the objective for 
which to strive. Winter damage would be less (White and Currie 
l980), and subsequent spring and fall growth would be maximized. 

My results show that dormant-seeded plants from late-fall seed- 
ings were seldom able to outgrow seedlings that had emerged the 
preceding fall. Thus, the common practice of late-fall seeding in the 
Northern Great Plains must be examined. A viable alternative 
implied by my work would be to prepare the seedbed in the spring, 
fallow during the summer, and plant in early or mid-September. If 
late summer precipitation occurs along with favorable tempera- 
tures, seeds would germinate and roots would reach the soil mois- 
ture retained by fallowing. Seedlings would then have time to 
produce three or more leaves before the onset of winter. If precipi- 
tation is delayed or temperatures are too cool for vigorous growth, 
seedlings would be correspondingly smaller. However, growth of 
these seedlings during the following growing season would still be 
greater than plants from a late-fall, dormant seeding. If no effective 
late-summer precipitation is received, seeds would not germinate, 
and the planting would essentially be a dormant seeding. It is very 
important to recognize, however, that the key to success in this 
seeding strategy is adequate sub-surface moisture. If the seedbed is 
poorly prepared or drought conditions prevail, there would be 
insufficient water stored in the fallowed ground. Seeds that germi- 
nate under such conditions would probably die unless additional 
precipitation is received. Under such circumstances, it would be 
better to plan a dormant seeding and plant in late fall. 

Most seeding techniques require at least one full season of 
deferment before grazing and many need two or more (Vallentine 
1971). Application of my results, however, indicate that this inter- 
val could be effectively reduced in a number of cases. When plants 
started spring growth with more than three leaves, they were ready 
to graze by mid-summer. In contrast, plants with fewer than three 
leaves required an additional year of deferment. From a manage- 
ment standpoint, therefore, tangible economic gains could be real- 
ized almost immediately with fall-germinated seedlings. A logical 
way of receiving the maximum response would be to plant in late 
summer or early fall as previously outlined. Other benefits such as 
more rapid soil stabilization and fewer annual weeds could also be 
associated with this planting strategy. 

In summary, my work showed that spring and fall growth in 
three perennial grass species was affected by winter damage and 
seedling size at the beginning of spring. Seedling size, as measured 
by number of leaves, had a greater effect on subsequent growth; 
however, winter injury could also have a profound effect, espe- 
cially with respect to smaller seedlings. The relationships among 
variables were readily quantifiable, and the results have some 
important management implications concerning seeding practices 
in the Northern Great Plains. If properly instigated, late summer 
planting can result in more rapid stand establishment with a cor- 
responding reduction in the length of the grazing deferment period. 
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Grass Species Adaptability in the Southern 
High Plains-a 36-Year Assessment 
H.V. ECK AND P.L. SIMS 

Abstract 

A 36-yr old species adaptation test was evaluated and the relative 
quality of some persisting native and introduced grass species was 
determined. The site was Conlen loam on the Rita Blanca National 
Crasshntd in Dallam County, Texas. Of the 25 species planted, 
only yellow bluestem (Bothriochloa ischaemum),l Caucasian 
bluestem (Bothriochloa caucasica), and galleta (Hilaria jamesii) 
tended to dominate the plots on which they were originally 
planted. Yellow and Caucasian bluestem had spread into plots 
phmted to other grasses but galleta had spread very little. Yellow 
bluestem was as high or higher in protein, mineral content, and 
digestibility (IVDMD) than the other grasses analyzed [Caucasian 
bluestem, galleta, sideoats grama (Bouteloua curtipendula), blue 
grama (Bouteloua grads), and western wheatgrass (Agropyron 
smithii)]. The contents of Caucasian bluestem and galleta were not 
signlflcantly different from those of yellow bluestem, except that 
galleta was lower in IVDMD, especially when mature. These 3 
grasses merit consideration in range seeding programs on Conlen 
and similar soils in the Southern High Plains. 

For many years, there has been a continuing search for grasses 
that will increase the productivity of rangelands. Both introduced 
species and improved selections of native species have been investi- 
gated. On the Southern High Plains, there have been some suc- 
cesses with introduced species but when prolonged droughts occur, 
the introduced species are often replaced by annual weeds, native 
grasses, or persistant introduced grasses from adjacent or nearby 
plots. Sites of adaptation studies are often destroyed after the 
selections are rated and little attention is given to plants that may 
have invaded the test species. Although comparatively short-term 
adaptation studies are valuable for cursory evaluation of species, 
they do not evaluate long-term persistance, indicate aggressiveness 
of species in invading other species, nor indicate species which may 
become prevalent where a test species has failed. 

Authors are soil scientist, USDA-ARS, Conservation and Production Research 
Laboratory, Bushland, Texas 79012; range scientist, USDA-ARS, Southern Plains 
Range Research Station, Woodward, Okla. 73801. 

This article is a contribution from USDA, Agricultural Research Service, P.O. 
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his cooperation during the mvestiptions. 

Scientific names follow USDA-SCS (1971) National List of Scientific Plant Names. 
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The purpose of this study was to evaluate the standing crop and 
species composition on a 36-yr old adaptation test site and to 
determine the relative seasonal quality of some native and intro- 
duced species that persisted on the site. 

History 

In 1942, the Nursery Division of the Soil Conservation Service 
was involved in revegetation studies in areas of the Texas Panhan- 
dle that had been cropped and abandoned during the “Dust Bowl” 
era. They conducted a grass adaptability study on Conlen loam 
(fine, loamy, carbonatic, mesic Calciorthidic Paleustoll) approxi- 
mately 37 km north and 13.5 km west of Dalhart, Dallam County, 
Texas. The Sunray-Conlen soil association makes up about 25% of 
Dallam County. The soils are used for crops and range. The 
natural vegetation type in the area is shortgrass prairie. Most 
common species on undisturbed Conlen loam soils are sideats 
grama (Bouteloua curtipendula)and blue grama (Boutelouagraci- 
lis). Elevation at the site is approximately 1260 m above sea level. 
Annual precipitation at Dalhart averages 43 cm. Departures from 
that average for 1942 through 1979 are shown in Figure 1. Approx- 
imately 85% of the precipitation falls during the warm season, 

+lO 
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Fig. 1. Departure from average annual precipitation (43 cm) at Dalharr. 
Texas. 1942-1979. 
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April through October. The average frost-free period is I78 days 
with the average last occurrence of O°C or below in the spring and 

described by Shoop and McIlvain (1963), were made on plots that 

the first occurrence in the fall being 23 April and 18 October, 
had been seeded to yellow bluestem (Bothriochloa ischaemum), 

respectively, (Ford and Fox 1975). 
Caucasian bluestem, western wheatgrass (Agropyron smithii), two 
sideoats grama selections, and galleta (Hilaria jamesii). 

The grasses were planted in sudangrass (Sorghum vulgare)stub- 
ble on 3 May 1942. Twenty-nine plots (approximately 4.3 8 61 m) 
were planted to 25 species of grasses. There were duplicate plots of 
little bluestem (Schizachyrium scoparium), sideoats grama, blue 
grama, and switchgrass (Panicum virgatum) and single plots of 21 
other species. Where 2 plots of the same species were planted, 
different selections of the species were used. Species planted and 
identification numbers of seed sources are given in Tables 1,2, and 
3. The “Kg” numbers were those of the Kansas SCS Plant Mate- 
rials Center. The Kansas numbering system is still in use. The 
system used in Texas has been changed and we have been unable to 
locate a key to the CT numbers. 

Step-point analyses for species composition were made on all of 
the plots on 28 June 1978. This procedure follows closely that 
described by Brown (1954). Each of 4 individuals identified the 
species nearest to the boot tip at 25 points along 4 transects through 
each plot. These 100 points were used to determine the relative 
plant species composition in each of the 29 plots for both the 
ungrazed and grazed areas. 

The surrounding area was planted to a mixture of blue grama, 
sideoats grama, little bluestem, and sand lovegrass (Eragrostis 
trichodes). The blue grama seed contained some sand dropseed 
(Sporoboluscryptandrus) the sideoats grama seed contained some 
blue grama, hairy grama (Bouteloua hirsuta). and sand dropseed. 

The soil was very dry at seeding time. The first effective rains 
after seeding occurred in early July. A rather uniform thin stand 
was observed on all plots on 29 July 1942. A heavy growth of 
sudangrass was also present at that time. Further information on 
stand establishment is sketchy; however, an undated memo indi- 
cated that Russian wildrye (Elymus junceus), plains bristlegrass 
(Setaria macrostachya), and blue panicum (Panicum antidotale) 
did not become established. 

Yellow bluestem, Caucasian bluestem (Bothriochloa caucasica), 
western wheatgrass, sideoats grama, blue grama, and galleta were 
sampled periodically and analyzed for crude protein (CP), phos- 
phorus (P), potassium(K), calcium (Ca), magnesium (Mg), and in 
vitro dry matter disappearance (IVDMD). Samples were taken at 
18 dates between May 1978 and March 1980. Corresponding sam- 
pling dates in the successive growing and dormant seasons for each 
year were usually within 12days of each other, thus years were used 
as replicates in statistical analyses. Dates in Figure 2 are “average” 
sampling dates, and values plotted are averages for the two sam- 
pling years. Plants were collected from the grazed area except at a 
few sampling dates duringthe dormant season when it was neces- 
sary to collect plants from the ungrazed area. This was done 
because sufficient material was not present on the grazed area. 
Forage samples were collected to simulate grazing. Plant parts 
sampled were those that were being removed by livestock. Pheno- 
logical stage at the time of collection was recorded for each species. 

In 1954, the plot area was cross-fenced to exclude grazing on 
one-half of each plot. Otherwise, after establishment and until this 
study was initiated, the plots and the surrounding area were grazed 
for about 6 months annually, beginning in May or June. 

Chemical analyses for N, P, and K were by the methods of 
Thomas et al. (1967). Calcium and Mg were determined by atomic 
absorption’ on the wet digest obtained in the above method. In 
vitro dry matter disappearance was determined by the method of 
Tilley and Terry (1963) as modified by Barnes et al. (1971). 

Methods and Materials 
In 1978 and 1979, grazing was excluded on the entire area until 

after major growth had occurred and forage inventories were made 
(8 August and 6 August, respectively). After the forage inventories, 
cattle were allowed on the grazed area. Forage inventories, as 

Statistical analysis of chemical data was by analysis of variance. 
When significant “F” values were obtained, Duncan’s multiple 
range test (Duncan 1955) was used to separate means. 

‘Revision of analytical methods for atomic absorption spectrophotometry. 1968. 
Perkin-Elmer, Norwalk, CT 06852. 

Table 1. Average percent species composition on plate seeded to warm-season taller grasses in 1942 and either grazed(C) or ongrazed (U) since that time ae measored 
by 100 step pointe per plot on 28 June 1978. 

Planted Grasses (I.D. No.‘) 
Borhriochloo Bothriochloo Schizochyrium Schizochyrium Andropogon Sorghostrum Ponicum Ponicum 
Maoemum coucosico scoporium scoporium hollii nutons virgotum virgoturn 

(Kg 495) (Kg 4) (CT 1580) (CT 1844) (CT 1806) (Kg 494) (CT 1810) (CT 208) 

Species encountered* U G U G U G U G U G U G U G U G 
Bothriochloo coucosico 2 - 80 72 9tJ 61 74 36 52 12 12 - 15 2 7 6 
Andropogon hollii 5 

T 
19 2 

Agropyron smithii - 2 - 

Eoutelouo curtipendulo - 1: 

T 

5 1 I 2 5 10 11 60 52 58 I5 58 56 

Bouteiouo grocilis - 9 18 16 23 14 31 4 5 Bothriochloo ischoemum 94 72 19 18 1 24 1 ::. ” 4 2 :8 1 :i 

Hilorio jomesii 2 - 
Sporobolus cryptondrus 1 5 5 1 

7 
2 - 2 - 

Aristido purpurescens - 4 - 

Aristido longiseto 
Aristido purpureo 
Buchloe doctyloides 

Sorghostrum nutons 14 - 20 - 
Ponicum virgotum 1 - 
Solsolo koli - 6 

Other plants 4 3 - 3 2 1 2 2 3 5 4 3 6 3 

‘Numbers are those given in combined third and fourth annual technical reports of SCS Nursery Observational Studies, Western Gulf Regio?, 1 Jan. 1942 to 1 Jan. 1944. 
*Source: National List of Scientific Plant Names (USDA-SC& 1971). Bothriochloo sp. and Schizochyrium sp. are listed as Andropogon spp. m the source reference. 
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Table 2. Average percent species composition on plots seeded to warm-season short and mid-grasses in 1942 and glued Cc) or ungnzcd (U) since that time as measured 
by 100 step points per plot on 28 June 1978. 

= 
Planted grasses (I.D. No.‘) 

Selaria 
Buchloe Bouteloua Boureloua Panicum 

dact loides 
(Cl%,:) 

curti endula . . 
,C’f 482) 

curti endula 
(Cf 1794A 

Bo;~tey Bouteloua Hilaria 

$6 I?42 

rnz;r;- E?o?ou;i> Era rostis 

(p$ ($nI%J_ (CUT +8) (CT 1796) 
trtc odes 4 antidotale 

Species encountered2 U U G il u- G-- u 
--G (UC? 184;. 

Bothriochloa caucasica 
Agropyron smithii 
Bouteloua curtipendula 

Bouteloua gracilis 
Bothriochloa ischaemum 
Hilaria jamesii 

Sporobolus cryptartdrus 
Arisrida purpurescens 
Arisrida longiseta 

Aristida purpurea 
Buchloe dacryloides 
Sorghasrrum nutans 

Andropogon 
saccharoides 

Salsola kali 

Other Plants 

T 1 3 5 3 2 - 731 10 2 2 24 I I 4 25 3 26 4 16 6 

10 3 43 20 57 58 4: St 9 40 23 16 67 62 52 22 28 12 23 18 

3 I5 7 17 17 24 15 14 5 14 I 2 6 20 1 18 13 8 IO 7 
- 9 7 2 -I-2-3-3 1 34 57 62 - - 

50 75 3 I 

6 
1: T 

2 I 51361-I--2--1-l 
31 15 - 
- 10 5 

4 16 7 24 : J - 13 - IO 
5 4 I 

- 10 5 7 8 5 3 5 4 - 
- 16 

6 - 20 - 34 - 

6 - 7 - 
42 15 28 15 14 6 13 - 50 4 - I 

7 3 4 5 6 3 8 4 3 I 2 8 4 9 8 12 7 IO 6 

‘Numbers are those given in combined third and fourth annual technical reports of SCS Nursery Observational Studies, Western Gulf Regio?, I Jan. 1942 to 1 Jan. 1944. 
*Source: National List of Scientific Plant Names (USDA-SC!& 1971). Bothriochloa sp. and Schizachyrium sp. are listed as Andropogon spp. m the source reference. 

Results and Discussion 
Precipitation at Coldwater, Texas, about 11 km northeast of the 

study, totaled 28 cm (15 cm below average) in 1978 and 46 cm (3 cm 
above average) in 1979. Warm-season precipitation (April through 
October) totaled 20 cm in 1978 and 38 cm in 1979. In 1978,71% of 
the warm-season precipitation occurred in April through June. 
July through October precipitation totaled only 6 cm, thus the 
vegetation was dormant or near dormant for much of that period. 
Note that precipitation at Dalhart was considerably higher than at 
Coldwater in 1978 (Fig. 1). In 1979, precipitation was more plenti- 
ful and more evenly distributed and growth continued through late 
summer. 

Species Composition 
Yellow and Caucasian bluestem dominated the plots on both the 

ungrazed and grazed areas (Table 1). Yellow bluestem had a spe- 
cies composition of 94 and 72% while Caucasian bluestem had 80 
and 72% composition in their respective ungrazed and grazed 
plots. Sand bluestem (Andropogon hallii)comprised 19 and 2% of 
the species in its ungrazed and grazed plots, respective’ly. Little 
bluestem, Indiangrass (Sorghastrum nufans), and switchgrass 
were rarely found. Sideoats grama and galleta sustained reasona- 
bly good stands 36 years after planting (Table 2). Generally, these 2 
species comprised more than 50% of the vegetation composition. 
Blue grama, a principal native to the area, made up only 5 to 15% of 
the vegetation. Buffalograss (Buchloedacryloides)comprised 16% 
of the vegetation on the grazed area of the plot while it did not 
occur on the ungrazed area. Plains bristlegrass, weeping lovegrass 
(Eragrostis curvula), sand lovegrass, and blue panicum either were 
not present or were minor components of the vegetation. 

Western wheatgrass made up 25 and 1% of the vegetation on the 
ungrazed and grazed areas, respectively (Table 3). None of the 
other cool-season grasses [Crested wheatgrass (Agropyron crisla- 
turn), Canada wildrye (Elymus canadensis), Russian wildrye, green 
needlegrass (Stipa viridula), Indian ricegrass (Oryzopsis hyme- 
noides). and needleandthread (Stipa comata)] persisted. Prairie 
dropseed (Sporobolus asper), alkali sacaton (Sporobolus airoides), 
giant sandreed (Calamovilfa gigantea), and sand dropseed did not 
maintain consequential stands. 

The ability of plants to spread or invade other sites is an indica- 
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tion of their adaptability. Some species were as abundant on 
adjacent plots as they were on plots where they were planted. 
Caucasian bluestem was quite prevalent in the neighboring plots. 
For example, it made up 82 and 52% of the species composition on 
the ungrazed portions of the little bluestem and sand bluestem 
plots, respectively. Although Caucasian bluestem was found in 
almost every plot, it was more abundant in the ungrazed than the 
grazed areas. In contrast, yellow bluestem had a higher percent 
species composition in the grazed compared to the ungrazed plots. 
Sims and Dewald (1982) reported that these Old World bluestems 
react ecologically as secondary successional species and increase 
under grazing and disturbances in their natural habitat (Harlan et 
al. 1958). 

Sideoats grama was a significant invader in some plots. The 
percent species composition across all plots was higher for sideoats 
grama than any other species. Average species composition of 
sideoats grama in the ungrazed plots was 34% compared to 26% in 
the grazed plots. Composition of blue grama across all ungrazed 
plots was 9% compared to about 20% in the grazed plots. It 
occurred in almost every plot. 

Sideoats grama was found on 27 ungrazed and 29 grazed plots 
while Caucasian bluestem was found on 27 ungrazed and 25 grazed 
plots. Yellow bluestem, on the other hand, occurred in only 12 
ungrazed plots and 27 grazed plots. Although sand dropseed was 
relatively widespread and occurred on 19 ungrazed and 17 grazed 
plots, species composition was only 3 and 2%, respectively. Rus- 
sian thistle (Salsola kali). a transient species, occurred on about 
one-third of the ungrazed plots and one-fourth of the grazed plots. 
Scattered silver bluestem (Andropogon saccharoides) plants were 
present on 5 plots on which planted grasses were not found. 

A review of the grass species adaptabilty trials on similar sites in 
the Southern Plains shows results similar to those obtained in our 
study. McGinnies et al. (1983) concluded from studies in southeast 
Colorado that blue grama, sideoats grama, and yellow bluestem 
were among the most persistent warm-season grasses planted. 
Vallentine (197 1) summarized recommendations for adaptable 
species for planting in the Southern Plains and listed many of the 
plants that were evaluated in the Dalhart plantings. Although 
many grass species have been shown to be persistent and useful in 
the Southern Plains, planting success is still marginal for some of 
the species (Great Plains Council 1966, Merkel and Herbel 1973). 
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Table 3. Average percent species composition on plots seeded to cool-season and other graseea in 1942 and either yzcd (G) or ungrezed (U) since that time ag 
measured by 100 step poiots per plot on 28 June 1978. 

Planted grasses (I.E. No.‘) 

Agro- Agro- Calamo- Oryzopsis Sporo- sporo- sporo- 
pyron pyron Hymus Elymus vilfa hymen- Stipa Stipa bolus bolus bolw 

crislatum smithii canadensis junceus gigantea noides viridula comata asper airoides cryptandrus 
(CT 1799) (CT 1816) (CT 1802) (CT 1813) 

Species encountered2 
(CT 1819) (CT 1766) (CT 1523) (Kg 1695) (CT 1820) (CT 1804) 

U G U G UGUGUGUGUGUGUGUGUG 

Liothriochloa caucasica 41 17 8 10 14 4 - 1 26 2 19 I 3 14 25 13 6 1 3 - 2 3 
Andropogon hallii 2 - 4 - 14 - 
Agropyron smithii 29 - 25 1 22 9 9 17 - 1 

Boureloua curtipendtda 8 9 14 3 23 7 27 26 22 52 51 33 61 50 53 5 37 21 36 56 48 36 
Bouteioua gracilis 10 25 2 18 5 42 7 23 14 12 8 20 13 17 5 48 13 20 20 26 15 26 
Bothriochloa ischaemum 1 28 - 18 - 8 - 4 1 8 1 4 - 1 - 1 4 23 - 2 - 1 

Hilaria jamesii 14 6 9 
2 143:2 4 

36 2 12 1 2 
Sporobolus cryptandrus 2 - x5-1 
Aristida purpurescens - 13 22 11 23 8 I: : 5 5 2 11 - 7 - 6 1 : 

Aristida longiseta - 8 ,46:, 9 3 4 4 - 4 2 
Arhtida 

purpurea 
- II - 9 -11 3 I - 

Sorghostrum nutans 6 9 17 - 

Andropogon saccharoides 5-78-6 
Panicum virgatum 14 - 
Salsola kali 4 - 22 I5 7 5 25 3 2 - - 2 I - 5 - 1 7 

Other plants 5732364484 3 4 II 4 9 7 8 4 13 12 - 
‘Numbers are those given in combined third and fourth annual technial re 
?3ource: National List of Scientific Plant Names (USDA-XX, 1971). 

arts of SCS Nursery Observational Studies, Western Gulf Region, I Jan. 1 1942 to 1 Jan. 1944. 
Bat R riochloa sp. and Schizachyrium sp. are listed as Andropogon spp. in the source reference. 

Standing Crop of Established Grasses 

Yellow bluestem, Caucasian bluestem, western wheatgrass, 
sideoats grama, and galleta had sufficient cover of the planted 
species to be recognized as established stands. Yellow and Cauca- 
sian bluestems had the greatest standing crop in the ungrazed plots 
and galleta had the greatest standing crop in the grazed area. 
Yellow bluestem had 2,037 kg/ha compared to 1,845 kg/ha for 
Caucasian bluestem and 324, 662, and 802 kg/ ha for western 
wheatgrass, sideoats grama, and galleta plots, respectively (Table 
4). 

The ungrazed yellow and Caucasian bluestem plots were nearly 
closed communities. After almost 40 years since planting, Cauca- 
sian bluestem was the second most dominant species in the yellow 
bluestem plot and yellow bluestem was the second most dominant 
species that had become established in the ungrazed Caucasian 
bluestem plot. While the Old World bluestems were not particu- 
larly abundant in the western wheatgrass and sideoats grama plots 
in the ungrazed condition, they did represent a considerable por- 
tion of the standing crop in the ungraze.d galleta plot (Table 4). In 
the ungrazed western wheatgrass, sideoats grama, and galleta 
plots, the standing crop of other grasses was relatively high, partic- 
ularly buffalograss and threeawns (Aristida sp.). Blue grama did 
not invade the ungrazed yellow and Caucasian bluestem plots, but 
was found in the ungrazed western wheatgrass, sideoats grama, 
and galleta plots. 

The average production of the established species on the 
ungrazed area was 1,055 kg/ ha compared to 437 kg/ ha on the 
grazed area. Galleta was the only planted species of the 5 estab- 
lished stands that produced more in the grazed (1,135 kg/ ha) than 
the ungrazed (802 kg/ ha) plot. Production of blue grama across all 
plots was 18 kg/ ha for the ungrazed plots compared to 72 kg/ ha 
for the grazed plots. 

The average production of grasses in the ungrazed area was 
1,415 kg/ha compared to 840 kg/ha in the grazed plots. The 
differences between the grazed and ungrazed plots in standing 
crops of sand dropseed, the 2 Old World bluestems, and “other 
plants” were not great enough to show a distinct grazing response. 
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Chemical Composition of Forage, and Digestibility 
Percentages of CP, P, K, Ca, and Mg and IVDMD of simulated 

forage samples of the 5 “established” grasses and blue grama 9 
sampling dates between May and March are shown in Figure 2. 

Crude Protein 
Crude protein levels in the grasses at the different sampling dates 

are shown in Figure 2A. Western wheatgrass was as high or higher 
in CP than the other grasses at all sampling dates. Yellow bluestem, 
although ranked fifth at the first sampling, compared favorably 
with western wheatgrass at the other dates and ranked second over 
the nine sampling dates. Blue grama averaged lower, but not 
significantly lower, than western wheatgrass and yellow bluestem. 
The other 3 grasses averaged significantly lower than western 
wheatgrass but not significantly different from yellow bluestem. If 
only the frost-free season is considered (20 May - 24 Ott) the 
ranking of the grasses is not changed. 

Phosphorus 
In May, sideoats grama and western wheatgrass were highest, 

blue grama and galleta were intermediate, and the 2 bluestems were 
lowest in P (Fig. 2B). In June, yellow bluestem was highest, Cauca- 
sian bluestem was lowest, and the other 4 grasses were intermediate 
and similar in P levels. At later dates during the growing season, 
Caucasian bluestem was consistently as low or lower in P than the 
other grasses. Although P levels in all grasses decreased as the 
season progressed, those in yellow bluestem and galleta did not 
diminish as early as those in the other grasses. After frost, all 
grasses were low in P concentration. Galleta averaged highest in P 
(0.17%) and Caucasian bluestem averaged lowest (0.12%). The 
other 4 grasses were intermediate and not significantly different 
from galleta or Caucasian bluestem. 

Potassium 
The grasses were variable in K concentration (Fig. 2C). In May, 

levels varied from 1.0 (blue grama) to 2.1% (western wheatgrass). 
Potassium concentration in the other 4 grasses ranged between 1.0 
and 1.5%. In May, June, and July, yellow bluestem and western 
wheatgrass maintained K levels near 1.5% or higher while concen- 
trations in the other grasses ranged from about 0.7 to 1.3%. 
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Fig. 2. Average percent composition of crude protein (A), phosphorus (B), potassium (C), calcium (D), magnesium (E), and in vitro dry matter 
digestibility (F) for six grasses collected on 9 dates in each of 1978 and 1979 from plantings near DaIM, Texas. 
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Table 4. Standing crop of herbage (kg/ha) by species and species group in 1978 and 1979 on plots planted to five species on the Rita Blanca National Grasahndsin 
1942 and either grazed or ungrazed since that time (see text). Grazed areas were ungnzed during sampling years. 

Species Planted 
Borhriochloa Bothriochloa Agropyron Boureloua Bouteloua Hilaria 
ischaernum caucasica smirhii curtipendula curtipendula jamesii 

1978 1979 1978 1979 1978 1979 1978 1979 1978 1979 1978 1979 

Bothriochloa ischaemum 
Bothriochloa caucasica 
Agropyron smithii 
Boureioua curtipendula 
Hilaria jamesii 
Bouteloua gracilis 
Andropogon hallii 
SporoboluF cryptandrus 
Other grasses 

Ungrazed 
988 3087 253 17 a 18 6 6 212 748 
258 - 1119 2565 5; IS0 2 12 25 28 
- 2 If: 4d 13 

1 TO -4 152 54 480 752 710 704 34 ss 
- 3 1099 504 
- -1 1 48 s2 lo 71 T7 Y-2 19 4 

I 17 8 z rz 99 i 22 G = r3 -2 
4 - 1 - 349 145 238 399 a 254 4 260 ------------ 

Total grasses 
Other plants 

1282 3117 1386 2584 821 2”: 802 1334 799 1001 1406 1601 
26 64 - 10 445 406 214 198 370 4 18 ____-------- 

Total standing crop 1308 3181 1387 2594 1266 1138 1208 1608 997 1371 1410 1620 

Bothriochloa ischaemum 
Bothriochloa caucasica 
Agropyron smithii 
Bouteloua curripendula 
Hilaria jamesii 
Bouteloua gracilis 
Andropogon hallii 
Sporobolus cryprandrus 
Other grasses 

Total grasses 
Other plants 
Total standing crop 

211 604 
- 32 79: 

-ii 
- - 
48 24 ii3 

- 
106 201 Y-1 

1 
7 

7 87 -2 -3 
2 31 7 - ---_ 

374 971 412 875 
76 322 12 167 ---- 

450 1304 424 1042 

123 
92 
27 
161 
568 
102 
670 

Grazed 
333 47 384 
22 38 309 
49 - 
45 159 179 

149 i 26 
- - I 
113 
119 
830 
154 
984 

11, 
74 
47 

368 287 

IT2 a: 
- I 

506 26: -- 
547 770 
170 166 -- 
717 936 

:: 
155 
133 

36 
2 
84 

1365 905 
18 

-2 1 
6 131 -- 

1509 1410 
16 58 -- 

1525 1468 

Between 20 July and 8 August, K levels in yellow bluestem and 
western wheatgrass decreased about one-third while decreases in 
the other grasses were less. By frost, all 6 grasses were low in K, and 
concentrations continued to decrease as weathering continued 
after frost. Western wheatgrass and yellow bluestem averaged 1.0 
and 0.9%, respectively, while blue grama and sideoats grama both 
averaged 0.5%. Caucasian bluestem and galleta were intermediate 
with 0.7 and 0.6% K, respectively. 

Calcium 

tation and maintenance and for lactation and growth have been 
suggested by Cook and Harris (1968) and Church (1972). These 
requirements are lower than feedlot standards (NRC 1976) but 
represent required levels for range animals assuming that the daily 
dry matter intake requirements are being met. These are shown in 
Figure 3 for CP and P. Church (1972) gives 0.16yo as the mainte- 
nance requirement and 0.28% as the growth requirement of Ca. 
Crude protein, P, and Ca are the nutrients most likely to be limiting 
in rangeland production systems (Church 1972). 

Calcium concentrations of grasses did not decline as much as 
,CP, P, and K concentrations declined as the plants matured (Fig. 
2D). The 2 bluestems were highest in Ca at the beginning of the 
season and remained high during all sampling dates. Blue grama 
and western wheatgrass were lowest in Ca. Galleta and sideoats 
grama were intermediate in Ca concentration. Calcium concentra- 
tions decreased after frost. 

Magnesium 
Magnesium concentrations, like Ca did not decline significantly 

during the growing season (Fig. 2E). The 2 grama grasses were as 
low or lower in Mg than the other grasses at most dates and 
averaged lowest. The 2 bluestems and galleta were highest and 
western wheatgrass was intermediate in Mg concentration. Mag- 
nesium concentrations did not decrease significantly after frost. 

IVDMD 

Cook and Harris (1968) indicate that the metabolizable energy 
(ME) requirement for gestation and maintenance is about 1.46 
kcal/ g and for lactation and growth reaches 1.98 kcal/g of forage. 
Minson (1979) summarized several papers that relate nutrient 
components in forages to their ME levels. The relationship y = 0.20 
+ 0.33 IVDMD is an estimate of the metabolizable energy of grass 
hays. This relationship was used to determine the level of IVDMD 
required to meet the energy requirements as shown in Figure 2F. 
An IVDMD of 38% will meet the ME requirement for gestation or 
maintenance. An IVDMD of 54% would supply about 1.98 kcal of 
ME/g of forage as required for lactation and growth. 

In May, IVDMD of the grasses ranged from 75 (galleta) to 85% 
(western wheatgrass) and averaged 79% (Fig. 2F). Digestibility 
decreased as the season progressed. The average decreased to 63% 
prior to frost and decreased to 59% at the first sampling after frost. 
Western wheatgrass and the 2 Old World bluestems were highest, 
the 2 grama grasses were intermediate, and galleta was lowest in 
IVDMD. 

The CP level required by dry pregnant cows is 5.9% and that 
required for maintenance of 200 kg steers or heifer calves is 8.5%. 
Thus, calves grazing these grasses would require some protein 
supplement by mid- or late July in order to continue weight gains. 
Dry pregnant cows grazing Caucasian bluestem, sideoats grama, 
or galleta would require protein supplement by early to mid- 
August for maintenance needs. By late October, CP concentration 
in all grasses had dropped to levels at which supplementation 
would be required for all classes of beef cattle. 

Nutritional Value 
Recommended nutrient requirements for range animals forges- 

The P level required by dry pregnant cows and maintenance of 
200 kg steers or heifer calves is about 0.17%. Dietary P levels must 
be 0.22% or greater for 200 kg steers or heifer calves to gain 0.5 
kg/day. All grasses contained sufficient P to meet these standards 
in mid-June, but by mid-July cattle grazing pure stands of Cauca- 
sian bluestem or sideoats grama would require supplemental P. By 
early August, all grasses except yellow bluestem and blue grama 
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would require supplementation, and by mid-September non of the 
grasses contained sufficient P to meet the above-stated require- 
ments. 

The minimum K requirement for growing finishing steers and 
pregnant cows is 0.6 to 0.8% (NRC 1976). The grasses maintained 
sufficient K until September, but after that, supplement would be 
required for all large cattle. 

The minimum Ca requirement for dry pregnant cows and that 
required for maintenance of 200 kg steers and heifer cows ranges 
from 0.16 to 0.18% (Church 1972, NRC 1976). Church (1972) 
recommends 0.27 to 0.29% Ca for lactating cows. Calcium levels in 
these grases are adequate for beef cattle throughout the year. 

The minimum Mg requirement for beef cattle is given as 0.04 to 
0.10% (NRC 1976). The grasses in this study had Mg concentra- 
tions above the minimum requirement for cattle. 

Most of the grasses have sufficient energy to meet the require- 
ment for growth and lactation of range cattle. During winter some 
additional energy would be required for maximum growth and 
milk production. Generally, range cows are not expected to pro- 
duce at these high levels when the range vegetation is dormant. 

In New Mexico, Pieper et al. (1978) found the average CP of 
whole “intact plants” of grazed blue grama, sideoats grama, and 
galleta to be 6.2%. This compares with 6.3% in the present study. 
Savage and Heller (1947) reported similar results. Average protein 
content of perennial grasses in their study (species included those in 
the present study) was about 18% in April, 12% in May and 
declined to 6% or less for the late summer and winter. 

The seasonal patterns of P, K, and Mg reported by Pieper et al. 
(1978) and Savage and Heller (1947) were similar to those in this 
study. Peak levels of these constituents tended to occur a little 
earlier at this site than at the higher altitude site in New Mexico. 
However, the average contents were somewhat higher in samples 
collected at this site where they were collected to simulate grazed 
forage. The average Ca content for the grasses was 0.36% for the 
New Mexico study compared to 0.48% for grasses collected from 
the Texas High Plains. 

The IVDMD of the grasses collected in the present study was 
somewhat higher than that of those collected in New Mexico. 
Pieper et al. (1978) reported 49% for blue grama, galleta, and 
sideoats grama compared to 62% in the present study. Highest 
IVDMD in the New Mexico study occurred in July (56%) and 
lowest during midwinter (40%). This compares to a high of 78% 
and a low of 56% from July to midwinter in the Texas High Plains. 

Summary and Conclusions 

After 36 years, yellow and Caucasian bluestem dominated both 
ungrazed and grazed areas of plots on which they were planted and 
had spread into plots planted to other grasses. Only sideoats 
grama, a native of the area, was found on as many plots as was 
Caucasian bluestem. Galleta dominated the plot on which it was 
planted but had spread very little. Except for galleta on the grazed 
area, the 2 Old World bluestems had highest forage yields of the 
established grasses under both ungrazed and grazed conditions. 
Yellow bluestem was as high or higher in CP, mineral content, and 
IVDMD than the other grasses analyzed. The contents of Cauca- 
sian bluestem and galleta were not significantly different from 

those of yellow bluestem, except that galleta was lower in IVDMD, 
especially when it was mature. These three grasses merit considera- 
tion in range seeding programs on Conlen and similar soils in the 
Southern High Plains. 

Literature Cited 

Barnes, R.T., L.D. Miller, L.F. Beuman, end V.F. Colenbrander. 1971. In 
vitro dry matter disappearance of brown midrib mutants of maize (Zeu 
mays L.). J. Anim. Sci. 33:881-884. 

Brown, D. 1954. Methods of surveying and measuring vegetation. Com- 
monwealth Agricultural Bureau, Bulletin No. 42. Farmham Royal, 
England. 

Church, D.C. 1972. Feeding and nutrition of the beef herd. Part 1: Winter 
Feeding Ch. 8. In: D.C. Church, ed. Digestive physiology and nutrition 
of ruminants. Vol. 3, Practical Nutrition. Oregon State University 
Bookstore. 

Cook, C.W., and L.E. Harris. 1968. Nutritive value of seasonal ranges. 
Utah Agr. Exp. Sta. Bull. No. 472. 

Duncan, D.B. 1955. Multiple range and multiple T tests. Biometrics 
11:1-42. 

Ford, Alan R., and Richard W. Fox. 1975. Soil Survey of Dallam County, 
Texas. USDA-SCS & FS in cooperation with TAES. 

Great Plains Council. 1966. A stand-establishment survey of grass plantings 
in the Great Plains. Univ. of Nebraska, Agr. Exp. St& cincoin. - 

Harlan. J.R.. R.P. Celerier. W.L. Richardson. M.H. Brooks. and K.L. 
Mek;. 19&t. Studies on Oid World bluestems. 11. Oklahoma' Agr. Exp. 
Sta. Tech. Bull. T-72. 

Mct&Inies, W.J., W.C. Hassell, and C.H. Wasser. 1983. A summary of 
range seeding trials in Colorado. Colorado State Univ. Coop. Ext. Serv., 
Special Series 2 1. 

Merkel, D.L., and C.H. Herbel. 1973. Seeding non-irrigated lands in New 
Mexico. New Mexico Interagency Range Committee Rep. No. IO. 

Minson, D.J. 1979. Relationship of conventional and preferred fractions to 
determined energy values. p. 72-78. In: W.J. Pigden, C.C. Balch,and M. 
Graham. Standardization of analytical methodology for feeds. 1979. 
Proc. of a workshop held in Ottawa, Canada. IDRC. 

National Research Council. 1976. Nutrient requirements of domestic 
animals: Nutrient requirements of beef cattle. (5th revised edition) Nat. 
Acad. Sci.-Nat. Res. Count.. Washington, D.C. 

Pieper, R.D., A.B. Nelson, G.S. Smith, E.E. Parker, E.J.A. Bogpins, and 
C.F. Hatch. 1978. Chemical composition and digestibility of important 
range grass species in South-central New Mexico. New Mexico Agr. 
Exp. Sta. Bull. No. 662. 

Savage, D.A., and V.G. Heller. 1947. Nutritional qualitities of range forage 
plants in relation to grazing with beef cattle on the Southern Plains 
Experimental Range. USDA Tech. Bull. No. 943. 

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

Sims, P.L., and C.L. Dewald. 1982. Old World bluestems and their forage 
potential for the Southern Plains-A review of early studies. USDA- 
ARS ARM-S-28. 

Thomas, R.L., R.W. Sheard, and J.R. Moyer. 1967. Comparison of con- 
ventional and automated procedures for nitrogen, phosphorus, and 
potassium analysis of plant material using a single digestion. Agron. J. 
59240-243. 

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

USDA-SCS. 1971. National list of scientific plant names. USDA-SCS, 
Lincoln, Neb. 

Vallentine, J.F. 1971. Range development and improvements. Brigham 
Young Univ. Press, Provo, Utah. 

JOURNAL OF RANGE MANAGEMENT 37(3), May 1984 217 



Temperature Profiles for Germination of Two 
Species of Winterfat 
MICHAEL L. DETTORI, JOHN F. BALLIETTE, JAMES A. YOUNG, AND RAYMOND A. EVANS 

Abstract 
Germination of seeds of winterfat [Ceratoides lonot (Pursh) 

Howell] and Eurasian winterfat [C. htens (J.F. Gnel.) Reveal and 
Holmgren] was compared at 55 constant and alternating temper- 
atures. The seeds of both species germinated at a wide range of 
temperatures. Optimum germination (deflned as not lower than 
the maximum and its 0.01 probability confidence interval) occurred 
most frequently at 0,2, and 5O C cold period temperatures alternat- 
ing with 15 and 200 C. Optimum temperature regimes tended to be 
slightly warmer for seeds of Eurasian winterfat. There were large 
year-to-year differences in the quality of Eurasian winterfat seeds. 
Three sources of winterfat purchased from commercial seed 
dealers had low to very low germinability. Seeds of the Hatch 
selection of winterfat that we tested had a germination response 
equal to or better than the commercial sources of winterfat seeds. 

Winterfat [ Cerutoides lunara (Pursh) Howell] is one of the most 
important browse species on the western ranges of North America 
(Dayton 1931). This drought resistant, semishrub is found from 
Saskatchewan and Manitoba to northern Mexico. 

During the 19th century, pioneer ranchers in the sagebrush 
(Artemisiu) grasslands of the far western United States gradually 
became aware that the shrubs that characterize the landscape were 
generally not preferred by domestic livestock. Probably many 
times, independently, ranchers were surprised to discover that 
winterfat was an exception to this generalization. After the first 
frost in the autumn cattle were found to relish the herbage of 
winterfat. Growing in the lower reaches of the sagebrush zone, at 
the margins of salt desert, winterfat furnished forage for cattle 
during the winter months (Smith 1900, Colton 1904). Late in the 
19th century the developing range sheep industry intensified pres- 
sure on winterfat stands (Stewart et al. 1940). As a consequence of 
consistent overutilization with winter, spring, and summer graz- 
ing, many winterfat stands were depleted or nearly eliminated 
(Stevens et al. 1977). Many of the depleted winterfat stands were 
invaded first by Russian thistle [Sulsolu ibericu (Sen and Pau)] and 
later by halogeton [Hulogeton glomerutus (Bieb.) C.A. Mey] 
(Robertson and Kennedy 1954, Eckert 1954). 

The need to be able to reestablish winterfat plants on depleted 
sites by seeding has long been recognized. This need has led to 
numerous studies of the ecotypic variability, morphology, physi- 
ology, and ecology of winter-fat seed production, germination, and 
seedling establishment (Springfield 1974). The seed of winterfat 
consists of an embryonic plant coiled around a dry speck of peri- 
sperm within a seedcoat. The seed is enclosed in bracts which form 
the utricle or fruit. The surface of the bracts is covered with long 
silky hairs. The presence of these bracts influences the mechanical 
handling characteristics, germination, and storage life of winterfat 
seeds (Stevens et al. 1977). Winterfat seeds require a period of 
afterripening for optimum germination (Springfield 1972a). The 
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germination of winterfat seeds is also influenced by seedbed 
temperatures and moisture stress (Springfield 1968a). Optimum 
germination occurs at relatively warm incubation temperatures of 
25 to 27°C and exceeds 90% germination over a wide range of 
temperatures (10 to 27’C) (Springfield 1972b). Workman and 
West (1967) found that genetic variability exists among popula- 
tions of winterfat and that optimum temperatures for germination 
vary according to inherent differences among these populations. In 
addition, wide differences in germinability of winterfat seeds have 
been observed for seeds collected from the same site in different 
years (Springfield 1968b and 1973, Moyer and Lang 1976). 

Cerutoides species are widely distributed in the Northern Hem- 
isphere. In the Artemisiu steppe plant communities of southeastern 
Europe and central Asia, Eurasian winterfat [Ceruroides latens 
(J.F. Gnel.) Reveal and Holmgren] fulfills an ecological role 
apparently similar to winterfat in western North America (Lav- 
renko 1962). Eurasian winterfat was introduced to the United 
States and has become naturalized in Elko County, Nev. (personal 
communication, J.H. Robertson, University of Nevada). 

Various selections of winterfat have been evaluated in terms of 
their suitability for revegetation of depleted rangeland sites (Reid1 
et al. 1958). A selection identified as Hatch appears promising as a 
revegetation material (Stevens et al. 1977). Our purpose was to 
develop germination profiles in relation to constant and alternat- 
ing incubation temperatures for commercially available winterfat 
seeds, seeds of the Hatch winterfat selection, and seeds of Eurasian 
winterfat. 

Materials and Methods 

Seeds of Eurasian winterfat were obtained from an irrigated 
garden located at Reno, Nev., in 1980 and 1981. Winterfat seeds 
were obtained as samples from commercial lots of seeds collected 
in northern Utah. Seeds of the Hatch selection of winterfat were 
obtained from the nursery of the Forest Service, Intermountain 
Forest and Range Experiment Station, located in Washoe County, 
Nev. 

Seeds were stored in paper bags in the laboratory from harvest 
until testing 3 to 6 months later. After storage, but before testing, 
the seeds were threshed from their hairy bracts and cleaned by 
using an air screen. 

Four replications of 25 seeds each were placed on a single layer 
of germination paper in petri dishes and kept moist with tap water. 
Seeds were incubated in dark germinators for 4 weeks and germi- 
nation counts were made at 1, 2, and 4 weeks. Seeds were consi- 
dered germinated when the embryo completely uncoiled and the 
hypocotyl arch was raised. 

Germination profiles were developed in relation to constant and 
alternating temperatures. Constant incubation temperatures were 
0, 2, 5, 10, 15,20, 25, 30, 35, and 40°C. Alternating temperature 
regimes consisted of 16 hours at each constant temperature from 0 
to 35°C and 8 hours at each higher constant temperature. For 
example, O°C alternated with all temperatures from 2 through 
40°C, whereas 35“C alternated with 40°C only. Fifty-five constant 
and alternating temperature regimes in all were used in the profiles. 

Percent germination in relation to the effects of species and 
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Table 1. Comparison of germination parameters from temperature profiles for cede of Euradan winterfat, ninterfat,and the Hatch selection of winterfat. 
Profile based on incubation of seeds et 55 constant and aknating temperatures for four weeks.’ 

Seed Sources 
Eurasian winterfat Winterfat Hatch selection of winterfat 

No 1 No2 No I No2 No 3 
Profile characteristics (1980) (1981) 

--_%-- 
Mean germination 72a 42b 23c 35bc 35bc 46b 
Regimes with some germination 98 96 91 95 93 95 
Mean of regimes with some 73 44 26 37 16 49 

some germination 
Regimes with optimum 27 25 24 27 22 25 

germination 
Mean of optima 98 64 38 53 25 73 
Maximum germination loo 67 40 55 27 76 
Coefftcient of determination* 71 65 52 65 68 62 
Germination percentiles 

Cl0 4 II 20 13 29 15 
lo-25 4 II 25 15 64 9 
26-50 13 31 55 47 7 32 
51-75 24 47 0 25 0 53 
76-90 20 0 0 0 0 2 
>90 31 0 0 0 0 0 

Germination index very high low very low low very low sub moderate 

‘Mean germinations followed by the same letter are no significantly different (BO.01) as determined by Duncan’s multiple range test. 
*Coefficient of determination indicates how much of the variation 1s accounted for by the use of the quadratic response surface. 

temperature and their interactions was analyzed statistically by an 
analysis of variance with arc sine transformation. The effects of 
constant and alternating temperatures on germination percentages 
were analyzed by use of a quadratic response surface. The quad- 
ratic response surface was composed of a series of regression 
equations, one for each lbhour cold-period temperature through 
the series of 8-hour warm-period temperatures, with calculated 
values and their confidence limits (Evans et al. 1982). 

optimum germination were quite similar for the 2 years. The most 
striking difference between years in germination of Eurasian win- 
terfat seeds was in maximum germination, as indicated by the 
comparison of 100% in 1980 with 67% in 1981. 

Germination profile characteristics generated from the response 
surfaces included: mean germination, mean germination of those 
regimes producing some germination, mean of regimes supporting 
optimum germination, and maximum germination. Optimum 
germination was defined as not lower than the maximum germina- 
tion and its 0.01 probability confidence interval. For each profile, 
the percent of temperature regimes having germination in the 
percentile ranges <lo, 10 to 25,26 to 50, 51 to 75,76 to 90, and 
>90% was enumerated. These percentiles were used to develop 
germinability indices (Young and Evans 1983). The indices pro- 
vided a means for comparing seedlot quality based on germination 
temperature profiles. 

By comparing germination percentiles to generate a single char- 
acterization of germinability (Young and Evans 1983) we found the 
Eurasian winterfat seeds had, overall, very high germinability in 
1980 and low germinability in 1981 (Table 1). 

Winterfat 
Mean germination of winterfat seeds in relation to the tempera- 

ture profile was significantly (fiO.01) lower than that observed for 
Eurasian winter-fat seeds produced in 1980 but with 1981 seeds 
germination of 2 or 3 sources overlapped with the germination of 
Eurasian winterfat (Table 1). Winterfat seeds did not germinate at 
30/40 (30°C) for 16 hours and 40°C for 8 hours daily), 35/40, and 
40°C (Table 3). 

The germination profiles were subdivided into moderate, colder, 
warmer, and widely fluctuating seedbed temperatures (Fig. 1). This 
breakdown of seedbed temperatures was based on the monitoring 
of microenvironmental parameters in field seedbeds during the 
spring germination period (Evans et al. 1970). 

Results and Discussion 
Temperature Profiles 
Eurasian Winterfat 

Seeds of Eurasian winterfat appeared to be as variable in their 
germination (Table 1) as the native winterfat seeds (Springfield 
1968 a and b). In 1980, the mean germination for the Eurasian 
winterfat seeds incubated at 55 constant and alternating tempera- 
ture regimes was 72%. In 198 I, seeds collected from the same plant 
population and handled during harvest and threshing in a similar 
manner averaged only 42% germination. The only temperature 
regime that produced no germination in both years was a constant 
40°C (Table 2). Generally, the temperature regimes that supported 
some germination, and the number of regimes that supported Fig. 1. Temperature profile ranges based on field seedbed monitoring. 
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Germinability of the 3 commercial sources of winterfat ranged 
from low to very low. Apparently, quality of winterfat seeds being 
marketed is very poor. 

Hatch Selection of Winterfat 
The mean germination of seeds of the Hatch selection of winter- 

fat was statistically (eO.01) equal to or better than other winterfat 
seed sources tested and was exceeded only by the 1980 source of 
Eurasian winterfat seeds (Table 1). Some germination occurred at 
95% of the temperature regimes; only the very warm temperatures 
did not support germination (Table 4). 

Based on the distribution of germination in percentiles, the 
Hatch seeds were rated as only submoderately germinable (Table 
1). 
Frequency of Optimum Temperature Regimes 

Temperature regimes that supported optimum germination for 
Eurasian winterfat, winterfat, and Hatch selections of winterfat 
seeds occurred over 42% of the profile (Table 5). Only 5 regimes: 
O/ 15, 2/ 15, 2120, 5/ 15, and 5120°C always supported optimum 
germination for all the material tested. Eurasian winterfat and 
winterfat seeds overlapped in the temperature regimes that sup- 
ported optimum germination, but the levels of optimum germina- 

tion were generally higher for seeds of Eurasian winterfat than for 
seeds of winterfat. Temperatures for optimum winterfat seeds 
tended to be colder and seldom occurred with 2OC warm-period 
temperatures. In contrast, optimum germination of Eurasian win- 
terfat seed did not occur with 2 or 5’C warm-period temperatures 
and tended to occur at warmer regimes than was observed for 
winter. 

Seedbed Temperatures in Relation to Germination 
Numerically, the seeds of Eurasian winterfat produced in 1980 

had the highest mean germination in all classes of seedbed temper- 
atures (Table 6). At moderate and widelyfluctuating seedbed 
temperatures, the 1980 source of Eurasian winterfat seeds had 
significantly (FO.01) higher germination than the other sources. 
The widely fluctuating temperatures are important for small seeds 
such as winterfat because the seeds must be planted at shallow 
depths in the seedbed for best emergence. The only source of seeds 
that had comparable germination to the 1980 Eurasian winterfat 
seeds was the Hatch selection of winterfat. Inconsistency in germi- 
nation of Eurasian winterfat seeds from 1980 to 1981, however, 
suggests a potential problem in the use of that species in 
revegetation. 

Results of this study indicate that although germination of win- 

Table 2. Estimated percent germination and confidence interval (fiO.01) for seeds of Eurasian winterfat seeds (1980, source number 1) incubated at 55 
constant and rltemating temperatures.* 

I6-Hour 
Cold 0 
Period 
(“C) 

2 

B-Hour warm-period (“C) 
Estimated percent germination and confidence interval 

5 10 15 20 25 30 35 40 

0 43(l)) 54(9) 68(8) 85(7) 96(7) 99(8) 96(7) 85(7) 
2 55(9) 69(7) 87(b) 98(b) W7) 98(b) 88(b) 
5 70(8) 88(5) 99(5) 100(5) 100(5) 9l(5) 

10 86(8) 98(b) W5) lOO(5) 92(5) 
I5 93(9) 98(6) 97(b) 89(h) 
20 89(9) 89(b) 8)(5) 
25 76(9) 69(b) 
30 53(9) 
35 
40 

‘Means underlined are defined as optimum values and are not lower than the maximum and its confidence interval (~~0.01). 

67(9) 
70(7) 
73(5) 
75(b) 
73(b) 
66(e) 
55(b) 
40(b) 
20(10) 

42(12) 

46(10) 
49(9) 
52(8) 
5U9) 
45(9) 
34(9) 
20(9) 

100) 
O(l5) 

Table 3. Estimated percent germination and confidence interval (fiO.01) for seeds of winterfat (Source number 2) Incubated at 55 constant and 
alternating tempemtures.~ 

I-Hour 
Cold 0 
Period 
(“C) 

2 

I-Hour warm-period (“C) 
Estimated percent germination and confidence interval 

5 IO I5 20 25 30 35 40 

0 38(8) 42(7) 47(b) 53(5) 55(6) 53(b) 48(b) 39(b) 
2 43(7) 48(5) 53(4) 55(5) 53(5) 48(5) 39(5) 
5 48(b) 53(4) 55(4) 54(4) 48(4) 40(4) 

10 53(b) 55(4) 53(4) 48(4) 39(4) 
15 54(7) 52(5) 46(4) 37(4) 
20 50(7) 44(5) 35(4) 
25 4l(7) 32(4) 
30 27(7) 
35 
40 

‘Means underlined are defined as optimum values and are not lower than the maximum and its confidence interval (PO.01). 

27(7) 
27(5) 
27(4) 
27(4) 
25(5) 
22(5) 
l9(4) 
W5) 
9(8) 

1 l(9) 
1 l(8) 
1 l(7) 
l l(6) 
9(7) 
b(7) 
3(7) 
O(7) 
O(8) 
o(11) 
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Table 4. Estimated percent gcrminetlon end confidence interval (eO.01) for seeds the Hatch selection of winterfat seeds incubated at 55 constant and 
8Iternetlng temper8tures.r 

E-Hour warm-period (“C) 
Estimated percent germination and confidence interval 

E-Hour 
Cold 0 2 5 IO 15 20 25 30 35 40 
Period 
(“C) 
0 48( 13) 54(J 1) 61(9) 69(8) 72(9) 70(9) 62(9) 49(9) 3000) 6(J5) 
2 
5 

IO 
I5 
20 
25 
30 
35 
40 

55(l I) 63(8) 
64(9) 

71(7) 74(7) 7)(8) 63(7) 50(7) 32(8) 8(12) 

72(6) 75(6) 73(6) 65(6) 52(6) 34(6) lo(JO) 

73(9) 76(7) 74(6) 66(6) 53(6) 35(7) 1 l(9) 
74(10) 72(8) 65(7) 52(7) 34(8) hx10) 

68(11) 6U8) 49(6) 3U8) 7(11) 
55( 10) 43(7) 25(7) 2(10) 

35(10) )7(8) O(J0) 
7(12) 002) 

007) 

‘Means underlined are defined as optimum values and are not lower than the maximum and its confidence interval (FO.01). 

Table 5. Frequency of optimum tempereture regimes for germination of Eurasian winterfat, winterfat, and Hatch selection of winterfat seeds combined. 

E-Hour warm-period (“C) 

E-Hour Estimated percent germination and confidence interval 
Cold 0 2 5 10 15 20 25 30 35 40 
Period 
(“C) 

0 17 17 83 10 83 17 
2 17 83 100 100 17 
5 83 100 100 34 

IO 50 83 83 50 
I5 50 83 17 
20 17 
25 
30 
35 
40 

Table 6 Germination of seeds of Eurasian wlnterfat, wlnterfat, and the Hatch selection of wfnterfat in relation to a discdmhmte breakdown of seedbed 
temperatures.r 

Percent germination 
European winterfat Winterfat Winterfat 

Seedbed temperatures* Source 1 Source 2 Source 1 Source 2 Source 3 

--%-- 
Moderate 84a 55b 31cd 45bc 17d 55b 
Colder than moderate 74a 49bc 33cd 49bc 24d 64ab 
Widely fluctuating 68a 36b 18c 27bc l3c 37b 
Warmer than moderate 31a 13ab 8b llab 5b 13ab 

‘Means within rows followed by the same letter are not significantly different at the 0.01 level of probability as determined by Duncan’s multiple range test. 
‘See figure 1 for temperature regimes in each category. 
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Threshing Damage to Radicle Apex Affects 
Geotropic Response of Winterfat 
D. TERRANCE BOOTH 

Abstract 

The acute end of a winterfat [Ewotio lanata (Pursh) Moq.; 
Ceru~oidcs 2. (Pursh) J.T. Howell] seed is formed by the apex of 
the radicle and of the cotyledons. It is postulated that this shape 
makes the embryo root cap especially susceptible to damage during 
threshing and that such damage is the cause of a high percentage of 
threshed germinated seed (germhunt) lacking positive geotropism. 
This study consisted of examMng germtition behavior and post 
germination anatomy of the root apex of germmts with and 
without positive geotropism. The ndicle apex was found to be 
damaged in 25% of the threshed seed. Eighty-flve percent of the 
germinants from undamaged seed had positive geotropism as 
compared to 53% from the damaged seed. The latter had a range of 
anatomical aberrations in which the root up was missing or 
seriously abnormal. It is concluded that the standard method of 
hammer mill threshing of winterfat fruits results in 25% of the seed 
sustaining damage to the radicle apex. This damage causes a loss of 
root cap functions, particularly the sensing of gravity. It is recom- 
mended that plantings be made by broadcasting whole fruits, 
rather than by drilling threshed seed. 

Because of the advantages threshed seed have in mechanical 
planting and storage, winterfat [Eurotiu ianata (Pursh) Moq.; 
Cerutoides 1. (Pursh) J.T. Howell] fruits (utricle + bracts) are 
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sometimes threshed by hammer milling at 550 rpm with 6.4-mm 
screen (Wendall Oaks, USDA-Soil Conservation Service, Los 
Lunas Plant Materials Center, personal communication 1979) or 
at l,OOO-1,200 rpm using a 7.9-mm screen (Stevens et al. 1977). 
However, Booth and Schuman (1983) found that up to 24% of 
germinated seed (germinants) from threshed seed did not show 
positive geotropism. This aberration also has been observed by 
workers at the Los Lunas Plant Materials Center (Joseph Fraser, 
personal communication 1982). 

The structure of the winterfat seed makes the radicle apex in the 
winterfat seed especially vulnerable to damage during threshing 
because the embryo encircles the perisperm with the radicle and 
cotyledon tips forming an acute end (Fig. IA). This study was 
conducted to learn if damage to the radicle apex was responsible 
for the lack of positive geotropism. The root cap is known to be the 
organ which perceives gravitational stimuli (Juniper et al. 1966). 
Konings (1968) reported that loss of the distal 0.2 to 0.4 mm of root 
cap of 2day-old pea (Pisum sativum) seedlings reduced tropic 
response progressively. Removal of the entire root cap (0.5 mm) 
caused complete loss of tropic response. 

The winterfat root has an open type apex. In this type of root 
cap, the cells at the distal face of the quiescent center, when they 
divide, contribute cells to the root cap. By the time the radicle of the 
developing embryo becomes dormant, prior to fruit dispersal, root 
cap cell differentiation, including development of the quiescent 
center, has occurred (Byrne 197 1). The very small size of the root 
cap in the imbibed winterfat embryo, even smaller in the dry seed, 
emphasizes that minute damage can result in removal of the root 
cap and the contributing meristem. 
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Materials and Methods 

Threshed seeds of winterfat, NM-333, (1979 harvest threshed at 
550 rpm with 6.4-mm screen and stored under refrigeration) were 
used for this study. Four groups of LOO randomly selected seeds 
were examined microscopically for damage to the radicle apex. 
This method also was used to select 500 damaged seeds and 500 
undamaged seeds. Usually injury to the radicle apex was not visible 
to the unaided eye. 

The 2 groups of 500 seeds were divided into 5 replications of 100 
seeds each. The groups were soaked for 48 hours in water at O°C 
(Booth and Schuman 1983) and placed on inclined acrylic plastic 
(Plexiglas) plates (Jones and Cobb 1963) with the apex horizontal 
and the radicle dorsal. The seeds were incubated at 21°C for I6 
hoursfollowed by4.4”Cfor8 hours. Germinationandgeotropism 
were scored the third day of incubation. Two x two chi-square 
tables were constructed for seed classes to compare germination 
and growth of damaged and undamaged seeds. The lengths of the 
radicles/ primary roots were measured and a least-squares analysis 
of variance comparing mean length was performed. 
Germinants with radicles less than 5 mm were put in a ‘no growth’ 
category with nongerminating seeds. This assured adequate growth 
for a geotropic response. 

Germinants from the above study, with and without a tropic 
response, were randomly selected for histological study of root 
apices. Histological examination also was done (using a Utah 
collection) for imbibed ungerminated embryos and for whole fruit 
germinants. Samples were killed and fixed in FAA (Sass 1958), 
dehydrated and cleared in an alcohol-toluene series, and embedded 
in paraffin. Mounted, longitudinal sections (8~ thick) were 
dewaxed in xylene and brought down to 50% alcohol to remove a 
tracer stain used during embedding. Sections then were brought up 
toabsolutealcoholand stained for 1 minute with0,5%fastgreenin 
I:1 clove oilabsolute alcohol, destained in I:1 clove oilabsolute 
alcohol, passed through 3 changes of xylene, and mounted in 
synthetic resin. 

Results 

The radicle apex was found to be damaged in 25% (95% 
confidence limits f 3%) of the threshed seed (Fig. LB). 

From the seeds found to be undamaged, 85% showed a positive 
geotropic response, as compared to 53% from the damaged group. 
This difference was highly (K<.OOS) significant (Table I). It also 
indicates that 15% of this seed lot has a ‘natural’ geotropic 
deficiency. The ‘no growth’category (Table 2) contained 41% and 
33% of damaged and undamaged seeds, respectively, and indicates 
a significant (K.025) advantage for undamaged seed. Germinants 
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Positive 285 I58 443 
gmtropism (235.14) (207.85) 

No 139 190 
geotropism (l&5) (89.14) - - 
Total 336 
x2 = 75.05 

297 633 

DF=l 
P << ,005 

without a tropic response to gravity had slower radicle growth 
(Table 3), though the differences at 3 days incubation were signifi- 
cant only at the 10% level. 

Growth 

No growth’ 

=ota, 

x2= 6.5 
DF=I 
P < ,025 

Undamaged seed Damaged seed Total 

336 297 633 
(316.5) (316.5) 

(Z.5) 
203 367 

(183.5, 

500 500 I ,000 

‘Nongcrminating seed plus germina”fS With radicles < 5 nml. 

Table 3. Root lengths of winterfat germinants nt 3 days incubation. 

Histological examination of the root apices of threshed seed 
germinants from both categories of geotropic response revealed a 
range of anatomical aberrations in germinants with no geotropism 
(compare Fig. 2 and Fig. 3). Twelve slides were obtained of germi- 
nants in the damaged, no geotropism categories, and all showed 
the root cap missing or seriously damaged. Twenty-five slides were 
obtained from the no damage, positive geotropism group; the root 
apex in all of these germinants appeared normal. 

Growth in damaged plants, where meristematic cells were miss- 
ing, consisted almost totally of cell elongation (Fig. 3-B). Where 
some meristematic cells remained, cell division appeared random 
(Fig. 3-A), or with some differentiation (Fig. 3C & D). In all cases 
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impaired growth resulted in abnormal morphology such that a 
functional root cap had not developed. 

Histological evidence for the ‘natural’lack of geotropic response 
seen in 15% of the undamaged seed (Table 1) was nut found. Root 
caps from whole fruit germinants which lacked positive geotropism 
appeared normal, indicating that this lack of positive geotropism is 
due to factors other than malformation of the embryo ruut cap. 
The ruut cap of imbibed, nongerminated winterfat embryos was 
found to be about 0.2 mm long. 

Discussion 

Germinants without a positive geotropic response (beyond the 
observed 15% ‘naturally’inadequate seeds) are those seeds which 
sustained damage to the apical meristem (cap initials and the 
quiescent zone-Fig. 2) ofthe radicleand therefore were unable tu 
respond to gravitational stimulus, Thisconclusion is supported by 
the increase in deficient germinants in the case of damaged seed, 
(Table I), by the histological evidence presented, and by the pre- 
vious work by Juniper (1966) and Konings (1968). 

If it is assumed that growth by a radicle without a ruut cap is 
random, the 158observationsrecordedfordamaged seed,positive 
geotropism (Table I) may be high. A completely random pheno- 
menun will produce mure or less equal numbers in each category, 
and the close agreement in both number of observations of the 2 
groups in the damaged class (158 vs l39), and the fact that both 
groups have the same growth rate of the radicle (Table 3), leads one 
tu suspect the damaged, positive geotropism group included ger- 
minants that in fact had no tropic response to gravity. 

The 15% of the undamaged seeds found lacking positive geotro- 
pism is the same value reported earlier for germinants 
from whole fruits of the same lot (Booth and Schuman 1983). 

The 3 functions of the ruut cap, other than the perception of 
gravitation stimuli, are (a) tu protect the root meristem (b) tu open 
a passage for the rout through the soil (Haberland 1914), and (c) 
the secretion of mucilage by the golgi apparatus in the Outer cells of 
the cap (Juniper and Pask 1973). Mucilage is believed to function 
as a lubricant and to facilitate mycorrhizal associations (Barlow 
1975). The damage evidenced by the slides make it very doubtful 
that therootapexcouldfulfillanyofthefunctionsattributed tothe 
root cap. 

The above functions are important tu the establishment of the 
seedling, both in functional capacity and in relation to the time 
required fur adequate soil pe&r&on. Winterfat is a species 
adapted to germination near the soil surface where the time is short 
when soil moisture conditions are right for establishment. Even 
minimal damage may be lethal as evidenced, in part, by the charac- 
teristic low establishment from threshed seed (Booth and Schuman 

1983) and high mortality ofthreshed seedlings whichdo ‘establish’ 
irom seed (Strickler 1956). 

Hypotheses are currently being advanced which ascribe geo- 
tropic curvature to a growth inhibitor produced by the rout cap 
which reduces the rate of cell expansion in the lower side ofthe rout 
(Firn and Dighy 1980, Audus 1975). This could explain the 
observed greater cell elongation in damaged radicles (compare Fig. 
2 and Fig. 3) and would be an indication that the greater radicle 
length associated with positive geotropism (Table 3) is due to 
meristematic cell division, since tropic response would induce 
sume inhibition of cell elongation. 

Conclusions and Recommendations 

Winterfat seed threshed by the SCS (Wendall Oaks, personal 
communication 1979) method of hammer milling results in 25% of 
the seed sustaining microscopic damage to the radicle apex, caus- 
ing malformation or loss of the rant cap. This results in loss of root 
cap functions, particularly the sensing of gravity. 

It is recommended that winterfat fruits not he threshed. Plant- 
ings can be made by broadcasting the whole fruits on rough 
seedbeds. Bettermethodsare being developed. Work by theauthor 
in adapting the fluid drilling methods of Currah et al. (1974) show 
that this technique is potentially a superior method for dispersing 
winterfat and other fluffy propagules. 
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Soil-Plant Factors in Early Browning of 
Russian Wildrye on Natrustoll Soils 

R.A. BOWMAN, D.M. MUELLER, AND W.J. MCGINNIES 

Abstract 
The occurrence of early browning in selected areas of a 1979- 

established Russian wlldrye (Elymus jwrceus Fisch.) plot led to a 
comparison of soil-plant-water relationships in the brown senesc- 
ing areas, and in adjacent green healthy areas. Although the green 
areas exhibited better nutrient status and less salinity-sodicity 
associated problems than the brown areas, the main problem and 
cause for this premature browning appeared to be water related. 

A main objective of the rehabilitation program of the saltgrass 
meadows soils at the Central Plains Experimental Range (CPER) 
is to replace the largely unpalatable inland saltgrass [Distichlis 
stricta (Torr.) Rydb.] with better forage grasses and legumes for 
livestock consumption. These improved forages must be tolerant 
to drought stress and at the same time tolerant to saline-sodic soil 
conditions (McGinnies et al. 1976). Russian wildrye (Elymus jun- 
ceus Fisch.) is one such species which is presently being used at the 
CPER to replace inland saltgrass. 

For 2 consecutive seasons (1980,198l) early browning has been 
noted in certain areas of a 1979established Russian wildrye plot 
(40 m X 6 m). These brown areas varied from entire sub-plots (5 m 
X 6 m) to parts of a sub-plot (1 m X 0.5 m). In 1981, we sampled 2 
contrasting areas to assess soil and plant characteristics of both 
areas. 

Methods and Materials 

Study Area 
Site description data have been reported by McGinnies et al. 

(1976). The area is dominated by an Avar sandy loam which is 
classified as fine, montmorillonitic, mesic, typic Natrustoll. Mean 
annual precipitation is about 310 mm, most of which occurs 
between May and September. Frost-free period averages about 
133 days per year with an average daily minimum of 9°C and an 
average daily maximum of 26” C. The study area was convention- 
ally tilled (plowed and disked) and seeded with Vinall Russian 
wildrye in the spring of 1979. 

Soil-Plant Methodology 
Soil samples were taken in July 1981 from areas that exhibited 

green and brown Russian wildrye plants in close proximity (about 
3 m apart). These areas were similar in topography and slope. Four 
matched pair samples were taken: 2 from a large brown area (6 m X 
5 m) and 2 from small brown areas (0.5-1.0 mr). Green areas were 
sampled as closely as possible to the matched brown areas without 
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sampling transitional areas. A soil coring device was used to obtain 
entire plants and soil cores 80 cm long and 15 cm in diameter from 
both areas. Soil cores were subdivided into lO<m increments and 
taken to the laboratory for plant and soil analyses. Plant samples 
were dried at 70° C for 1 day, and plant dry matter production was 
determined. Root weights were determined for dry matter produc- 
tion at IO-cm increments. All plant materials were ground and wet 
digested in sulfuric acid (H&04) for nitrogen (N), phosphorus(P) 
(Technicon Autoanalyzer), potassium (K), calcium (Ca), magne- 
sium (Mg), sodium (Na), iron (Fe), zinc (Zn), copper (Cu), and 
manganese (Mn) (Atomic adsorption spectrophotometry). Boron 
(B) was determined on plant tops only (Soltanpour and Workman 
1981). 

Gravimetric soil moisture was determined on each lo-cm soil 
increment (Gardner 1965) on freshly collected samples. Percent 
moisture (weight) was determined at 1/ 3 bar and 15 bars pressure. 
Air-dried samples from each IO-cm increment of soil were analyzed 
for total Kjehldahl N (TKN) (Bremner 1965), organic matter (OM) 
(Allison 1965) sodium bicarbonate-soluble P (NaHCOs-P) (Olsen 
et al., 1954), texture (Day 1965), pH, electrical conductivity (EC), 
and sodium adsorption ratio (SAR) from saturation extracts 
(Richards 1954). A T-test comparison of the green and brown areas 
was determined on all soil and plant parameters except for 
micronutrients. 

Results and Discussion 

Soil Properties 
Composited soil physical and chemical characteristics with 

depth are shown in Table 1 for green and brown areas. The fact that 
these areas were within 3 meters of each other demonstrates the 
wide soil variability that exists (McGinnies et al. 1976). While the 
O-10 cm layer classified as sandy loams for both areas, some brown 
areas had twice as much clay at the lower depths as did the green 
areas. In some instances as much as 40% clay was found in the 
brown areas. The green areas at this shallowest depth contained 
more silt. The textural difference at the 30-cm depth probably 
greatly influenced plant growth characteristics because of its effect 
on water movement from above (precipitation), and from below 
(capillary movement from a shallow water table). 

Nutrient availability indices (OM, TKN, NaHCOs-P) were 
higher for the green areas. This relationship was not unexpected 
since the more favorable conditions in the green areas led to more 
top and root production, and consequently, more cycling and 
concentration of organic matter. Phosphorus was higher in the 
green areas for the surface soils. There was generally more mineral 
P at the lower depths in the brown areas. The slightly higher P 
values in the surface soil of the green areas probably resulted from 
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Table 1. Physical and chemical soil characteristics of green and brown areas of Russian wildrye. 

Parameters O-10 1 O-20 20-30 
Depth (cm) 
30-40 40-50 50-60 60-70 70-80 

Green Area 
Organic matter (%) 
Total Kjehldahl nitrogen (%) 
NaHC&-P W8) 
PH 
Electrical conductivity (dS/m) 
Sodium adsorption ratio 
Sand (%) 
Silt (%) 
Clay (%I 

Brown Area 
Organic matter (%) 
Total Kjehldahl nitrogen (%) 
NaHCOs-P (rg/g) 
PH 
Electrical conductivity (dS/m) 
Sodium adsorption ratio 
Sand (%) 
Silt (%) 
Clay (%) 

4.22* 3.60* 1.65* 0.89* 0.72’ 
0.23* 0.21* 0.10* 0.06* 0.03 

16* 14 9 75 7 
7.4 7.4* 7.4* 7.5* 8.0* 
0.88 0.91* 0.81* 1.00* 2.38* 
0.29 1.81* 0.715 1.29* 3.15. 

55 60 52 49 69 
35 28 34. 35’ 21* 
10 12 14. 16* 10* 

1.68 0.76 0.45 0.35 0.28 
0.11 0.1 I 0.05 0.01 0.01 

12 12 16 20 10 
7.4 8.4 8.9 9.2 9.2 
0.96 4.73 14.9 23.9 20.0 
5.00 20.8 60.5 27.8 68.8 

59 63 62 59 62 
29 27 8 11 12 
12 10 30 30 26 

0.24 0.21 0.31 

-6 
7.5* 
0.91* 
3.36* 

86* 
5* 
9. 

- 
6 

8.3 
0.97* 
4.54. 

889 
5* 
79 

-5 
8.4 
1.10 
4.36 

88 
4 
8 

0.31 - 
- - 

11 10 
9.1 8.8 

28.9 32.5 
40.8 32.0 

61 56 
15 22 
24 22 

- 

- 

- 
- 
- 
- 

*Denotes signiticant differences at the 5% level between green and brown means for the same depth. 

greater organic matter P mineralization while the lower values 
below resulted from greater use of mineral P (more growth). 

Salinity, sodicity indices in the brown areas indicated severe Na 
and salt problems. In the undisturbed areas the high Na at the 
lo-20 cm depth coupled with the transport of clay from above have 
created a natric horizon. This region (primarily B2nt) is extremely 
hard and impermeable to water from the top A horizon and from 
the bottom C horizon. In the plowed area sealing had quickly 
occurred in the top few centimeters in the brown areas because of 
the inversion of C horizon (high Na) materials (Mueller 1983). 
Thus the condition for water intake had deteriorated from that 
provided initially by the natural soil (Robinson and Franklin 
1971). Because of the dispersed nature of the soil and the sealing 
created by the downward movement of clay, rainfall precipitation 
in excess of A horizon field capacity resulted in standing water and 

subsequent evaporation and lateral run-off to natural drainages. 
Because the soil water in the C horizon under the brown areas 
could not be readily replaced by downward percolation, and 
because capillary movement upward was slow, the soil moisture in 
the profile was below wilting point to a depth of 50 cm in the brown 
areas (Fig. 1). In the green area, soil moisture was in the‘available” 
range (between 15 and l/3 bar suction) below 20 cm; this soil 
moisture kept the plants growing in the green area. Roots of the 
green plants extended to at least a depth of 60 cm to make use of 
this available water. In the brown areas, the high salt content in the 
soil below 20 cm had the combined effect of creating an estimated 
osmotic potential of 30 bars (estimated from EC) that further 
restricted water absorption by the plants. 

As shown in Mueller’s thesis work (1983) the problem of sealing 
resulted from plowing bringing the C horizon to the surface. Soil 
reaction at the C Horizon (pHX.0) indicated high 

Table 2. Dry matter (DM) yield and chemical composition of Russian wildrye roots and tops associated with green and brown plants. 

Depth N P K ca 7% Na Fe 
(cm) ---_(%)--- 

Green Area Roots 
O-IO 0.94 0.17 0.36 0.34 0.11 0.08* 378 

l&20 1.05 0.19 0.42 0.28 0.10 0.05* 580 
20-30 0.99 0.20 0.44 0.44 0.10 0.10; 
30-40 0.95 0.19 0.44 0.40 0.16 0.12’ 

:z 

40-50 0.49 0.10 0.09 0.18 0.12 0.16 295 
50-60 0.10 0.07 0.18 0.14 0.12 0.20 216 

Brown Area Roots 
O-10 1.16 0.15 0.58 0.33 0.15 0.15 460 

lo-20 I .28 0.14 0.37 0.60 0.19* 0.26 505 
20-30 I.11 0.14 0.44 0.35 0.13 0.77 318 
30-40 0.49 0.05 0.14 0.14 0.06 0.42 269 
40-50 - - - - - - 
50-60 - - - - - - - 

Tops 
Green 1.28 0.18 2.30* 0.19 0.19 0.07 434 
Brown 1.22 0.16 1.00 0.17 0.16 0.05 486 

*Denotes significant differences at the 5% level between green and brown means for the same depth. 

Zn cu Mn B DM 
---WI 8-- 8 

97 20 90 9.1* 
118 20 81 2.6 
114 22 75 1.0 
I25 27 72 0.6 
118 20 43 0.5 
84 21 36 0.4 

95 24 103 5.1 
128 25 100 3.6 
110 24 65 I.0 
110 18 36 0.1 
- - - - 
- - - - 

99 I7 87 11 61.4* 
99 14 109 10 12.6 

226 JOURNAL OF RANGE MANAGEMENT 37(3), May 1984 



SOIL WATER (‘ii) 

-:Y 
GREEN AREA 

M 0.33 BAR 
20 - 15 BARS 

- ACTUAL 
SOIL He0 

40 

z 
0 
- 

b 

ii 

20 

40 

BROWN AREA 

_ 0.33 BAR 
15 BARS 

- ACTUAL 
SOIL He0 

I 1 1 I I 

IO 20 30 40 

movement to the tops than for K, but this phenomenon occurred 
in both areas. While the 36 rg Mnlgappeared low, greater uptake 
at the surface soils resulted in adequate amounts of Mn in the plant 
tops. High fe values suggested some soil contamination. 

Soil-plant interhions 
Saline-sodic soils show unique relationships with respect to 

horizon stratifications and to Na and Ca relationships (Richards, 
1954). This Na to Ca relationship was also expressed in the Russian 
wildrye plants (Fig. 2). At the 40-cm depth, roots in the brown 

3.0 

1 

Fig. 1. Soil wuter relationships with depth in green and brown areas. 

concentrations of carbonates and bicarbonates with the typical salt 
being primarily sodium sulfate (NasSOd), sodium chloride (NaCl), 
and sodium bicarbonate-carbonate (NaHCOrNasCO$ (McGin- 
nies and Ludwig 1978). This predominance of NasCOs over CaCOs 
(pH X.5 in many instances) makes deep-plowing a questionable 
practice since the resultant seedbed is more apt to seal, crust, 
puddle, and provide greater osmotic stress (Toogood and Cairns 
1978). 

OO 

-d . / 

I I I 1 I c 
10 20 30 40 50 60 

SOIL DEPTH (cm) 

Fig. 2. No/C2 ratios of Russian wildrye roots as a function of depth in 
green and brown oreos. 

Plant Properties 
The Russian wildrye plant data for both areas are given in Table 

2. The most striking difference in areas was reflected by the five- 
fold increase in dry matter production in the green area over the 
brown area. Nutrient content in the tops at both areas did not 
suggest any major differences except maybe with respect to potas- 
sium (K), which could have been physically leached in the brown 
plants (Tukey 1970), and to manganese (Mn), which probably was 
still within acceptable limits of sufficiency (Epstein 1972). Specific 
toxic ions such as Na and B did not accumulate in large quantities 
in tops of the senescing Russian wildrye. Low sodium values in 
tops could be partially attributed to leaching and to specific uptake 
characteristics of Russian wildrye which appeared to possess an 
exclusion mechanism for Na (Bowman and McGinnies, 198 1). 

areas showed a lo-fold increase in the Na/ Ca ratio over the green 
area roots. However, this relationship did not appear to affect the 
plant tops. This ratio narrowed at the lower depths since both SAR 
and EC increased in the green areas. 

Various plant nutrient ratios were correlated with soil SAR. 
Plant Na/Ca ratio was not significant, but both Na/Ca’@, and 
Na/[Ca + Mg)/ ;I’” ratios were significant with SAR. Using plant 
K values did not improve correlations with soil SAR. 

Conclusions 

Root data showed green area root penetration of 60 cm while 
penetration in the brown area was only about one-half of that. 
Differences in root biomass, however, were not as dramatic as 
those found in the tops (14.2 g versus 9.8 g). Since the soil coring 
device was 15 cm in diameter, roots outside of this area were not 
included in our sampling. Thus, some roots were not accounted for 
and this loss would possibly be greater for the green area than for 
the brown (more superficial lateral roots). 

Root chemical composition in the 2 areas primarily showed 
uptake differences with respect to Na. Brown area roots exhibited 
nearly 0.8% Na at the 3040 cm depth, but this amount became less 
at the surface horizons. Green area roots had substantially less Na 
uptake. The K-Ca data suggested much greater resistance for Ca 

Russian wildrye did not show any excessive nutrient concentra- 
tions associated with salinity, sodicity, or boron. The roots did 
show some high Na concentrations in the brown areas. While 
salinity and sodicity contributed to the early browning noted in the 
field, it appeared that the main mechanismsaffecting these changes 
were related to moisture availability. It can be postulated that in 
the brown areas, moisture was quickly lost to evapotranspiration 
because of the shallow or sparse nature of A horizon material and 
the impervious nature of the sealed lower horizon. This condition 
probably led to shallow and sparse rooting which in turn resulted 
in quick desiccation under relatively short dry spells (l-2 weeks 
without added precipitation). Field observations indicate that the 
movement of water in the unrestricted zones of the green areas 
(presence of greater water storage capacity) resulted in completion 
of the life-cycle and production of seed heads in Russian wildrye. 
Restricted water movement in the brown areas resulted in failure 
or significant delay of plants to complete their life-cycle and pro- 
duce seed heads as was also noted by Dodd and Coupland (1966). 
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Although field testing to alleviate this problem is still in pro- 
gress, it would appear that any cultural practice that improves or 
maintains water storage capacity (mulching, manuring, minimal 
disturbance of C horizon material) would help to solve this 
problem. 
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RANGELAND 
HYDRO-LOGY 
by Farrel A. Branson, Gerald F. Gifford, Kenneth G. Renard, and 
Richard F. Hadley 

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

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

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

Range scientists and managers, soil conservationists, hydrologists, agricultural 
engineers, land reclamation specialists, wildlife managers, graduate and undergradu- 
ate students and their professors, as well as all interested in the hydrology of arid lands 
will find RANGELAND HYDROLOGY a valuable addition to their libraries. (352 pages 
paper laminated cover $15.00 US) 
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Shade Tolerance of Grass and Legume Germ- 
plasm for Use in the Southern Forest Range 

Abstract 

A series of experiments was conducted during 1978,1979, and 
1980 to screen selected cultivars of grasses and legumes for their 
adaptation and performance under a multiple harvest system in a 
shaded environment. Acceptable stands of all species except 
Unioh sessiliflora Michx. were obtained under each shade treat- 
ment. The most shade tolerant species were ‘Nangeela’ subclover 
(T#olium subternzneum L.), ryegrass (Lolium mul@7orium Lam.), 
Per&n clover (Trifolium resupinatum L.) and crimson clover 
(Trifolium incarnatum L.). Shade reduced the height of species 
with an upright growth habit while decumbent type species (sub- 
clover) showed less reduction. Nitrogen content was not affected 
by shade while potassium and phosphorus levels increased for all 
species under 5% shade. In separate field experiments the yield, 
stand density, and persistence of sericea lespedexa [Lespdeza 
cuneata (Dumont) G. Don) decreased with increasing shade 
although crude protein content was not affected. Cultivars of 4 
species, (‘Mt. Barker’ subclover, ‘Tibbee’ crimson clover, ‘Ken- 
tucky 31’ tall fescue (Festuca arundinacea Schreb.), and ‘Gulf 
ryegrass), had acceptable stands and yields under 50% shade in a 
multiple harvest regime. These results demonstrate that several 
forage species are sufficiently shade tolerant to warrant considera- 
tion for use in forested environments. 

It has been demonstrated that potential forage biomass produc- 
tion is higher in the South than in any other range area of compar- 
able size in the United States (Grelen 1978). However, native range 
production is declining rapidly due to accelerated pine regenera- 
tion and the establishment of fast-growing slash (Pinus elliottii 
Engelm.) and loblolly pine (P. taedu L.), which results in drasti- 
cally reduced herbage production within a few years. Grelen stated 
that operational scale multiple-use research is badly needed to 
evaluate compatability of tree production, wildlife, livestock, and 
other resources. 

One promising possibility for improving the southern forest 
range is the introduction of shade tolerant forages. Such germ- 
plasm could provide better quality forage over an extended period 
for both wildlife and livestock, could serve as a groundcover to 
reduce erosion during the winter, and could contribute to soil 
organic matter levels and add nitrogen in the case of legumes. 

This study reports an evaluation of the effects of shade on 
morphological and physiological characteristics of selected forage 
species. 
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Experiment 1A 
Twenty species and/or cultivars of cool-season grasses and 

legumes were planted on a prepared seedbed on October 20,1978, 
at Mississippi State, Miss. (Table 1). All species were planted in 

Table 1. Species and wricties of grass and legume germphsm subjected to 
shade malugement at Mississippi State University, 1978. 

Species Variety Common name 

VANCE H. WATSON, CHARLES HAGEDORN, WILLIAM E. KNIGHT, AND HENRY A. PEARSON 

Wjolium subterraneum L. Nangeela 
Woogenellup 
Daliak 
Geraldton 
Miss. Ecotype 
Tallarook 
Mt. Barker 
Dwalganup 

Sub Clover 

W~olium vesiculosum Savii. Amclo 
Yuchi 
Meechee 

Trifolium nigrescens L. ---I 

Tkvolium resupinatum L. 
TQfolium akxandrinum L. 
Wjolium incamarum L. Chief, Tibbee 
Festuca arundinacea Schreb. Kentucky 3 1 
Lolium mullzjlorium Lam. Marshall 
Uniola sessiliflora Michx. 

Arrowleaf Clover 

Vicia villosa -Roth. 

Ball Clover 
Persian Clover 
Berseem Clover 
Crimson Clover 
Tall Fescue 
Ryegrass 
Uniola (Broadleaf) 
Hairy ietch 

‘Where no cultivar is designated the seed was purchased as a common brand 
(non-varietal). 

single row plots 30 cm wide X 2 m long. Immediately after planting, 
artificial shade chambers were placed over the planted areas. 
Shade chambers were constructed from lumite vinyl shade cloth 
designed to provide 50 and 25% of natural illumination. The shade 
cloth was mounted on 2 X 5 meter metal frames with legs to 
maintain them 30 cm above the soil surface. Soil pH was 6.7 and 
fertility was maintained at adequate levels for all species. 

The experimental design was a split-plot with level of shading as 
whole plots and species and/ or cultivars as subplots. There were 4 
replications. Data were collected on each of the species after see- 
dling emergence for stand quality parameters. 

All plots were harvested May 14, 1979. Parameters measured 
were dry matter yield, percent dry matter, height, root and nodule 
weights, and mineral composition for nitrogen, potassium, phos- 
phorus, sulfur, magnesium, calcium, iron, aluminum, manganese, 
and boron. Dry matter yields were determined by harvesting the 
entire plot with a hand sickle to a stubble height of 2.54 cm. The 
forage was weighed and dried in a forced draft oven at 60°C for 36 
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Table 2. Seedling counts, relative yield, plant height, and percent dry matter of 20 species grown under three levels of shade in 1979. 

Species 

Level of Shade (%) 

0 50 75 50 75 0 50 75 0 50 75 

Seedlings per 30.5 cm of row % of yield in full sun Plant height cm Dry matter % 
Nangella Subclover 
Woogenellup Subclover 
Miss. Ecotype Subclover 
Tallarook Subclover 
Mt. Barker Subclover 
Dwalganup Subclover 
Amclo Arrowleaf Clover 
Yuchi Arrowleaf Clover 
Meechee Arrowleaf Clover 
Persian Clover 
Berseem Clover 
Chief Crimson Clover 
Tibbee Crimson Clover 
Ky 31 Tall Fescue 
Marshall Ryegrass 
Uniola 
Hairy Vetch 

LSDA(.O~)* 
LSD&OS) 
cvA(%) 

CVd%o) 

46 49 
30 33 
34 34 
37 40 
41 44 
23 32 
II 9 
4 8 
2 4 

I5 I6 
8 23 

87 38 
28 40 
I8 I6 
60 54 
0 0 

21 I8 

I I 
I 1 
6 13 
5 6 

47 
30 
35 
42 
34 
25 
13 
6 

IO 
I5 

:: 
31 
18 
60 
0 

18 

I 
0 

I6 
10 

92 

:: 
48 
37 
65 
34 
57 
39 
58 
88 
57 
62 
39 
51 
- 
33 

5 
2 

I2 
I9 

49 
26 
32 
26 
24 
24 
27 
49 
23 

:: 
31 
34 
29 
28 
- 

22 

: 
13 
II 

I2 13 9 28 23 25 
I4 I5 I1 29 25 26 
9 12 IO 24 21 26 

I4 I4 IO 25 22 25 
I5 I5 9 26 22 24 
I2 I1 9 29 24 29 
59 30 23 24 18 21 
51 32 30 22 18 I8 
47 29 22 21 16 I7 

:: 31 I7 12 19 24 25 I8 I7 20 I7 
43 26 22 34 26 24 
44 25 I8 41 23 29 
I3 24 21 35 29 30 
72 38 31 23 23 
3 6 42 - - - 

38 21 I5 17 I7 I8 

2 4 4 
2 2 2 

12 I5 I7 
I1 I7 I8 

‘Planted on 10/20/78 and counted on L/20/79. 
2-A” refers to differences among cultivan within a shade level while “B” refers to differences across shade levels within a cultivar. 

hours. The dried forage was ground in a Wiley mill fitted with a The experimental design was a randomized complete block with 
l-mm screen. Samples were analyzed for mineral composition by 3 replications and soil pH and fertility were maintained at adequate 
the use of spectrophotometry (Carlisle 1978). levels. Plot size was 3.81 X 4.21 m. Parameters measured were dry 

matter yield, stems per crown, estimated forage quality, and total 
Experiment 1B available carbohydrates. Dry matter yields were determined by 

A l-year-old stand of ‘Serala’ sericea lespedeza (Lespedezu harvesting the plots with a sickle mower to a height of 2.54cm. The 

cuneuta (Dumont) G. Don.) located in Lauderdale County, Miss., forage was weighed and dried in a forced draft oven for 36 hour8 at 

was subjected to 3 levels of shade and harvested twice in 1979 and 60°C. The dried forage was ground in a Wiley mill fitted with a 

twice in 1980. l-mm screen and chemical analyses were run on the ground sam- 
ples. Crude protein was determined from the Kjeldahl procedure 

Table 3. Average nitrogen, potassium, and phosphorus content of grass and legume speeies and cultivars grown under three levels of shade in 1979. 

Varietv 0 50 75 0 
Level of shade (%) 

50 75 0 50 75 

Total nitrogen (%) Potassium (%) 
Nangeela S.C.’ 2.0 2.3 2.3 1.2 I.5 2.0 
Woogenellup SC. 1.8 1.9 2.2 0.9 1.2 1.6 
Miss. Ecotype S.C. 2.0 2.4 2.4 1.2 1.5 I.7 
Tallarook S.C. 2.0 2.4 2.4 1.2 1.6 1.6 
Mt. Barker S.C. 1.7 2.3 2.6 1.3 1.4 1.6 
Dwalganup S.C. 1.4 2.2 2.0 0.9 1.5 I.5 
Amclo Ar. C. 1.9 2.3 2.3 1.2 1.9 2.2 
Yuchi Ar. C. 1.8 2.0 2.4 1.3 2.0 2.1 
Meeche Ar. C. 2.1 2.7 2.3 1.5 2.4 2.0 
Persian Clover 2.1 2.2 2.0 1.3 1.5 1.6 
Berseem Clover 1.7 2.3 2.3 I.1 2.0 I.8 
Chief C.C. 2.0 2.0 2.0 I.1 1.5 I.7 
Tibbee CC. 1.4 1.7 I.8 I.0 1.5 2.0 
K 31 Tall Fescue 1.2 1.4 1.0 2.1 2.5 1.8 
Marshall Ryegrass 0.8 

::: 
I.1 1.6 2.1 2.7 

Hairy Vetch 3.4 2.8 2.3 2.9 2.9 

LsD~(0.5)~ I.8 2.0 2.1 2.3 4.0 5.2 
LSDe(O.5) 1.2 1.3 1.4 3.7 4.1 5.8 
cvA(%) 9.1 9.4 10.7 8.6 9.3 12.7 
CV&%) 9.1 9.9 11.4 9.2 10.9 14.6 

‘S.C. = Subterranean Clover, Ar.C. = Arrowleaf Clover, C.C. = Crimson Clover. 
2”A” refers to differences among cultivars within a shade level while ‘3” refers to diffrenccs across shade levels within a cuhivar. 

Phosphorus (%) 
.18 .22 .20 
.14 .22 .20 
.17 .26 .22 
.16 .29 .20 
.13 .24 .24 
.I2 .25 .23 
.I6 .27 .27 
.I4 .23 .24 
.I6 .30 .24 
.I9 .23 .2l 
.I2 .23 .27 
.I5 .2l .I8 
.I5 .19 .20 
.I9 .28 .22 
.I6 .25 .27 
.34 .36 .36 

I.9 2.3 3.6 
I.8 2.2 3.8 
7.4 9.1 10.3 
8.5 10.3 12.0 
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for total nitrogen, digestibility according to procedures of Van 
Soest (USDA Agr. Handbook 379) and total available carbohy- 
drates after Weinmann (1947). 

Experiment 2 
Based on the results obtained in Experiment 1 A, 4 species (‘Mt. 

Barker’ subterranean clover, ‘Tibbee’ crimson clover, ‘Kentucky 
31’ tall fescue, and ‘Gulf’ ryegrass) were grown under 3 levels of 
shade and a multiple harvest schedule in 1979-80. Experimental 
design was a split plot with 4 replications as in Experiment 1 A and 
soil pH and fertility were adequate for all species. Plots. were 
planted on a prepared seedbed on September 20, 1979, at Missis- 
sippi State, Miss. Forage was harvested February 20, April 16, and 
May 18, 1980. The specific cultivars were chosen because of the 
availability of seed from commercial sources. 

Results 

Experiment 1A: 
Acceptable stands of all species except Uniola were obtained 

(Table 2). In general, level of shade had little effect on the number 
of seedlings that germinated. Exceptions were ‘Yuchi’ and ‘Mee- 
thee’ arrowleaf clover and berseem clover, which had more seed- 
lings present as level of shade increased. In contrast, numbers of 
seedlings of ‘Geraldton’ subclover decreased as shade increased. 
Ball clover did not germinate adequately under any treatment. 

Moderate to heavy cold damage was recorded on some seedlings 
due to the widely fluctuating environmental conditions that were 
prevalent in Mississippi during the course of the observations. 
There was a trend for some species such as subterranean clover and 
hairy vetch to have less apparent cold damage as level of shade 
increased (data not shown). 

Dry matter yields varied considerably among species and shade 
levels (Table 2). In general, yields across shade levels were highest 
for ryegrass followed by the subterranean and crimson clovers. 
Most yields decreased by 40% or more under 50% shade and by 
75% or more under 75% shade. Exceptions were “Nangeela’ sub- 
clover and Persian clover, where production was decreased 8 and 
12% respectively, by 50% shade. 

In contrast, root yields and the percent of root weight repre- 
sented by nodules were not affected by shade (data not shown). 
Root weights ranged from 1.9 to 2.4 gm dry matter per plant and 
nodules made up 12 to 15% of the root weight. 

There were wide variations in height among species, and shade 
generally reduced the height of the upright type of species (Table 
2). Decumbent type species such as the subclovers showed less 
variation in height among the levels of shade. There was a trend for 
percent dry matter to be lower in all species as level of shade 
increased. Plant maturity was delayed 5 to 10 days by shade. 

Total nitrogen content was not affected by shade, but values 
obtained for the legumes were higher than for the grasses (Table 3). 
In contrast, potassium content of the grasses was generally higher 

than for the legumes, and there was a trend for potassium levels of 
all species to increase as level of shade increased. Phosphorus 
content increased in all species grown under 50% shade, but values 
did not change as shade was increased to 75%. There were no 
trends related to species or shade for sulfur, magnesium, calcium, 
manganese, or boron content. No definite trends were observed in 
iron and aluminum content. 

Experiment 1B 
Dry matter yield of sericea lespedeza (Table 4) decreased signifi- 

cantly as the level of shade was increased, and the response was 
magnified as the growing season progressed. Yields under 75% 
shade were only 50% of those in full sun by the second harvest for 
both years. Plants grown under shade were also significantly shor- 
ter at the second harvest. However, plants growing in 50% shade 
persisted and produced satisfactory yields through both years of 
the experiment. 

Numbers of stems per crown was decreased significantly in the 
second growth (regrowth) forage by shade (Table 4). Percent leaves 
was also decreased in the first harvest as level of shade increased, 
but not in the regrowth. 

Neither crude protein content nor digestibility was affected by 
shade for either harvest. Crude protein content of sericea (16%) 
was high enough throughout the season to meet the requirements 
of ruminant animals. 

Average total available carbohydrates (TAC) in the root systems 
of sericea averaged 3 1, 27, and 10% for 0, 50, and 75% shade, 
respectively, suggesting that shade should not exceed 50% for good 
stand persistence. 

Experiment 2 
Under a multiple harvest regime, dry matter yields decreased for 

each species as level of shade increased (Table 5). However, per- 
formance of the 4 species was satisfactory under 50% shade, accep- 
table yields were produced, and all of the species yielded sufficient 
seed to reestablish themselves the next growing season. Estab- 
lishment of a good stand the first year and regulation of late spring 
grazing to permit seed production are critical to continued 
persistence. 

Discussion 
Within the southeastern United States, there have been a 

number of sporadic reports on the use of traditionally agronomic 
forages in forestry situations. None have started with an evaluation 
of shade tolerance and most have emphasized the potential benefits 
of increased tree production through associations with legumes. 

The present investigation emphasized legumes and cool season 
forages because it is during the winter months that adequate 
browse is least available in southern pine forests. Subclover has 
been used extensively in forest environments in Australia because 
of its shade tolerance, persistence under unfavorable conditions, 
and forage quality (Anderson and Batini 1979). Other research 

Table 4. Dry matter yields, height, stems per crown, and percent leaves for Sericea lespedezr grown under three levels of shade. Lauderdale, Co., MS, 
1979-1980. 

% Shade 614 

0 4900 
50 4160 
75 3830 

LSD (.05) 760 
cv (%) 9.2 

Dry matter yield 1979 
1979 1980 Height-cm Stem/crown % Leaves 

8/3 Total 616 817 Total 614 813 614 813 614 8/3 

3350 8250 4820 2670 7490 75 65 10.4 11.7 63.4 63.0 
2546 6706 3220 1926 5146 78 53 10.2 8.6 56.6 61.0 
1740 5570 1410 620 2030 76 52 8.9 9.1 59.5 61.3 

472 1100 818 592 1215 1.6 0.9 1.0 2.5 n.s. 
10.5 9.8 9.7 1.6 8.4 9.5 4.0 

12:: 
6.9 10.6 5.7 
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Table 5. Dry matter yield of ryegrass, tall fescue, subterranean clover, and 
cdmson clover under three levels of shade at Mississippi State, MS, 
1979-80. 

D.M. Yield-Lbs./A. 
2180 4180 5180 Total 

‘Gulf Ryegrass 
0 786 5974 1385 8145 a1 

50 620 4500 1158 6278 b 
75 600 2076 1079 3755 c 

‘Kentucky 3 I ’ Tall Fescue 
0 742 3190 1299 5231 a 

50 720 2415 765 3900b 
75 676 2292 627 3595 b 

‘Mt. Barker’ Subclover 

5: 620 606 3011 1875 II58 1475 4789 3956 a b 
75 537 1664 697 2898 c 

‘Tibbee’ Crimson Clover 
0 715 3174 983 4872 a 

50 622 1695 1100 3417 b 
75 543 1523 521 2587 c 
LSD (.05) N.S. II73 649 896 
CV (%) 15.3 11.3 13.6 11.1 

‘Letters indicate significant differences at the 5% level according to Duncan’s 
Multiple-Range Test. 

results confirm that some cultivars of subclover would be excellent 
choices for use in forested settings in the South (Haines et al., 
White, and Sawyer 1978) as well as ‘Chief and ‘Tibbee’ crimsom 
clover, ‘Marshall’ ryegrass and ‘Kentucky 31’ tall fescue. Further 
research should examine the productivity and persistence of such 
shade tolerant forages under more naturalized forested settings. 
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Forage Yield and Quality of Dryland Grasses 
and Legumes 
LARRY M. WHITE AND J. ROSS WIGHT 

Abstract 

A 7-year study was conducted on forage yield, digestibility, and 
crude protein of 7 species of grass, 3 cuitivars of alfalfa, and cicer 
milkvetcb at Sidney, Mont., from 1975 through 1981. Forage 
quality was inversely proportional with forage yield. Crude protein 
concentration of legumes and grasses decreased 0.8 and 1.25 per- 
centage units, respectively, while dry matter digestibility decreased 
1.5 to 2.3 percentage units per every 1,000 kg/ha increase in forage 
yield. Meadow bromegrass and reed canarygrass produced the 
least forage from the second through seventh years of the study. 
Neither forage yield nor quality differed among the 3 creeping- 
rooted aifalfas: ‘Rambler’, ‘Drylander’, and ‘Orenberg’. Russian 
wildrye, Aitai wildrye, and green needlegrass produced the most 
forage during the 1980 drought, and the alfalfas, pubescent wheat- 
grass, and meadow bromegrass produced the least. Cicer milk- 
vetch and reed canarygrass died during the 1980 drought. Forage 
digestibility of the aifalfas was 5 to 6 percentage units higher than 
that of the grasses, and the alfalfas also produced more digestible 
forage per unit of land. The crude protein concentration of alfalfas 
was almost twice that in grasses, and alfalfa produced almost twice 
as much crude protein per unit of land (kg/ha). 

In the evaluation of forage species and cultivars for livestock 
production, forage quality, as well as quantity, should be consi- 
dered. If forages are used for maintenance of mature cows, maxi- 
mum forage yield of each species is most important if digestibility is 
50% or greater. However, if forages are used for growth of heifers 
or steers, or for additional energy for cowsjust before or after they 
calve, then high forage quality may be more important than forage 
yield. 

Reports of 2 studies in the northern Great Plains contained data 
on both forage yield and dry matter digestibility (DMD) of major 
dryland forage species, but for only 1 or 2 years after establishment 
(Lawrence 1978, White and Wight 1981). Kilcher and Heinrichs 
(1974) and Kilcher (1980) showed that forages under semiarid 
conditions must be evaluated over a period of at least 5 years, 
excluding the first year after establishment, to determine their 
relative ranking. 

Our objective was to determine forage yield, DMD, digestible- 
forage yield, crude protein (CP) concentration, and CP yield of 7 
grass species, 3 cultivars of alfalfa, and cicer milkvetch over a 
7-year period (19751981) when grasses were harvested at anthesis 
and legumes at 10% bloom. 

Materials and Methods 

The study site was on a glaciated plain 4 km northwest of Sidney, 
Mont., on a sandy range site (fine-loamy, mixed Typic Argibo- 
rolls) that normally receives 346 mm of precipitation yearly. The 
native vegetation (blue grama-threadleaf sedge-needleandthread 
(Bouteloua gracilis-Carex filifolia-Stipa comata) faciation of the 
mixed prairie) was removed with a rototiller, and the site was 
summer-fallowed for 2 years before seeding. The following legumes 
and grasses were seeded in a 12-m rows spaced 50 cm apart during 
late May and early June of 1974: 

The authors are range scientists, USDA-AR& Southern Plains Range Research 
Station, 2000-18th St., Woodward, OK 73801, and Northwest Watershed Research 
Center, Suite 116, 1175 Sooth Orchard Drive, Boise, Ida. 83705. 

This studv is a contribution from USDA-ARS. in cooocration with Montana Agr. 
Exp. Sta., Sidney. Journal Series No. 1379. 
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Legumes 
‘Rambler’, ‘Drylander’, and 

‘Orenberg’ alfalfa 
‘Lutana’ cicer milkvetch 

Grasses 
‘Nordan’ crested wheatgrass 

Medicago sativa subsp. 
varia (Martyn) Arc. 

Astragalus cicer L. 

‘Luna’ pubescent wheatgrass 

‘Regar’ meadow bromegrass 

‘Prairieland’ Ahai wildrye 
‘Mayak’ Russian wildrye 

Agropyron desertorum (Fisch. 
ex Link) Schult. 

Agropyron intermedium var. 
trichophorum (Link) Halac. 

Bromus biebersteinii Roem. & 
Schult. 

Elymus angustus Trin. 
Psathyrostachys junceus 

(Fisch.) Nevski (Dewey and 
Hsiao 1983) 

‘Sidney sel.’ reed canarygrass Phlaris arundinacea L. 
‘Lodorm’ green needlegrass Stipa viridula Trin. 

The 6- X 12-m plots were replicated 4 times in a completely 
randomized design. Specific details of the study site were pre- 
viously described by White and Wight (1981). They reported on 
seasonal forage yield and DMD of the above-identified species 
sampled 7 and 11 times at progressive growth stages in 1975 and 
1976, respectively, the first and second years after establishment. 
This paper will report on the forage yield and quality at anthesis or 
at 10% bloom of those same species from 1975 through 1981. 

Forage from a 10-m row was harvested to a 5-cm stubble height 
at anthesis in all years except 1980. A drought in 1980 would have 
prevented all species from reaching anthesis, and they were har- 
vested on 2 June. Plant material was prepared for subsequent 
analysis by drying at 70°C and grinding to pass through a l-mm 
screen. In vitro DMD was determined by a modification of the 
Tilley and Terry two-stage method and data were converted to 
estimated in vivo DMD as described by White and Wight (198 1). 
The 1977 forage samples were inadvertently discarded before in 
vitro DMD was determined. Nitrogen in the 1975 through 1977 
forage samples was determined according to the procedure des- 
cribed by Schuman et al. (1973) after the forage was digested on a 
block digestor, and nitrogen in the 1978 through 1981 forage 
samples was determined by the macro-Kjeldahl method. Nitrogen 
concentration was multipled by 6.25 to estimate CP. Daily precipi- 
tation was measured at the site from April through October in a 
standard 20-cm diameter rain gage. Precipitation data from 
November through March were obtained from the official weather 
station 4 km away. 

Maximum and minimum daily air shelter temperatures were 
also measured at the official weather station. Daily mean tempera- 
tures above 3,5,7,9, and 11°C threshold were accumulated from 
the first of February each year until anthesis of each species to 
calculated degree days required. In order to determine which thres- 
hold temperature most accurately predicted anthesis, degree days 
were normalized by a method previously reported by White (1979). 
The average degree days found for each species over the 5 or 6 years 
was used to determine which calendar date it would have predicted 
anthesis. The differences between predicted and actual anthesis 
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dates with 5 1 observations was analyzed to determine which thres- 
hold temperature produced the lowest standard deviation in days. 

A combined species-by-year analysis of variance was performed 
on forage yield, DMD, digestible-forage yield, CP concentration, 
and CP yield for the last 6 years of the study. Those analyses 
indicated a highly significant interaction among years and species; 
therefore, one-way analysis of variance was performed on data for 
each year and accumulated yield from 1976 through 1981. The 
cluster analysis method of Scott and Knott (1974) was used each 
year to separate treatment means into nonsignificant (P = 0.05) 
groups to illustrate differences among groups of species. All mean 
differences discussed in this paper are significant (EYO.05) unless 
otherwise stated. 

Results and Discussion 
Precipitation 

Precipitation during October through May 1974-75, 1975-76, 
1977-78, and 1978-79 was 8, 31, 51, and 8% above the 30-year 
average, respectively, and during that period in 1976-77, 1979-80, 
and 1980-81 was 40, 60, and 18% below the 30-year average, 
respectively. Precipitation during the critical months (April-May) 
was 40,23, and 79% above the 30-year average during 1975,1976, 
and 1978 and 62,7,81, and 41% below the 30-year average during 
1977, 1979, 1980, and 198 I, respectively, with a serious drought in 
1980. 

Anthesis or 10% Bloom 
Russian wildrye, and meadow bromegrass were among the first 

species to reach anthesis; and crested wheatgrass, Altai wildrye, 
and pubescent wheatgrass were the last (Table 1). The date each 
species reached anthesis or 10% bloom varied by year and species 
and had a standard deviation off 9.2 days from each species mean 
data. Threshold temperatures of 3, 5, 7, 9, and 11” C predicted 
anthesis within a standard deviation off 4.5,3.9,3.4,3.2, and 3.4 
days, respectively, for all species except alfalfas in 1981. Appar- 
ently, lack of rain until late May delayed the alfalfas from reaching 
10% bloom by 14 days beyond the predicted date. It is not known 
why the best threshold temperature for these 11 species is 6 degrees 
higher than that found by White (1979) for 53 species at this same 
location. 

Forage Yield 
Alfalfas and pubescent wheatgrass produced their maximum 

forage yield in 1975, the first year establishment (Table 1). Other 
investigators have also found that pubescent wheatgrass (Whitman 
et al. 1961, Dubbs 1966) and alfalfa (Whitman et al. 1962) pro- 
duced their maximum forage yield the first year after seeding. Altai 
wildrye, green needlegrass, Russian wildrye, crested wheatgrass, 
and meadow bromegrass produced their maximum forage yield in 
1976, the second year after establishment. 

Available N released from 2 years of summer fallowing prior to 
seeding may account for part of the increased forage production 
the first 2 or 3 years. Black and Wight (1979) reported that roots in 
this same native range site before it was plowed and seeded con- 
tained 181 kg N/ha and the soil 9 kg N/ha as NOs-N. Assuming 
that it would require 3 to 4 years for the roots to decay releasing 
their N, then 2 years of summer fallowing plus the establishment 
year would have released 135 to 180 kg N/ha which would have 
been available to the plants in 1975 and 1976. 

The alfalfas, wheatgrass, and cicer milkvetch produced the high- 
est forage yield of any species in 1975, and the wildryes produced 
the lowest (Table I). The low forage yield by Russian and Altai 
wildryes was due to the low production of floral (reproductive) 
tillers during 1975, whereas the wheatgrasses produced nearly 
100% floral tillers. Meadow bromegrass and reed canarygrass 
produced the lowest forage yield during the study. 

The 1980 growing season provided an opportunity to observe 
the forage species under drought conditions. Green needlegrass, 
Russian wildrye, and Altai wildrye produced more forage than 
other species in 1980, but the quantity was still only 23 to 25% of 
the average that was produced in the previous 3 years. Meadow 
bromegrass, crested wheatgrass, and pubescent wheatgrass pro- 
duced only 21, 11, and 570, respectively, of the average that was 
produced in the previous 3 years. Because of the drought, alfalfas, 
cicer milkvetch, and reed canarygrass produced no forage by early 
June 1980, and the latter two died. Russian wildrye and crested 
wheatgrass produced the most forage after the 1980 drought. 

During the last 6 years, the average forage yield for wildryes, 
green needlegrass, alfalfas, wheatgrasses, and cicer milkvetch were 
nearly equal, but meadow brome and reed canarygrass produced 
significantly less than the other forages. The average forage yield of 

Table 1. Average rnthesis date, degree days (threshold 90 C), and forage yield of grasses and legumes when harvested at anthesis or at 1% bloom ecr& year 
for 7 years near Sidney, Montana. 

Anthesis Forage yield 

Julian Degree 
Species/cultivars date days 1975 1976 1977 1978 1979 1980 1981 

- Mg/ha - 
Legumes 

Drylander alfalfa 165 290 3.4at 3.Oa I .Ob 3.2a l.2c O.oC 0.9b 
Orenberg alfalfa 165 290 3.3a 2.9a 1.6a 2.6b 1.2c OSk 0.9b 
Rambler alfalfa 165 290 4.la 2.9a 1 .Ob 3.Oa I& O.oC 0.7b 
Cicer milkvetch 169 350 2.6a 2.0b l.Ob 3.1a 1.9a O.oC o.oc 

Grasses 
Altai wildrye 174 400 0.4b 3.8a 1.2b 2.6b 1.4b 0.4a 0.8b 
Russian wildrye 160 270 0.2b 3.4a 1.5a 2.1c 0.9c O&i 1.4a 
Crested wheatgrass 173 400 2.8a 3.3a 1.8a 2.1c l.lc 0.2b 1% 
Green needlegrass 163 300 1.2b 3.la 0.8b 3.la 0.9c 0.4a 0.9b 
Pubescent wheatgrass 180 470 3.5a 3.Oa 1.6a 2.6b I& O.lc 0.6b 
Meadow bromegrass 160 260 1.2b 2.2b 0.9b 2.oc 0.7d 0.2b 0.9b 
Reed canarygrass 164 290 l.lb l.6b l.lb 1% 0.5d O.oC OSk 

Average - - 2.2 2.8 1.2 2.6 1.1 0.2 0.8 
F test 

3.2# 0: 
l * * ** ** ** ** 

SE 9.2# 0.2 0.2 0.2 0.1 0.1 0.1 

tTreatment means followed by the same letter within a column are not significantly (P- 0.05) different from each other (Scott and Knott, 1974). 
$Standard deviation in days. 
**Significant (rUO.05). or highly significant (PCO.01) differences among species that year. 

Avg. 
1976-81 

l.6a 
I .5a 
I .4a 
1.3a 

1.7a 
1.6a 
1.6a 
1.5a 
l.5a 
l.2b 
0.9c 

1.4 
l * 

0.1 
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Table 2. Estimated in vivo DMD of grasses and legumes harvested at anthesis or et 10% bloom for 6 years near Sidney, Montana. 

DMD 

Avg. 
Species/cultivars 1975 1976 1977 1978 1979 1980 1981 1976-81 

-%- 
Legumes 

Rambler alfalfa 
Drylander alfalfa 
Cicer milkvetch 
Orenberg alfalfa 

62bt 66a NA 66a 66b 
64a 65a NA 66a 66b 
63a 65a NA 66a 69a 
62b 64b NA 65b 67b 

Grasses 
Reed canarygrass 
Meadow bromegrass 
Altai wildrye 
Russian wildrye 
Crested wheatgrass 
Green needlegrass 
Pubescent wheatgrass 

64a 
61b 
64a 
65a 
55d 
58~ 
54d 

63b 
59c 
6Oc 
57d 
56e 
57d 
57d 

Average 61 61 
F test l * ** 
SE 0.6 0.5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

66a 
65b 
6Oc 
61c 
6Oc 
58d 
59d 

67b 
66b 
64c 
65~ 
61e 
63d 
6le 

- 
62b 
65a 
63b 
64a 
59c 
63b 

- 
65d 
63e 
57i 
61g 
62f 
59h 

63 65 63 64 
l * l * ** *t 
0.4 0.6 0.7 0.4 

- 
- 
- 

72a w 
70b 67 

- 67 
68c 66 

65 
63 
62 
61 

z 
60 

TTreatment means followed by the same letter within a column are not significantly (P= 0.05) different from each other (Scott and Knott, 1974). 
:Average of only 4 yrs. 
**Highly significant (p<O.Ol) differences among species that year. 
NA - Data not available. 

the 3 alfalfas during the last 6 years did not differ significantly. 
Other studies have shown that Russian wildrye produced only 50 

to 60% as much forage as did crested wheatgrass when seeded in 
rows 15 to 30 cm apart (Clark and Heinrichs 1957; Stitt 1958; 
Whitman et al. 1961; Dubbs 1966, Dubbs 1975) or 46 cm apart 
(Seamands and Roehrkasse 1974). Leyshon et al. (198 I) found that 
Russian wildrye produced 50, 80, and 1 loo/o as much forage, 
respectively, as crested wheatgrass when seeded in rows 30,60, and 
90 cm apart, respectively. However, our study indicated that Rus- 
sian wildrye and crested wheatgrass produced nearly equal amounts 
of forage when seeded in rows 50 cm apart. 

man et al. 1962, Dubbs 1975), or Russian wildrye (Dubbs 1975). 
However, the reporting investigators used Ladak alfalfa, which is 
branch rooted, and all 3 of the alfalfas we used were the creeping- 
rooted type. Creeping-rooted types produce less forage than the 
branch-rooted types but persist longer under grazing (Heinrichs 
1963). 

Forage yields reported by others for green needlegrass have been 
erratic relative to crested wheatgrass yields. Green needlegrass 
produced more than (Clark and Heinrichs 1957), nearly the same 
as (Dubbs 1966), or significantly less than (Whitman et al. 1961, 
Stitt 1958) crested wheatgrass in studies conducted for 3 to 8 years. 

When seeded alone in rows 30 cm or less apart, alfalfa produced 
significantly more forage than either Fairway crested wheatgrass Digestibility 
(Clark and Heinrichs 1957), standard crested wheatgrass (Whit- The DMD of alfalfas and cicer milkvetch was highest and that of 

Table 3. Crude protein (CP) concentration of grasses and legumes harvested at rnthesis or at 10% bloom for 7 yeers near Sidney, Montene. 

Species/cultivars 1975 1976 1977 

CP 
Avg. 

1978 1979 1980 1981 1976-81 

-%- 
Legumes 

Rambler alfalfa 
Cicer milkvetch 
Orenberg alfalfa 
Drylander alfalfa 

17at 
18a 
17a 
18a 

17a 
17a 
17a 
17a 

19a 
20a 
20a 
19a 

20a 
19b 
20a 
19b 

18b 
21a 
18b 
18b 

- 23a 19 
- 19$ 

- 20b 19 
- 22a 19 

Grasses 
Reed canarygrass 
Altai wildrve 

19a 
16a 

16a 
13b 

19a 
I5b 

IOc 
9c 

15c 
IOe 

- 
llb 

- 
12c 

15 
I2 

Russian wiidrye 18a Ilb IlC 8c Ild IOc 9d 
Green needlegrass 17a IOc 13c 7d 12d 9c I Ic 
Meadow bromegrass 15a IOc 12c 7d 10e 8c 9d 
Crested wheatgrass IOb 9c 8d 7d 8f 13a 8d 
Pubescent wheatgrass IOb 7c 9d 7d 9f Ilb 8d 

Average 16 13 15 12 14 IO 14 
F test ** l * ** ** ** ** ** 
SE I.1 0.7 0.9 0.4 0.5 0.5 0.4 

tTreatment means followed by the same letter within a column are not significantly (P = 0.05) different from each other (Scott and Knott, 1974). 
:Average of only 4 yrs. 
**Highly significant (p<O.Ol) differences among species that year. 

10 
10 
9 
9 
8 
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crested wheatgrass, green needlegrass, and pubescent wheatgrass 
was generally lowest (Table 2). The DMD of reed canarygrass 
forage was the highest among the grasses. No long-term data on 
DMD of major forage species harvested at anthesis in the northern 
Great Plains have been found in the literature. In a 2-year study, 
Lawrence and Knipfel(198 I) found that the in vitro organic matter 
digestibility of Altai and Russian wildryes and of crested wheat- 
grass harvested in late June from irrigated land was in the same 
order as that found in this study. 

The DMD of all species over the 6 years was inversely propor- 
tional with forage yield. As forage yield decreased by each 1,000 
kg/ ha, DMD increased by an average of 3, 2.3, 2.0, and 1.5-1.8 
percentage units for crested wheatgrass, Russian wildrye, legumes, 
and all other species, respectively. The drought in 1980 reduced the 
DMD of only meadow bromegrass below what the proportional 
reduction in forage yield would have increased it, but had no 
additional effects on the DMD of the other species over that caused 
by reduced forage yields. In contrast, Wilson (1983) found that 
drought decreased DMD but reported that the literature showed 
that drought had both positive and negative effects on DMD. 

From 1976-198 1 (excluding 1977), Drylander alfalfa, Altai wild- 
rye, and Rambler alfalfa produced the largest average digestible- 
forage yields 1100,1090, and 1020 kg/ ha, respectively. The average 
digestible-forage yield of Orenberg alfalfa was lower than that of 
the other alfalfas. Reed canarygrassand meadow bromegrass pro- 
duced the lowest average digestible-forage yield (760 and 520 
kg/ ha respectively) during this period because they produced the 
lowest forage yields. 

Crude Protein 
The CP concentration in the legume forage was nearly double 

that in the grasses (Table 3). Reed canarygrass contained the 
highest average CP of the grasses; crested and pubescent wheat- 
grasses, the lowest. The CP was highest in 1975 for all species 
because the previous summer fallowing had made extra N avail- 
able to the plants. Previous studies have shown that alfalfa con- 
tains significantly more CP than grasses (Dubbs 1975), and that 
Russian wildrye contains more CP than do wheatgrasses or green 
needlegrass (Whitman et al. 1961; Dubbs 1966). 

Legumes had a common regression for CP versus forage yield 
for all years, but grasses required a separate regression line for the 
first 2 or 3 years because CP was about 5 units higher than during 
the next 4 years. The CP concentration of all legumes decreased 
about 0.8 percentage units with every 1,000 kg/ ha increase in 
forage yield when averaged over all years. During the last 4 years, 
the CP concentration of all grasses, excluding reed canarygrass, 
decreased about 1.25 percentage units with every 1,000 kg/ ha 
increase in forage yield. 

The CP yield/ha for legumes was nearly double that for the 
grasses (280 versus 140 kg/ ha) during the last 6 years, and the CP 
yield/ ha for grasses was highest for Altai and Russian wildrye, 190 
and 170 kg/ ha, respectively. Green needlegrass, crested and pubes- 
cent wheatgrasses, reed canarygrass, and meadow bromegrass had 
the lowest average CP yield during the last 6 years of the study, 140, 
130, 120, 120, and 110 kg/ ha, respectively. 

Conclusions 

Forage quality was inversely proportional with forage yield. The 
DMD decreased between 1.5 and 2.3 percentage units for every 
1,000 kg/ ha increase in forage yield except for crested wheatgrass, 
where DMD decreased about 3.0 percentage units per 1,000 kg/ ha 
increase in forage yield. Summer fallowing before seeding increased 
the CP concentration of the grasses about 5 percentage units 
during the first 2 or 3 years. The CP concentration of legumes and 
grasses decreased about 0.8 and 1.25 percentage units, respectively, 
for every 1,000 kg/ ha increase in forage yield. 

Cicer milkvetch and reed canarygrass did not appear to be 
adapted for long-term dryland forage production in the northern 
Great Plains because they did not survive the 1980 drought, Alfal- 
fas should be used for forage production in the northern Great 
Plains because of their high DMD and CP; however, they pro- 
duced less forage than green needlegrass and the two wildryes 
during a drought. Altai wildrye appeared to be one of the most 
desirable grasses for the characteristics measured, and meadow 
bromegrass the least desirable. Pubescent and crested wheatgrass 
were nearly identical in forage yield and quality during the study, 
except that crested wheatgrass produced more forage during the 
drought. 
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Forage Yield of Japanese Honeysuckle after 
Repeated Burning or Mowing 
JOHN J. STRANSKY 

Abstract 
Japanese honeysuckle @o&era japonica) plantings were burned, 

mowed, or left untreated in February 1973, and again in March 
1978, to measure forage yields from honeysuckle after repeated 
treatments and to determine whether burning or mowing confines 
honeysuckle to food plots and prevents accumulation of large, 
impenetrable mats. Two growing seasons after the 1st treatment, 
total honeysuckle yield (kg/ha) was greatest on controls and least 
on burned plots. One and two growing seasons after the 2nd 
treatment, yield on the mowed plots was significantly greater than 
that on the control or burned plots. However, honeysuckle formed 
large, solid mats on control and mowed plots due to the numerous, 
intertwined runners, while burning reduced the dense growth 
between pbmts making them accessible to white-tailed deer (Odo- 
coikus virginianus). 

Japanese honeysuckle is a woody vine that often is planted on 
wildlife food plots in the southern United States. Its easily digesti- 
ble and nutritious browse is available during the critical late fall 
and winter months when other browse is scarce (Segelquist et al. 
1971, 1975). However, honeysuckle forms large, solid mats with 
only the perimeter remaining available to white-tailed deer. Also, 
when honeysuckle escapes from the food plots, its climbing habit 
reduces the growth of young trees in adjacent forest regeneration 
areas. The objectives of this study were to: (1) measure forage 
yields from honeysuckle after repeated burning or mowing and (2) 
determine whether burning or mowing prevents accumulation of 
large, impenetrable mats. 

Study Area and Methods 

Honeysuckle was planted in an open field on the Stephen F. 
Austin Experimental Forest near Nacogdoches, Texas. Soils were 
of the Besner (coarse-loamy, siliceous, thermic, glossic paleudalf) 
and Attoyac (fine-loamy, siliceous, thermic, typic paleudalf) series, 
which are well drained upland soils (Dolezel 1980). The area had 
once been in agricultural cultivation and subsequently was grazed 
by cattle until the mid-1950’s. 

Honeysuckle cuttings were rooted in greenhouse flats in May 
1967. In February 1970, 400 rooted cuttings were planted in the 
plowed and disked field at about 3 X 3 m spacing in 20 rows. One 
week after planting, ammonium nitrate was spread uniformly over 
the entire area at the rate of 300 kg/ ha. Initial survival was near 
100%. Weeds around the young plants were kept down by hoeing 
and cultivation during the 1st and 2nd growing seasons. Three 
years after transplanting, the honeysuckle plants were about 30 cm 
high. Common associated plants were blackberry (Rubus spp.), 
broomsedge (Adropogon spp.), panicum grasses (Panicum spp.), 
ragweeds (Ambrosia spp.), and occasional sprouts of sassafras 
(Sassafras albidum), oaks (Quercus spp.), and persimmon (Dios- 
pyros virginiana). 

A simple randomized block design consisting of 3 treatments in 3 
blocks was used. In February 1973, the following treatments were 

Author is research forester, USDA Forest Service, Wildlife Habitat and Silvicul- 
ture Laboratory, Nacogdoches, Texas 75962. Laboratory is maintained in coopera- 
tion with the School of Forestry, Stephen F. Austin State University. 
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On mowed plots, except in 1974, no significant differences 

occurred between the yields of the plants and the runners (Table 1). 
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applied to 20 X 20 m plots, each containing 36 honeysuckle plants: 
(1) burning with a headfire, (2) mowing with a rotary mower 5 cm 
above the ground, and (3) not treated (control). In March 1978, the 
treatments were repeated on the same plots. 

In November 1974, 2 growing seasons after burning and mow- 
ing, the current season’s growth was clipped for yield determina- 
tions from within a 1 .OI-m2 (l/4 milacre) steelwire frame centered 
around each of 8 randomly sampled plants per plot. The same 
technique was used for measuring yield of the runners between 
plants by placing the frame midway between adjacent plants. Sam- 
pling was repeated in November 1978, one growing season after the 
2nd treatment, and again in October 1979,2 growing seasons after 
the 2nd treatment. 

The yield samples, oven-dried to constant weight at 65O C, were 
separated into leaves and stems. Differences in mean yields among 
treatments and between plants and runners were tested within 
years by analyses of variance and by Duncan’s new multiple range 
test (a = 0.05). 

Results and Discussion 

Control plots had dense, solid honeysuckle mats, ranging in 
height from 30 to 150 cm. In November 1974, yield of the new 
growth from the original plants was significantly greater than that 
growing on the interval midway between the plants. Significant 
differences did not occur in November 1978, nor in October 1979 
(Table 1). These and other treatment yields are in agreement with 

Table 1. Average dry-matter yield (kg/ha) of honeysuckle plants and 
runners between pla@s by treatment and date (N = 8 for plants and 
runners; N = 16 for X).1 

Dry-matter yield 

Treatment Plants Runners X 

November 1974 
Control 3,802 a 2,315 bc 3,058 d2 
Burning 2,279 bc 1,272 b 1,775 e 
Mowing 2,996 a 2,012 bc 2,504 de 

November 1978 
Control 2,329 ab 2,214 ab 2,271 d 
Burning 2,435 ab 1,727 b 2,081 d 
Mowing 2,982 a 2,889 a 2,935 e 

October 1979 
Control 2,170 b 2,746 ab 2,458 d 
Burning 2,509 ab 1,600b 2,054 d 
Mowing 3,715 a 3,818 a 3,766 e 

‘Treatments applied in February 1973 and March 1978. 
2Yields of plant and runners within a yearly group that are not followed by a common 
letter are statistically different (m.05) reading both horizontally and vertically. 
Significance indicator letters of Xcolumn read vertically. 

data on honeysuckle growth from Arkansas (Segelquist et al. 1975, 
Dickson et al. 1978). 



Two months after the 1st treatment, the plots were uniformly and 
densely covered by honeysuckle. The original plants and the 
severed runners, occupying the intervals between plants, sprouted 
where cut by the mower and created the impression of a sheared 
lawn about 20 cm tall. In November 1974, the mowed plots had the 
same uniform appearance, but the cover’s depth increased to about 
60 cm. Few hardwood sprouts extended above the honeysuckle 
mat. After the 2nd treatment, mowing consistently resulted in an 
even distribution of honeysuckle over the entire plot. Mowing did 
not prevent honeysuckle from forming dense mats because growth 
on the runners was nearly the same as that on the plants in 1978 and 
1979,l and 2 growing seasons after the 2nd treatment. At the same 
time the mean total yield of mowed plots exceeded that of the 
controls by 23% and 35% respectively. 

On burned plots, none of the original plants were killed by the 
fire, but it consumed all their above-ground portions, including the 
runners extending into the interval between plants. One year after 
burning, the original plants were still discernible, and runners 
between plants were few. At no time was there a statistically 
significant difference between the total yield of the burned plants 
and the runners, although the original plants consistently yielded 
more forage than the runners. 

In the fall of 1978 and 1979, the growth of runners in burned 
plots was significantly less than that of runners in the mowed plots. 
There was no statistically significant difference between the yield of 
burned plants of runners, and of the control plants and runners, 
except in 1974, when the yield of burned plots was reduced. Never- 
theless, the burned plots were more accessible to deer because 

growth of the runners was consistently less on burns than on the 
controls. Runners on burned plots were less likely to spread into 
adjacent areas than were those on the mowed or the control plots. 

In November 1978 and October 1979, after the 2nd treatment, 
mean total yields of both plants and runners on burned and control 
areas were significantly less than that of the mowed plots (Table 1). 
The ratio of stems to leaves did not differ significantly among 
treatments during any year. 

Leaf analyses in 1973 showed that crude protein was highest on 
the burned plots, but that neither calcium nor phosphorus was 
affected significantly by treatments (Stranskyet al. 1975). Burning 
appears to be a useful and inexpensive way to confine honeysuckle 
to foodplots and provide large amounts of nutritious plants to 
white-tailed deer. 
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Responses of Birds, Rodents, and Vegetation 
to Livestock Exclosure in a Semidesert Grass- 
land Site 
CARL E. BOCK, JANE H. BOCK, WILLIAM R. KENNEY, AND VERNON M. HAWTHORNE 

Abstract 

Livestock have been excluded from a 3,160-ha range in south- 
eastern Arizona since 1968. Compared to an adjacent continuously 
grazed area, in 1981-82 a protected upland site supported 45% 
more grass cover, a comparatively heterogeneous grass commun- 
ity, and 4 times as many shrubs. Grama grasses (Bouteloua spp.) 
were equally common in and outside the exclosure, while a variety 
of other species, especially plains lovegrass (Eragrostis intermedia) 
and Arizona cottontop (Trichachne cal~ornicum) were much 
more abundant on the protected site. The grazed area supported 
significantly higher numbers of birds In summer, while densities 
did not differ in winter. Rodents were significantly more abundant 
inside the protected area. Species of birds and rodents more com- 
mon in the grazed area included those typical of more xeric low- 
land habitats and those preferring open ground for feeding. Spe- 
cies more common on the protected site were those which 
characterize semidesert or plains grasslands, and which prefer 
substantial grass or shrub cover. Grazing appeared to favor birds 
as a class over rodents. 

Livestock exclosures have potential value in assessing the effects 
of grazing upon vegetation and wildlife (e.g., Turner et al. 1980). 
However, most protected sites are too small for meaningful evalu- 
tion of grazing impacts on birds and mammals. The Appleton- 
Whittel Research Ranch is a large (3,160 ha) National Audubon 
Society preserve in southeastern Arizona, protected from livestock 
grazing since 1968. In 1981-82, we compared vegetation, bird, and 
rodent populations between the exclosure and a moderately grazed 
but otherwise similar and adjacent grama grass-shrubland site. 

Study Area and Methods 

The study area lies at about 1,500 m elevation in Santa Cruz 
County, Ariz. Temperatures range from a mean January minimum 
of -I .7O C to a mean June maximum of 32.4’ C. Average annual 
precipitation in this semidesert grassland is 43 cm, with about half 
occurring in July and August. 

The site sampled was a 300-ha mesa extending from the exclo- 
sure across a boundary fence onto an adjacent cattle ranch. This 
was the only topographically uniform area large enough to permit 
meaningful comparison of bird and rodent populations, where we 
could be confident that the differences across the fenceline were 
due entirely to effects of livestock grazing. Slopes were <5% 
throughout, and soils a uniform gravelly loam of the White House 
series (Richardson et al. 1979). Livestock density on the grazed 
pasture just prior to and during data collection was approximately 
I cow per 10 ha. Grazing levels doubtless were much higher histori- 
cally, both on and off the exclosure (Bahre 1977), but stocking data 
are unavailable. 

Two grazed and two ungrazed bird census plots (50 X 500-m) 
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were established perpendicular to the boundary fence. These were 
located to avoid mesa edges and ravines, but to be at the maximum 
possible lateral distance from one another (about 400 m). Teams of 
6-8 observers walked abreast through the plots, counting and 
identifying individual birds flushed from them. It is unlikely that 
many birds escaped detection, since inter-observer distance was 
only 7-8 m, and the habitat was open and low in profile. Plots were 
sampled no more than once per day, in early mornings of clear and 
relatively calm days. Each count required about 30 min. Counts 
were made from late July to early August of 1981 and 1982 (I 1 
counts/plot = I1 hours total census time per treatment); winter 
counts were made in January of 1982 and 1983 (I 6 counts/ plot q  I6 
hours total census time per treatment). Total numbers of sightings 
were compared within-season between the grazed and ungrazed 
areas using the chi-square statistic. 

Two 600-m lines of Sherman live-traps were located centrally on 
the mesa and perpendicular to the fenceline, one in grazed and one 

Table 1. Ground cover, expressed as percent of points on line transects, in 
grazed vs. ungrazed semidesert grassland in southeastern Arizona (XI q  
800 points per treatment). Chi-squere values were calculated using 8ctual 
numbers of points. Species shown are those comprising 21% cover on at 
least one site. 

Category 

Percent ground cover 

Grazed Ungrazed Chi-square 

55.6 80.4** 36.03 Grasses - total 
Andropogon barbinodis 
Aristida gkwca 
A. purpurea 
A. temipes 
Bouteloua chondrosioides 
B. curtipendula 
B. hirsutum 
B. gracilis 
Eragrostis intermedia 
Hilaria betkngeri 
Lycurus phleoides 
Panicum obtusum 
Trichachne califomicum 

1.3 
0.3 
2.1 
2.5 
3.1+ 

15.6 
4.5 

20.1 
0 

2.0* 
2.4 
0.6 
0.1 

1.3 0 
1.0 3.60 
7.42’ 23.21 
4.6* 5.07 
1.5 4.56 

14.0 0.71 
3.5 1.00 

22.0 0.67 
6.1** 49.00 
0.4 8.89 
8.1* 25.19 
3.6** 16.94 
4.3* 31.11 

12.0.8 18.45 
1.4 3.26 
3.5 3.27 
1.3 0.05 
1.6* 10.29 

13.5 1.28 
2,O 2.67 
6.U* 5.13 
1.0 2.13 
3.0 0.08 

Herbs -total 5.6 
Convolvulus incanus 0.5 
Croton corymbulosus 2.0 
Erigeron muiijlorus 1.1 
Evolvulus sericeus 0.1 

Woody plants -total 11.5 
Baccharis pteronioides 1.0 
Desmanthus cooleyi 3.6 
Haplopappus nuttallii 1.9 
Malvastrum bicuspidatum 3.3 

Bare ground 34.6** 17.6 

*Significantly greater than other treatment (X.05). 
**Significantly greater than other treatment (X.001) 

44.25 
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Table 2. Numbers and sizes of larger woody plant species in grazed vs. ungrazed semidesert grassland. Plots were 200 m* (n q  25/treatment). Up to 5 plants 
of each species were measund for maximum height and crown diameter on each plot. 

Individuals/plot Maximum height (cm) 
Treatment X(SD) t X(SD) 

5.97+* 37.1 (8.1) 
42.6 (10.4) 

6.02** 50.8 (12.0) 
69.7 (13.1) 

0.60 34.1 (13.0) 
41.8 (14.6) 

0.50 233.3 (107.4) 
205.4 (62.8) 

1.83 49.7 (9.1) 
79. I (12.2) 

8.22** 

n 

Maximum width (cm) 
XCSD) n t Species 

Chrysothamnus nauseosus 

Eaccharis pteronioides 

Haplopappus tenuisectus 

fiosopis julifrora 

Senecio douglasii 

Total woody plants 

Grazed 0.6 (2.1) 
Ungrazed 14.8 (I 1.7) 
Grazed 5.9 (5.8) 
Ungrazed 18.2 (8.4) 
Grazed 2.2 (5.1) 
Ungrazed 3.0 (4.3) 
Grazed 0.5 (0.8) 
Ungrazed 0.4 (0.6) 
Grazed 0.3 (0.5) 
Ungrazed 1.2 (2.4) 
Grazed 9.5 (7.0) 
Ungrazed 37.6 (15.6) 

I4 1.87 
76 
58 9.57** 
99 
30 2.16* 
30 
25 1.12 
25 
I1 7.24** 
29 

28.2 (19.4) 
24.6 (10.3) 

:: 1.22 

74.4 (29.4) 58 103.4 (31.8) 99 6.01: 

36.8 (24.0) 30 2.17* 
50.9 (26.2) 30 

333.2 (132.8) 25 1.28 
292.7 (87.1) 25 
43.7 (22. I) 
60.7 (16.9) 

:; 2.62’ 

*Significantly greater on ungrazed plots (1~0.05). 
**Significantly greater on ungrazed plots (KO.001). 

in ungrazed habitat. Each line included 60 traps, set in pairs at ing mornings, after captured animals were identified and released. 
20-m intervals. Traps were baited with rolled oats, opened two Sampling was conducted on 71 days between July 1981 and Janu- 
hours before sunset and closed two hours after sunrise the follow- ary 1983, and total captures/treatment compared with the chi- 

square statistic. 

Table 3. Total numbers of birds flushed off 50X 500-m plots in grazed vs. ungrazed semidesert grassland in southeastern Arizona. Data were collected in 
late July -early August of 1981 and 1982, and in January of 1982 and 1983. Sampling effort = 22 counts per treatment in summer, 32 counts/treatment in 
winter. 

Species Grazed 

Summer 

Ungrazed 

Numbers per treatment 

Chi-square Grazed 

Winter 

Ungrazed Chi-square 

Scaled quail 
(Callipepla squamata) 

Mourning dove 
(Zenaida macroura) 

Northern flicker 
(Colaptes auratus) 

Cassin’s kingbird 
(Tyrannus voctfkans) 

Western kingbird 
(Tyrannus verticalis) 

Horned lark 
(Eremophila alpestris) 

Northern mockingbird 
(Mimuspolyglottos) 

Loggerhead shrike 
(Lanius ludovicianus) 

Blue grosbeak 
(Guiraca caerulea) 

Cassin’s sparrow 
(Aimophila cassinii) 

Chipping sparrow 
(Spizella passerina) 

Brewer’s sparrow 
(Spizella breweri) 

Vesper sparrow 
(Pooecetes gramineus) 

Black-throated sparrow 
(Amphispiza bilineata) 

Lark sparrow 
(Chondestes grammacus) 

Grasshopper sparrow 
(Ammodramus savannarum) 

Eastern meadowlark’ 
(Stuntella magna) 

Total birds counted 

48** 5 

20* 7 

5* 0 

8 3 

2 I 

101** 24 

22* 9 

2 4 

2 2 

0 66** 

34.89 

6.26 

5.00 

2.27 

0.33 

47.43 

5.45 

0.67 

0 

66.00 

6 3 1.00 

0 2 2.00 

0 42** 42.00 

7 21; 7.00 

82** 4 70.74 

103 90 0.88 

19** 0 19.00 2 2 0 

40** 4 29.45 

0 53** 53.00 

18 I3 0.81 

270* 193 12.81 

13 65** 34.67 

17 15 0.13 

247 242 0.05 

*Significantly greater than other treatment (KO.05). 
l *Significantly greater than other treatment (P=O.OOl). 
‘Despite range maps in some bird books, the eastern meadowlard does summer in Arizona (Phillips et al. 1964) and definitely is the one identified on the study site. 
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Four 200-m vegetation line transects were located coincident 
with the edges of the bird sampling plots. At 0.5-m intervals we 
recorded at each point: (1) presence, by basal area, of all species of 
grasses and herbs, (2) presence, by canopy, of all trees and shrubs, 
or (3) presence of bare ground or litter in the absence of live 
vegetation. Data were collected in July-August 1981 (n = 800 
points/ treatment), and results compared with the chi-square statis- 
tic. Densities and sizes of larger woody plants were measured in 
January 1982 on 25 200-mr plots per treatment, spaced uniformly 
across the mesa parallel to the boundary fence. We measured the 
maximum height and maximum width (crown diameter) for the 
first 5 individuals of each woody species counted in each 200-m* 
plot. Sample sizes thus varied depending upon shrub densities. 
F-tests were used to test for equality of variances, and t or approx- 
imate t-tests applied accordingly (Sokal and Rohlf 19811, to com- 
pare mean woody plant densities and sizes betwen treatments. 
Botanical nomenclature is from Kearney and Peebles (1969). 

Results 

The livestock exclosure supported 45% more grass cover, a 
comparatively heterogeneous grass community, and significantly 
more herb cover than the grazed pasture (Table 1). Woody plants 
were significantly more abundant overall, and various individual 
shrub species were denser and/or larger on the protected site 
(Table 2). Mesquite trees (Prosopis jultjlora) were not common in 
the study area, and did not differ between treatments. The shrubs 
yerba de pasmo (Baccharispteronioides), burro weed (Haplopap- 
pus tenuisectus), and groundsel (Senecio douglasii), which were 
significantly larger in the exclosure, all showed evidence of cattle 
browsing outside the protected area. 

Total bird numbers were higher on the grazed than on the 
ungrazed plots in summer, while overall numbers did not differ in 
winter (Table 3). Raptorial birds rarely were seen and were not 
included in the analysis. In summer, 6 bird species were signifi- 
cantly more abundant in the grazed pasture, while 2 species were 
more common in the protected area. Two wintering species were 
significantly more common in the grazed area, while 3 species were 
more abundant in the exclosure. 

Ground squirrels were rare or absent from the study site, so our 
largely nocturnal trapping effort almost certainly provided a mean- 
ingful comparison of total rodent numbers on both treatments. 
The spotted ground squirrel (Spermophilus spilosoma) and rock 
squirrel (S. variegatus) do occur on the Research Ranch, but we 
did not trap either during the 71 mornings and late afternoons 
when the traps were open. Furthermore, we never observed either 
species during the bird counts or vegetation sampling. Similarly, 
jackrabbits and cottontail rabbits were rare on the mesa sampled, 
although the latter was quite common on bottomland sites. Total 
rodents were significantly more abundant on the exclosure (Table 
4). Five species were trapped significantly more often on the pro- 
tected site, while only the Merriam kangaroo rat clearly preferred 
the grazed pasture. 

Discussion 

No data were taken on our study site prior to livestock removal. 
However, Bonham (1972) conducted a general vegetation survey of 
the Research Ranch in 1970-71, and found a total grass cover of 
about 40% for associations similar to our study area. This figure is 
closer to that on our grazed site, as measured in 198 1, and less than 
half the amount we found on the exclosure (Table 1). It appears 
that vegetation changes on the exclosure have been dramatic. 

Grass cover in 1981 was 1.4 times higher on the protected area 
(Table 1). However, blue grama (Bouteloua gracilis) and sideoats 
grama (B. curtipendula) were the most common grasses on both 
sites and did not differ significantly between them. Various other 
perennial grasses, especially threeawn (Aristida spp.), plains love- 
grass (Eragrosis intermedia), Arizona cottontop (Trichachne cali- 
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fornicum), wolftail (Lycurusphleoides), and vine mesquite (Pani- 
cum obtusum). were much more abundant on the exclosure. The 
grama species, perhaps because of their co-evolution with large 
native ungulates (Mack and Thompson 1982), appear to form a 
sort of grazing-resistant matrix, into which other species have 
invaded in the absence of livestock. 

Various studies have shown that livestock exclusion does not 
retard and may even accelerate woody plant growth in Southwest- 
ern rangelands (e.g., Smith and Schumutz 1975, Chew 1982). 
Results of the present study strongly support this conclusion 
(Table 2). Historical overgrazing may set in motion patterns of 
shrub invasion which then continue on their own, at least for some 
time, regardless of subsequent land management practices. 

Rodents and birds differed dramatically between grazed and 
ungrazed habitats (Tables 3 and 4). Two major trends are apparent 
in our data. First, several of the species more abundant in the 
grazed area are typical of lower elevations and more xeric habitats. 
These included the scaled quail (Johnsgard 1973), the Brewer’s and 
black-throated sparrows (Phillips et al. 1964), and the Merriam 
kangaroo rat (Rozenzwieg and Winakur 1969). These species may 
be valuable indicators of desertification of semidesert and plains 
grassland ecosystems. 

Table 4. Tot4 numbers of rodents capWed in 71 tr@h-nigbti (60 tip 
per treatment) on a grazed vs. ungrazed semidesert psshd site 
between July 1981 and Janury 1983. 

Total captures 
Species Grazed Ungrazed Chi-square 

Silky pocket mouse 5 8 0.69 
(Perognathusjlavus) 

Hispid pocket mouse 16 38* 8.96 
(Perognathus hispidus) 

Merriam kangaroo rat 92** 5 78.03 
(Dipodomys merriami) 

Western harvest mouse 4 26* 16.13 
(Reithrodonromys megalotis) 

Deer mouse 130 146 0.93 
(Peromyscus manicularus) 

White-footed mouse 24 45’ 6.39 
(Peromyscus leucopus) 

Southern grasshopper mouse 8 42* 23.12 
(Onychomys torridus) 

Hispid cotton rat 49 118** 28.50 
(Sigmodon hispidus) 

Total rodents 328 428:’ 13.23 

*Significantly greater than other treatment (KO.05). 
**Significantly greater than other treatment (KO.001). 

Second, amount of ground and shrub cover was the major 
determinant of the 2 animal communities. Grasshopper and Cas- 
sin’s sparrows prefer substantial grass and shrub cover (Wiens 
1973, Hubbard 1977). These were the most abundant summer birds 
in the ungrazed area, yet we failed to record a single individual of 
either species using the adjacent grazed pasture. Mourning doves, 
horned larks, lark sparrows, and mockingbirds are open-ground 
foragers (Laskey 1962, Baepler 1968, Leopold 1972, Cannings and 
Threllfall 1981), and all were more abundant on the grazed site. 
Among the common rodents, only the deermouse occupied both 
sites in equal abundance. This is one of the most widespread and 
generalized of all North American rodents (Baker 1968). The 
hispid pocket mouse, white-footed mouse, western harvest mouse, 
and hispid cotton rat all were more abundant on the protected 
range, and all have been shown to prefer or characterize areas with 
substantial shrub and/or ground cover (Baker 1968, Rosenzweig 
and Winakur 1969, Cameron and Spencer 1981, Webster and 
Jones 1982). 
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Collectively, grazing appeared to favor birds over rodents. 
Rodents, because of their superior olfactory abilities, probably are 
better adapted to locate food in areas of dense cover. The mobility 
and visual orientation of birds would adapt them better as a group 
to avoid aerial predators in the open, and to forage in sites with 
patchily distributed food resources, and where food and cover may 
be physically separated. 
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Semen Characteristics and Behavior of Graz- 
ing Bulls as Influenced by Shade 
S.W. COLEMAN, D.C. MEYERHOEFFER AND F.P. HORN 

Abstract 

The efficiency of shades to provide bulls relief from heat stress 
was studied during the summers of 1977 and 1978. The shades were 
constructed from steel pipe with expanded metal roof covered with 
baled straw. Ambient and blackbulk temperatures were more vari- 
able in 1977 than in 1978. No consistent influence of shade avaiia- 
bility was observed in behavior of the bulls, though during 1978, 
less time was spent grazing by bulls with access to shade. During 
both years, standing time was greater (K.10) by bulls without 
access to shade. Bulls made little use of the shades in August and 
September. In 1977, semen motility, movement rate, and percen- 
tage live sperm cells were greater (K.10) from bulls provided 
shade. Bulls without shade showed a trend for higher numbers of 
aged acrosomes and abnormal sperm cells. General semen quality 
was lower in 1978, but no consistent effect of shade was noted, 
except that abnormal sperm cells were lower from bulls with access 
to shade. During both years, semen motility was decreased and 
percentage of abnormal sperm cells was increased 2- to 3-weeks 
after blackbulb temperatures approached 450 C for several con- 
secutive days. 

Benefits of shade in terms of improved performance have been 
shown by McIlvain and Shoop (197 1) on Oklahoma range and by 
Pontif et al. (1974) on Louisiana pastures. They also observed that 
humidity may be as important or more so than temperature. How- 
ever, valuable nutrients from feces are deposited around the 
shaded areas, rather than scattered over the pastures. Further, 
cattle may tend to reduce total grazing time and hence reduce total 
dry matter intake, limiting performance (Warwick and Bond 
1966). Lowered breeding efficiency has been demonstrated for 
both sexes during seasons with high temperatures (Erb and Waldo 
1952, Stott 1961). After 2-3 weeks, semen from bulls subjected to 
high temperatures (35” C for 8 hours and 3 lo C for remaining 16 
hours/day) in environmental chambers was less motile and con- 
tained more abnormal cells than that from controls (Meyerhoeffer 
et al. 1976). After temperatures were reduced, 8 weeks were 
required for the bulls to recover. Also, Bond and McDowell (1972) 
noted that females became anestrus when exposed to 38OC and 
60% humidity for 56 days and that some winter-acclimated heifers 
stopped cycling when exposed to 32” C. Temperatures above 38O C 
are occasionally recorded in the Southern Great Plains and more 
frequently in the range areas of Texas, New Mexico, and Arizona. 

This research was initiated to determine if shade was effective in 
alleviating the stress of summer temperatures and its influence on 
performance, behavior, and semen quality of bulls. 

Methods 

During 2 spring and summer grazing seasons, four pastures (0.4 
ha each) of bermudagrass (Cynodon ducfylon (L.) Pers.) were 
grazed by yearling Angus bulls. One bull per pasture was used in 
1977 and 3 bulls per pasture were used in 1978. Pastures were 
fertilized both years with 54.5 kg N/ha in early spring and again in 
mid-July. Irrigation was used to maintain forage growth on por- 
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animal nutritionist, respectively, Livestock and Forage Research Laboratory: USDA- 
ARS, P.O. Box 1199, El Rena, Okla. 73036. This research was a cooperawe effort 
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Stillwater. 
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tions of each pasture in 1977. To provide adequate forage for the 
additional animals in 1978, the entire pastures were irrigated 
weekly except when rain had fallen during the previous week. A 
gross estimate of forage availability was obtained by clipping four 
I/ 2-Mr areas per pasture. The clipped forage was weighed after 
oven drying at 6YC. Two pastures each year contained artificial 
shades (3.8 m square and 4.7 m high) constructed from steel pipe 
and covered with baled straw. Shades were open on all sides for 
ventilation. 

The bulls were rotated among pastures at 3- (1977) or 4- (1978) 
week intervals in a latin square pattern so that each bull grazed all 
pastures at some time during the season. Shades were moved at the 
same time to maintain bulls on their assigned shade treatment. 
Two weeks after each rotation, bulls were observed to determine 
effect of shade on behavior. Observations were made during 1 
24-hour period every 3 weeks in 1977 and during 2 16-hour periods 
(6 AM to 10 PM) on 2 consecutive days every 4 weeks during 1978. 
Data recorded included whether each bull was standing, lying, 
walking, or grazing at the end of each interval of 15 minutes. The 
time spent under the shade was recorded for bulls assigned to the 
shade treatments. Ambient and blackbulb temperatures in and out 
of shade were recorded every 2-3 hours daily from 8 AM to 5 PM. 
Daily temperature extremes were averaged for each week and 
standard errors calculated. Also, continuous ambient temperature 
and humidity recordings were made with a hygrothermograph in 
covered weather stations in the center of the pasture area. 

The bulls were electro-ejaculated each week for semen evalua- 
tion and weighed at 3-week intervals. Semen traits evaluated 
included sperm number, motility, estimated rate of movement 
(scale l-5), and percentage live and percentage abnormal cells. Cell 
and acrosomal morphology was quantitated on 100 sperm per 
stained smear as described by Wells et al. (197 1) for each ejaculate 
in 1977 only. 

All response variables were statistically analyzed using a split- 
plot analysis of variance (Gill and Hafs, 1971) for repeated mea- 
surements on the same animals. Semen traits were normalized for 
date within year and pooled across years. Where significant shade 
X year X date interactions were found, separate analyses were 
conducted within each year. Weight gain and grazing behavior 
were analyzed separately within each year. 

Results 

The average daily minimum humidity occurred near the time of 
peak ambient temperature. and was, in general, very low both years 
(Fig. 1 and Fig. 2). Ambient temperatures (average daily maxi- 
mum) in 1977 (32’ C) were similar to those in 1978 (33°C) though 
weekly patterns and variation differed (K.05). During both years, 
temperatures were above normal and precipitation below normal, 
except for August, 1977 when precipitation was above normal and 
August, 1978 when the average temperature was essentially normal 
(Table 1). Blackbulb temperatures, accepted as a measure of solar 
radiation effects and heat load, fluctuated through the grazing 
season and a significant (x.05) interaction between the effects of 
year and date was noted. Absorption of solar radiation was sug- 
gested as an important factor in aggravating high temperature 
stress (Warwick and Bond 1966). Maximum daily blackbulb 
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Fig. 1. Weekly means and standard errors of daily extremes in relative 
humidity and in ambient and blackbulb temperatures, during 1977. 

temperature averaged 44°C in the sun and 34OC in the shade 
during 1977, and 41 c in the sun and 3Y’C in the shade in 1978. The 
difference between shade and sun was greater in 1977 and certainly 
both were more variable within each week than in 1978. The Angus 
bulls used were no doubt very sensitive to the heat load generated 
by solar radiation and the alleviation of part of the load by the 
shades. Maximum daily ambient temperature was consistently 
above 3YC for 3 weeks beginning about June 25, 1978. Weekly 
means of maximum ambient temperature were much more varia- 
ble in 1977 than in 1978. 

Weight gains of bulls did not differ due to shade (IQ. 10) ineither 
year, but were higher in 1977 than in 1978 (Table 2). The bulls in 

0.001 ’ I I I I 

MAY 25 JUN 25 JUL 26 AUG26 SEP26 

DATE. 1978 
Fig. 2. Weekly means and standard errors of daily extremes in relative 

humidity and in ambient and blackbulb temperatures, during 1978. 

Table 1. Climatological data (monthly averages). 

Date 
Wind speed Temperature, C Precipitation, cm 

MPH Actual Normal Actual Normal 

1977 
June 
July 
Aug. 
Sept. 

1978 
June 
July 
Aug. 
Sept. 

12.6 26.6 25.1 1.3 9.8 
11.1 29.1 27.6 4.9 6.6 
11.0 27.7 27.4 12.5 6.2 
12.1 25.2 22.7 2.8 7.1 

11.7 25.8 25.1 6.9 9.8 
10.8 30.4 27.6 2.7 6.6 
10.3 21.3 21.4 2.7 6.2 
10.3 25.3 22.7 6.8 7.1 
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Table 2. Influence of shade waihbiiity on daiiy wtivities.’ 

1977 1978 

Activity Shade Sun Shade Sun 

Number of bulls 2 2 6 6 
Initial wt, kg 340 345 422 404 
Weight gain, kg/day .45 .4i .iO .15 
Grazing, hours 6.3 5.9 6.ib 6.3 
Standing, hours 5.3b 6.2 4.7’ 5.0 
Lying, hours 12.1 il.6 5.2’ 4.4 
Walking, hours .4 .3 .2 .3 
Time spent in shade, hours 3.5 - 1.8 - 

Total of 24 hours in 1977; 16 hours in 1978. 
bValues for shade and sun within a year were different (PC. IO). 
‘%lues for shade and sun within a year were different (K.05). 

1978 were larger at the onset of the trial than those in 1977 and may 
have been nearly mature, thus exhibiting less growth (Table 2). 
McIlvain and Shoop (1971) observed that steers gained 9 kg/ head 
more over the season if they had access to shade during hot summer 
days. Cartwright (1955) found that cattle from temperate zones 
began to show signs of heat stress at about 30°C. However, McIl- 
vain and Shoop (1971) noted that under Southern Plains condi- 
tions, relative humidity was more influential upon steer gains than 
temperature. They found that high humidity in the presence of high 
temperatures severely lowered steer gains during a 20-year period. 
In central Oklahoma, the effects of relative humdityare difficult to 
assess since the maximum (near 10090 each day) occurs during the 
night when temperatures are moderate. Minimum relative humid- 
ity seldom exceeded 65% during the study period. The highest 
monthly noon-day average occurred in June, 1978, and was 62%. 

Behavior 
There were no clear effects of shade on time spent grazing during 

the limited numbers of observations made (Table 2). It has been 
suggested (Warwick and Bond 1966) that during hot weather, 
cattle sacrifice grazing time in order to utilize shade. However, in 

Table 3. Effect of shade and date on boll activity. 

1977, more hours were spent grazing by bulls which had access to 
shade. Bulls spent less (p<. 10) time grazing in 1978 when shade was 
available, but gains were not different due to shade. Kropp et al. 
(1973) observed grazing times by cows on native range at this 
research location which were similar to those of the bulls in the 
current study. McIlvain and Shoop (1971) noted that cattle on 
range tend to use all the natural shade available and frequently 
utilize shade trees as much as 1,600 m from the water source. No 
natural shade was available in the current experiment. 

During both years, bulls spent less time in the shade during the 
first observation period in May (1977) and June (1978) (Table 3). 
Peak use occurred in June (1977) and July (1978). During August 
and September 1978, very little use of the shades occurred, even 
though temperatures in August were only 4°C less than in July. In 
both years, bulls with access to shade spent less time standing 
(K. 10) than those without shade. In 1978, this extra time was used 
lying (K.O5), and the difference occurred during the July 27 
observation. There appeared little relationship between tempera- 
ture on observation days and behavior (Table 3). 

Grazing time was greater (p<. 1) following the first observation 
period each year. In 1977, forage dry matter yield also increased as 
the season progressed. However, green forage available per unit 
area, and thus forage quality, was probably depressed, although 
these measurements were not made. A small area in the center of 
each pasture was irrigated in 1977 and the entire pasture was 
irrigated weekly in 1978, unless it had rained during the previous 
week. During 1977, the grazing pressure of 1 animal per pasture 
was less than adequate. Green, actively growing forage was, in 
general, maintained where the irrigation was provided. The forage 
outside the irrigated area was 12-24 cm tall, dormant, and quite 
stemmy. Nevertheless, the bulls made better gains in 1977 than in 
1978. Stating whether the weather, lowered stocking rate, or initial 
weight of the bulls were contributing factors would only be conjec- 
ture. From observation, even though animals had a greater 
amount of forage available in 1977, it appeared that more green 
forage was available in 1978. However, lack of slectivity by the 
animals in 1978 due to decreased availability of forage could be an 
overriding factor. 

In High temperature’ 
Date Treatment Graze Stand Lying Walk shade Ambient I&’ 

-hours- 
1977 

May 24 Shade 5.4e 5.5 13.1’ .O .6 27.0 29.0 
Sun 4.4’ 5.4 13.7’ .5 - 27.0 36.5 

June 16 Shade 6.4’ 4.9 12.1’ .6 5.2 32.0 34.0 
Sun 5.4’ 5.9 12.2’ .5 - 32.0 43.0 

July 6 

July 27 

Shade 6.6’ 6.1 
Sun 7.8’ 5.5 
Shade 6.7’ 4.6 
Sun 6.1’ 8.0 

1978 
June 15-16 

July 13-14 

August 10-l 1 

Sept 7-8 

Shade 
Sun 
Shade 
Sun 
Shade 
Sun 
Shade 
Sun 

5.5” 
5.1’ 
6.1* 
6.8* 
5.8d 
6.3d 
6.9d 
7.0d 

5.7d 
5.6d 
4.5* 
4.9* 
5.0* 
6.1” 
3.7’ 
4.0” 

10.6’ 
10.5’ 
12.4’ 
9.9” 

4.8 .I .3 32.2 34.8 
5.2 .2 - 33.6 39.4 
5.3 .3 4.5 39.0 41.0 
4.0 .3 - 39.0 48.5 
5.0 .2 1.3 34.0 37.0 
3.6 .3 - 36.0 44.0 
5.4 .l 1.0 30.5 33.0 
5.0 .2 - 31.5 36.0 

.6 

.2 

.2 

.O 

4.6 
- 34.4= 
3.5 
- 27.0h 

‘Ambient temperature recorded in the pastures using a mercury thermometer. “Shaded”thermomcters (both ambient and BB) were suspended under the shade structure. “Sun” 
thermometers were suspended about 1.5 m above around in direct sunliaht. 
;‘B = Blackbulb. 

Values m the same column with year with different superscripts differ (K.10). 
*“Values in the.same column within year with different superscripts differ (K.05). 
‘Other temperatures we+ not available for this date. 
‘Due to rain other tempcdtures were not recorded. 
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Semen Quality 
The quality of the semen from bulls without shade was adversely 

affected during 1977 when compared with semen from bulls with 
access to shade (Table 4). Motility (Fig. 3) and estimated move- 
ment rate, both estimates of sperm activity, were greater (PC. 10) 

Table 4. Effect of shade on Bemen characteristics of bulls. 

Characteristic Shade Sun SE’ Probabilityb 

1977 
Sperm motility, % 84.2 67.1 7.7 .09 
Rate’ 4.5 3.5 .4 .07 
Sperm number/cc Xl09 35.8 25.3 5.5 .ll 
Live cells, % 82.1 68.3 1.8 .Ol 
Abnormal cells, % 14.1 19.7 3.5 .I4 

1978 
Sperm motility, % 69.1 66.4 2.9 .59 
Rate’ 3.6 3.6 .2 .95 
Sperm number/cc Xl09 51.5 75.3 9.9 .03 
Abnormal cells, % 14.9 17.9 1.3 .09 

‘Standard error of the mean. 
bProbability that differences are due to chance rather than treatment. 
‘Estimated sperm movement rate, scale of 1-5. 

when bulls had access to shade. Further, percentage live cells was 
greater (p1.01) and percentage abnormal cells (both years) were 
lower (s. 14) from shaded bulls. Poor semen characteristics have 
also been seen in other species (Dutt and Simpson, 1957; Wette- 
man et al. 1976) due to heat stress. Sperm cell number was highly 
variable within treatment, although a trend for greater number of 
cells occurred with shaded bulls. Accompanying the reduction in 
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Fig. 3. Weekly changes in semen motility ondpercentoge of abnormalcells Fig. 4. Weekly changes in semen motility ondpercentoge of abnormal cells 
during 1977. SEA4 is the standard error of the mean. during 1978. SEM is the standard error of the meon. 

motility and percentage live cells was a change in morphological 
characteristics of the sperm of bulls without access to shade (Table 
5). Microscopic evaluation revealed that more sperm cells were 

Table 5. Effect of shade on some semen characteristics (1977). 

Characteristic Shade Sun SE’ Probabilityb 

-%- 
Normal’ 
Total agedd 
Normal non-aged 
Normal aged 
Abnormal non-aged 
Abnormal aged 

‘Standard error of the mean. 

84.3 68.6 8.8 .I3 
6.0 11.3 3.9 .19 

81.1 63.5 9.4 .I2 
3.1 5.0 1.0 .I2 

13.2 25.4 6.5 .I2 
2.9 6.4 3.2 .26 

bProbability that differences are due to chance rather than treatment. 
‘Normal refers to sperm cells. 
dAged refers to acrosomes. 

abnormal (P=. 13) and had aged acrosomes (P=. 19) when bulls did 
not have access to shade. The predominant characteristic was a 
50% increase in the number of aged acrosomes and abnormal cells 
from bulls without access to shade when compared with shaded 
bulls. Acrosome anomalies interfere with the ability of the sperm to 
attach to the ovum during fertilization. Similar types of changes 
were seen when bulls (Meyerhoffer et al. 1976) and boars (Wette- 
mann et al. 1976) were subjected to heat stress produced by pro- 
longed periods in heat chambers. 

In 1978, all bulls produced relatively poor quality semen with 
less than 70% motility and an estimated movement rate of less than 
four (scale l-5) (Fig. 4, Table 4). Neither of these parameters were 
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influenced by shade and it would appear that either all bulls were 
stressed or inherently produced semen inferior in quality to bulls 
used in 1977. The latter explanation has merit in that semen quality 
was low at the beginning of the summer even before temperatures 
exceeded recognized thermoneutral zones (32OC). On the other 
hand, sperm numbers were higher in 1978 than in 1977 and were 
higher for bulls without benefit of shade. One indication of the 
benefit of shade that repeated in both years was the percentage of 
abnormal cells (Table 4). Bulls with access to shade produced 
1415% abnormal cells, whereas those without shade produced 
N-20% ((K.14). 

It is difficult to conclude from these data whether spermatogene- 
sis or sperm maturation was affected by heat stress. During the 
week of July 19-26,1977, ambient temperature reached 38OC and 
blackbulb temperature exceeded 46OC on 2 consecutive weeks 
(Fig. 1). Two weeks later motility reached its lowest point (Fig. 3). 
Meyerhoffer et al. (1976) observed a 2-week lag from the initiation 
from heat stress to the appearance of decreased sperm motility. 
Similar, though less pronounced depressions were noted in 1978, 
also 2 weeks following elevated ambient (above 38O C) and black- 
bulb temperature (above 4YC) (Fig. 2 and 4). Another explana- 
tion of the depression in motility in 1977 could be that the low point 
came 7-8 weeks after June 14 when the blackbulb temperature first 
went above 4YC (Fig. 4 & 5). Meyerhoeffer et al. (1976) have 
shown that if the stress continued for 8 weeks, sperm production 
and quality was reduced and that 8 weeks were required for recov- 
ery, substantiating that the spermatogenic cycle was approxi- 
mately 8 weeks. Their work would suggest that both spermato- 
genesis and maturation were influenced by heat. Regardless of 
whether the damage occurs during spermatogenes is or sperm 
maturation, reduced fertility in bulls could be the ultimate result. 

In conclusion it appears from these data that inexpensive shades 
can provide some protection for breeding bulls from extreme 

summer temperatures. Heat stress can be especially important if 
bulls are to be used for breeding during summer months. 
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Cattle Behavior on a South Florida Range 
G.W. TANNER, L.D. SANDOVAL, AND F.G. MARTIN 

Abstract 

Grazing, resting, defecating, and urinating behaviors of cattle 
(Zebu-European cross breeds) were monitored seasonally on a 
south Florida range from November 1980 through August 1981. 
Individual animals were continuously during daylight hours in a 
pasture containing 4 plant communities. Distributions of time 
spent grazing and resting and counted occurrences of excretion 
were significantly different among the 4 seasons. Grazing time in 
the 4 plant communities was not in proportion to their size. Cattle 
grazed more in those communities that had the best quality of 
forage available. Cattle grazed more in the freshwater marsh dur- 
ing fall but spent more time in the ecotone during spring and 
summer. Shade was not a requisite for resting sites, even during the 
warmest days. Excretion activities were more closely associated 
with grazing than resting. 

South Florida range pastures usually contain several com- 
munities. The flatwood community usually occupies the majority 
of landscape, but freshwater marshes are common and produce 
high levels of native forage which is comparatively high in nutritive 
value (Yarlett 1974). Since freshwater marshes provide good qual- 
ity pasturage at little or no cost, many ranchers depend upon marsh 
grazing in their operations (Gatewood and Comwell 1976). 

Chronic overuse of marsh pastures may lead to water pollution 
problems due to the congregating of animals within the marsh 
(McCaffrey et al. 1976). The proportion of time that cattle spend in 
marsh communities, given the opportunity to graze uplands, has 
not been documented. This study was designed to monitor sea- 
sonal cattle activities within a pasture containing freshwater marsh 
and flatwoods communities typical of south-Florida range. 

Materials and Methods 

Approximately 100 ha of Armstrong Slough on the El Maxim0 
Ranch, Latt Maxey Corp., Osceola County, Fla., was fenced to 
include a portion of freshwater marsh along with the surrounding 
flatwoods community. The marsh had been ditched in the past to 
facilitate surface water drainage into the Kissimmee River, located 
about 3.2 km to the south. 

Soil series within the marsh were mostly Delray and Pompano 
sands; pockets of Samsula muck were present in the marsh (USDA 
1979). Soils of the adjacent flatwoods were Smyrna, Myakka, and 
Immokalee sands. Climate of the area is characterized by long, 
warm, humid summers and mild, dry winters. Average (1965 to 
1981) annual rainfall was 112 cm. However, during the study 
period (November 1980 to August 198 1) only 50 cm of rainfall was 
recorded. Most of this precipitation occurred in November (11.0 
cm), February (6.5 cm), March (6.0 cm), and June (19.5 cm). None 
occurred in April, May, July, or August, although records indicate 
late summer to be relatively wet. Freezing temperatures are infre- 
quent and seldom occur on 2 or 3 nights in succession. During the 
hottest months, July and August, maximum air temperatures 
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average about 34OC, while minimum temperatures average abut 
22’C (USDA 1979). 

Four plant communities delineated in the study pasture included 
marsh, flatwood, the ecotone between marsh and flatwoods and a 
man-made canal bank. The marsh community covered approxi- 
mately 26% of the total area. Plant species of the marsh community 
included maidencane (Panicum hemitomon), cutgrass (Leersia 
hexandra), torpedograss (Panicum repens), soft rush (Juncus effu- 
sus)and pickerelweed (Pontederia cordata). The ecotone commun- 
ity, inundated only during severe rain events, occupied about 16% 
of the pasture. Its major plant species were carpetgrasses 
(Axonopis affinis and A. furcata), bahiagrass (Paspalum notatum) 
and beakrushes (Rhynchospora sp.). The canal bank was the smal- 
lest community (7% of the area) and was formed as the result of 
ditching activities within the marsh community. It was about 0.5 to 
1.5 m higher in elevation than the adjacent marsh community and 
had been seeded to bahiagrass to reduce potential erosion. Carpet- 
grasses and common bermudagrass (Cynodon dactylon)also were 
common. 

Nearly half of the study pasture (48%) was occupied by the 
flatwoods community. Scattered mottes of southern waxmyrtle 
(Myrica certfera) and live oak (Quercus virginiana) and scattered 
slash pine (Pinus elliottii) within the flatwoods provided the only 
shade on the pasture. Saw-palmetto (Serenoa repens)and gallberry 
(Ilex glabra) were the dominant shrubs. Herbaceous vegetation in 
the flatwoods was dominated by pineland threeawn (Aristida 
stricta), chalky bluestem (Andropogon capillipes), broomsedge 
bluestem (A. virginicus) and several Dicanthelium and beakrush 
species. 

Although the lOO-ha study pasture had a perimeter fence, the 
gates were never closed. Consequently, animal densities within the 
pasture varied. Goldstein (1982) reported cattle densities in the 
immediate area to be 0.5 cow/ha on an annual basis. Horses, 
sheep, goats, feral pigs, and deer used the pasture in addition to 
domestic cattle. Cattle utilizing the pasture were of mixed breeds 
with Brahman traits being dominant. 

Seasonal cattle activities were monitored between 8 November 
to 15 December 198O(fall), 24 January to 1 March 1981 (winter), 4 
April to 15 June 1981 (spring), and 1-15 August 1981 (summer). 
Within each of the 4 seasons, cattle were observed for 10 days. A 
continuous observation scheme was employed during each observa- 
tion day (Johnson-Wallace and Kennedy 1944). On each day 1 cow 
from the herd using the pasture was arbitrarily selected for moni- 
toring. Each observation day was approximately 10 to 11 hr in 
length, beginning at about 0700 hrs and ending about 1800 to 1850 
hrs. All activities, duration, location by plant community, and time 
of day were recorded. Activity categories were: grazing, ruminat- 
ing, walking, standing, lying, drinking, defecating, and urinating. 
Grazing included grazing while walking and browsing. Ruminat- 
ing activity included ruminating while lying and standing. Rumi- 
nating, standing, and lying activities were combined and consi- 
dered as resting. Only grazing, resting, defecating, and urinating 
activities are included here. Cattle using the study pasture were 
frightened by human confrontation; therefore, observations were 
made with binoculars from distances of 50 to 100 m. 

JOURNAL OF RANGE MANAGEMENT 37(3), May 1984 



.::: q 
m Ecotone 

bza <’ : Flatwoods 

Fol I 1980 Winter 1981 Spring 1981 Summer 1981 

SEASON 

Fig. 1. Average seasonal grazing distribution within the major plant communities of Armstrong Slough, Osceola County, Fla. Lines extending from each 
bar indicateupper regions ofS.E. of mean. 

The percentage of time spent grazing and resting within the 4 
plant communities during 10 days in each of 4 seasons was tested 
by vector analyses (Watson 1956, Kambacher et al. 1982). Defeca- 
tion and urination data however, were tested by Chi-square Means 
were compared two at a time using an ad hoc Least Significant 
Difference test (Steel and Torrie 1960). 

Results and Discussion 

There were significant (p<O.O 1) differences in seasonal distribu- 
tions of time spent grazing among the 4 communities (Fig. 1). 
Mean comparison tests indicated grazing distributions in fall and 
winter and in winter and spring not to be significantly different, 
respectively. The summer distribution of grazing activities was 
significantly different from the other 3 seasons’distributions. Dur- 
ing fall 1980 cattle spent a significantly higher amount (48%) of 
their time grazing the marsh; use of this community steadily 
declined to a low of 8% in summer. The seasonal trend of grazing 
within the ecotone community, however, was exactly opposite to 
the marsh, increasing from 13 to 55% from fall to summer. Grazing 
was most easily distributed among the 4 communities in winter. 

Differential use of the 4 communities for grazing was most 
closely related to the seasonal characteristics of forage availability 
and nutritive value within those communities (Table 1). Canal 

bank vegetation was not sampled for biomass nor nutritional 
parameters. In general, range forages in Florida have low digesti- 
bility and low protein and mineral content due to poor soil fertility 
and climatic conditions (Lewis et al. 1982). Maidencane, cutgrass 
and torpedograss, the dominant grass species within the marsh 
community, are among the most nutritious native species and 
highly preferred by cattle when green. The decline in utlization of 
the marsh community for grazing from fall to summer was a 
response to cold weather in winter and early spring and flooding in 
early summer. Cattle do not graze maidencane after frost (R.S. 
Kalmbacher, personal communication)t, and the flooded condi- 
tion decreased the availability of marsh forage during the summer. 

During winter grazing was evenly distributed throughout the 4 
plant communities (Fig. 1). However, this response may had been 
due to the scarcity of winter forage throughout the entire pasture 
(463.4 to 1,055.6 kg/ha). Increased grazing activity within the 
ecotone community in spring and summer was due to the abun- 
dance of carpetgrasses and bahiagrass. These species ranked 
second in quality to marsh forages (Tanner et al. 1982) but were not 

1Research Agronomist, Ona Agricultural Research Center, Ona, Fla. 

Table 1. Mean aerial biomass, IVOMD and crude protein values of plant samples collected within the three major plant communities on Armstrong 
Slough, Osceola County, Florida. IVOMD and crude protein data previously were reported in Tanner et al. (1982). 

Forage characteristic 

Aerial biomass (kg/ ha) IVOMD (%)I Crude protein (%) 

Uuland Ecotone Marsh Uoland Ecotone Marsh Uoland Ecotone Marsh 

Fall 
Winter 
Spring 
Summer 

2247.8sd 
1055.6cd 
1023.4.’ 
1642.7bd” 

1472.3ad 
506.3,’ 
869.8t.c’ 

1205.5.b’ 

2266.4.’ 
463.4be 

1928.5ad 
2357.6.’ 

26.3d 
31.8bd 
36.3ad 
3 1.4t,= 

26.4.b* 
31.5.d 
21.3d 
27.9ad 

6.9ad 8.0.d 7.9.d 
6.8.’ 8.5ad 9.3.d 
6.2.’ 6.9.” 9.4*d 
6.5.’ 7.7.” 9.4.d 

‘1VOMD = In vitro organic matter digestibility. 
IMean values within season-forage characteristic combinations followed by the same superscript are not significantly different (KO.05) among communities. Mean values 
within plant community-forage characteristic combinations followed by the same subscript arc not significantly different (KO.05) among seasons. 
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as productive. With the flooded condition in the marsh community 
in summer, the ecotone community was preferred for grazing 
during that season. 

Although the canal bank and flatwoods communities were the 
smallest and largest communities in the pasture by size, respec- 
tively, cattle did not distribute grazing time in those communities 
in like proportions. Cattle grazed on he canal bank community (7% 
of the area) approximately 16 to 30% of the time, whereas the 
flatwoods community (48% of the area) was grazed only 8 to 20% 
of the time (Fig. 1). Since the canal bank was seeded to bahiagrass 
and fertilized for erosion control and carpetgrass also was abund- 
ant on the older canal banks, cattle apparently sought out these 
nutritious forages throughout the year. Conversely, cattle did not 
seek out the large flatwoods community which was dominated by 
the lower nutritious pineland threeawn and bluestem species 
(Lewis et al. 1982) even though relatively higher biomass produc- 
tion existed. 

X* = 44.04, d.f. q 9), while the null hypothesis for urination and 
could only be rejected at the 10% level of significance (X2 q 15.76, 
d.f. = 9). A series of ad hoc Least Significant Difference tests 
indicated that the fall distribution of defecation was significantly 

Table 2. Seasonal frequency of occurrence (SE. of mean) of defecating 
within the communities of Armstrong Slough, El Maxim0 Ranch, Lntt 
Mnxcy Corp., Osceola County, Florida. 

Seasonal distributions of resting among the four communities 
were significantly (KO.01) different (Fig. 2). The fall distribution 
differed significantly from each of the other 3 seasons which were 
not significantly different from each other. During fall, cattle 
tended to rest the majority of the time in the marsh (47%) and 
flatwoods (42Vc) communities. Resting in these 2 communities 
declined in the other seasons, while resting in the edge and canal 
bank communities began to dominate, especially in spring and 
summer. 

Plant Community 
Season Marsh Ecotone Canal Bank Flatwoods 

-%- 
Fall 1980 58.8 (9.0) 5.9 (5.2) 14.7 (7.0) 20.6 (7.8) 
Winter 198 1 20.0 (10.6) 30.0 (10.7) 36.7 (8.6) 13.3 (5.2) 
Spring 1981 15.2 (5.3) 54.5 (7.7) 27.3 (9.0) 3.0 (2.5) 
Summer 198 1 10.0 (5.8) 52.5 (5.4) 15.0 (7.9) 22.5 (7.4) 
Overall Mean 26.0 35.7 23.4 14.9 

different (x0.05) from each of the other 3 seasons, but no other 
significant differences were detected. The urination data were not 
examined in any detail. Each community received some form of 

Table 3. Seasonal frequency of occurrence (S.E. of mean) of urination 
within the communities of Armstrong Slough, Osceoln County, Florida. 

Cattle did not seek shade when choosing resting locations, 
although shade was readily available within the pasture. Cattle 
rested much of the time in communities without shade (marsh and 
canal bank) even during the warmer periods of the day. The 
Zebu-type cattle observed in this study usually are not stressed by 
high temperatures (Goldson 1963, Musangi 1965). However, dur- 
ing the hottest summer periods, cattle were observed to rest at the 
ecotone flatwoods interface (Sandoval 1982), which provided trees 
on the flatwoods and air movement from the ecotone community. 

Plant Community 

Seasonal frequencies of occurrence for defecation and urination 
events among the 4 communities are given in Tables 2 and 3, 
respectively. Chi-square tests for equal percentage distributions 
among seasons rejected the null hypothesis for defecation (KO.05, 

Season Marsh Ecotone Canal Bank Flatwoods 

-%- 
Fall 1980 45.0 (11.8) 20.0 (8.0) 15.0 (6.9) 20.0 (11.1) 
Winter 198 I 20.0 (10.7) 25.0 (10.8) 40.0 (11.7) 15.0 (6.1) 
Spring 1981 23.5 (10.9) 47.1 (13.0) 29.4 (13.2) 0.0 (0.0) 
Summer 198 1 4.2 (5.0) 45.8 (12.9) 25.0 (13.2) 25.0 (8.2) 
Overall Mean 23.2 34.5 27.4 15.0 

excreta deposition each season; however, the overall average fre- 
quencies of occurrence for defecation and urination were greatest 
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in the ecotone community, 35.7% and 34.5%, respectively. Sando- 
val (1982) reported that both forms of excretion by cattle were 
most closely correlated (PCO.001, ~0.23 for defecation and P 
0.001, r= 0.22 for urination) with grazing activity. Excreta densities 
often are higher in areas where cattle congregate such as at bedding 
grounds (Hafez et al. 1969) or around watering locations (Shaw 
and Dodd 1979). However, in this study cattle did not congregate 
to any large degree during the day as water was available through- 
out most of the study pasture and shaded resting areas apparently 
were not sought. 

Management Implications 
Cattle will selectively graze marshes when forages are green and 

available. Therefore, these areas should be used prior to the first 
freeze. Mineral and supplemental feeding stations and water sour- 
ces should be located or regulated to improve grazing distribution. 

Since cattle will deposit excreta within the marshes as well as in 
their immediate vicinity, natural hydrologic fluctuations should 
allow the vegetation and microorganisms of the marsh an oppor- 
tunity to absorb the added nutrients. Rapid drainage will increase 
the possibility for off-site pollution. Water control structures 
should be installed in order to retain water during peak runoff 

periods in large marshes that have been ditched. 
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Horses and Cattle Grazing in the Wyoming 
Red Desert, II. Dietary Quality 
L.J. KRYSL, B.F. SOWELL, M.E. HUBBERT, G.E. PLUMB, T.K. JEWETT, M.A. SMITH, AND J.W. WAGGONER 

Abstract 

Botanical composition of horse and cattle diets from fecal anaiy- 
sis and nutrient quality of hand-harvested forages used by these 
herbivores were evaluated to assess dietary quality during the 
summer and winter seasons of 1981 in the Wyoming Red Desert. 
Dietary crude protein estimates averaged 7.5fO.l% and 9.M0.5% 
during the summer for horses and cattle, respectively. Dietary 
crude protein estimates in the winter were lower, averaging 
6.1&O% and 6.ofO% for horses and cattle, respectively. Estimated 
dietary calcium levels for both herbivores were high through the 
summer and winter, while dietary phosphorus levels appear to be 
deficient during both seasons. Average in vitro dry matter disap- 
pearance coefficients for horses and cattle during the summer were 
52f2%,and 52f2%, respectively. During the winter these values 
dropped to 39x0% and 4ofl% for horses and cattle, respectively. 

Estimates of the nutrient content of diets selected by animals 
from a vegetation complex are useful for evaluating the nutrient 
quality of a habitat for ungulates. For free-ranging ungulates like 
feral horses (Equus cuballus) and cattle (Bos tuurus), gross esti- 
mates must sometimes be substituted for more refined techniques 
when the latter are limited. Information of the latter type is not 
available for this region for these 2 species. The objective of this 
study was to evaluate nutrient content of diets for horses and cattle 
grazing together under a heavy and a moderate stocking level using 
botanical composition of diets determined by fecal analyses, and 
nutrient composition of herbages determined from hand-harvested 
samples. 

Study Area and Methods 

The study was conducted in the Red Desert of Wyoming approx- 
imately 93km northeast of Rock Springs, Wyo., in Sweetwater 
County. A semi-arid climatic pattern prevails over the area. Three 
distinct vegetation types-sagebrush-grass, saltbush, and grease- 
wood-rabbitbrush-cover most of the area. For a more complete 
description of the study area see Krysl et al. (1984). 

Grazing treatments used were: moderate grazing intensity of 
horses and cattle in combination (MHC) and heavy grazing inten- 
sity of both species in combination (HHC). Summer grazing 
period was from June 7 to August 7, 1981, while winter grazing 
period was from November 7 to December 21, 1981. Detailed 
information on grazing treatments is found in Krysl et al. (1984). 

Composite samples of 29 ungrazed forage species were obtained 
at approximately 14-day intervals through the summer study 
period by hand-harvesting 20 or more plants of each species from 
the general area. Only 12 forage species were collected during the 
winter period due to decreased availability. Specific plant parts 
were selected to simulate those observed being consumed by horses 
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and cattle. Although studies indicate hand-picked samples some- 
times differ in nutrient content from samples collected with an 
esophageally fistulated animal (Edlefsen et al. 1960, Campbell et 
al. 1968) the magnitude of the difference is not great enough to 
eliminate the method for use in range nutrition studies. 

Samples were weighed and frozen at approximately -YC 
in a conventional freezer in the field. They were later dried in a 
forced-air oven at 45°C for 48 hours, reweighed for dry matter 
determination, ground in a Wiley mill to pass a 40-mesh screen, 
and stored in air-tight containers for chemical analysis. 

Forages were analyzed for percentage nitrogen by the Kjeldahl 
procedure [Association of Official Agricultural Chemists (AOAC) 
19701 and converted to percentage crude protein using (%N X 
6.25). In vitro dry matter disappearance (IVDMD) was determined 
by an acid-pepsin modification (Vavra et al. 1973) of the method 
described by Tilley and Terry (1963). Calcium and phosphorus 
concentrations were determined for hand-harvested samples as 
described by AOAC (1970). 

Since nutrient intake could not be measured directly, a weighted 
nutrient consumption estimate was obtained for each collection 
period on both study areas in a manner similar to Urness and 
McCulloch (1973). Estimates of dietary crude protein, IVDMD, 
calcium, and phosphorus for horses and cattle were determined by 
multiplying the nutrient content of each collected plant species by 
that species percentage relative frequency in the diet (Krysl et al. 
1984). These weighted values were then summed across all plant 
species within each season and divided by the percentage of the diet 
tested to estimate the nutrient content of the diet. 

Results and Discussion 

Summer 
Indian ricegrass (Oryzopsis hymenoides), prairie Junegrass 

(Koeleria cristata). thickspike wheatgrass (Agropyron dasysta- 
chyum), needleleaf sedge (Carex eleocharis), Sandberg bluegrass 
(Pea sandbergii), bottlebrush squirreltail (Sitanion hystrix), and 
needleandthread (Stipa comatu) were the major grasses and sedges 
consumed by horses and cattle. Important shrubs utilized by 
horses and cattle were winterfat (Ceratoides lanata), fourwing 
saltbush (Atriplex canescens), spiny hopsage (Grayia spinosa), and 
nuttall saltbush (Atriplex nuttulli) (Krysl et al. 1984). 

Grasses and sedges exhibited the lowest crude protein levels 
followed by forbs and shrubs during the summer (Table 1). 
Troelsen (1969) has reported forbs are generally more nutritious 
than grasses with grasses generally showing sharp declines in nut- 
rients with advancing season. 

Dietary crude protein estimates for cattle in the HHC pasture 
averaged 8.5% and ranged from 9.9% in early summer to 6.8% by 
summers end, while estimates for the MHC pasture were slightly 
higher (9.5%) for the same time period, ranging from 10.7 to 8.2%, 
(Table 2). The slight difference between pastures was the result of 
cattle in the MHC pasture utilizing substantially more shrubs (36% 
vs 28%) and forbs (16% vs 9%) than cattle in the HHC pasture 
(Krysl et al. 1984). Shrubs during this time generally contained 
higher crude protein levels than grasses and sedges (Table 1). 
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Table 1. Percent crude protein (CP), calcium (Cr), phosphorus (P), and in vitro dry matter disappearance (IVDMD) f standard deviation for major 
summer forages in 1981 on the study area. 

Forage 

Grasses and Sedges: 
Sandberg bluegrass 
Needleand thread 
Indian ricegrass 
Needleleaf sedge 
Bottlebrush squirreltail 
Thickspike wheatgrass 

CP 

4.5 f 0.9’ 
7.1 f 1.3 
6.7 f 2.0 
1.3 f 0.5 
7.9 f 1.8 
7.1 f 1.4 

ca P D’DMD 

0.39 f 0. IO 0.09 f 0.02 49 f 7 
0.38 f 0.08 0.08 f 0.01 52 f6 
0.42 f 0.02 0. I3 f 0.06 53 f5 
0.09 f 0.05 0. IO f 0.02 54 f 3 
0.48 f 0.09 0.17 f 0.04 52 f 5 
0.54 f 0.07 0.13 f 0.05 56 f 7 

Shrubs: 
Rubber rabbitbrushb 
Gray horsebrush 
Big sagebrush 
Nuttaii saltbush 
Winterfat 
Douglas rabbitbrush 
Greasewood 
Founving saltbush 
Spiny hopsage 

Forbs: 
Scurfpea 
Locoweed 

9.7 f I.3 
8.0 f 0.4 

10.4 f 1.4 
7.9 f 1.3 

ii.8 f0.3 
10.3 f 2.1 
15.6 f 1.6 
12.9 f 2.1 
il.8 f 3.4 

13.7 f 1.7 
16.8 f 2.1 

0.65 f 0.07 
0.77 f 0.12 
0.60 f 0.06 
1.10 f 0.07 
1.24 f 0.05 
1.23 f 0.07 
0.60 f 0.09 
I.01 f 0.09 
0.97 f 0.28 

2.83 f 1.10 
1.39 f 0.83 

0.18 f0.02 45 f 3 
0.15 f0.05 48 f2 
0.26 f 0.02 53 f 2 
0.12 f0.03 51 f4 
0.13 f 0.01 56 f 4 
0.14 f 0.03 50 f 3 
0.18 f 0.03 68 f 5 
0.19 f 0.02 61 f6 
0.12 f 0.03 61 f6 

0.14 f 0.04 
0.13 f0.03 

54 f 7 
72 f 5 

Cryptantha 6.4 f 1.0 3.05 f 1.80 0. IO f 0.02 63 f 5 
Greenmolly summercypress 10.3 f 1.0 0.65 f 0.09 0.14 fO.Oi 61 f3 
Low penstemon 5.9 f 1.1 1.23 f 0.17 0.15 f 0.05 50 f 5 
Evening primrose 6.7 f 0.7 1.86 f 0.13 0.17 f 0.03 47 f 7 

*Variation among dates of sampling (N = 4). 
%cientific names for species not mentioned in text are: rubber rabbitbrush (Chrysothomnus nauseosus). big sagebrush (ArtemMa tridenrata). Douglas rabbitbrush (C. 
viscidflow), greasewood (Sarcobatus vermiculatus), scurfpea (Psoralea muflora), locoweed (Asrragulas spp.), cryptantha (Crypranrha sp.), greenmolly summercypress 
(Kochia americana). low pcnstemon (Pensremon humilis), and evening primrose (Oenothera sp.). 

Dietz (1965) reported ruminants usually require 12% crude pro- 
tein in the diet for adequate growth and reasonable reproduction, 
although 6 to 8% is adequate for maintenance and support of 
rumen functions. The National Research Council (NRC) (1976) 
guidelines on nutrient requirements show mature pregnant cows 
(350-6SOkg) require a minimum of 6% crude protein. Following 
parturition, requirements increase to between 9 and 11% crude 
protein depending on level of milk production. Bulls require 8 to 
10% crude protein for proper maintenance and growth. For mod- 
erate weight gains (0.3-0.7 kg/day) steers and heifers need between 
8 and 11% crude protein. Diets consumed by cattle during the 
summer on the Red Desert appear to contain an adequate level of 
crude protein for maintenance, growth, reproduction, and lactation. 

Dietary crude protein estimates for horses in the HHC and 
MHC pastures varied only slightly through the summer averaging 
about 7.5% (Table 2). Horses on both pastures utilized approxi- 
mately the same forages, so little difference in dietary crude protein 
was noted between stocking densities. 

According to NRC (1978), mature horses performing light to 
medium work require a diet containing 10% crude protein. Protein 
requirements increase to 12 and 14% during the last third of 
gestation and peak lactation, respectively. Growing foals require 
19% crude protein for optima1 growth. Dietary protein of horses 
during the summer appears to be below recommended mainte- 
nance levels. Estimates of the protein contents of the diets in this 
study may be lower than amounts actually consumed due to horses 
selecting plants or plant parts higher in nutrient content than those 
simulated by hand-picked forages (Kiesling et al. 1969, Schwartzet 
al. 1977). 

Percentage IVDMD declined through the summer for all forage 
classes. Forbs were generally more digestible (72 to 47%) than 
shrubs (68 to 45%) or grasses and sedges (56 to 49%) (Table 1). 
Studies by Cook and Harris (1968) and Lewis et al. (1975) also 
showed that forbs were generally highest in digestion coefficients 
followed by shrubs and grasses. 

Dietary IVDMD estimates for cattle averaged 51% (56 to 48%) 
in the HHC pasture and 53% (55 to 51%) in the MHC pasture 

Table 2. Estimated nutrient intake of horses and cattie during summer under heavy (HHC) and moderate (MHC) stocking intensities. 

Nutrient 
Horses 
(95.0)” 

?- 
HHC 

Cattle 
(95.0) 

Treatment 

MHC 
Horsesb Cattle 
(95.3) (92.1) 

Crude protein (%) 7.5 f 0.50 8.5 f 1.20 7.5 f0.70 9.5 f0.90 
Calcium (%) 0.63 f 0.09 0.82 f 0. IO 0.68 f 0. IO 0.89 f 0.15 
Phosphorus (%) 0.13 f 0.03 0.13 f0.03 0.10 f 0.01 0. I3 f 0.03 
Ca:P ratio 5.2 f 1.6 6.7 f 1.1 6.6 f 0.7 7.1 f I.1 
IVDMD’ (9%) 53 f4 51 f3 50 fl 53 fi 

*Percent of diet tested. 
bVariation among dates of sampling N q  3, wliereas all others N = 4. 
%-I vitro dry matter disappearance. 
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menting their phosphorus needs by utilizing bones available in the 
pastures and by practicing coprophagy. Evans (1977) and Schurg 
et al. (1977) reported horses under stress would utilize feces to 
obtain necessary nutrients. 

A better measure of calcium and phosphorus requirements is the 
dietary calcium to phosphorus ratio (Ca:P)(Murray et al. 1978). In 
the HHC pasture, cattle Ca:P ratios averaged 6.7: l(4.8: 1 to 7.6: I), 
whereas those in the MHC pasture averaged 7.1: 1 (4.3: 1 to 10.3: 1) 
(Table 1). In the MHC pasture Ca:P ratios in horse diets averaged 
5.2: 1 (3.1: 1 to 7.0: I), while the MHC pasture dietary levels aver- 
aged 6.6: 1 (4.3 to 7.4: 1) (Tables 1). 

Ca:P ratios of 2:1 or I:1 are considered optimal for animal 
performance (Swenson 1977). National Academy of Sciences 
(NAS) (1980) has reported Ca:P ratios of up to 7: 1 were tolerable if 
phosphorus levels are high. The Ca:P ratios in the diets in this 
study are not within tolerable limits for cattle or horses considering 
the low phosphorus levels present. 

Winter 
Needleandthread, Sandberg bluegrass, thickspike wheatgrass, 

and Indian ricegrass were the major grasses consumed by horse 
and cattle during the winter. Shrubs accounted for approximately 
35% of the diets with winterfat, gray horsebrush (Tetradymia 
canexens), and fourwing saltbush being the primary utilized spe- 
cies. Forb use was neglible during the winter in both pastures 
(Krysl et al. 1984). 

Crude protein levels in the forages remained stable during the 
winter period with shrubs containing higher crude protein levels 
than grasses through the winter (Table 3). 

Dietary crude protein estimates for cattle in both the MHC and 
HHC pastures averaged approximately 6.mand ranged from (5.3 
to 6.6%) (Tables 4). Estimates decreased as the season progressed 
due to increased plant maturity. Dietz (1965) and NRC (1976) have 
stated that a 6.0% crude protein level is adequate for rumen func- 
tion in cattle. 

Dietary crude protein estimates for horses were similar to those 
for cattle during the winter season, averaging about 6.1% and 
ranging from 5.9 to 6.3% (Table 4). According to NRC (1978), 
horses require a minimum of 10% crude protein for maintenance. 
It would appear, based on our findings, horses are not meeting 
maintenance requirements during the winter season. 

Percent IVDMD of grasses averaged 42% (46 to 39%) and 
shrubs also averaged 42% (47 to 31%) (Table 3). Beaty and Engel 
(1980) reported that green leaves are more digestible than dead 
leaves, and leaves are higher in translocatable materials than are 
stems, therefore forage quality is reduced more by leaf death than 
stem death (Taylor and Templeton 1976). 

Dietary IVDMD estimates for wintering cattle and horses aver- 
aged 40% for both HHC and MHC pastures (Table 4). Using 
Urness and McCulloch’s (1973) general catagories, diets appear to 
be providing a fair level of energy during the winter. 

Calcium content of forage species varied greatly throughout the 
winter. Shrubs generally contained higher calcium levels than 
grasses (Table 3). 

Dietary calcium estimates for cattle averaged approximately 
0.65% for both MHC and HHC pastures with estimates declining 
as the winter season progressed (Table 4). Since the NRC (1976) 
puts the calcium requirement level at 0.18% for cattle during the 
winter, forages in the Red Desert are providing more than ade- 
quate calcium levels. 

Horses had dietary calcium estimates averaging approximately 
0.70% for both MHC and HHC pastures (Table 4). As with cattle, 
dietary calcium levels declined with advancing season. Recom- 
mended levels of calcium in the diet varies from 0.20 to 1.0% 
depending on age and physiological status of the animal (NRC 
1978). Dietary intake provided more than adequate levels of cal- 
cium to horses. 

Phosphorus content steadily declined throughout the winter 
season. Grasses contained lower phosphorus levels than shrubs 
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(Table 3). 
Dietary phosphorus estimates for cattle were 0.08% for both 

MHC and HHC pastures (Table 4). Mature pregnant cows require 
0.18% phosphorus in the diet (NRC 1976). Our data indicate 
dietary phosphorus is deficient throughout the winter season. Dur- 
ing this study cattle were observed utilizing bones and old horse 
and cattle feces when available, which might have off-set low 
phosphorus levels provided by forages. 

Dietary phosphorus estimates for horses in both treatments were 
approximately 0.09% throughout the winter season (Table 4). 
NRC (1978) suggests phosphorus levels should be between 0.14 
and 0.63% depending on type and status of the animal. Our data 
indicate dietary phosphorus was deficient throughout the winter 
season. Horses, like cattle, may be supplementing their phospho- 
rus needs by utilizing bones available in pastures and by the prac- 
tice of coprophagy. 

Dietary Ca:P ratios for horses and cattle in both HHC and 
MHC pasture ranged from 7.4: 1 to 8.1: 1 (Table 4). Generally ratios 
remained constant during the winter. Our findings put Ca:P ratios 
beyond the tolerable limits for cattle and horses reported by NAS 
(1980). 

Conclusion 

Our results suggest cattle select higher quality diets than horses 
during both the summer and winter on the Red Desert. Dietary 
crude protein estimates revealed cattle were meeting their nutri- 
tional needs whereas horses appeared to be on a sub-maintenance 
nutritional plane during both summer and winter seasons. IVDMD 
estimates showed that horses and cattle diets were providing fair to 
excellent energy levels during the summer and fair energy during 
the winter. Dietary calcium levels were more than adequate to meet 
nutritonal requirements of both cattle and horses during the 
summer and winter seasons. Dietary phosphorus levels were below 
minimum requirement levels throughout the year for both cattle. 
and horses. It is thought that cattle and horses were supplementing 
their phosphorus requirements by utilizing bones and practicing 
coprophagy. Ca:P ratios were high most of the year and during the 
winter they were above tolerable limits for both cattle and horses. 
Whether these findings directly reflect the nutritional level of free- 
roaming cattle and horses in the Red Desert is difficult to address. 
Free-roaming animals with larger, more varied habitats than those 
available to the pasture-confined animals in the study, would be 
able to select habitats with possibly different nutrient quality. Also, 
more years of data collection would help to document the effect 
climatic fluctuations are having on species composition and stand- 
ing crop and hence the diet composition and quality of the animals 
grazing the area. Previous nutritional information for cattle and 
horses is non-existent for this area. The authors hope that this 
paper will stimulate additional research for this area. 
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Seasonal Foods of Blacktail Jackrabbits and 
Nuttall Cottontails in Southeastern Idaho 
JAMES G. MACCRACKEN AND RICHARD M. HANSEN 

Abstract 
The diets of blacktail jackrabbits (Z&pus cal$fomicus) and nut- 

tall cottontails (SylwiZagus nuttalli) were estimated by examination 
of fecal pellet botanical composition. The deficiencies of fecal 
analysis are noted, but dietary trends and relative importance of 
forage plants are accurate. Cluster analysis combined leporid 
pellets into 2 distinct groups based on botanical composition, 
representing feeding during spring-summer and fall-winter peri- 
ods. Seven variables (plant species) accounted for slgnlficant dif- 
ferences (X0.05) within and among the leporids studied in sea- 
sonal food selection. Generally, grasses and forbs were most 
abundant in blacktail jackrabbit and nuttall cottontail pellets dur- 
ing the spring-summer period, whereas shrubs were most abundant 
during the fall-winter period. Diet similarity was greatest between 
blacktail jackrabbits and nuttall cottontails during the same sea- 
son. Diversity of forage consumed was greatest for both leporids 
during spring-summer periods. Habitat segregation minimizes 
competition for forage between the leporids studied. Livestock 
grazing appears to limit leporid population density rather than 
alter leporid food habits. 
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Leporids play a major role in the ecology of the Great Basin area 
of the western USA. They compete with livestock and other wild- 
life for forage, cause extensive crop damage, and are a major food 
source for coyotes (Clark 1972, MacCracken and Hansen 1982a) 
and other predators which in turn kill livestock and game animals. 

Leporids are primarily herbivorous, but have been reported to 
consume carrion (Hansen and Flinders 1969, DeCalesta 1971). 
When jackrabbits (&pus spp.) become overly abundant, about 
every 10 years, their impact on the ecosystem is tremendous. In 
January 1982 such a situation existed, and it was estimated that 
local people killed about 64,000 jackrabbits during 6 different 
roundups at Mud Lake, Ida., bordering our study area. Informa- 
tion on food selection by jackrabbits during low and high popula- 
tion levels helps to determine if such controversial management 
procedures are justified. 

The foods of most species of leporids have been documented in 
the literature (Hansen and Flinders 1969, DeCalesta 1971). Feed- 
ing by blacktail jackrabbits (L.epus californicus) may have been the 
most thoroughly examined (Uresk 1978, Westoby 1980). 

Even though studies dealing with leporid food habits have been 
published, few have investigated seasonal food selection by sym- 
patric leporids. The purpose of this paper is to present the results of 
a study which examined seasonal food habits of sympatric black- 
tail jackrabbits, and nuttall cottontail (Sylvilagus nuttalli) in south- 
eastern Idaho when the jackrabbit population was at low levels. 
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Study Area 
This study was conducted on the Idaho National Engineering 

Laboratory (INEL) site, which occupies approximately 23 1,500 ha 
of the upper Snake River Plain in southeastern Idaho, a part of the 
northern cold desert biome. The geology and climate of the Snake 
River Plain were described by Eggler (1941). Most of the INEL site 
was dominated by big sagebrush (Artemisia tridentata) associa- 
tions (Harniss and West 1973, Anderson and Holte 1981). Major 
shrubs other than big sagebrush present on the study area were 
rabbitbrush (Chrysothamnus spp.), horsebrush (Tetradymia, spp.), 
saltbush (Atriplex spp.), and spiny hopsage (Grayia spinosa). 
Common winterfat (Eurotia 1anta)was abundant on the INEL site 
and frequently occurred in large, nearly pure stands. The most 
abundant grasses on the study area were wheatgrass (Agropyron 
spp.), Indian ricegrass (Oryzopsis hymenoides), bottlebrush squir- 
reltail (Sitanion hystrix), and bluegrass (Poa spp.). Some impor- 
tant forbs were vetches (Astragalus spp. and Vicia americana), 
pinnate tansymustard (Descurainia pinnata). buckwheat (Eriogo- 
num spp.), common halogeton (Halogeton glomeratus), munro 
globemallow (Sphaeralcea munroana), and Hood phlox (Phlox 
hoodii). 

Domestic sheep and cattle grazed peripheral portions of the 
INEL site. Livestock have not been permitted on the central por- 
tion of the study area for over 25 years. Pronghorn (Antilocapra 
americana) were abundant on the INEL site, and mule deer (Odo- 
coileus hemionous) were relatively scarce. Wapiti (Cervus elaphus) 
have been occasionally observed on the study area (O.D. Mark- 
ham, pers. comm.). Whitetail jackrabbits (L. townsendii) were also 
present, but rare, and were observed only along northern and 
western borders of the INEL site (MacCracken 1980). 

Methods 

Leporid food habits were determined through microhistological 
examination of plant fragments in leporid feces as described by 
Sparks and Malechek (1968) and Hansen and Flinders (1969). 
Differential digestion of different plants and plant parts produces 
bias when feces are used to estimate diets (Anthony and Smith 
1974, Westobyet al. 1976, Vavra et al. 1978, Holechek et al. 1982). 
Methods have been developed that partially correct for this bias 
(Vavra et al. 1978, Holechek et al. 1982); however, we assume that 
biases remained constant. Vavra et al. (1978) stated that dietary 
trends and relative importance (by rank) of forage plants are 
accurate when using feces to estimate diets. 

Twenty-five random sites were selected for study and sampled 
once each season per year during the 2-year period from October 
1977 through July 1979. The sites were either grazed or ungrazed 
by livestock. At each site there were 20 permanent l-m* plots which 
were treated as one sample area. At each site and sample time all 
fresh pellets were picked up, dried, and weighed. A sample of 
material from 5 blacktail jackrabbit and 5 nuttall cottontail pellets 
were mounted on slides. For each,,s’et of 5 slides, 100 microscope 
fields were viewed at 100X, 2O,,per slide. Plant fragments were 
identified to species by characteristics of epidermal cells. The 
actual data taken were plant species frequency per 100 fields exam- 
ined, expressed as percent relative density (Sparks and Malechek 
1968). 

Pellet Identification 
Leporid pellets were separated into 2 groups based on size and 

weight. The heaviest pellets were identified as jackrabbit, the oth- 
ers as nuttall cottontail (MacCracken and Hansen 1982b). Using 
this procedure, it would be possible to mix juvenile jackrabbit 
pellets with nuttall cottontail pellets. However, mixing of pellets 
would be insignificant. Mixing would occur only during the period 
when young jackrabbits were present. The literature indicates that 
blacktail jackrabbits give birth from February through May in the 
Great Basin area (Gross et al. 1974, French et al. 1965). Jackrabbits 
also complete the majority of their growth within 70 days(Haskel1 
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and Reynolds 1947) and can reach adult size in 98 days (Tiemeier 
1965). These facts indicate that only spring collections would have 
a mixing of jackrabbit and cottontail pellets. In addition, the 
sedentary and secretive behavior of juvenile jackrabbits (Tiemeier 
1965) would decrease the probability of juvenile jackrabbit pellets 
being harvested from the plots. 

L.eporid Foods 
After preparation of nuttall cottontail and blacktail jackrabbit 

pellets, we randomly selected 10 samples from each leporid species 
for each of 8 collection dates and 2 areas (livestock grazed and 
ungrazed) of the INEL site for statistical analysis. Our sample 
array size (400 diet estimates X 25 forage items) had to be reduced 
due to limited computer memory. Since leporid distribution on the 
INEL site is nonrandom with respect to grazing and collection 
factors, 10 samples were not available for some factors. Overall, 
114 and 108 samples were analyzed representing blacktail jackrab- 
bit, and nuttall cottontail food habits, respectively. We suspected 
that significant seasonal differences existed in jackrabbit and cot- 
tontail food habits. Exactly how the data were structured was 
unknown. For example, on a calendar basis there are 4 seasons per 
year; however, that may not be biologically relevant. One way to 
approach the problem would be to arrange the data into 4 seasonal 
groups, based on date of collection, and make appropriate statisti- 
cal tests, pooling data from nonsignificant groups. However, a less 
tedious approach is to examine the data with a cluster analysis 
algorithm and determine if the resulting groups are interpretable 
on a seasonal basis. The latter method was used in this study. 
Seasonal foods of each species were tested for differences among 
species, and seasons of feeding with multivariate analysis of var- 
iance (MANOVA) (Cooley and Lohnes 1971). Differences were 
considered significant at the 5% level of probability. 

Diet overlap was estimated using Kulcynski’s similarity index 
(Oosting 1956) and diet diversity (H’) using the Shannon-Weiner 
formula (Hurtubia 1973). 

Plant names follow those given by Scott and Wasser (1980) or 
Beetle (1970). 

Results 

Seasonal Foods 
Cluster analysis of blacktail jackrabbit and nuttall cottontail 

samples arranged the data into at least 2 groups that represented 
feeding during the plant growing season (spring-summer) and 
nongrowing season (fall-winter) for each leporid species. MAN- 
OVA tests indicated that all seasonal and species comparisons were 
significantly different (ZYO.01) and that 7 forage species accounted 
for the differences. Those plants were big sagebrush, common 
winterfat, sedges (Carex spp.), vetches, needleandthread grass 
(Stipa comata), wheatgrasses, and saltbush. 

Spring-summer foods of blacktail jackrabbits consisted of 43% 
grasses, 10% forbs, and 46% shrubs (Table 1). The most abundant 
grasses and grasslikes in blacktail jackrabbit pellets at that time 
were wheatgrasses and sedges. Important forbs were common 
halogeton and the other forb category, which was a composite of 
many species. Major shrubs were common winterfat and big 
sagebrush. 

Fall-winter foods of blacktail jackrabbits consisted of 9% 
grasses, 6% forbs, and 85% shrubs (Table 1). Important grasses 
were wheatgrass and bluegrass. Abundant forbs and shrubs were 
the same as in spring-summer diets. Common winterfat increased 
about 3-fold in fall-winter samples of blacktail jackrabbits com- 
pared to spring-summer samples. 

Nuttall cottontail foods during spring-summer were made up of 
78% grasses, 11% forbs, and 11% shrubs (Table 1). Major grasses 
were wheatgrass and needleandthread grass. Abundant forbs were 
milkvetch (Astragalus spp.) and bluebells (Mertensia spp.). Impor- 
tant shrubs were common winterfat and big sagebrush. 

Fall-winter foods of nuttall cottontails consisted of 22% grasses, 
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Table 1. (Mean f SE) percent relative density of plant fragments found in 
leporid feces collected from the Idaho National Engineering Laboratory 
site, end diversity for each diet estimate. 

Plant species 
Blacktail jackrabbit Nuttall cottontail 
sp-su’ f-w sp-su f-w 

Agropyron spp. 
Carex spp. 
Oryzopsis hymenoides 
Poa spp. 
Stipa comata 
Other grasses 
Antennaria spp. 
Astmgalus spp. 
Balsamorhiza sagittata 
Lkscurainia pinnata 
Erigeron spp. 
Halogeton glomeratus 
Kochia scolparium 
Mertensia spp. 
Other forbs 
Artemisia tridentata 
Atrtplex spp. 
Eurotia lanata 
Chrysothamnus nauseosus 
Opuntia polyacantha 
Diversity (H’) 

31 f 6 
2f2 

If1 
2fl 
2fl 

If1 

* 
If1 
If1 
l 

5 
7f3 
8f4 
3fl 

28 f6 
4f3 
3f2 

1.9 

5f2 
* 

If1 
2fl 
If* 
l 

If1 

2fl 
l 

3f2 
If1 

* 
82 f 5 

If1 
.9 

56 f 4 6fl 
* If1 

If1 * 
If1 * 

18f3 3fl 
3fl 1** 

2f2 
2fl 11 f4 
If’ * 
If1 
l 

l If* 
* * 

3fl If’ 
3fl If1 
3fl 4fl 
2fl If1 
6f2 59f6 
l 

* If* 
1.7 1.4 

‘<I% 
rsp-su = spring-summer diets; f-w = fall-winter diets. 

16% forbs, and 62% shrubs (Table 1). Important grasses and 
grasslikes were wheatgrass and sedges. Major forbs were milkvetch 
and pussytoes (Anren~riu spp.) Abundant shrubs were common 
winterfat and saltbush. 

Diversity was generally highest for nuttall cottontail samples 
followed by blacktail jackrabbits during the fall-winter period and 
highest for blacktail jackrabbits followed by nuttall contails during 
spring-summer (Table 1). 

Diet overlap was highest for blacktail jackrabbit fall-winter and 
nuttall cottontail, fall-winter samples (71%). Blacktail jackrabbit 
spring-summer and nuttall cottontail spring-summer diet similar- 
ity was the next highest (56%) (Table 2). 

Table 2. Similarity indices comparing diets of 2 leporids during spring- 
summer and fall-winter periods in southeastern Idaho. 

Relationship Percent similarity 

Blacktail jackrabbit, spring-summer vs. 
Blacktail jackrabbit, fall-winter 
Nuttal cottontail, spring-summer 
Nuttall cottontail, fall-winter 

Blacktail jackrabbit, fall-winter vs. 
Nuttall cottontail, spring-summer 
Nuttall cottontail, fall-winter 

Nuttall cottontail, spring-summer vs. 
Nuttall cottontail. fall-winter 

44 
56 
44 

21 
71 

23 

Discussion Diet Overlaps and Diversity 

Leporid Foods 
Many published studies have indicated that blacktail jackrabbits 

consume grasses, forbs, and other succulent plants during the plant 
growing season, then switch to shrubs as a major forage during 
periods of plant dormancy (Hansen and Flinders 1969, Uresk 1978, 
Westoby 1980). Grasses and shrubs were important in the diet of 
blacktail jackrabbits during the growing season in this study. Grass 
and forb consumption decreased during the fall-winter period 

Competition for available forage may play an important role in 
the distribution of nuttall cottontails and blacktail jackrabbits on 
the INEL site. MacCracken and Hansen (1982b) reported that 
blacktail jackrabbit and nuttall cottontail abundance on the study 
area was inversely related. Diet similarities were highest when 
comparing these two species’ diets during the same time period. 
Generally, similarity between nuttall cottontails and blacktail 
jackrabbits was highest during the fall-winter period (7 I%), when 
forage was least abundant. Competition for forage between these 
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while shrub consumption nearly doubled. Johnson (1979) also 
reported grasses and shrubs to be major foods of blacktail jackrab- 
bits on the INEL site. 

Generally, it has been concluded that blacktail jackrabbits select 
succulent plants during dry periods. Precipitation is greatest in 
spring on the INEL site (Anderson and Holte 1981). Many black- 
tail jackrabbit habitats lack free water during dry periods, includ- 
ing most of the INEL site. Westoby (1980) found that stomach 
contents of blacktail jackrabbits in Utah were often dominated by 
common halogeton in summer and suggested that this plant was 
eaten for its high water content. Common halogeton was relatively 
unimportant in the diets of blacktail jackrabbits on the INEL site 
even though it was the major forb consumed (Table 1). Mac- 
Cracken and Hansen (1982b) found that the above-ground stand- 
ing crop of common halogeton was relatively low in areas of the 
INEL site where blacktail jackrabbits were most abundant. 
Hansen and Flinders (1969) suggested that common winterfat was 
also selected by blacktail jackrabbits for its water content. Riegel 
(1942) and Brown (1947) reported plains pricklypear to be con- 
sumed by blacktailjackrabbits. In this study, wheatgrass, common 
winterfat, common halogeton and plains pricklypear were the 
major succulent forages eaten by blacktail jackrabbits during late 
summer, fall, and winter. 

During the period of plant dormancy common winterfat domi- 
nated blacktail jackrabbits diets on the INEL site. Plant species 
diversity was lowest for blacktail jackrabbits during fall-winter. 
Common winterfat was reported by Hayden (1966) and Currie and 
Goodwin (1966) to be a major forage of blacktail jackrabbits in 
Nevada and Utah, respectively. 

MacCracken and Hansen (1982b) found that in areas where 
blacktail jackrabbits were most abundant during fall, winter, and 
spring on the INEL site, biomass of grasses and grasslike plants 
was significantly higher than in areas where blacktail jackrabbits 
were least abundant. They concluded that production of herbace- 
ous plants was important to leporids due to the high abundance 
and uniform distribution of shrubs on the INEL site, suggesting 
that it may be advantageous for blacktail jackrabbits to occupy 
areas where grasses and grasslike plants are abundant to take 
advantage of any late winter or early spring growth by these plants. 

There is relatively little information concerning nuttall cotton- 
tail food habits (DeCalesta 1971). Orr (1940) stated that nuttall 
cottontails subsisted on big sagebrush in California. Big sagebrush 
was not an important shrub in nuttall cottontail diets on the INEL 
site. However, common winterfat accounted for 59% of nuttall 
cottontail fall-winter diets. 

Shrubs were more important in nuttall cottontail diets during 
the fall-winter period than during spring-summer in this study 
(Table 1). Forb consumption was also highest during this period. 
Wilde (1978) also noted an increase in shrub and forb consumption 
by nuttall cottontails on the INEL site during fall and winter. 
MacCracken and Hansen (1982b) reported forb biomass to be 
significantly higher in areas of the INEL site where nuttall cotton- 
tails were most abundant than in other areas. It has generally been 
concluded that cottontails (Sylvilugus spp.) consume a wide var- 
iety of plants (Fitch 1947, DeCalesta 1971, Turkowski 1975, 
Hansen and Gold 1977). Plant species diversity for nuttall cotton- 
tail diets averaged 1.5 which was higher than average diet diversity 
of blacktail jackrabbits (1.4). 



leporids is minimized due to the habitat segregation observed by 
MacCracken and Hansen (1982 b). 

It appears that livestock grazing on peripheral portions of the 
INEL site does not alter the availability of preferred forage enough 
to influence jackrabbit and cottontail food habits. The fact that 
pellets from grazed and ungrazed portions of the study area clus- 
tered in similar groups supports this contention. However, Mac- 
Cracken and Hansen (1982b) reported that leporids were most 
abundant in ungrazed portions of the INEL site. These data sug- 
gest that livestock grazing may reduce forage availability to the 
point that it limits leporid population densities in peripheral por- 
tions of the INEL site. Johnson (1979) stated that serious competi- 
tion for forage among leporids and livestock could occur on the 
INEL site depending on livestock stocking rates, as diet overlaps 
were greater than 50%. In periphreal portions of the study area, 
blacktail jackrabbits and nuttall cottontails are probably compet- 
ing for forage with livestock. MacCracken (1980) suggested that 
much of the peripheral portion of the INEL site was heavily grazed 
by livestock. 

Diversity of diets was greatest for spring-summer periods for 
each leporid species studied which reflects utilization of the greater 
availability and nutrient content of herbaceous plants present at 
that time. There was relatively little difference between seasons in 
nuttall cottontail diet diversity, even though the 2 diet estimates 
were only 20% similar. Examination of Table 1 indicates that 
seasonal differences were great, but this was due to a shift in 
consumption from 1 food item to another, rather than the addition 
or deletion of food items in the nuttall cottontail diet. 
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Summer Diets of Bison and Cattle in South- 
ern Utah 
DIRK VAN VUREN 

Abstract 

Diets of bison (Bison bison) and cattle @OS taurus) were evrlu- 
ated in a shrub-steppe plant community in the Henry Mountains, 
Utah. Bison feces comprised 9!W grasses and sedges and 1% forbs. 
Cattle feces also were primarily grasses and sedges (95944, but in 
addition included significantly more forbs (5%) than did bison 
feces. 

Bison (Bison bison) were considered in danger of extinction in 
1895, when only 800 animals remained of the estimated 30 million 
present a few decades previous (Dary 1974). The species recovered 
through intensive management and numbered 30,000 in 1972 
(Dary 1974). Increase in bison numbers resulted initially from 
establishment of herds on state and federal refuges. In recent 
decades, however, a growing market for bison meat has promoted 
establishment of many domestic herds. 

The steady growth in bison numbers, on both public and private 
lands, has created a need for information on bison diets to deter- 
mine carrying capacity and to assess possible conflicts for forage 
between bison and large herbivores already using these ranges, 
particularly cattle (Bos taunts). Information on bison diets in the 
shrub-steppe plant communities typical of much of western United 
States is limited to a description of forage classes consumed (Van 
Vuren 1982). Moreover, only 3 studies have compared diets of 
bison and cattle (Peden et al. 1974, Van Vuren 1982, Van Vuren 
and Bray 1983). The purpose of this study was to evaluate summer 
diets of bison and cattle in a shrub-steppe community of the Henry 
Mountains, Utah. 

Study Area and Methods 

The study was conducted on the west side of Mount Ellen, in the 
Henry Mountains, Garfield County, Utah. The upper slopes of 
Mount Ellen provided summer range for 200-300 cattle and about 
200 wild bison. The 200-ha study area was at the headwaters of 
South Creek, between 2,900 and 3,050 m elevation. Precipitation 
averaged about 50 cm per year. Dominant shrubs were big sage- 
brush (Artemisia tridentata), black sagebrush (A. nova), and 
snowberry (Symphoricurpos spp.). Grasses were chiefly native 
perennials and included bluegrass (Pea spp.), needlegrass (Stipu 
spp.), wheatgrass (Agropyron spp.), fescue (Festuca spp.), fringed 
brome (Bromus ciliatus), squirreltail (Sitanion hystrix), and june- 
grass (Koeleria cristutu). Common forbs were penstemon (Pen- 
stemon spp.), cinquefoil (Potentilk spp.), and mountain dandelion 
(Agoseris spp.), locoweed (Oxytropis lambertii), and milkvetch 
(Astragalus spp.) The source of plant names is Welsh and Moore 
(1973). 
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Diets of bison and cattle were estimated by fecal analysis. One 
15-cc sample was collected from each of 35 fresh bison feces and 35 
fresh cattle feces on 9 and 10 August 1978. Feces were from 10 
bison and 12-15 cattle that had grazed the previous 4 days on 
adjacent sites in the study area. Samples were ground in a Wiley 
mill over a 1 -mm screen and then mounted on microscope slides, 5 
per sample. Plant fragments were identified in 20 microscope fields 
per slide. Frequency of occurrence of each species was calculated 
and converted to relative density, which was used as a dry weight 
estimate for each species in the fecal samples (Sparks and Male- 
chek 1968). Differences in forages in bison and cattle feces were 
evaluated with a t-test. 

Results and Discussion 

Feces of both bison and cattle contained almost entirely grasses 
and sedges, although the percentage was higher (KO.05) for bison 
than for cattle (Table 1). Cattle feces contained more (X0.05) 
forbs than did bison feces, largely because of a higher (X0.05) 

Table 1. Percent plant composition of bison and cattle feces in a sbrub- 
steppe community in the Henry Mount&s, Utah. 

70 composition 

Forage Bison Cattle 

Grasses and sedges 
Agropyron spp. 2 2 
Bromus ciliarus 4 
Carex spp.’ : I 
Fesruca spp. 10 10 
Koeleria cristata. 13 22 
Oryzopsis hymenoides Tb 
Poa spp.’ 66 5: 
Siranion hysrrix T T 
Stipa spp.’ 1 6 
Total grasses and sedges’ 99 95 

Forbs 
Astragalus spp., Oxyrropis spp.’ T 4 
Other forbs I 1 
Total forbs” 1 5 

Shrubs 
Artemisia spp. T T 
Symphoricarpos spp. T 0 
Total shrubs T T 

‘Occurred in different percentages (X0.05) in bison and cattle feces. 
*race (<0.5%). 

percentage of locoweed and milkvetch. Forb content of feces may 
not accurately reflect amounts eaten because of differential diges- 
tibility (Holechek et al. 1982). Shrubs totaled less than 1% of the 
feces of either species. 

These results indicate a general similarity of diets; both species 
ate mostly grasses and included all available species in their diet. In 
addition, however, cattle varied their diet with significant amounts 
of forbs. Bison elsewhere also select grasses and sedges almost 
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exclusively (Meagher 1973, Peden 1976, Reynolds et al. 1978, 
Telfer and Cairns 1979, Van Vuren 1982, Campbell and Hinkes 
1983, Van Vuren and Bray 1983). Sedges are most important in 
diets of herds in northern United States and Canada (Meagher 
1973, Reynolds et al. 1978, Telfer and Cairns 1979, Campbell and 
Hinkes 1983), whereas grasses are most important in bison diets 
further south (Peden 1976, Van Vuren and Bray 1983, my results), 
a difference that reflects availability. 

Peden et al. (1974) studied seasonal diets of bison and cattle 
under light and heavy grazing treatments on shortgrass prairie and 
found that percentage of grasses in bison diets was seldom less than 
90% (minimum of 77%) in any season and under either grazing 
treatment. Cattle diets generally comprised mostly grasses, but 
showed much greater variability than bison diets and included up to 
70% forbs and shrubs. Van Vuren (1982) found that bison in a 
shrub-steppe community ate 93% grasses and sedges. Cattle in the 
same area also ate mostly grasses and sedges, but in addition 
included almost 20% forbs in their diet. Van Vuren and Bray (1983) 
compared diets of bison and cattle in an area seeded to crested 
wheatgrass (Agropyron desertorum)and alfalfa (Medicago sativa) 
and found that whereas both species were primarily grazers, cattle 
included more shrubs in their diet than did bison. My results are 
consistent with other studies of bison and cattle diets; grasses and 
sedges predominate in the diets of both species, but cattle diets are 
more variable. 
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Vegetation Change after 13 Years of Live- 
stockGrazing Exclusionon SagebrushSemidesert 
in West Central Utah 
NEIL E. WEST, FREDERICK D. PROVENZA, PATRICIA S. JdHNSON, AND M. KEITH OWENS 

Abstract 

Range managers often assume that release of vegetation from 
livestock grazing pressure will automatically result in a trend 
toward the pristine condition. The pathways and time scales for 
recovery are also sometimes assumed to be the same as for retro- 
gression. These assumptions were examined via monitoring of 
plant community composition and forage production in five large 
paddocks of sagebrush semi-desert vegetation in west central Utah 
over a 13-year interval. No significant increases in native perennial 
grasses were noted over this period despite a trend toward more 
favorable precipitation in recent years. Thus, the present brush- 
dominated plant community is probably successionally stable. A 
return to vegetation similar to the original sagebrush-native grass 
mixture is unlikely. The possibility of a successional deflection via 
fire is enhanced by the increase of annual grass. Improvement of 
forage production in this vegetation will not necessarily follow 
after livestock exclusion. Direction manipulations are mandatory 
if rapid returns to perennial grass dominants are desired in such 
environments. 

By their actions, many range managers demonstrate assump- 
tions of succession as a linear, deterministic process, and climax as 
a single stable point to which vegetation returns following distur- 
bance. Some range managers also appear to believe that retrogres- 
sion and progression should follow the same time scales as well as 
trajectories. Adoption of these assumptions simplifies planning 
but contradicts much recent theory (Sutherland 1974, van Hulst 
1979, Miles 1979, Pickett 1980, Noble 198 1) and empirical data for 
semiarid vegetation (Hanley 1979, Anderson and Holte 1981, 
Walker 198 1). 

If the manager’s expectations of pathways and time scales for 
vegetation recovery following disturbance are unfounded, then 
much time and potential rangeland productivity could be lost 
waiting for changes that may never or very slowly materialize. One 
such example may be the assumption that elimination of livestock 
use will necessarily result in short-term improvement of the grass 
component of sagebrush semidesert vegetation. 

The longevity and the population dynamics of sagebrush and 
associated grasses, as well as sagebrush/grass competition, has 
been much studied. The literature of these topics has been recently 
reviewed by Tisdale and Hironaka (1981), Blaisdell et al. (1982), 
and West (1983a and b). Sagebrush-grass associations can appear 
to be stable over a wide range of relative compositions of brush to 
grass. The introduction of cheatgrass (Bromus tectorum L.) has, 
however, led to instability because the chance of earlier fires is 
enhanced by the invasion of this winter annual grass. 
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Study Area 

This study was conducted at Tintic Valley, Juab County, west 
central Utah. A research area has been cooperatively maintained 
there by Utah State University and the Bureau of Land Manage- 
ment, U.S. Dep. of Interior, since 1949. Although the main thrust 
of past research has been to determine ways of establishing exotic 
wheatgrasses and managing animals grazing these plants, a parallel 
set of native pastures was also grazed by livestock to compare 
animal performance on improved versus native rangeland (Cook 
1966). 

The native rangeland at the study site is presently dominated by 
basin big sagebrush (Artemisia tridentata Nutt. ssp. tridentata 
Beetle). Small amounts of Sandberg’s bluegrass (Poa secunda 
Vasey.), bottlebrush squirreltail (Elymus (Sitanion) hystrix (J.C. 
Smith) (Dewey), bluebunch wheatgrass (Elytrigia (Agropyron) 
spicata (Scribn & Smith) Dewey), and western wheatgrass (Elytri- 
gia (A.)smithii(Rydb) Dewey) are the major perennial herbaceous 
species. Cheatgrass (Bromus tectorum L.) can be an abundant 
annual on disturbed microsites, especially in wetter than average 
years. 

Livestock grazing on the native pastures was eliminated follow- 
ing the conclusion of Cook’s experiments in 1968. In 1979 we 
initiated a study to determine if rest from livestock grazing had 
resulted in improvement of the herbaceous forage component. 
Because the presettlement vegetation had apparently much more 
perennial grass (Christensen and Johnson 1964) and because the 
climate and soils (loamy to loamy skeletal mixed, mesic families of 
Xeric Torrifluvents, Xerollic Calciorthids, Xerollic Durorthids, 
and Xerollic Durargids) are typically associated with good grass 
production, perennial grasses were expected to rapidly regain their 
dominance once livestock grazing was removed. 

Methods 

Changes in the herbaceous vegetation after livestock grazing 
ceased were assessed by comparing the standing crop measure- 
ments that were taken by Cook from 1956 to 1964 on the native 
grazed pastures with standing crops measured during the last 3 
years of a period of no grazing during 1969-8 1. Cook’s assessment 
of standing crops involved random placement of 20 to 29 0.9-m* 
hoops in each of 5 pastures varying from 90 to 172 ha in size. The 
residue and any subsequent regrowth on these plots was surveyed 
near the end of July each year. This followed grazing by sheep 
during May and June. The stocking rates varied from 11 to 26 
sheep days per ha from 1960 to 1968 and an unrecorded number 
during earlier years. Estimates of utilization during 1960-64 
ranged from 12 to 53%. 

A double-sampling approach was used from 1956-1964 to esti- 
mate the standing crop of each palatable herbaceous species that 
weighed more than 1 g. Species considered nonpalatable were not 
inventoried. This procedure involved clipping and weighing plots 
prior to sampling, to gain confidence in the estimates, and thereaf- 
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Table 1. Average end-of-growing season standing crops of grasses and forbs for five sagebrush pastures over various time periods from 195649111, and 
crop-year1 precipitation totals and indices for the study site near Tintic Junction, Utah. 

Grazed years2 Non-grazed years3 
Average’ Average Average 

1956 1957 1958 1959 1960 1961 1962 1963 1964 1956-64 1963-64 1979 1980 1981 1980-81 

Average standing crop (kg/ ha) 234 368 209 220 223 273 240 130 I32 226 131 37 163 80 122 
95% confidence intervals 

(kg/ ha) 90 88 81 59 76 53 61 74 65 18 37 56 ii8 26 56 
Crop year precipitation 

(mm)’ 264 212 264 209 272 199 375 257 368 280 313 346 406 288 347 
Crop year precipitation 

index (%)l 84.8 100.2 84.8 74.2 96.6 70.7 133.3 91.2 130.8 99.5 Ill.1 122.8 144.2 I02 123.3 

Crop-year (1 Sept.-30 June) precipitation totals and indices (percent of a long term median value) are unavailable for the study site prior to 1959 and from 1965 to 1978. 
Precipitation and indices for 1956-1958 are from Eureka, Utah which is less than 25 km from all pastures and has similar precipitation. The average crop precipitation for 
Eureka, Utah for 1965-1978 is 409 mm. 
LStandmg crop during years that patures were grazed represents residual crop after grazing during May and June. 
‘Average precipitation and precipitation indices for 1956-1964 includes only Tintic data from 1959-1964. Precipitationdata from the pastures were unavailable for 1956- 1958. 

ter clipping and weighing occasionally to assure observers of the 
accuracy of their ocular estimates. We conducted similar sampling 
of all herbaceous species in 1979 (August 29-30), 1980 (July 
27-28), and 198 I (July 28-29). 

Precipitation, the major driving variable for plant productivity 
in such environments, was recorded monthly in storage gauges at 
the study site. Following the recommendations of Sneva and Brit- 
ton (1983), we totaled precipitation from September 1 through 
June 30 (crop-year). 

First, more time may be required for the perennial grasses to 
increase in density to the point that they may produce adequate 
seed. Anderson and Holte (1981) suggest a logarithmic model of 
increase with barely detectable changes during the first lo- 12 years 
of recovery turning to significant increases later. Sneva et al. (1980) 
noted some increases in grass relative to sagebrush in exclosures 

Results and Discussion 

Table 2. Average f 90% confidence intervals for understory standing 
crops during selected years during the grazed and non-grazed periods 
on five sagebrush semi-desert paddocks near Tintic Junction, Utah. 

The total herbaceous standing crop did not increase following 13 
years of rest from livestock grazing, as indicated by comparison of 
the average standing crop during 1963-64 with that of 1980-81 
(Table l), representative of grazed and ungrazed periods, respec- 
tively. The lack of change is even more dramatic because the data 
for 195664 represent residual herbage following grazing during 
May and June. The earlier sampling was also limited to palatable 
species and thus some minor forbs may have been overlooked. The 
low values for 1979 are at least partially a result of the sampling 
date, since less standing crop was likely present in August than 
July. Herbage standing crops measured in 1980 and 1981 were 
during a more comparable time and conditions to Cook’s readings. 
The precipitation during 1980 was the highest of the entire 
sequence. Nevertheless, herbage was considerably less than the 
average (226 kg/ ha) during the 1956-1964 grazing period. 

Growth form/ species 

Grasses 

Grazed’ Nongrazed 
1963-64 1980-81 

-kg/ha- 

Elytrigio intermedio (Beauv.) Dewey 28 f 8 l3f 10 
Elytngio smithii (Rydb.) Dewey 44f 10 iOf 
Elytrigio spicoto (Scribn. & Sm.) Dewey 4f5 12f Ii 
Elymus hystrix (J.G. Sm.) Dewey 25 f4 Ii f5 
&y.zopsis hymenoides (R. St S.) Ricker 29f ii 7f5 
St& comoto Trin. & Rupr. lfi Of0 
Stipo kttermonii Vasey lfl Of0 
Poo secunda Presl. <if<1 IfI 
Bromus tectorum I.. i7f5 4431 18 

Forbs 

The standing crop of many perennial grasses decreased over the 
13 years of rest (Table 2). In contrast, cheatgrass apparently 
increased during the rest period. This may be partially influenced 
by consumption or breakage of cheatgrass during the earlier 
grazed period. 

Unfortunately, estimates of sag&brush phytomass were not 
available from the earlier period. Observations of the brush stand 
from 1979-81 indicated that most sagebrush and juniper (Junipe- 
rus osteosperma [Torr.] Little) plants were young and vigorous. 
Where decadent overstories of sagebrush existed, the understory 
consisted mostly of vigorous young sagebrush plants. Thus, rather 
than the perennial grasses and forbs increasing as the older genera- 
tion of sagebrush dies, new cohorts of sagebrush are establishing 
under the dead or dying shrubs. 

Lkscuroiniopinnoto (Walt.) Britt. 3fl 3 f 0.2 
Other forbs measured* 20 f 8 

Total i44f I9 122 f 26 

‘The total of this time period does not agree with the total in Table 1 because the I%3 
data on individual species for one of the pastures are missing. 
Worbs, other than Lkscuroiniapinnom, were not included m the 1963-64 measure- 
ments. 

over 30 years old. They were, however, studying plots in the 
sagebrush steppe, a significantly more mesic type (West 1983b). 

There was no apparent trend in favorableness of precipitation to 
explain these vegetation changes (Table 1). The 1959-64 period 
was almost normal (average crop year index of 99.5). Weather 
records at nearby stations indicate that the intervening 1965-78 
period was not characterized by pronounced drought except for 
the short below-normal period in the winter-spring of 1977. Near- 
normal precipitation returned in 1978 and the 1979-8 1 period was, 
if anything, wetter and more favorable for vegetation production 
than the preceding periods. Several possibilities emerge as to why 
the herbaceous species did not increase upon release from livestock 
grazing. 

Prevailing ideas about succession assume either that change is 
not a zero sum game (that “winners have to balance losers”), that 
grass can increase in the face of sagebrush competition, or that 
competition is not a major organizing feature of such communities. 
If competition is accepted as important, then the common assump- 
tion is that perennial grasses will replace shrubs as they grow older, 
lose vigor, and eventually die. Another possibility is that sagebrush 
is simply a better competitor. 

An alternate explanation is that herbivory by hares (L.epus 
californicus deserticolo Mearns) and rabbits [Sylvilagus nuttallii 
grungeri (Allen)] is keeping the grass populations in low abun- 
dance and vigor such that they rarely reproduce. Surveys of the 
study area by C.B. Smith and P.J. Urness (pers. comm.) during 
1980 have indeed shown a high index of hare numbers compared to 
other studies. Currie and Goodwin (1966) showed that 7 hares are 
approximately equal to 1 sheep in herbage consumption on 
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similar ranges. Thus, hares may be depressing the relatively small 
grass component of this community. Rabbit-proof exclosures were 
recently established to examine the validity of this hypothesis. 

A third possibility is that grass is not an important component of 
stable vegetation in the study area. The original grassland with 
scattered sagebrush and juniper was likely maintained by periodic 
fire (Wright et al. 1979). In the terminology of Westman (1978) the 
original system could have had low inertia and resilience. Removal 
of fine fuels necessary for periodic fire by the heavy unrestricted 
livestock grazing between 1870 and 1935 may have set a succes- 
sional trajectory toward greater stability. Hanley (1979) and 
Walker et al. (198 1) have made a strong case for multiple stable 
points in rangeland succession. Without fire, or a substitute, sage- 
brush and juniper may out-compete perennial grasses through 
more efficient use of water, nutrients, and space. Also, allelochem- 
its given off by living tissues and litter may help the woody plants 
to dominate. The much greater longevity of brush and tree individ- 
uals also gives them a demographic edge over grasses (West et al. 
1979). 

Regardless of the explanation, which can only be defined with 
further basic research, the practical importance of our findings is to 
dissuade the manager from the misconception that livestock exclu- 
sion will necessarily result in rapid improvement of the grass 
component of sites dominated by brush and trees. Hull (1976) 
indicated that the first significant loss of grass on these kinds of 
rangelands took only lo-12 years. We have shown that the change 
cannot be reversed on such a time scale. Rather than improving 
itself with 13 years of rest from livestock grazing, our vegetation 
has deteriorated toward more profound dominance by woody 
species. Only annual grasses have apparently increased during the 
13 years. This increases the likelihood of firestorms that may 
destroy everything. We concur with Sneva et al. (1980), who stu- 
died these phenomena over a longer time span on more mesic sites, 
that direct manipulations are mandatory if rapid return to grass 
dominance is desired in such environments. 
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Effects of Livestock Grazing on Infiltration 
Rates, Edwards Plateau of Texas 
G.R. MCCALLA II, WI-I. BLACKBURN, AND L.B. MERRILL 

Abstract 

The influence of short duration grazing (SDG), moderate con- 
tinuous grazing (MCG), heavy continuous graxlnr (HCG). and 

communities was evahtated over a 2Ormonth pe& on the Texas 
Agricultural Research Station, located near Sonora in the Edwards 
Plateau, Texas. A combination of cattle, sheep, and goats were 
used in each grazing treatment. Infiltration rates were consistently 
less in the midgrass (bunchgrass) than in the shortgrass (sodgrass) 
community. The HCG pasture was severely overgraxed and htfil- 
tration rates were reduced to about one-half those in the MCG 
pasture. The mldgrasses in this pasture were destroyed after 26 
months of overgrazing. Infiltration rates in the SDG pasture, 
stocked at double the recommended rate, decreased during the 
study period. Infiltration rates in the SDG pasture shortgrass 
community, near the end of the study, approached those in the 
HCG pasture. The greatest infiltration rates for both communities 
were maintaIned in the MCG pasture. Infiltration rates for the 
midgrass community remained relatively stable during the study 
when the general trend in the SDG and HCG pastures was toward 
reduced infiltration rates. The nongrazed pasture subsequent to 
the 1980 drought had a general increase in inflltratlon rates. 

Infiltration rates vary naturally in time and space because of 
normal variations in climate, vegetation, and intensity and dura- 
tion of livestock use. Few studies have attempted to account for 
these natural variations. The literature is filled with examples of 
the adverse impact of heavy or abusive grazing on infiltration rates. 
Few research projects have studied seasonal or long-term impacts 
of grazing systems or proper grazing management on infiltration 
rates (Blackburn et al. 1982). 

Much interest has been generated by specialized grazing systems 
and their potentials. Short duration grazing and its potential eco- 
nomic benefits to the ranching industry have become extremely 
popular (Savory 1978). Little information is available, however, to 
support many of the claims concerning specialized grazing sys- 
tems. Gifford and Hawkins (1978) found no published evidence to 
show that any single grazing system consistently or significantly 
increased plant and litter cover on watersheds. Other reviews (Van 
Pollen and Lacey 1979, Beck 1980) of the impacts of grazing 
support Gifford and Hawkins’ conclusions. Most of the informa- 
tion on the impact of specialized grazing systems on infiltration 
rates come from studies conducted in the Rolling Plains and 
Edwards Plateau of Texas. The results of these studies indicate that 
infiltration rates of pastures grazed under a deferred-rotation sys- 
tem (4-3: 12:4 mo)i were similar to those of livestock exclosures and 
greater than high intensity, low frequency pastures (8-1:17:119 
days) or moderate or heavy continuously grazed pastures (McGinty 
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et al. 1978, Wood and Blackburn 1981). Infiltration rates of pas- 
tures grazed under a high intensity, low frequency system were 
similar to moderate continuously grazed pastures (Wood and 
Blackburn 198 1, Blackburn et al. 1982). 

Livestock grazing can alter infiltration rates of rangeland soils 
by removing protective plant cover and by trampling. Vegetation 
and mulch cover serve to protect the soil surface from raindrop 
impact and influence soil surface properties such as bulk density, 
organic matter content, and aggregation (Osborn 1954, Copeland 
1963, Blackburn 1975, Meeuwig and Packer 1976, Blackburn et al. 
1982). Reduced infiltration rates as a result of livestock grazing 
have been attributed to: () loss of vegetation cover, (2) decreased 
mulch cover, (3) decreased amounts of vegetation standing crop 
and mulch, (4) increased bare ground, and (5) increased bulk 
density as a result of trampling (Alderfer and Robinson 1947, 
Knoll and Hopkins 1959, Reed and Peterson 1961, Branson et al. 
1962, Copeland 1963, Dee et al. 1966, Rauzi and Hanson 1966, 
Smith 1967, Blackburn et al. 1982). Type of vegetation is important 
in determining infiltration rates (Blackburn 1975). Infiltration 
rates are consistently higher in bunchgrassdominated areas than 
in sodgrassdominated areas (Blackburn et al. 1980, Wood and 
Blackburn 1981). Livestock grazing has the greatest potential 
impact on bunchgrasses. Not only are bunchgrasses usually the 
better forage species but they are usually more sensitive to heavy 
grazing pressure than low-growing sodgrasses (Wood and Black- 
burn 1981). Objectives of this study were to determine: (1) infiltra- 
tion rates of pasture soils under short duration grazing; moderate 
continuous grazing; and heavy continuous grazing; and grazing 
exclusion; and (2) the variables influencing infiltration. 

Study Area 

Research was conducted on the Texas Agricultural Research 
Station, located near Sonora in the Edwards Plateau, Texas. The 
1,404-ha station lies on the boundary separating Sutton and 
Edwards counties. Station elevation is approximately 632 m with 
an average growing season of 240 days. 

The Edwards Plateau is second only to the Trans-Pecos region 
of Texas in length and frequency of drought (Sprott 1971). Precipi- 
tation was highly variable and poorly distributed (428 mm) in 1980, 
especially during the growing season, while 198 1 had above- aver- 
age precipitation (556 mm by August). No precipitation was 
recorded in July 1981 and the greatest precipitation (171 mm) 
occurred in the preceding month, June 1981. Average precipitation 
for the station is 553 mm annually (TDWR 1982). 

The study site soils are Tarrant silty clays which are members of 
the clayey-skeletal, montmorillonitic, thermic family of Lithic 
Haplustalls. The slopes are gentle (a%). Vegetation of the study 
area at the beginning of this project was characterized by oak 
mottes and grass-dominated interspaces. The grass interspaces 
were dominated by either mid- or shortgrasses. Grasses on the 
study site included common curlymesquite (Hiluriu belangeri 
(Steud.) Nash) the dominant sodgrass, threeawn (Aristidu spp.), 
sideoats grama (Bourelotra curtipendulu (Michx.) Torr.) the dom- 
inant bunchgrass, Texas wintergrass (Stipa leucotricha Trin. & 
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Rupr.), bluestems (Andropogon spp., Bothriochloa spp., Schiz- 
achyrium spp.), and hairy grama (Bouteloua hirsuta Lag.). Domi- 
nant woody plants are live oak (Quercus virginiana Mill. var. 
virginiana), honey mesquite (Prosopisglandulosa Torr.), and ashe 
juniper (Juniperus asheii Buchh.). 

Three grazing regimes: (1) heavy continuous grazing (HCG), (2) 
moderate continuous grazing (MCG), and (3) short duration graz- 
ing (SDG) (14-1;4:50 day) were studied to evaluate the impacts of 
livestock grazing on selected hydrologic variables. An adjacent 
nongrazed pasture was added (March 1980) to evaluate recovery 
from livestock exclusion. The 3 grazed pastures were 6 ha in size 
and the nongrazed area was 3.5 ha. The HCG pasture was in 
low-fair range condition at the beginning of this study (January 
1980). The MCG, SDG, and nongrazed pastures were in fair to 
high-fair condition (USDA 1972). A combination of cattle, sheep, 
and goats was used in each grazing treatment approximating the 
recommended animal unit ratio of 50:25:25, respectively, used on 
the Edwards Plateau. 

The SDG pasture was under a high-intensity, low-frequency 
(HILF) (8-1:17:119 days) grazing system prior to the SDG treat- 
ment (March 1978-December 1980). It was continuously grazed at 
a moderate stocking rate, approximately 8.1 ha/ AU/ yr, previous 
to the HILF system. The SDG pasture simulted 1 pasture of a 
lCpasture, l-herd grazing system, with approximately a 4day and 
50-day graze/ rest cycle. Stocking rates varied from 3.2 ha/AU/yr 
to 4.9 ha/ AU/yr because of destocking during the 1980 drought. 
The MCG pasture was historically grazed at 8.1 ha/AU/yr. 

Stocking rate on the HCG pasture varied in accordance with 
changes in forage production and livestock breeding season and 
this pasture was grazed most intensively at the beginning of the 
study. Stocking rate ranged from 0.3 ha/ AU/ yr to 12 ha/ AU/ yr. 
This pasture has been extremely heavily grazed since March 1978, 
but previously was under MCG. 

The nongrazed pasture was fenced in February 1980 to exclude 
livestock and was first sampled in March 1980. Previous grazing 
history was MCG. This pasture has a greater slope and stonier and 
shallower soil than the other pastures in the study. This difference 
was large enough to prevent direct comparison with the grazed 
pastures, however, recovery of watershed variables from livestock 
grazing can be evaluated. 

Methods 

Infiltration 
Infiltration rates were determined with a drip-type rainfall simu- 

lator (Blackburn et al. 1974) on eight 0.5-mr, randomly located 
runoff plots in each vegetation type and treatment for each of the 
11 sample dates during 1980 and 1981. The runoff plots were 
pre-wet with 120 I of water using a sprinkler system to remove 
antecedent soil-water content differences and covered with clear 
plastic to maintain uniform surface water conditions. After the 
runoff plots drained to field capacity (approximately 24 hr), simu- 
lated rainfall was applied at a rate of 20.8 cm/ hr for 0.5 hr. This 
application rate approximates a storm with return period of 150 
years and was necessary to ensure runoff from all plots. Runoff was 
continuously collected and weight measurements were made at 
5-minute intervals. Infiltration rates were determined by calculat- 
ing the difference in applied simulated rainfall and runoff from 
each plot. 

Vegetative Cover, Standing Crop and Mulch 
The percentage ground covered by midgrass, shortgrass, and 

forb foliage, and mulch, rock, and bare ground were determined by 
ocular estimates on each runoff plot from a gridded sampling 
quadrat. Grasses, forbs, and standing dead material were clipped 
to a 2-cm stubble height and mulch was hand-collected from each 
runoff plot. The herbaceous material was dried at 60°C for 48 hr 
and weighed. 
Soils 

Immediately before each simulated rainfall event, soil bulk den- 
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sity and soil water content adjacent to each runoff plot for depths 
of 0 to 3 cm and 5 to 8 cm were determined by the core method 
(Black 1965) and the gravimetric method (Gardner 1965), respec- 
tively. A soil sample was collected from O-3 cm within each plot 
after the simulated rainfall event and analyzed for organic matter 
by the Walkley-Black method (Walkleyand Black 1934), aggregate 
stability by the wet sieve method (Kemper and Koch 1965), and 
texture by the hydrometer method (Bouyoucos 1962). Surface 
roughness within each plot was measured with a relief meter sim- 
ilar to the one described by Kincaid and Williams (1966) but 
consisting of 10 evenly spaced pins. 

Analysis 
Data normality was determined by tests for skewness and kurto- 

sis (Snedecor and Cochran 1971). Values for surface roughness 
were highly skewed requiring a log10 transformation of the data 
set. Differences between vegetation communities and treatment 
differences by vegetation community were determined by analysis 
of variances. Within treatment variation (variation among sub- 
plots) was allocated to the residual for testing differences (X.05) 
among treatments. Treatment means were separated by Duncan’s 
multiple range test (Steele and Torrie 1980). Simple linear correla- 
tion and forward stepwise multiple regression analysis were used to 
determine degree of association and to identify the most important 
factors determining infiltration rates (Draper and Smith 1981). 

Results and Discussion 

Infiltration Rates 
Mean infiltration rates were determined after a period of 5,10,15, 

20, 25, and 30 minutes. Because of similarity of the data for the 
different time periods, only mean infiltration rate after 30 minutes 
will be discussed. 

Infiltration rates (Fig. 1) were significantly greater for the 
midgrassdominated community than for the shortgrassdominated 
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--- Midgrass Ccinmnity 
--•--shortgmr comrmmty 
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Fig. 1. Mean infiltration rates after 30 minutes by plant community and 
sample date, Edwards Plateau, Texas. Meansfor each sample date wirh 
rhe same letter are not signt@cantly different (FS.05). 

community except for May 1980 and July 1981. The greatest 
infiltration rates in the shortgrass community were observed in 
July 1980 and 1981, while the greatest infiltration rates in the 
midgrass communities occurred in July and August 1980. Infiltra- 
tion rates were lowest in May 1980 and January 1981 for the 
midgrass community and January and May 198 1 for the shortgrass 
community. Infiltration of both communities exhibited a general 
annual cyclic pattern with the greater rates occurring during the 
growing season and the lowest during the dominant season. 
Although a seasonal infiltration pattern was less defined in the 
midgrass community, infiltration rates were generally greatest in 
both communities during peak biological activity. 
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Midgrass Community 
Infiltration rates of the HCG pasture (Fig. 2) were significantly 

lower than the MCG or SDG pastures in January, March, and 
May of 1980. There was a nonsignificant trend for infiltration rates 
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Fig. 2. Mean infitration rates after 30 minutesfor midgrass or shortgrass 
community by sample dare and livestock grazing treatment, Edwards 
Plateau, Texas. Meansfor each sample date with the same letter are not 
significantly dfferenr (p1.05). 

Infiltration rates were significantly lower in the HCG pasture 
than in the MCG or SDG pastures for all sample dates except May 
1980 and July 1981 in the MCG pasture and July 1981 in the SDG 
pasture. Infiltration rates in the HCG pasture were greatest in July 
of both years and smallest during January 1980 and March 198 1. 
Infiltration rates were significantly greater in the SDG pasture 
than in the MCG pasture for the first 3 sample dates. In July 1980, 
however, they were less but not significantly different from rates in 
the MCG pasture. A strong downward trend continued through- 
out the remainder of the study. Infiltration rates in the SDG 
pasture were significantly less than those in the MCG pasture in 
November 1980 and January, May, and August of 1981 and 
showed a trend approaching the infiltration rates of the HCG 
pasture. 

in the SDG pasture to be greater than the MCG pasture through 
August 1980. However, this nonsignificant trend reversed in 

Infiltration rates in the nongrazed pasture decreased from May 

November 1980 when infiltrates in the SDG pasture were less than 
1980 through January 198 I, after which a steady increase occurred 

those of the MCG pasture. The trend remained for the remainder 
(Fig. 3). Infiltration rates in the nongrazed pasture were similar to 
those in the HCG pasture for all sample dates, but less than in the 

of the study with infiltration rates in the SDG pasture being 
significantly lower than the MCG pasture in January and July 
1981. 

Infiltration rates in the non-grazed pasture were highly variable 
(Fig. 3) and tended to be lower than those in the MCG or SDG 
pastures because of site differences until August 1981 when 
increased infiltration rates were attributed to increased plant and 
mulch cover. 
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Fig. 3. Mean infiltration rare after 30 minuresfor the non-grazedpasture 
by plant community and sample date, Mwards Plateau, Texas. 

Infiltration rate decreases were greater in the SDG pasture than 
in the MCG pasture during the study period but were significantly 
lower only during January and July 198 1. 

Shortgrass Community 

Table 1. Multiple regression equations and coefficient of determination for six different infiltration time periods, Edwards Plateau, Texas. 

Infiltration 
rate 
after Regression equation 

Coefficient of 
determination 

(fl) 

5 min Yl q  22.272-2.860 BD' +O.oOl GSC-0.038 BG-0.076 RC 0.40 
10 min Y2 = 22.413 - 4.136 BD + 0.002 GSC - 0.064 BG - 0.104 RC 0.49 
I5 min Y3 q  22.015-4.584 BD +O.O02GSC-0.070 BG -0.108 RC 0.51 
20 min Y4=22.584-4.754 BD +0.002 GSC-0.074 BG-0.114 RC 0.52 
25 min Y5 = 22.596- 5.174 BD +0.002 GSC-0.073 BG-0.108 RC 0.52 
30 min Y6= 21.162-5.109 BD +0.002 GSC-0.074 BG-0.109 RC 0.52 

IED = Bulk Density 
GSC = Grass Standing Crop 
BG = Bare Ground 
RC = Rock Cover 
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MCG pasture except for May 1980 and less than in the SDG 
pasture except for May 198 1. 

Infiltration rates in the MCG and nongrazed pastures tended to 
increase during the study where the SDG pasture showed a 
downward trend. A 119-day rest period associated with a prior 
HILF grazing treatment on the site probably delayed the reduced 
infiltration rates exhibited by SDG, subsequently installed on the 
site. Infiltration rates in the SDG pasture were less than those of 
the MCG pasture 1 sample period earlier (July 1980) in the short- 
grass community than in the midgrass community (August 1980). 

Factors Influencing Infiltration Rates 
The strongest simple correlations occurred with the mean infil- 

tration rate after 30 minutes. The variables that exercised the 
greatest influence on infiltration rates were total vegetation cover 
(r=O.57), grass standing crop (r=O.56), midgrass cover (r=0.55), 
surface roughness (r=0.53), bare ground (r=-0.48), bulk density O-3 
cm (r=-0.42), aggregate stability (r=O.37), soil organic matter 
(r=0.30), and rock cover (r=-0.3 1). Midgrass cover accounted for 
30% of the variations in infiltration rates and was one of the 
stronger influencing variables. Shortgrass (r=-0.10) and forb 
(r=-O.lO) cover, however, account for only 1% of the variation in 
infiltration rates and were negatively related to infiltration. 

Predictive equations with infiltration rate as a dependent varia- 
ble were determined by forward stepwise multiple regression anal- 
ysis. The same four variables occurred in the same order of impor- 
tance for the six different infiltration time periods (Table 1). Bulk 
density, O-3 cm depth, was the most important variable, followed in 
order of importance by grass standing crop, bare ground, and rock 
cover. 

Conclusions 

Infiltration rates in the midgrass (bunchgrass) community aver- 
aged 40% (4.4 cm/ hr) greater than in the shortgrass (sodgrass) 
community. A decline in midgrasses, regardless of the cause, will 
eventually result in lower infiltration rates and soil water for plant 
growth thus lowering the watershed condition of the site. Livestock 
grazing potentially have the greatest impact on midgrasses. They 
are usually the better forage species and are generally more sensi- 
tive to abuse than the shortgrasses. Twenty-six months of HCG 
destroyed the midgrasses and had such an adverse impact on 
vegetation and soil parameters that infiltration rates were reduced 
to about one-half those in the MCG pasture. Midgrasses are easily 
destroyed by overstocking and should be monitored closely when: 
(1) stocking rates are changed, (2) new grazing systems are 
initiated, or (3) during drought. 

Infiltration rates in the SDG pasture stocked at double the 
recommended rate decreased during the study period. The short- 
grass community reflected adverse impacts of SDG on infiltration 
rates after 6 months whereas the midgrass community reflected 
adverse effects after 8 months. Infiltration rates from the short- 
grass community approached those of the HCG pasture near the 
end of the study. The combination of SDG and drought had an 
adverse impact on infiltration rates in both communities. Although 
stocking rates were decreased to 4.9 ha/AU yr during the 1980 
drought, the low infiltration rate in the SDG pasture during 
November 1980 and 1981 was attributed to poor growing condi- 
tions during the summer and fall of 1980. Little plant regrowth 
occurred during the rest period prior to the November or January 
sample periods. Results strongly suggest that if most of the addi- 
tional carrying capacity with a SDG system can not be obtained by 
increasing livestock distribution as a result of fencing and water 
development, then extreme caution should be used in adjusting 
stocking rates upward. 

The greatest infiltration rates for both communities were main- 
tained in the MCG pasture. Infiltration rates for the midgrass 
community remained relatively stable during the study when the 
general trend in the SDG and HCG pastures were toward reduced 

infiltration rates. This data strongly suggests that watershed condi- 
tion can be maintained or improved under MCG. 

The nongrazed pasture had a large enough site difference to 
prevent direct comparison with the grazed pastures. The non- 
grazed pasture subsequent to the 1980 drought had a general 
increase in infiltration rates in both the midgrass and shortgras 
communities. 

Variables influencing infiltration rates include total vegetation 
cover, grass standing crop, midgrass cover, bulk density, bare 
ground, surface roughness, aggregate stability, organic matter and 
rock cover. The most important multiple regression variables were 
bulk density, grass standing crop, bare ground, and rock cover. 
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Change in 
stream in a 
Basin 
QUENTIN D. SKINNER, JOHN C. ADAMS, ALAN A. BEETLE, AND GLENN P. ROEHRKASSE 

Abstract 

Bacterial Populations Down- 
Wyoming Mountain Drainage 

Ten bacteriological tests were utilized to monitor different bac- 
terial populations found in water samples taken from streams 
draining bigh mountain rangeland. Livestock grazing and recrea- 
tion constituted the major uses of the study area. Vegetation types 
were typical of those found in other sub-alpine and alpine zones in 
the central Rocky Mountains. Results show differences in counts 
of bacteria between sampling sites along individual streams 
sampled with the exception of those organisms capable of reducing 
nitrate were not signiffcant. A seasonal variation in the numbers of 
bacteria were found between streams. Thii variation ls not fully 
explained by drahtage basin areas or related to runoff. In contrast, 
within each stream counts varied with season and could be related 
to runoff. Bacterial populations which indicate fecal pollution 
were low and probably derived from anhnals not man. Wet mea- 
dows and bog areas under snow may be possible sources for sulfate 
reducing bacteria and those organisms capable of reducing nitrate. 

Ten bacteriological tests were utilized to monitor bacterial popu- 
lations found in water samples taken from streams draining high 
mountain rangeland. Skinner et al. (1974a, 1974b) sampled each 
population weekly over 2 years. The purpose of this study was to 
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verify if water taken from sampling sites by Skinner et al. (1974, 
1974b) and bacterial numbers were representative of each stream 
from headwater to each downstream tributary during different 
summer months. Bacterial tests were selected which are associated 
with fecal pollution, mineralizing cycles, and environmental 
conditions. 

Enteric bacteria, those indigenous to the intestinal tract of 
warm-blooded animals; consistently serve as indicators of fecal 
pollution to receiving waters (Morrison and Fair 1966, Fair and 
Morrison 1967, Carswell et al. 1969, Stuart et al. 1971, Skinner et 
al. 1974a, Stuart et al. 1976, Milne 1976, Buckhouse and Gifford 
1976, Stephenson and Street 1978, Varness et al. 1978 and Doran 
and Linn 1979). Specific bacterial groups analyzed by these 
authors include fecal coliforms (FC), fecal streptococci (FS), or 
both. Ratios between FC/ FS were often calculated to delineate 
original source of fecal bacteria between mammal or human users 
of rangeland. 

Bacterial populations indigenous to natural waters and those 
capable of growing only within discrete temperature ranges have 
been monitored in streams draining rangeland (Skinner et al. 
1974b, Stuart et al. 1976). Organisms sampled from water and 
enumerated by the standard plate count procedure at 3Y’C, repres- 
ent those capable of originating from warm-blooded animal sour- 
ces. Plate counts incubated at 20°C are utilized to enumerate 
bacteria associated with the water’s surrounding environment 
(Amer. Pub. Health Ass. 1976). 
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Bacteria capable of fluorescing under long wave radiation (fluo- 
rescent bacteria) have been found in significant numbers in surface 
waters (Collins 1963, Silvey and Roach 1964). Johnstone (1970), 
Skinner et al. (1974b), and Skinner et al. (in press) have all moni- 
tored streams for these bacteria to detect differences in eutrophica- 
tion of receiving waters. 

Skinner et al. (1974b) monitored bacteria capable of reducing 
nitrate to nitrogen gas and sulfate to hydrogen sulfide within well 
aerated mountain streams. The presence and metabolic activity of 
these organisms in an aerated environment was questionable 
because sulfate reducing bacteria are strict anaerobes. These reduc- 
ing bacteria and their relationship to the presence of oxygen in soil 
and water has since been studied (Betlach and Tiedge 1981, 
Ingvorsen et al. 1981, Rake and Eagon 1980, Ryden et al. 1979, 
Keeney et al. 1979, Howorth and Teal 1979, Jorgensen 1979). Even 
though oxygen may be present, anaerobic microniches exist in wet 
soils thereby allowing survival of organisms associated with the 
anoxic portion of the nitrogen and sulfate cycles (Howarth and 
Teal 1979, Sorensen et al. 1979, Jorgensen 1977). Because anae- 
robic conditions may be created in soil pore space by water replac- 
ing air, water logged soils may increase reducing bacterial popula- 
tions and activity. For example, Ryden et al. (1979) have shown 
fluctuations in the amount of nitrate reducing activity in pastures 
with variation in soil moisture. Higher activity occurred with 
increased soil moisture. Percolation or runoff of water from wet 
upland areas may in part explain their presence in well-aerated 
receiving streams. Interchange of stream water and bank storage 
may exist, carrying with it bacteria and chemicals (Morrison and 
Fair 1966 and Wesche 1982). 

Study Area 

This study was conducted within the Wyoming Water Research 
Center’s (WWRC) Nash Fork Watershed Observatory located 

, 

Fig. 1. Study area and sampling sites located on Nash Fork, Telephone 
Creek, and Sally Creek: Nash Fork Study Area. 

within the Medicine Bow Mountains, approximately 50 km west of 
Laramie, Albany County, Wyo. The watershed encompasses 1,904 
ha and varies in elevation from 2,774 m to 3,573 m. Located within 
the watershed are 3 drainage basins which are Sally Creek, Tele- 

270 

phone Creek, and Nash Fork. Sally and Telephone creeks join the 
Nash Fork and continue as the Nash Fork through the study area 
boundary (Fig. 1). 

Vegetation is montane to sub-alpine and has been described by 
Hanna (1934) and Oosting and Reed (1952). Lodgepole pine 
(Pinus contorta) is largely confined to areas between 2,774 m and 
3,201 m in elevation. Spruce-fir (Picea engelmanni - Abies lasio- 
carpa) forests are prevalent between 2,987 m and 3,201 m. Aspen 
(Populus tremuloides) is limited within the area. Krummholz is 
found at higher elevations. Grasses and forbs increase with eleva- 
tion and are dominant above 3,475 m. The greater part of the study 
area and all lakes occur between 2,987 m and 3,475 m. 

Stream flow is measured at 6 stream gaging stations: 1 located on 
Sally Creek, 2 occurring on Telephone Creek, and 3 on Nash Fork 
Creek. In addition, air temperature, wind velocity, precipitation, 
evaporation, and solar radiation are monitored at selected sites 
within the watershed. 

The climate of the research area is typical of sub-alpine zones. 
From 1966 to 1971 the average annual mean temperature and 
precipitation at the confluence of Sally Creek and Nash Fork were 
-1.67 Co and 13.1 cm. Average wind speeds at a gage height of 3.77 
m range from 3.2 km per hour in forested areas to 6.2 km to 40 km 
per hour in open areas. Precipitation is largely in the form of snow 
and the prevailing wind direction is from west to northwest. 
Hydrologic data are presented in Table 1 (From Rechard and 
Smith 1972). 

Sheep graze on the Telephone and Nash Fork drainages at 
higher elevations. Elk, deer, and small mammals are present 
throughout the entire watershed in preferred habitats. The study 
area is accessible by a paved highway and by a secondary system of 
unpaved roads. Numerous trails are present showing limited use by 
hikers and horseback riders. Public campgrounds, picnic areas, 
privately owned cabins, a tourist lodge, ski area, and science camp 
are present. 

Materials and Methods 
Sampling 

A 2-year baseline data set collected by Skinner et al. (1974a, 
1974b) was utilized to check any irregularity in findings to be 
presented. Data from this study agreed with the basic data set in 
bacterial numbers and trend. 

Selected sites for determining the bacteriology of the Nash Fork 
Research Area were located on Sally Creek, Telephone Creek, and 
Nash Fork above their confluence (Fig. 1). All base line data 
samples were collected at site 8 Nashfork, sites 4 and 7 Telephone 
Creek, and site 4 Sally Creek. Three additional sites were added for 
Sally Creek, 9 for Telephone Creek, and 8 for Nash Fork to 
complete this study. 

Water samples were collected 3 times at all sites during the 
summer of 1972. The first collection was taken during early July 
and the others during early and late August. Sterilized screw- 
capped l-liter wide-mouth polypropylene bottles were used in 
obtaining grab samples. These were packed in ice and transported 
to the laboratory in Laramie for analysis. Samples were processed 
within 5 hours of collection. 

Bacteria Tests: 
Bacteria were enumerated following procedures described by 

Skinner et al. (1974a, 1974b). Total counts of aerobic heterotrophs 
were obtained by the spread plate technique on Henrici’s medium 
as modified by Stark and McCoy (1938). Bacterial plates were 
incubated at 20°C. Colonies fluorescing under long wave ultravi- 
olet radiation were also recorded from the spread plates. Plate 
counts using tryptone glucose extract Agar (Difco) were done 
according to Amer. Pub. Health Ass. (1976). Plates were incubated 
at 35 and 20 C. Total coliforms and nitrate reducing bacteria were 
enumerated by the 5-tube most probable number technique. 
Procedures followed Amer. Pub. Health Ass. (1976) for enumerat- 
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Table 1. Hydrologic data, Nash Fork Study Area. 

Stream 
Annual mean flow 

m3 
Annual medium flow 

mr 
Annual maximum flow Annual minimum flow 

mr WI3 

Sally Creek 
Telephone Creek at Mill Pond 
Telephone Creek above Towner Lake 
Nash Fork above Brooklyn Lodge 
Nash Fork below Ski Area 

1,504,845 1,397,832 2,195,594 1,048,458 
5,674,009 6,537&U 7406,880 3,207,048 
4,193,832 4440,528 5,550,660 2,7 13,656 
6,290,748 6,414,096 7647,576 4,810,572 

12,704,844 12,334,800 19,612,332 7,277,532 

ing total coliforms and using nitrate broth (Difco) for nitrate 
reducing bacteria. The presence of nitrite was determined by fol- 
lowing the Manual of Microbiological Methods (1957) for test 
tubes in which trapped gas was not present. The membrane filter 
technique Amer. Pub. Health Ass. (1976) was followed for enu- 
merating fecal coliforms using MFC Broth (BBL) saturated pads 
and for fecal streptococci using KF Agar. Gridded filters with a 
pore size of 0.45 micrometers were utilized for entrapment of 
bacteria. Sulfate reducing bacteria were determined using molten 
iron sulfide agar (Oxoid)as modified by Mara and Williams (1970) 
and counted by the 3-tube method. 

Statistics: 
Bacterial test data were statistically analyzed using analysis of 

variance procedures for differences among streams, among sam- 
pling sites, and among sampling periods. Duncan’s new multiple- 
range test was used to separate differences among streams, sam- 
pling sites,and periods where significant Fvalues were found at an 
0 of 0.05. 

Results and Discussion 
Sampling Sites 

With the exception of those organisms capable of reducing 
nitrate to gas there was no significant difference between sites 
along each stream. Consequently one could have sampled 9 bacte- 
ria populations at the confluence of each stream and enumerated 
organisms indicative of potential pollution or bacterial popula- 
tions dynamics. Results give the impression that sensitivity of using 
these bacteria to measure differences in user pressure along a single 
stream course is slight. The distance of flow from near the head- 
water to the confluence of a second stream is not great enough to 
significantly change numbers of organisms found under this sam- 
pling scheme. 

Number of organisms capable of reducing nitrate were different 
between sites along the Nash Fork (Fig. 2). There is evidently 
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Settling of organisms representing other bacteria tests carried 
out in this study but showing no difference between sites on each 
stream may very well be explained by sampling bottom sediments. 
Irrespective of distance from site to site downstream ponding of 
stream flow may very well mask any difference in results because of 
settling of organisms. The authors concur with Stephenson and 
Rychert (1982) that true evaluation of bacteria counts in stream 
flow should be correlated with bacteria counts in sediments where 
deposition may occur. Only then may one grasp a true picture for 
monitoring user pressure or watershed condition on any one 
stream using bacteria. Fig. 2. Averoge number of orgontsms/lOO ml for each sompling site 

located on Nosh Fork for those organisms copoble of reducing nitrate to 
gos. *Like lettersfrom left to right above bors ore not significantly diflerent 
ot PO.05. 
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enough stream distance to change the number of these organisms 
between sampling sites. The source for these organisms is not clear. 
There is a possibility that these bacteria are associated with bed 
load sediment and riparian zones. Streams with stream flow-bank 
storage interchange could yield different numbers in receiving 
waters. The value of monitoring for bacteria capable of reducing 
nitrate has not been determined from a range management view. If 
these bacteria are associated with riparian zones and if one is 
dedicated to studying riparian habitat then these organisms may be 
of value as an indicator for change in soil moisture and nutrient 
turnover as inferred from Ryden et al. (1979). 

Bacteria in streams, lakes, or reservoirs may settle out of water 
and become incorporated into bottom sediments (Carswell et al. 
1969, Stephenson and Rychert 1982, Skinner et al. (In Press)). If 
settling does occur, bacterial counts may be higher at the inlet than 
the outlet. This may in part explain difference between bacterial 
counts at sites 3 and 4 (Fig. 2). Bacterial counts at sites 5 and 6, 
although not significantly different, tend to follow a high and low 
count between inlet and outlet, respectively. Bacterial count at sites 
1 and 2 show an opposite trend. Sites 1 and 2 are located on a 
shallow pond compared to sites 3 and 4. Currents caused by waves 
may cause sediment disturbance and thereby cause increased 
counts at site 1 as inferred from Stephenson and Rychert (1982). 

Bacterial counts at sites 7 and 8 were not different. However, 
from the outlet of Little Brooklyn Lake to site 7, a sharp increase in 
numbers of organisms occurred. The increase was great enough to 
make bacterial counts at site 7 equivalent to those found at sites 2 
and 3. A possible explanation for the higher numbers found at site 
7 may be associated with the drainage or interchange of water from 
water-logged soils. As the Nash Fork travels from site 6, the outlet 
of Little Brooklyn Lake, to site 7 above the campground, it mean- 
ders through an extended wet meadow. Interchange of stream 
water with water from the meadow could again account for the 
higher counts of nitrate reducing bacteria found at site 7. 

Site 2 was located near the headwaters of Nash Fork and was 
closely associated with snowmelt from the perennial snow banks 
found in sub-alpine and alpine regions of the study area. Bog areas 
both directly below snow banks and closely associated with the 
pond were prevalent. Percolation of water through these bogs 
could account for the large numbers of nitrate reducing bacteria 
found at site 2. Sites 3 and 8 were only a short distance from sites 2 
and 7, respectively. A slight drop in numbers of organisms could be 
expected due to a settling effect and absence of water-logged soils 
near the stream. 



Samulina Periods 
Changi in bacterial counts during summer sampling periods 

(Table 2) followed the 2-year trend in base line data reported by 
Skinner et al. (1974a, 1974b). No significant differences were 
recorded between data sets. 

Variation in means for plate counts at 20°C, fluorescent bacte- 
ria, organisms capable of reducing nitrate to gas, and sulfate 
reducing bacteria could be explained by differences in runoff 
within each stream. During early July, runoff was twice that in 
early August and more than triple that of late August. In general 
counts recorded for these bacterial populations followed the 
hydrograph with high numbers in July and low numbers in late 
August. Sulfate reducing bacterial counts were an exception being 
highest during low flow. 

The above bacteriological tests were incubated at 20°C and 
therefore could represent organisms classified as faculative psych- 
rophiles, which are capable of living and reproducing at colder 
temperatures. Consequently, bacteria surviving the winter snow 
cover, spring thaws, and cold waters of the sub-alpine and alpine 
habitats would be represented in the runoff samples. As the runoff 
decreased, the organisms being washed in from the surrounding 
terrestrial habitats would also be expected to decrease whereas, 
during late August, only organisms indigenous to the streams 
would likely be included in the samplings and actual counts should 
remain somewhat constant with runoff. 

The reverse trend (an increase in counts as runoff decreased for 
those organisms capable of reducing sulfate) could be explained by 
observing the physical conditions of habitats conducive to sulfate 
reduction. During early July, runoff into wet meadows is such that 
the oxygen level of the soils could be replenished to a degree that 
the population of sulfate reducers would decline due to the pres- 
ence of oxygen. As runoff decreases in August and water tables 
stabilize within wet meadows, stagnation and low oxygen levels in 
soils could develop. This condition would enhance growth of sul- 
fate reducing bacteria; however, reduced flow would perhaps scour 
fewer cells from the stream bottom. Any interchange of waters 
between stream and wet meadows would increase the populations 
of sulfate reducing bacteria in late August. In addition, as soil 
temperatures increase through summer months, activity of reducing 
organisms may increase (Ingvorsen et al. 1981, Keeney et al. 1979). 

Counts for fecal coliforms (Nash Fork) and total coliforms as 
well as plate counts at 35’C (Telephone Creek) were higher during 
early August. At no time was the ratio of fecal coliforms to fecal 
streptococci greater than 4 and it was generally less than 0.7. This 
would indicate that fecal contamination was not from man, but 
from animals (Geldrich 1972, Doran, and Linn 1979). Stream 
water travel time from any point of pollution from the headwaters 
to the confluence with Nash Fork is less than 24 hours for all 3 
streams. 

Streams 
Differences combining all sampling periods were computed and 

significant differences were recorded for total and fecal coliforms, 
fecal streptococci, plate counts at 20°C and 3YC, sulfate reducing 
bacteria, those organisms capable of reducing nitrate to nitrite and 
nitrate to gas (Fig. 3). 

Sally Creek is contained for the most part in a natural area. The 
Nash Fork and Telephone Creek drainages, in contrast, are sub- 
jected to recreational activities, activities associated with people 
owning private homes within the areas, and sheep grazing. Bacte- 
riological tests designed to monitor fecal pollution indicated little 
fecal contamination was present during the 3 sampling periods for 
all streams. Fecal streptococci were more numerous than fecal 
coliforms. Ratios of calculated mean numbers of fecal coliforms to 
mean numbers of fecal streptococci found from water samples 
taken from Nash Fork (0.16), Telephone Creek (0.053), and Sally 
Creek (0.004) indicated that animals not humans were the major 
source for fecal pollution. These numbers correspond to those 
found by Doran and Linn (1979) where a ratio of 0.05 was indica- 
tive of wildlife sources and ratios above 0.1 were characteristic of 
grazing cattle. The mean number of fecal streptococci was highest 
at Sally Creek. Inhabitants such as wildlife within the natural area 
contribute fecal organisms to Sally Creek at a level equivalent to 
those areas grazed by sheep and used by recreators within the Nash 
Fork and Telephone Creek drainage basins. Stuart et al. (1970, 
1976) found a similar relationship between grazing and recrea- 
tional use. 

Plate counts at 20°C for Nash Fork and Telephone Creek were 
2.46 and 4.40 times higher than for Sally Creek, respectively. For 
plate counts at 3Y’C, Nash Fork was 3.86 times higher and Tele- 

Table 2. Average number of organisma/ ml for the three sampling periods; early July, early August and late August. Nash Fork Study Area. 

Nash Fork sampling period Telephone Creek sampling period Sally Creek sampling period 

counts Counts Counts Counts Counts Counts Counts Counts Counts 
early early late early early late early early late 

Bacteria test July August August July August August July August August 

A+ A A A B B A A A 
Total coliforms 1.40 I .23 I .48 .80 1.42 1.12 .I6 .69 1.20 

B A B A A A A A A 
Fecal coliforms -.81 .37 -.29 -.84 -.38 -.85 -.82 0 0 

Fecal streptococci A A A A A A A A A 
.49 .88 .89 .44 .93 .50 1.24 I.11 .I0 

Total count A A A A B A A A 
6.17 6.61 6.09 6.22 6.71 6.33 5.13 5.13 5?7 

Plate count 20 C 

Plate count 35 C A A A B A B A A 
3.82 3.84 3.50 3.59 3.98 3.27 3.06 3.26 

Fluorescent colonies 

B A A A A 
Sulfate reducers A B 

2.14 2.91 2.Bg3 2.32 3% 3.27 2.30 2.90 2.82 

A A A A A 
Nitrate to nitrite A A A A 

4.85 5.11 4.74 4.68 4.83 4.47 4.34 4.47 4.57 

A B B A B B A A A 
Nitrate to gas I.21 .96 .89 1.91 1.36 1.42 2.48 2.31 2.44 

*Like letters above values are not significantly different at an 0.05. Counts are recorded as log to base IO. 
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e q NASH FORK 0 TELEPHONE CREEK 

q SALLY CREEK 

Fig. 3 Mean number of organisms for samples taken from Nash Fork, 
Telephone Creek, and Sally Creek for all sampling periods: Nash Fork 
Study Area. *Like lettersabove bars are not significantly different at PO.05 

phone Creek was 3.62 times higher than Sally Creek. The abun- 
dance of organisms capable of reducing nitrate to nitrite in the 
Nash Fork and Telephone Creek were 2.89 and 1.68 times greater 
than that found in Sally Creek. The differences in the total number 
of organisms found could possibly reflect differences in the total 
areas of drainage and the amount of runoff for each stream. For 
example, the mean runoff per drainage basin during July and 
August for Sally Creek, Nash Fork, and Telephone Creek was 60 
mm, 194.3 mm, and 188.7 mm respectively. Runoff for Telephone 
Creek, therefore, was 3.24 times greater than for Sally Creek 
whereas Nash Fork was 3.15 times greater. The Telephone Creek 
drainage basin is 1.78 times larger than the drainage basin for Sally 
Creek while the drainage basin for Nash Fork is 2.17 times larger. 

To examine the influence of drainage area and bacteria counts in 
different streams, increase in runoff between each stream was 
multiplied by the increase in area (Table 3). This increase in area 
and runoff could indicate an expected increase in number of orga- 
nisms in Telephone Creek and Nashfork over those found in Sally 
Creek. Testing this relationship is illustrated using total counts 

Table 3. The actual and computed times greater numbers of organisms 
were and should have been within Nash Fork and Telephone Creek over 
those found and expected to be found in Sally Creek by using areas of 
drainage basins and runoff during July and August as parameters. 

Total counts 
Plate counts 20°C 
Plate counts 35OC 
Fluorescent colonies 
Sulfate reducers 
Nitrate to nitrite 
Nitrate to gas 
Total coliforms 
Fecal coliforms 
Fecal streutococci 

Actual* 
Nash Telephone 
Fork Creek 

6.13 9.16 
2.46 4.40 
3.85 3.62 
1.09 0.93 
1.07 1.83 
2.89 1.68 
0.03 0.16 
3.24 1.88 

19.00 7.6 
0.58 0.41 

Computed** 
Nash Telephone 
Fork Creek 

6.83 5.78 
6.83 5.78 
6.83 5.78 
6.83 5.78 
6.83 5.78 
6.82 5.78 
6.83 5.78 
6.83 5.78 
6.83 5.78 
6.83 5.78 

*Actual times greater bacteria counts were in Nashfork and Telephone Creek versus 
Sally Creek. 
**Computed times greater bacteria counts should be by multiplying differences in 
drainage basin and differences in runoff for Nashfork and Telephone Creek versus 
Sally Creek. 
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plate counts at 2O“C and 35s and those organisms capable of 
reducing nitrate to nitrite. 

The product 5.78 for Telephone Creek and 6.83 for Nash Fork 
represents the computed times greater counts should be versus 
those that could be expected for Sally Creek by using only drainage 
basin areas and runoff for July and August. Drainage basin area 
and amount of runoff do not seem to account for differences in 
counts for streams within this study locality. Lower counts found 
within Sally Creek must be due to factors other than the size of 
drainage basins and runoff. 

Fluorescent colonies for all streams were equivalent and res- 
ponded in the same manner during each sampling period. Sally 
Creek’s equal response as to number of organisms counted in other 
streams would suggest that ecological characteristics of the basin 
were such that more fluorescent organisms were present per unit 
volume of water within Sally Creek. The same would be true for 
sulfate reducing bacteria and those organisms capable of reducing 
nitrate to gas. A possible explanation for these higher numbers 
could be the wet meadows from which Sally Creek originates. The 
other two streams were fed during the latter part of the summer 
from snow fields and although they traverse wet meadows along 
their course, they were not dependent on them as the sole source for 
water. 

Interactions 
Significant interactions between streams within sampling peri- 

ods for fecal coliforms, fecal streptococci, and plate counts at 20 
and 3YC were found. The authors can offer no further explana- 
tion for differences in plate counts at 20 and 3YC than were 
discussed for sampling periods. Explanation for the variation of 
pollution indicators between streams within sampling periods 
could be differences in stream flow or differences in patterns of use 
by wildlife and humans. 

During early July, several elk were sighted at different times 
within the Sally Creek drainage. With spring runoff still high 
compared to later sampling dates, one could expect fecal orga- 
nisms to be higher with elk use. During early August, fecal coli- 
forms were not found in Sally Creek but fecal streptococci 
remained high (Table 2). Spring runoff had ended but the Univer- 
sity of Wyoming Science Camp was in session. The lack of fecal 
coliforms would indicate animal pollution instead of man. Contact 
with the stream bank and disturbances of animal feces by student 
activity studying Sally Creek and other animals could account for 
the contamination. During late August, the stream flow was lower 
than during early August, the Science Camp was closed, and no 
sightings of elk or elk signs were observed. This could account for 
the drop in counts for fecal streptococci in Sally Creek in the late 
sampling period. 

Higher counts recorded for Nash Fork and Telephone Creek for 
fecal organisms during early August could be accounted for use of 
their respective drainage basins by recreationists and wildlife. Dur- 
ing early July, snow and colder air temperatures tend to discourage 
heavy use at higher elevations for recreation. By early August, 
temperatures have warmed up, camping facilities are dry, and the 
waters within streams are still high enough to provide enjoyable 
fishing. Human and animal activity through wet habitats of higher 
elevations still influenced by runoff from snowmelt could provide 
the means by which the monitored organisms entered Telephone 
Creek and Nash Fork. 

In contrast, during late August, many wet habitats found at 
higher elevations during early August dry up because of declining 
snowmelt and runoff. It could, therefore, be more difficult for 
organisms associated with fecal contamination to enter the stream 
systems. Consequently, one could expect a decrease in these organ- 
isms during late August if, in fact, recreation and animal travel are 
maintained at a level equivalent to that of the early August sam- 
pling period. Recreation pressure did decline but sheep grazing was 
observed during the late sampling. The sheep, however, seemed to 
graze the dry meadows and krummholz more than moist meadows. 



They avoided the wet meadows and bog areas which would have 
allowed fecal organisms access to stream water. 

Summary and Conclusions 
Ten bacteriological tests were used for monitoring any differen- 

ces in bacteria populations along 3 mountain streams. Numbers 
of total coliforms, fecal coliforms, fecal streptococci, total counts 
for aerobic heterotrophs determined on Henrici’s agar at 20°C, 
plate counts at 3YC and 20°C, fluorescent bacteria, sulfate reduc- 
ing bacteria, those organisms capable of reducing nitrate to nitrite, 
and those organisms capable of reducing nitrate to gas were col- 
lected. The study was conducted within the Medicine Bow 
National Forest approximately 50 km west of Laramie, Albany 
County, Wyo. Separate water samples were taken during early 
July, early August, and late August at 9 sites on 1 stream, 11 sites 
on another, and 4 sites on the last. Sampling sites were distributed 
from near head water to confluence with each downstream 
tributary. 

Selecting a representative sampling location for collecting bacte- 
ria utilized for monitoring water quality of streams is often subject 
to question. This study shows that in streams sampled there were 
no differences in 9 of 10 bacteria populations studied along an 
individual stream course within an intense 3-period sampling 
scheme. Enteric bacteria and total bacteria counts often utilized to 
survey nonpoint and point source pollution did not vary signifi- 
cantly between sampling sites. Bacteria capable of reducing nitrate 
to gas did. Differences in numbers of nitrate reducing bacteria 
suggest that settling of these bacteria may occur in ponds and lakes. 
Consistent increase of nitrate reducing bacteria and the presence of 
sulfate reducing bacteria between ponds further suggest riparian 
zones and areas of water logged soils may be a contributing source 
for these organisms in well-aerated receiving waters. A seasonal 
variation in numbers of bacteria was found between streams drain- 
age a high mountain watershed. Differences may or may not be 
related to runoff. Bacteria serving as indicators of fecal pollution 
were low. Source of fecal pollution by animals not man seemed to 
be responsible. 
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Ecophysiological Studies of Eleusine indica 
(L.) Gaertn. and Sporobolus pyramidalis P. 
Beauv. at Ibadan, Nigeria 
B.M. SHARMA 

Abstract 

E&wine Mica and Sporoboluspyrami are common grasses 
in the tropics, including Ibadan, Nigeria. The former is considered 
a good fodder when young, but the latter has low grazing quality. 
The objective of this study was to describe some of the morpholog- 
ical characteristics of these 2 prominent species. S. pyramidaiis is a 
taller grass having more roots per cuhn and a longer inflorescence. 
Seeds of the 2 grasses germinated between 2WC and 35°C and 
emergence declined with increasing depth until it was zero at and 4 
cm for E. indict and S. pyramidalis, respectively. S. pyramldalis 
had a higher rate of germination. The 2 species have stomata on 
both kqf sqfaces, but the number is greater on the ad&&d surface. 
Experiments indicate that E. indica is more tolerant and adaptable 
to biotic disturbances. The biomass contribution by E. indica and 
S. pyramidalis is estimated at 1,100 kg/ha 300 kg/ha, respectively. 

A knowledge of the developmental physiology of grasses is of 
considerable importance in the management of grasslands. The 
present investigation of the tropical grasses Eleusine indica (L.) 
Gaertn. and Sporoboluspyramidalis P. Beauv. is a contribution to 
our understanding of their ecology and will likely aid the agricultu- 
rist in managing these species. E. indica, commonly known as 
fowl-foot grass, has been described by Purseglove (1975) as a 
successful species of Africa and Asia and is now widely spread 
throughout the tropics of both hemispheres. It has been introduced 
into the United States where it is a weed common to many of the 
warmer states. In the tropics, it grows from sea level to about 1,800 
m. The species is particularly common in waste places and along 
road sides and paths. It was considered a good fodder when Young 
and Bogdan (1977) further reported it as palatable to cattle in Fiji, 
Hawaii, South America, and other areas of the world. S.pyramida- 
lis is another common grass in Nigeria (Stanfield 1970). It is a 
tufted perennial plant having low grazing quality and is considered 
unpalatable to livestock. 

It has been observed that the population of E. indica is affected 
by grazing in preflowering condition. The spread of the plant 
depends mainly on seeds. Both species are adversely affected by 
repeated cutting. Mclllroy (1964) reported that E. indica thrives 
well in trampled areas and becomes dominant along cattle tracks 
and paths. Our observation is that both species are conspicuously 
absent under shade. 

Study Area 

The investigation was carried out at Ibadan (7’22 N latitude, 
3“58’ E longitude) during 1979-80, on an area of 1,032 ha where 4 
sites were chosen. The sites were as follows: 

Site I - levelled area 
Site II - in the vicinity of a small lake 
Site III - area with depression and shade 
Site IV - comparatively elevated and sloping area. 
The silt loam soil at these four sites ranged in pH from 7 to 8, 
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organic matter was 3.2%, except at Site II where it was 6.8% and 
the water holding capacity averaged 35%. 

Climate at lbadan is characterized by 2 distinct seasons: a 
humid, wet season occurring in March through October, and a dry 
season lasting from November through February. Sunshine hours 
ranged from 50 in September to 209 in February, 1979. Precipita- 
tion totaled 1,740 mm with 343 mm falling in August. The mean, 
daily minimum and maximum temperatures ranged from a low of 
20°C in December to a high of 36°C in February. 

Materials and Methods 

Three plant specimens of E. indica and 3 of S. pyramidalis were 
carefully collected from each of the 4 sites for morphological 
characterization. Their plant associates were identified with the 
help of regional and local flora (Hutchinson and Dalziel 1931, 
1963, 1972 and Stanfield 1970). The phytosociological investiga- 
tions were carried out on 20 quadrats (50 X 100 cm) at each site to 
determine frequency, density and cover. Importance Value Index 
(I.V.I.) was calculated for each specie by adding relative frequency, 
relative density, and relative cover values (Curtis and McIntosh 
1951). 

Seeds collected for germination studies were stored for 3 months 
and then sterlized with 0.1% mercuric chloride. Twenty seeds were 
geminated on filter paper placed in petridishes. Germination was 
tested at temperatures ranging from 10°C to 40“ C. Emergence was 
also evaluated under glasshouse conditions when seed was planted 
at 0 to 5 cm soil depths. All germination and emergence experi- 
ments were carried out in triplicate. 

Results and Discussion 

Morphologlcai Features 
Quantitative observations on the morphology of E. indicaand S. 

pyramidalis are indicated in Table 1. E. indica acquired a height 

Table 1. Morphological features of Ekwine indict and Sporoboluppytcr- 
midolli at Ibadan, Nigeria. 

Parameters E. indica S. pyramidalis 

Height, cm 30 - 62 45 - 62 
Number of leaves per culm 4 -5 2.6- 3.6 
Number of spikes per culm 4.2 - 5.6 47 - 80 
Number of seeds per spike 58 - 76 
Depth of longest root, cm 8 -17 8 - IO 
Number of roots per tiller 9 -11 10 -20 

range of 30 to 62 cm with maximum height occurring at Site II. The 
vigorous growth here was due to a plentiful and perpetual supply of 
water from the lake. Greatest rooting depth and greatest number of 
seeds per culm were found at Site IV. Plants at Site Ill were the 
shortest, suggesting that they do poorly in shade. 

S. pyramidalis is generally a taller grass, has more roots per tiller 
and a longer inflorescence in comparison to the former species. 
Both species have a shallow fibrous root system with a large 
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number of roots. Adventitious roots develop from the lower nodes 
under adverse conditions. Root hairs are long and readily visible. 
Though the contribution of roots to the biomass is less than shoots, Table% Germinrtion(%)forElcuJlnc~~dSporobolutpyrornidodir at dtfferent 

they add to the organic matter of soil. 
temperatures, roil depths, and environments. 

Phytosociological Relations Conditions of 
The Importance Value Index (WI) for 10 of the 23 species germination E. indica S. pyramidalis 

encountered in 20 quadrats at each of the 4 sites is given in Table 2. Temuerature 

Table 2. Importance Value Index of Weed Species at four sites in Ibndan, 
Nigeria. 

Name of species 

Axonopus compressus 
Borreria ocymoides 
Cynodon dactylon 
Lksmodium rriflorum 
iSwine indica 
Eragrosris renella 
Oldenhndia corymbosa 
Setaria barbara 
Sporobolus pyramidalis 
Synedrella nodifora 

Importance Value Index 
I II III IV 

25 24 28 I5 
19 21 - 24 
3 29 - 1 

41 14 
58 74 79 

11 
67 

24 9 - 4 
9 3 24 18 

11 31 12 14 
57 70 86 80 
12 23 26 16 

The highest dominant species were E. indicaat Site I and II. and S. 
pyramidalis at Site III and IV. The codominant species with E. 
indica on Sites I and II were S. pyramidalis and Desmodium 
triflorum. S. pyramidalis and Setaria barbata. respectively. The 
codominant species with S. pyramidalis on Sites III and IV were E. 
indica and Axonopus compressus. E. indica and Borreria ocy- 
moides, respectively. 

Species having an IV1 greater than 20 at one or more sites were 
A. compressus. B. ocymoides, Cynodon dactylon, D. triflorum, 
Eragrostis tenella. E. indica, Oldenlandia corymbosa. S. pyrami- 
dalis Synedrella nodiflora. and S. barbata. Based on IVI, the 
communities at Sites I to IV are as follows: 
Eleusine-Sporobolus-Desmodium Community 
Eleusine-Sporobolus-Setaria Community 
Sporobolus-Eleusine-Axonopus Community 
Sporobolus-Eleusine-Borreria Community 

Germination Studies 
Results of germination studies for the 2 species at different 

temperatures, soil depths, and environments are presented in Table 
3. E. indica seeds germinated between 20°C and WC with opti- 
mum temperature being 25°C. S. pyramidalis seeds germinated 
between 1YC and 3YC. Optimum temperature was 25OC. S. 
pyramidalis had a higher rate of germination. 

Optimum germination and emergence occurred at the surface 
and declined with depth. For E. indica there was no germination 
below 2 cm and none below 3 cm for S. pyramidalis. The fact that 
these grasses have very small seeds, 1 mg and 0.1 mg, respectively, 
may explain the higher rates of emergence near the surface than 
when buried in the soil where food reserves are inadequate to allow 
extension of the plumule through the overlying soil. 

The trend of germination of two species in different environ- 
ments again indicates that S. pyramidalis does well in all environ- 
ments while E. indica does not germinate in continuous light. 
Studies on Transpiration 

Stomata were elliptically shaped pores ranging from 15.0 to 17.5 
nm by 22.5 to 25.0 nm in E. indica while 12.5 to 15.0 nm by 25.0 nm 
in S. pyramidalis. The 2 species are amphistomatous, i.e., having 
stomates on upper and under leaf surface, but the number of 
stomata is greater on the adaxial surface on the leaf. The stomata1 
density was 7lO/mm2 and 490/mm2 on the adaxial and abaxial 
surfaces respectively for E. indica and 540/mm2 and 39O/mm2, 
respectively, for S. pyramidalis. 

10% 0 0 
1YC 0 5 
2ooc 10 20 
25OC 40 60 
3ooc 15 40 
35oc 5 10 
4PC 0 0 

Soil Depth (cm) 
Surface 

1 
2 
3 
4 
5 

45 
15 
10 
0 
0 
0 

75 
35 
20 
5 
0 
0 

Environment 
Continuous light 0 5 
Dark 15 15 
Glass house 30 65 

Transpiration rate measured as weight loss per day per pot was 
7.8 mm/day for E. indica, which was higher than the 5.2 mm/day 
measured for S. pyramidalis. This may result from the higher 
stomata1 frequency and wider stomata1 aperture in E. indica. Also, 
anatomical observation revealed a thinner cuticle for E. indica 
thereby allowing more cuticular transpiration. These evapo- 
transpiration values were determined on potted plants and, there- 
fore, may not reflect what actually happens under field conditions. 

Biomass Studies 
At the four-leaf stage, the shoot to root mass was 0.9/0.08 g for 

E. indica and 0.4/0.10 g for S. pyramidalis. Dry weight increases 
from the two-leaf stage on to maturity. At any stage of develop- 
ment, E. indica showed a relatively higher dry weight than S. 
pyramidalis. The average density of E. indica and S. pyramidalis 
calculated from 20 quadrats at each of the 4 sites was 5.4. The 
average total dry weight of root and shoot of individual plants 
under an ideal condition of daily watering was 5.3 g and 1.5 g, 
respectively, as measured in another study. The estimated biomass 
for E. indica and S. pyramidalis, including both tops and roots, 
would be 1,100 kg/ ha and 300 kg/ ha. 
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Fire Temperatures and Physical Character- 
istics of a Controlled Burn in the Upper Son- 
oran Desert 
DUNCAN T. PATTEN AND GEORGE H. CAVE 

Abstract 

Fire temperatures at 4 vertical locations within 3 desert micro- 
habitats were measured during a controlled bum using both 
temperature pellets and thermocouples. Examples of maximum air 
temperatures (30 cm) during the fire were 1380 C in open interspa- 
ces, 352O C within a shrub, and 442” C under a palo Verde tree. Fire 
temperatures among other levels and microhabitats varied consid- 
erably. Environmental conditions during the fire were monitored. 
Soil water repellency at 4 vertical locations within 3 microhabitats 
showed minimal changes after burning. Soil surface rlbedo 
increased by 5% following the fire resulting from 70% perennfal 
plant cover removal and subsequent white ash release. Soil and air 
temperatures did not vary significantly after the fire when com- 
pared to an unburned control. 

North American deserts are commonly used as rangelands, 
especially those portions containing adequate shrub and herbace- 
ous plant cover. Rangeland in the Upper Sonoran Desert is rela- 
tively lush because of a bimodal rainfall pattern and bums fre- 
quently when enough fuel is present. 

Traditionally, the Upper Sonoran Desert has been considered to 
be less affected by fire than other ecosystems (Humphrey 1974). 
However, in central Arizona following a moist year, the desert 
floor is covered with sufficient annual plant fuel and litter to carry a 
fire. This results in increases in both man-caused and natural brush 
fires during the following seasons. 

Research on Sonoran Desert fires has been limited primarily to 
southern Arizona desert grasslands (Humphrey 1949, Humphrey 
and Everson 195 1, Humphrey 1963, Cable 1967, and White 1969). 
These studies focused on fire recovery processes and use of fire as a 
tool for controlling certain undesirable species on grazing land. 
Physical parameters related to fires in deserts characterized by 
shrubs and cacti have not been previously reported in fire ecology 
literature. 

Many factors have been shown to influence fire temperatures. 
These include fuel quantity (Smith and Sparling 1966, Stinson and 
Wright 1969) and fuel quality-woody fuels burn hotter than 
grassy fuels, (Bentley and Fenner 1958). Fires in different habitats, 
such as grass, shrub, and forest communities, also have different 
temperature patterns (Bailey and Anderson 1980). Temperatures 
are highest above the surface, the height varying with vegetation, 
fuel, and weather conditions (McKell et al. 1962; Iwanami 1969, 
1972; Probasco 1977). Similarly, heating at various soil depths 
depends on the type and amount of fuel, fire intensity, nature of the 
litter layer, soil properties (Wells et al. 1979), and weather condi- 
tions (DeBano et al. 1979). 

Water repellency has been shown to change in soils following fire 
in the Southwest (Wells et al. 1979). Fire-induced water repellency 
has been reported in chaparral (DeBano et al. 1967, Scholl 1975) 
and in desert scrub communities of California (Adams et al. 1970). 
Since deserts are not characterized by large amounts of soil organic 
matter which alter soil water repellency when burned, repellency 
changes may not be that important after fire. 

Authors are director of the Center for Environmental Studies and professor of 
botany/microbiology, Arizona State University, Tempe. 85287. 

Manuscript received May 6, 1982. 
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Because habitat has been shown to play an important role in 
characteristics of fires, this study was designed to determine the 
relationship between desert microhabitats and physical character- 
istics of the environment during and following a controlled burn in 
the Upper Sonoran Desert. Specific objectives were to investigate: 
(1) relationships between fire temperatures and vertical location 
within different desert microhabitats having different fuel loads; 
(2) soil water repellency changes following fire; (3) soil surface 
albedo changes and subsequent soil and air temperatures after fire; 
and (4) immediate changes in total perennial plant cover resulting 
from the fire. 

Methods 

A l-ha study site located in Bulldog Canyon, a desert canyon in 
Tonto National Forest at 33” 15’ N and 111 33’ W with an 
elevation of 450 m, was selected for a controlled bum. The vegeta- 
tion was typical of the Upper Sonoran Desert and is characterized 
by the palo Verde-saguaro community (Lowe 1964). Many annual 
forbs and grasses appear following winter rains. Three naturally 
occurring microhabitats used for intensive study were: (1) open, 
shrubless interspaces; (2) under palo Verde trees (Cercidium 
microphyllum); and (3) within and under bursage (Ambrosia del- 
toidea) shrubs, each comprising about 70,8, and 15% of the ground 
cover, respectively. The site was burned on June 12, 1981, by fire 
crews from Tonto National Forest. 

At the end of the winter growing season in April, 1981, 20 
2X2dm plots randomly located in both shrub and open microhab- 
itats, and 32 2X2dm plots located under 8 trees (one plot at each of 
4 aspects) were harvested for dead, surface litter along with the 
standing annual plant crop from 198 1. This fuel was dried at 60” C 
for 48 hr and weighed. There were no major climatic events 
between the April harvest and June burn that would have signifi- 
cantly altered the standing dead biomass. 

Maximum temperatures were measured with temperature sensi- 
tive pellets because this type of pellet has been widely used in fire 
research, thus permitting easy comparisons. Interpretation of 
pellet data is limited, however, because pellets measure tempera- 
tures in response to intensity and duration of heat from fire. The 
pellets were placed in series at 2 and 1 cm below the soil surface, 
with minimum disturbance, and at 1 and 30 cm above the soil 
surface. The 2cm soil depth series contained pellets that melted at 
18 temperatures between 38 and 260°C. The l-cm soil depth series 
melted at 30 temperatures between 38 and 500“ C, and 1 and 30xm 
series melted at 33 temperatures between 41 and 700°C. The series 
were placed at 13 different locations throughout the study site, 5 
both under palo Verde trees and within bursage shrubs, and 3 in 
shrubless, open interspaces. 

Continuous temperatures were measured at 3 vertical locations 
(-1 cm, soil surface, and +30 cm) in 2 sites in the 3 microhabitats 
using copper-constantan and copper-chrome1 thermocouples att- 
ached to a multi-channel data recorder. Temperatures were 
recorded every 30 seconds starting just prior to and continuing for 
2 hours after ignition. 

Soil moisture (upper 5 cm) was gravimetrically determined 1 day 
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before the fire at 5 random locations both in open interspaces and 
under palo Verde trees. During the fire, relative humidity was 
measured twice with a sling psychrometer and instantaneous wind 
speed (20-30 cm above the surface) was determined 4 times with a 
hot wire anemometer adjacent to the burn area to determine wind 
gust speeds. Air movement was recorded 4 times with a cup ane- 
mometer set 20 cm above the soil surface just upwind from the 
controlled burn area. 

Soil water repellency was examined in April (prefire) and 
October (postfire) during dry periods using the water-drop test 
(Krammes and DeBano 1965) at 4 vertical locations (surface, 1,2, 
and 3-cm soil depths) for 8 locations, each containing all 3 micro- 
habitats. Tests were performed in triplicate. 

Soil surface albedos were determined on cloudless days at 14 
different locations (around shrubs and open interspaces) 2 days 
before the fire and again 3 weeks after the fire using a pyranometer 
attached to a potentiometer. Measurements were made of incom- 
ing and outgoing radiation 1 m above the soil surface. 

Maximum and minimum temperatures at 4-cm soil depth and 
IO-cm air were determined by placing Max./ Min. thermometers in 
three stations under bursage in both the burned area and in an 
adjacent, unburned control area. Thermometers were read once a 
month for 4 months following the fire. 

Total perennial plant cover was determined in 23 random 4X8 m 
quadrats located along paralled transects systematically placed 10 
m apart from each other throughout the entire study site (Cox 
1974). Measurements were made in April (prefire) and June 
(immediate postfire) during which time there was little evidence of 
plant growth or litter fall. 

Results and Discussion 

Litter fuel averaged 69.9 f 7.5, 143.3 f 32.6, and 319.4 f 56.5 
g/m2 for open, bursage, and palo Verde microhabitats, respectively. 
1Y. 

Environmental conditions during the fire were typical for 
summer months in the Upper Sonoran Desert when most wildfires 
occur. Mean soil moisture percent (upper 5 cm) at the time of the 
fire was 0.61 f 0.05 and 0.80% f 0.04 for open and shaded areas. 
Mean air movement recorded for the duration of the fire with the 
cup anemometer was low at 0.00 1 m/set, while mean wind velocity 
for gusts was 2.75 m/set. Relative humidity remained unchanged at 
29.0% during the fire. Air temperatures ranged from approxi- 
mately 40” C in the shade to 56O C 1 cm above the unshaded soil 
surface. 

Mean maximum temperatures recorded with the pellets show 
that the fire had little influence on soil temperatures at 1 and 2 cm, 
the highest being recorded under bursage (Table 1). The highest 

Table 1. Mean maximum temperatures (” C) during the fire using temper- 
ature pellets for four vertical locations within three microhabitats (open, 
under palo Verde, under bursage). Means not significantly different 
(KO.05) within each vertical location are indicated by the same letter 
(a,b) and within microhabitats by x,1.1 

Microhabitat 
Under Palo 

Vertical Location *en Verde Under bursage 

30 cm 76 f 76 :: 
ab 

167 f33 x 210f54 tb 

b 
1 cm 88f51 “x 299f17 xy 405f16 ; 

-1 cm 61f5 x 63f 7 x 9Of 9 x 

-2 cm 6Of 0:: 57f 2: 60*2”x 

‘Kruskal-Wallis test followed by Dunn’s multiple comparison. 

mean maximum temperatures measured for all microhabitats 
using pellets were 1 cm above the soil surface. At this height, 

temperatures of 299 and 405’C for palo Verde and bursage were 
significantly different from temperatures in the soil (-2 cm). Open 
and bursage microhabitats were also significantly different from 
each other at +I cm. Using temperature sensitive pellets, even with 
their limitations, several trends in maximum temperatures remained 
constant: (1) temperatures were lowest in the open and highest in 
bursage areas with areas under palo verdes intermediate; (2) 
temperatures at 2-cm soil depth always were lowest followed 
closely by -1 cm, while 1 cm above the surface consistently burned 
the hottest. These trends support previous findings of habitat 
influences on fire temperatures in which temperatures of 186, 398, 
and 393°C were reported for grass, shrub, and forest communities 
(Baily and Anderson 1980). 

The continuous temperature measurements also provide some 
useful temperature comparisons among microhabitats and fuels. 
Large variations among microhabitats are evident (Figs. 1, 2, 3). 

260 

240 

Ambrasiadeltaidea 

- 30 cm 

_- aurtace 

--- ,cm 

t--v- m-.-3 .-.---..-...I’.-.-I-.-..I” 
12.1 12.4 12.7 13.0 13.3 13.3 

Time of Day 

Fig. 1. Continuous temperafure measurements within a representative 
bursage (Ambrosia deltoidea) shrub at 3 vertical locations +30 cm, soil 
surface, and I-cm soil depth). Higher and lower temperatures were 
recorded at other bursage locations. 

Temperatures over 3OO’C were recorded at the +30-cm location in 
all 3 microhabitats. The +30-cm location was hotter than the 
surface for all measurements, supporting the findings of McKell et 
al. (1962), Iwanami (1969, 1972), and Probasco (1977). At the soil 
surface, areas within bursage shrubs (Fig. 1) burned much hotter 
(maximum 210°C) than in the interspaces (maximum 60°C) (Fig. 
2) or areas under palo verdes (maximum 6O’C) (Fig. 3). This 
compares with surface temperatures of 5 16 C in grass fires and 
716OC in chaparral (DeBano et al. 1979). Thus, the woody nature 
of the fuel is perhaps most important for temperatures at or near 
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Fig. 2. Continuous temperature measurements during thefire at a 
representative open interspace location at 3 vertical locations 
(+30 cm, soil surface, and I-cm soil depth). Higher and lower 
temperature were recorded at other interspace locations. 

the surface. After the fire, most soil surface locations took up to 45 
min to cool to ambient temperatures while temperatures at -30 cm 
underwent a rapid increase and subsequent decrease, reaching near 
ambient within a few minutes. 

Areas under palo Verde trees (Fig. 3) had more soil heating from 
fire than open areas, but less than that under bursage shrubs (Fig. 
1). This was probably because of differences in type and amount of 
fuel (Wells et al. 1979) and thicker litter and duff layers under palo 
verdes, which act as insulation against heat radiating downward 
during a fire (DeBano et al. 1979). In fact, as the fire passed 
through the palo Verde microhabitat, it burned lightly over the 
litter surface leaving some litter and duff unburned. 

The recorded increases in soil surface albedo of about 5% after 
the fire were probably caused by the 70% reduction in perennial 
plant cover (Table 2). However, some white (reflective) ash was 

Table 2. Comparisons of mean (k SE) pn- and postfire surface albcdoa 
8nd percent tot81 perenohl plait cover. 

Character 

Albedo 
Perennial plant 

cover 

n pretire postfire P 

14 0.167 f 0.005 0.175 f 0.008 0.08 

23 30.7 f 3.4 9.3 f 2.2 0.001 

observed after the fire where woody fuel had been present prior to 

It seems reasonable to conclude that desert fire temperatures will 
always be highly variable because of great variations in quantity 
and quality of fuel found within various microhabitats from year 
to year. Desert fires do not seem to greatly alter physical character- 
istics such as albedo, microsite maximum and minimum tempera- 
tures and soil water repellency. However, desert fires can consume 
a large portion of the perennial plant cover and may, therefore, 
create potential soil stability problems. 
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Fig. 3. Continuous temperature measurements under a representativepalo 

Verde (Cercidium microphyllum) tree at 3 verticallocations (+30-cm .soil 
surface, and I-cm soil depth). Higher and lower temperatures were 
recorded at other palo Verde locations. 

burning. Although the albedo increase was significant at the 0.08 
probability level, the original hypothesis that microsite tempera- 
tures might vary as a result of albedo changes on burned versus 
unburned areas was not proven. Maximum and minimum soil (-4 
cm) and air (20 cm) temperatures were not significantly affected by 
the fire, the largest difference was 2.3’C increase in the burned area 
soil, Although the sample size was small, we believe the general 
sparseness of vegetation in unburned areas permits soil insolation 
nearly equal to that in burned areas. 

Soil water repellency increased significantly after fire, but only 
by a fraction of a second. Although this small increase was statisti- 
cally significant, its ecological significance is undoubtedly limited. 
Significant differences between pre- and postfire values (2.2 f 0.1 
and 2.7 f 0.1 seconds absorbance time, respectively) were found 
when combining data from all microhabitats and soil depths. Since 
the increase in water repellencey reported in this study was min- 
imal, erosion and runoff problems (e.g., DeBano et al. 1967), as 
well as lack of annual plant establishment (Adams et al. 1970), both 
attributed to increases in water repellancy, are not expected to 
occur. 
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Discussion of “Biomass and Forage Production from 
Reclaimed Stripmined Land and Adjoining Native 
Range in Central Wyoming “by Lang JRM 35:755 
A Viewpoint 
PHILIP R. OGLE AND BOB GIURGEVICH 

Lang compared several vegetation parameters between reclaimed 
stripmined lands and rangelands. We, the authors, have several 
years experience in the analysis of permits to mine and/or com- 
pliance assessment under provisions of the Wyoming Environmen- 
tal Quality Act. Our experience suggests that there is critical need 
for derivation of a sound, accurate data base addressing the short- 
term and long-term success of revegetation practices in Wyoming 
(and adjacent arid/semi-arid lands). We believe the conclusions 
drawn by Lang are inadequately documented by the design and 
execution of the study. The article also conveyed some improper 
impressions. 

Statutory definition of production: 
Lang stated “interpretation of the term production is variable”. 

This statement is correct only from a conceptual standpoint. 
Guidelines published by the Wyoming Department of Environ- 
mental Quality, Land Quality Division (WDEQ/ LQD) have speci- 
fied that aboveground biomass production be collected during 

Authors are range scientist, Wyoming Department of Environmental Q&y, Land 
Quality Division, Abandoned Mine Lands Program, Cheyenne, Wyo. 82002: and 
environmental specialist, Wyoming Department of Environmental Quality, Land 
Quality Division, District 111 Office, Sheridan, Wyo. 82801. 
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pre-mining vegetation inventories. These guidelines were first for- 
mally published in 1976; subsequent editions have reiterated the 
use of standing crop biomass as the appropriate measure of pro- 
duction and as the standard for evaluation of reclamation success. 
WDEQ/ LOD’s interpretation of the term production has not been 
variable. 

Reclamation success standards: 
In his conclusions, Lang implied that only production is consi- 

dered when evaluating reclamation success on coal stripmined 
lands. Lang’s statement in the introductory remarks that produc- 
tion is one of the success standards was correct. Since August, 
1977, the federal Surface Mining Control and Reclamation Act 
(PL 95-87) has required assessment of several critical vegetation 
parameters. The Wyoming State Program for coal mining under 
PL 95-87 lists the following vegetation parameters for evaluation 
of reclamation success: vegetation cover, total cover (vegetation 
and litter and rock), production, species diversity, species composi- 
tion, shrub density, and the ability of the post-mining communities 
to support grazing. 
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Experimental designs: 
Lang concluded (with major qualifications) that “spring seeded 

areas were more productive than fall seeded areas in this study”, 
but the experiment was not specifically designed to address this 
question. The author noted that precipitation and other climatic 
factors may influence seeding success. However, no attempt was 
made to show that other sources of variation were considered. For 
example, different methods of handling materials or different 
physical characteristics of the overburden and/ or topsoil materials 
could directly influence vegetation establishment. Similarly, the 3 
separate years of seeding (1973, 1974, 1975) could exert major 
influences on the results. Since none of these potential influences 
were “controlled” in the experimental design, the conclusions on 
seeding time were very tenuous. 

Extent of sampling effort: 
Lang’s sampling regime for the revegetated area constituted a 

sample size of N=l for each area. Each transect, even though it had 
10 I-meter square plots, was statistically a single sample. The 
sample size for the native range was N=4. Clearly, there is no 
statistical validity associated with a sample size of N=l. These 
production estimates cannot be statistically compared. Thus, the 
conclusions regarding differences in production among vegetation 
communities were questionable. 

Production and species diversity 
Lang stated that the native range near Glenrock, Wyoming is 

quite variable and that the most common vegetation type is a 
sagebrush-grass type. In his sampling effort on the native range it 
was found aboveground biomass varied largely in response to the 
amount of big sagebrush (Artemisia tridentata) in the harvested 
plots and that big sagebrush equaled 45.3% of the biomass produc- 
tion while grass and grasslike plants equaled 34.7%. Slightly over 
20% of the total aboveground biomass was found to be from 
species that contribute nothing as forage. In his samples it was 
found that from 8 to 12 species were common in the sagebrush- 
grass type. 

This description of the native range seems misleading when 
compared to premining vegetation data from the Dave Johnston 
Mine 13 miles northeast of Glenrock, Wyoming, where 6 vegeta- 
tion types were identified and quantitatively sampled. Table 1 
shows data compiled from this permit application which indicate 
several interesting points about the native range communities of 
the Glenrock area. As can be seen from these data, production of 
aboveground biomass does tend to increase with an increase in big 
sagebrush. However, big sagebrush is only a dominant component 
in the sagebrush shrubland type where woody plants reach a high 
relative cover of 32.3% and big sagebrush makes up 44.5% of the 
aboveground biomass. In other communities woody plants (includ- 
ing big sagebrush) range from 4.3% to 21.6% of the aboveground 
production. Perhaps Lang’s samples would have been more mean- 
ingful had the variability, within what was classified as a sagebrush- 
grass type, been more carefully considered, 

It is also evident that the number of species present was greater 
than the 8 to 12 found by Lang. This would tend to discount the 
conclusion that the reclaimed areas were as diverse as native 
rangelands. 

Table 2 provides cover and species richness data which were 
collected approximately 20 miles north of Glenrock at the Bear 
Creek Uranium Mine. These data tend to agree with the data from 
the Dave Johnston Mine and conflict with Lang’s data. 

Some reasons the data presented by Lang may not properly 
describe the native range in the Glenrock area are (1) the small 
number of samples collected in the native range, (2) sampling of 
areas where big sagebrush was of particularly high density, and (3) 
improper delineation of vegetation types. 

Crested and desert wheatgrass on reclaimed areas: 
Lang stated that crested wheatgrass (Agropyron cristatum), and 
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Table 1. Descriptive data for three undisturbed (pre-mining) plant com- 
munities at the Dave Johnston Mine, Converse County, Glenrock, 
Wyoming.’ 

Vegetation types 
Upland Sagebrush Sagebrush 
grassland grassland shrubland 

Sample size 29 31 25 

Total mean production (kg/ha) 380 393 529 

Relative cover (%) 
Graminoids 85.5 74.6 62.5 
Forbs 2.8 2.0 2.3 
Woody plants 6.8 17.7 32.3 

(Artemisia tridentata) - - 
Succulents 0.6 1.3 0.6 

Above ground production (%) 
Graminoids 83.0 14.6 48.7 
Forbs 12.7 3.8 3.9 
Woody plants 21.6 41.4 

(Artemisia tridentata) ;Ci; (18.6) (44.5) 
Succulents Not clipped Not clipped Not clipped 

Number of species 
Graminoids 9 10 12 
Forbs 17 13 11 
Woody plants 10 8 5 
Succulents 1 1 1 

Total 37 32 29 

1Source of data was the permit-to-mine application for the Dave Johnston Mine, 
submitted to WDEQ/ LQD 10-840. All data were gathered in 1979. Production and 
cover sampling locations were selected randomly. Production samples were clipped 
from 0.5 m2 plots and cover data were established by using a IO-point sampling frame 
at 10 m intervals along a 90 m transect. 

Table 2. Descriptive data for two andistrubed (pm-mining) plent com- 
munities et Beer Creek Uranium Company’s surface mine, Converse 
County, Wyoming. 

Vegetation types 
Upland Sagebrush Sagebrush 
grassland grassland shrubland 

Sample year 1982 1982 1980 

Sample size 21 20 30 

Total mean production (kg/ha) 538 390 513 

Relative cover(%) 
Grasses 67.2 56. I 59. I 
Grasslike 14.9 14.5 7.6 
Forbs 14.9 8.1 9.1 
Shrubs 1.1 20.8 21.2 
Succulents 1.2 0.5 3.0 

Number of species 
Grasses II 11 8 
Grasslike 2 2 2 
Forbs 23 13 12 
Shrubs 2 2 1 
Succulents 2 1 1 

Total 40 29 %- 

‘Source of data was the permit-to-mine application for the Bear Creek Uranium Mine, 
submitted ton I )t Q LQD6-17-78. Dataweregathered in 1980and 1982. Production 
and cover ra:c~~hng locations we randomly selected. Production samples were 
clipped from 1 .O m2 plots and cover data were collected by lowering a pin at 2 ft. 
intervals along a 100 ft. transect. 
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desert wheatgrass (Agropyron desertorum)are well adapted to the 
area around Glenrock and are very productive, but he qualified 
these statements with their requirements for special management. 
He, however, failed to elaborate on other problems incurred when 
trying to manage crested or desert wheatgrass. It is well docu- 
mented that after several years of grazing, yields of crested and 
desert wheatgrass, decrease and outside inputs such as fertilizer are 
necessary if high productivity is to be maintained. Rauzi et al. 
(1971) found that the yields of crested wheatgrass were favorable 
for several years but then declined because of overuse or depletion 
of available nutrients. 

Erosion is also considered a problem on areas having pure 
stands of crested wheatgrass. McWilliams and VanCleave (1960) 
concluded from their study that a mixture of native species con- 
trolled erosion better than crested wheatgrass alone and provided 
long-term production. 

Lang also indicated that invasion was beginning to occur in the 
seeded crested wheatgrass stands. The author found 7 to 13 species 
in these seeded stands and compared those numbers favorably to 
the adjacent native range. However, as was shown earlier, the 
number of species found by Lang was low when compared to other 
studies made in the area. Thus, the author’s comparisons between 
seeded stands and native range may be improper. The usefulness of 
these invading species cannot be properly judged since they are not 
listed. It is easy to see that they are not yet a dominant portion of 
the community since crested and desert wheatgrass make up 83.2% 
of the aboveground biomass. 

Conclusion 

Reclamation success can only be judged with time. If estimates 
of success are to be made in the short-term, then statistically sound, 
objective data for undisturbed areas and reclaimed areas are vitally 
necessary. In the absence of a thorough and statistically adequate 
sampling effort, it is difficult to judge the usefulness of a data set. 

Data from Lang (1982) may provide information on stand estab- 
lishment and invasion but it is difficult to tell if any other inform- 
tion can be gained from the small number of samples. This is also 
true of the sampling effort in the native range. Some descriptive 
information is available from the study but it does not appear to 
truly provide a precise description of the native range. 

Since relatively few data exist on the topic of long-term reclama- 
tion success, the publication of poorly substantiated or at best 
preliminary survey type data greatly hinders progress toward 
assembly of an accurate, verifiable data base. If the vital question 
of long-term revegetation success is to be answered, we need pre- 
cise, statistically sound, objective data. 
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TECHNICAL NOTES 

Ruminal Digestion Consistency of Zebu Cattle 
R.M. HANSEN, D.L. WHITTINGTON, R.D. CHILD, AND J.M. WANYAMA 

Abstract 

Two nylon bag digestion trials were run to estimate the soiubiiity of 4 
kinds of forage in the rumens of 3 fistuiated Zebu cattle which were grazing 
natural rangeiands at the National Range Research Station - Kiboko, 
Kenya. Animal to animal differences (1.1%) in rumen digestion during a 
test period were small in comparison to differencea between the same 
animal on different dates (5.3%), and were smaiier than differences asso- 
ciated with different nylon bag fabrica (3.4%). 

Factors influencing estimates of forage digestion in the rumen by 
the cloth bag technique have been extensively studied. Types of 
cloth, porosity, mesh density, sizes of bags, amounts of substrate, 
fineness of grind of substrate, chemical treatment of substrate, diet 
of digestor, and variability due to animal, breed, dates of trials, 
contamination, washing technique and other factors have been 
examined (Van Dyne 1962, 1968; Quinton 1972; Figroid et al. 
1972; Uden et al. 1974; Schneider and Flatt 1975; Crawford et al. 
1978; Martin 1981; Van Soest 1982; Johnson et al. 1982; Weakley 
et al. 1983). 

Perusal of the literature suggests that the cloth bag technique has 
been plagued with high variation within duplicates and between 
replicates which vary from about 4 to 20%. Our objective was to 
learn where the greatest source of variation occurs for the proce- 
dure used at the National Range Research Station using Zebu 
cattle. We chose to test whether or not mean differences in rumen 
digestive power between individual cattle on one date were similar 
on a subsequent date. 

Methods 
Two steers and 1 heifer weighing about 300 kg were fitted with 

rumen fistulas. The breed of one steer and the heifer was East 
African Sahiwal and the other steer was a Kenya Boran. Through- 
out their life and during the 2 tests the cattle grazed on bushed 
grassland at the National Range Research Station near Kiboko, 
Kenya. Two tests were conducted 1 week apart in mid-March 1983 
toward the end of the short dry season. 8 

Two kinds of nylon cloth were used. Openings between the 
threads could not be seen using 400X magnification. We chose 
cloth without discernible pores because our goal was to prevent 

Authors are range management specialist, animal scientist, range ecologist, and 
acting director at National Range Research Station - Kiboko. P.O. Box 12. Makindu. 
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solid particles from entering or leaving the nylon bags. The mesh of 
the nylon was 48/cm for one kind of material and was 50/cm for 
the other. 

The aboveground parts of 4 kinds of forage were used. The 
plants were Pennisetum clandestinum. Cynodon dactylon, Pani- 
cum maximum and Chrysanthemum cineariaefolium. The plant 
materials were dried in a forced air oven at 65°C for 3 days and 
then ground in a Wiley mill using a 1 .O-mm screen. 

Forty bags, 10 of each forage, were placed in each animal’s 
rumen for 48 hr following the procedures of Van Dyne (1962) and 
Quinton (1972). There were 5 bags of the 48-mesh cloth and 5 of the 
50-mesh cloth among the 10 subsamples of each forage type per 
rumen test. 

Prior to placement in the rumen each bag plus its contents was 
oven dried at 65O C until no further weight loss before weighing to 
the nearest 0.01 g. After removal from the rumens, the samples 
were washed and rinsed with tap water in a bucket until no color in 
the wash water was seen. The bags plus their residues after rumen 
digestion were oven dried at 65’C until no further weight loss 
before weighing to the nearest 0.01 g. 

Results 
The 50-mesh nylon bags lost significantly (p<O.O5) higher per- 

centage of dry weight during rumen digestion than did the 48 mesh 
bags for 17 of the 24 comparisons (Table 1). There was no signifi- 
cant difference between the means of the 50-and 48-mesh bag types 
during the 1st test in the rumens of the Sahiwal steer and heifer for 
P. clandestinum and C. dactylon, and no significant difference for 
mean percentage dry weight lost between 50 and 48 mesh bags 
during the 2nd test. Difference in all the other comparable means 
showed 50-mesh bags lost significantly -0.05) more dry weight 
than 48-mesh bags when placed for digestion in the same rumen. 

There was no significant difference between the rumendigestion 
indexes of the 3 fistulated cattle within the 1st and within the 2nd 
test. However, the comparable types of nylon bags lost signifi- 
cantly wO.05) more dry weight during the 2nd 48-hr, rumen- 
digestion test than during the 1st with one exception. There was no 
significant difference in percent dry weight lost of C. cineariaefo- 
lium in the Boran steer’s rumen between the 1st and 2nd tests. 

Discussion 
The average difference (Y f SE) between the test periods for 

50-mesh and 48-mesh bags was 5.6% M.7% and within tests was 
- 
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Table 1. ‘Ihe percentage ( I* SE)dry weight dissolved by tbe rumens of 3 Zebu cattle during two 48-br trials using 5 nylon bags with 48and SOtbreads per 
cm. 

Forage and 
bag type 

Pennisetum clandestinum 
48 mesh 
50 mesh 

Cynodon dactylon 
48 mesh 
50 mesh 

Panicum maximum 
48 mesh 
50 mesh 

Chrysanthemum sp. 
48 mesh 
50 mesh 

Sahiwal Boran 
Steer Heifer Steer 

1st 2nd 1st 2nd 1st 2nd 

50 f 0.8 55 f 0.3 47 f 1.3 54 f 0.6 49 f 0.7 55 f 0.7 
51 f 0.8 61 f 0.6 51 f 0.7 59 f 0.7 52 f 0.4 

55 f 1.0 59 f 0.3 52 f 0.9 58 f 0.7 52 f 0.5 58 f 0.5 
53 f 0.7 62 f 0.3 52 f 0.8 62 f 0.4 54 f 0.5 61 f 0.6 

52 f 0.7 57 f 0.6 53 f 1.0 57 f 0.4 53 f 0.6 58 f 0.4 
59 f 0.8 66 f 0.4 58 f 0.2 65 f 0.4 58 f 0.5 64 f 0.2 

71 f 1.1 74 f 0.4 70 f 0.9 73 f 0.4 73 f 1.4 74 f 0.6 
72 f 0.5 77 f 0.5 72 f 0.4 77 f 0.4 73 f 0.3 77 f 0.5 

3.3 f 0.8%. These means were not significantlv different. Presum- 
ably, different cloths used in nylon-bags ma; result in different 
rumen digestion indexes. We believe the 48-mesh nylon material 
had a tighter weave than the 50-mesh nylon. 

Mean paired differences @ f SE) in digestion coefficients 
between the 1st and 2nd tests for the individual animals was -5.3 f 
0.6% @<0.05) and the mean paired differences between the 3 
animals for the same forage during the same tests was 1.1 f 0.8% 
(NS). Therefore, we must conclude that even though there may be 
statistically significant differences wO.05) in the rumen digestive 
indexes of cattle during the same test period, these differences are 
very small in relation to those observed between tests only a week 
apart and, furthermore, the average difference caused from differ- 
ent nylon fabrics is grtater than comparable animal to animal 
differences. Also, the number of threads per centimeter (mesh) may 
be of minor importance. 

The difference observed between tests 1 week apart suggests that 
paired samples be run together. However, this study also indicated 
that the paired samples may not have to be in the same rumen to 
distinguish significant differences of 3% or more, Due to the 
greater variation between dates of tests than between animals we 
assume that the nylon bag technique should be used to compare 
relative rumen digestion and not to estimate true digestion of a 
particular feedstuff. 
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Pickup Grass Seed Stripper 
R.L. DALRYMPLE 

Grass seeds from some tall grasses can be readily harvested with 
specialized commercial grass seed strippers. Numerous properly 
operated combines in good condition can also be used to harvest 
grass seeds under certain conditions. Many approaches to grass 
seed harvest are possible, but economic considerations and 
unavailability of specialized machines 01 combines in many areas 
often prevent their use. 

Tall grass seeds can be harvested with a homemade pickup grass 
seed stripper (Fig. I). We have used this machine extensively to 

harvest “Old World” bluestem seed. Early models of this particular 
type stripper were developed about 1961.’ It was originally con- 
ceived to harvest bluestem seed in southern Oklahoma. Since the 
stripper’s original evolution, it has undergone many alterations 
and changes in method of construction but the basic design and 
operation have remained much the same. One of the better pick 
grass seed strippers is shown in Figure 3. This unit allows better 
airflow through the unit, thus allowing better seed deposition in the 
hopper and it has a deeper, higher capacity hopper than cloth 
covered units. Figures 1 to 5 show the basic construction of the 
pickup grass seed stripper. Numerous methods and materials have 
been and can be used. Every farm and ranch engineer has his own 
ideas; however, some characteristics of the stripper must be 
maintained. 

I. It must be somewhat flexible, but the frame must be con- 
structed of strong enough steel to prevent it from easily bending 
out of shape. 

2. It should be hinged at the bumper attachment for height and 
adjustment and flexibility. 

3. It should be at least as wide as the truck operating it and a IO 
to l2-foot wide model is excellent in most cases. 

4. It must contain at least two flailing bars. If the grass seed- 
heads are greatly variable in height, more flailing bars are needed. 

Grass seed is considered ready to strip when about 25% or more 
of it will readily strip off the heads when the heads are pulled 
through a firmly closed hand. Seed is then harvested with the 
pickup grass seed stripper by driving through the seed harvest area 
at appropriate speeds with the flailing bars down into the seedhead 
area. Speed is the force that flails the easily stripped seed into the 
stripper hopper. Actual speeds needed are variable from IO to 20 

miles per hour depending on seed harvest conditions. A trial and 
error approach must be used to determine best speed for gathering 
easily stripped seed and leaving greener immature seed and form- 
ing seedheads for later stripping. 

A field properly stripped the first time can be restripped numer- 
ous times as seed continues to form and ripen. We have harvested 
fields of “Old World” bluestem up to 3 times and I believe even 
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more strippings are possible under most proper harvest conditions 
and close stripper operation. Repeated strippings should be made 
using the same travel tracks. It is easy to strip 5 or more acres per 
hour even when considering the seed bagging and radiator servic- 
ing time. A IO-foot wide unit operated at I5 mph will harvest 18 
acres per hour of travel time, Servicing time reduces the actual 
harvested acreage per hour. 

The hopper must he emptied by hand when it reaches about 
two-thirds full. An excellent approach is to bag the seed in large 
burlap or other porous bags. The seed will be too wet for storage 
without drying. It must be spread in a six- to 1Zinch layer in an 
area protected from moisture and stirred daily or twice daily until it 

isdry. Afan,orotheraimowblowingovertheseed,isagreataid in 
drying the seed. 

Major problems with this method are hidden obstacles in the 
field suchas, bull holes, stumps, etc., and pickup radiator clogging. 

Very close attention must be given to radiator clogging. The radia- 
tor must be cleaned regularly to prevent engine overheating. 

The pickup grass seed harvester is obviously intended to be used 
to harvest seed of tall type grasses. The unit performs well on areas 
where some grazing has reduced foliage volume or other situtions 
where foliage is not a problem. As with other harvest methods, the 
pickup grass seed stripper is difficult or impossible to use well in 
extremely thick, extremely tall, or lodged tall grasses. 

Evaluation of Air Threshing for Small Lots of Winterfat 
Fruits 
D. TERRANCE BOOTH AND LARRY W. GRIFFITH 

Air threshing, using an nir gun scsrifier, is an improved method for 
threshing small lots olwtnterlat [Eurotia lonnfa (Pursh) Moq.; Cetioidu 
1. (Fur&) J.T. Howell] fruits for taboratory analysis. The technique is 
laster than hand threshing snd craw insignificant dsmage to the seed In 
contrast to hammer mill threshing which damages about 2% of the seed. 

Winterfat [Eurotia lanota (Pursh) Moq.; Ceratoides I. (Push) 
J.T. Howell] seed has been removed from its enclosing brats by 
threshing in a hammer mill at 500 rpm using a 6.4 mm screen 
(Wendall Oaks, USDA-Soil Conservation Service, Los Lunas 
Plant Materials Center, personal communication, 1979). Stevens 
et al. (1977) recommended using the hammer mill at 1,000 - 1,200 
rpm with a 7.94~mm screen to separate the fruits from the seed 

stalks, but their methods are not intended to thresh the seed from 
the bra&s. Booth (1982) and Booth and Schuman (1983) have 
shown that the bracts which enclose the utricle of winterfat are 
important adjuncts to seedling establishment and seedling vigor 
and should not be removed before planting. However, various 
laboratory procedures require that these bracts be removed. Booth 
(1984) found that hammer mill threshing damaged or removed that 
radicle apex and its contributing meristem on 25% of the seed. The 
meristematic area, where growth occurs, is also an area in which 
nutrients and growth regulators are concentrated. For these rea- 
sons inaccurate data could result when hammer mill threshed seed 
is used in germination tests or in an analysis of plant growth factors 
in the seed. Threshing seed by hand, even with the help of a rubbing 
board, is a time-consuming and tedious process. Air threshing, 
using an air gun seed scarifier, was tested as an alternative to hand 
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Evaluation of Air Threshing for Small Lots of Winterfat 
Fruits 
D. TERRANCE BOOTH AND LARRY W. GRIFFITH 

AhStlWt 

Air threshing, u&g an air gun scarificr, is an improved method for 
threshing small lots of winterfat [Ewoffa huta (Pumh) Moq.; Cerutoides 
2. (Pumh) J.T. Howell] fruits for lebomtory anelyds. The technique is 
fester than hand threehing and causes hdgnifkant damage to the eeed In 
contmst to hammer mill threshing which damages about 25% of the seed. 

Winterfat [Eurotia lanata (Pursh) Moq.; Ceratoides 1. (Pursh) 
J.T. Howell] seed has been removed from its enclosing bracts by 
threshing in a hammer mill at 500 rpm using a 6.4 mm screen 
(Wendall Oaks, USDA-Soil Conservation Service, Los Lunas 
Plant Materials Center, personal communication, 1979). Stevens 
et al. (1977) recommended using the hammer mill at 1,000 - 1,200 
rpm with a 7.94-mm screen to separate the fruits from the seed 
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stalks, but their methods are not intended to thresh the seed from 
the bracts. Booth (1982) and Booth and Schuman (1983) have 
shown that the btacts which enclose the utricle of winterfat are 
important adjuncts to seedling establishment and seedling vigor 
and should not be removed before planting. However, various 
laboratory procedures require that these btacts be removed. Booth 
(1984) found that hammer mill threshing damaged or removed that 
radicle apex and its contributing meristem on 25% of the seed. The 
meristematic area, where growth occuts, is also an area in which 
nutrients and growth regulators are concentrated. For these rea- 
sons inaccurate data could result when hammer mill threshed seed 
is used in germination tests or in an analysis of plant growth factors 
in the seed. Threshing seed by hand, even with the help of a rubbing 
board, is a time-consuming and tedious process. Air threshing, 
using an air gun seed scarifier, was tested as an alternative to hand 
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or hammer mill threshing of small lots of winterfat fruits. The air 
gun scarifier was originally designed to enhance germination of 
small legumes (such as alfalfa) by scratching the seed coat to 
promote seed imbibition. 

Air Gun Scarifer 

The air gun scaritier (Fig. I) consists of a metal cylinder (3-mm 
thick walls X I15-mm height X 100.mm inside diameter) with an 
uneven inside coating (2-5 mm thick) of silicone rubber (such as 
Silicone II caulking by General Electric’) mixed with emory dust. 

When scarifying seed, this coating holds emery cloth in place in the 
cylinder, Emory cloth is not used when threshing winterfat. The 
cylinder is covered by a metal ring machined to fit the top of the 
cylinder. The ring has a 60-mm diameter center covered by a I-mm 
metal screen. This lid is secured by a 6 X 12-mm wing bolt through 

the side of the cylinder. A metal funnel is permanently attached to 
the bottom of the cylinder. A pipe (IO-mm inside diameter and I50 
mm long) enters the side 30 mm from the top and offset 35 mm 
from the center of the cylinder. An air pressure regulator and 
gauge, air trigger and air hose coupling, respectively are attached 
to the distal end of the pipe. A small metal funnel is attached to the 
top ofthe pipe at about a 60’ angleand providesan g-mmdiameter 
opening into it. Winterfat fruits fed into the funnel are shot 
through the pipe into the cylinder where contact of the fruits 
against the coated sides separates seeds from the enclosing bracts. 

The implement can be easily constructed in a machine shop for 
about $100.00. 

Methods 

Winterfat fruits (454 g of selection U60-80) were cleaned of stems 
and debris then threshed using the air gun at 345 k Pa. Fruit bracts 
were separated from seeds by passing a light airflow across the 
seed. 

Five samples of IO0 seeds were randomly selected from the 
threshed seed. These were examined microscopically to determine 
the number of seeds damaged by threshing. After microscopic 
examination the seed samples were soaked over the weekend at 0 zt 
2OC (Booth and Schuman l983), incubated for 2 l/2 days at 21°C 
for 16 hours and 4.4.OC for 8 hours, then evaluated for positive 
geotropic response relative to the total germination. 

Results and Discussion 

One hour was required to thresh the winterfat fruits. Damaged 
seed averaged 2.4% over the 5 replicate samples. Seedlings without 
a positive geotropic response averaged 3.7% of the germinated 
fruits. This compares to 25% damage and 24% without a positive 
geotropic response for hammer mill threshed seed (Booth 1984, 
Booth and Schuman 1983). 

The air gun method is twice as fast as threshing winterfat seed 
using a rubbing board and yields cleaner seed. The amount of seed 
damaged by this process is insignificant but might be reduced by 
increasing the thickness of the silicone rubber coating and by 
adjusting the air pressure. Air threshing uses tearing stress more 
than impact to remove the seed coverings. It is an alternate method 
to be considered for other plant species when impact methods 
damage the seed. The air threshing method offers a means of 
obtainingundamaged threshed winterfat seed forlaboratoryanal- 
ysis at a low cost relative to hand threshing. It is recommended that 
the operator use ear plugs and a dust mask when air threshing 
winterfat. 
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Book Reviews 

Pest Control with Nature’s Chemicals: Allelochemics and 
Pheromones in Gardening and Agriculture. By Elroy L. 
Rice. 1983. University of Oklahoma Press, Norman, 
Oklahoma 73069.224 p. $28.50 
Interactions between organisms caused by nonnutritional chem- 

icals are rife in biological systems. Knowledge of such relations is 
increasing rapidly and gaining in importance because of its poten- 
tial for application. Examples are: range plants toxic to livestock, 
insect sex attractants, and inhibition of plant growth caused by 
compounds from neighboring plants. Rice’s book does an admira- 
ble job introducing the educated layman and scientists to this 
fascinating subject of chemical ecology. 

The first two chapters relate historical observations of apparent 
plant-plant and plant-animal interactions. Plant-plant interactions 
in agriculture are discussed in the third chapter. The fourth dis- 
cusses plant-nematode interactions. Plant-insect and insect-insect 
interactions are the subject of the fifth and longest chapter. The 
following chapter discusses some possibilities and practices of 
insect control using naturally occurring chemicals. Discussions of 
interactions between crop plants and animals other than insects 
and nematodes make up the seventh chapter. The concluding 
chapter is “a glimpse into the future.” 

Rice has made the information very accessible. It is well 
organized. The text is simply and clearly written. Carefully chosen, 
helpful illustrations are included as is a rather complete index. 
Twenty-seven pages of references are tied to relevant portions in 
the text to guide further inquiry by interested readers. 

The balance in the book is generally representative of our cur- 
rent knowledge even though there is an intended bias to include 
examples from agriculture. The bulk of the text contains descrip- 
tions of cause and effects of chemical interactions. Many of the 
organisms discussed are economically important. Only a small 
portion of the known chemical interactions have been exploited in 
crop production, protection or public health. Thus, although the 
focus of much of the discussion is control of agricultural pests, 
most of the information deals primarily with ecology. Chemical 
interactions involving microorganisms are included only as they 
influence plant crop production. 

A scientist with a speciality within some aspect of chemical 
ecology may criticize the portions of the book dealing with his 
speciality on the basis of errors, missing information (particularly 
the most recent), use of secondary sources, and lack of discussion 
about emerging principles. However, the same reader will profit 
from reading the book by broadening his understanding of the field 
and perhaps gaining a more integrated view of chemical ecology. 
After all, this latter benefit is the object of the book. The literature 
in the field is too vast and diverse to allow it to be otherwise. 

The ubiquity, potency (i.e., they regulate processes vital for 
growth, development and reproduction), and potential for manip- 
ulation of nonnutritional chemical interactions in natural and 
agroecosystems make them important. Knowledge of this rapidly 
developing field is vital to farmers, gardeners, and resource man- 
agers as well as biologists, ecologists, natural product chemists, 
entomologist, evolutionists and many other types of scientists. 
Rice’s book is very valuable as it provides an overview and serves as 
a starting point to acquire information appropriate to any 
speciality, William D. Bedard, Berkeley, California. 

Science, Agriculture, and the Politics of Research. By Law- 
rence Busch and William B. Lacy. 1983. Westview Press, 
Inc., 5500 Central Avenue, Boulder, Colorado 80301.303 
p. $30.00 hardcover; $12.95 paperback. 
In the forward, Drs. Busch and Lacy state: “Although the U.S. 

agricultural research system is highly esteemed and used as a model 

for national programs in many developing countries, surprisingly 
little is known about its operation, which has been publicly funded 
for nearly a century.” The remainder of the book examines and 
describes the evolutionary development of the U.S. agricultural 
research system and factors which influence the selection of agri- 
cultural research problems. 

The book is organized into 11 chapters with each subdivided into 
two or more subchapters for easy reference. Chapter 1 describes 
the evolutionary development of agricultural science in the United 
States. Chapter 2 briefly describes the organizational structure of 
agricultural research and discusses the criteria used by scientists to 
select research problems. Agricultural scientists are charactrized in 
chapter 3 through socioeconomic factors, such as family origins, 
education, employment, and how they perceive their assignment in 
terms of development or basic and/or applied research. The 
importance and role of written and oral scientific communication 
in the problem selection, recognition and scientist promotion pro- 
cess are described in chapter 4. The influence of disciplinary train- 
ing on scientific perspectives is discussed in chapter 5, and the 
institutional and organizational influences on scientific perspec- 
tives are described in chapter 6. Federal agencies, state and local 
governments and private organizations that provide contracts, 
grants, and consulting opportunities also influence scientists’pers- 
pectives, as described in chapter 7. Practicing scientists are exam- 
ined in chapters 8 and 9 to determine who they perceive as beneli- 
ciaries of agricultural research and what they perceive as the 
objectives of agricultural research. Chapter 10 reports the extent to 
which practicing scientists are addressing five broad emerging 
issues: environment, world food, energy, consumer welfare, and 
alternative approaches to agriculture. In chapter 11, the conclu- 
sion, eight institutional changes in the U.S. agricultural research 
system are suggested. “Nevertheless, institutional changes are 
insufficient without concomitant changes in what constitutes 
knowledge in the agricultural sciences.” 

Over 300 references are cited, although the primary data source 
for this book was a mail survey of 1,43 1 scientists listed in the 
Current Research Information System. The entire Scientist’s 
Questionnaire as well as methods and quantitative data analysis 
procedures are provided in the Appendix. Herein lies the strength 
or weakness of the book. Findings reported primarily in chapters 2 
through 10 are principally the perceptions of scientists engaged in 
research at institutions which receive USDA funds. The percep- 
tions of research users would have perhaps added an interesting 
dimension especially to chapters 8,9, and 10. The priorities, objec- 
tives, and beneficiaries of emerging agricultural research needs are 
undoubtedly viewed from entirely different perspectives by scient- ’ 
ists than by managers or administrators. 

The book is well written, easy to read, illustrated with 58 tables 
and 14 figures, and contains a comprehensive subject matter and 
author index. It should be of interest to a broad audience of 
students, scientists, professors, administrators, natural resource 
managers, and a segment of the general public. It may also be 
revealing to a large proportion of U.S. agricultural scientists. This 
book should improve the readers’understanding of the U.S. agri- 
cultural research systems, its processes, and its interrelationship 
with the economic and sociopolitical influences of society; why 
certain research problems are selected and whom the selected 
research will benefit. In the long run, this improved understanding 
should strengthen the entire U.S. agricultural research system and 
permit interested research administrators to select any or all por- 
tion(s) of the U.S. agricultural research model for their particular 
need.-Gale L. Woken, Springfield, Virginia. 
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