










Multiple Defoliation Effects on Herbage Yield, 

Vigor, and Total Nonstructural Carbohydrates 

of Five Range Species 

M. BUWAI AND M. J. TRLICA 

Highlight: Western wheatgrass (Agropyron smithii), blue grama 
(Bouteloua gracilis), and fourwing saltbush (Atriplex canescens) 
were subjected to multiple defoliations at moderate and heavy in- 
tensities during a a-year period. Most heavy defoliation treatments 
drastically reduced herbage yield, vigor, and total nonstructural 
carbohydrates (TNC) of western wheatgrass. Multiple defoli- 
ations were detrimental to vigor and herbage yield of blue grama; 
however, defoliation treatments did not detrimentally affect root 
TNC levels. All defoliation treatments severely reduced the num- 
ber of seedstalks, live crown cover, and TNC of fourwing saltbush, 
but seedstalk length and live crown diameter were less affected by 
the defoliation treatments. Both fringed sagewort (Artemisiufrigi- 
&2) and antelope bitterbrush (Purshia tridbntata) subjected to two 
moderate defoliations during quiescence and rapid growth (or 
flowers developing) remained in fair to good vigor at the end of the 
growing season. However, both species were detrimentally af- 
fected if utilized during the later part of the growing season. De- 
foliation effects were generally more severe when plants were de- 
foliated at a heavy intensity than when defoliated at a moderate 
intensity during the same phenological stages. Five- and six- 
pasture rest-rotation grazing systems were proposed to ensure 
that grazed plants would receive rest following critical late 
summer foliage utilization. 

Factors that reduce the capacity of a plant to manufacture 
food will cause a depletion of stored total nonstructural carbo- 
hydrates (TNC) and might lead to changes in range condition. 
Frequent and severe clippings or grazing depletes TNC and 
lowers herbage yield and plant vigor. The season of grazing or 
clipping often influences the success or failure of a grazing 
practice. Therefore, it is necessary to know the period when key 
forage species are less susceptible to foliage removal (Heady 
1974). This study was undertaken to determine the effects of 
tiequency, intensity, and season of defoliations on herbage 
yield, vigor, and TNC levels of blue grarna (Bouteloua 
gracilis), western wheatgrass (Agropyron smithii), fourwing 
saltbush (Atriplex canescens), antelope bitterbrush (Purshia tri- 
dentata), and fringed sagewort (Artemisia frigida). 

Literature Review 

Defoliation of plants during susceptible periods can reduce 
the ability of plants to maintain growth and vigor. Intensive 
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defoliation often lowers the TNC levels in the storage organs 
(Cook 1966; Everson 1966; Willard and McKell 1973; Perry 
and Chapman 1974; Owensby et al. 1974). Trlica and Cook 
(197 1) reported that TNC levels were a good indicator of the 
effects of clipping on many desert plants. 

The time of defoliation can significantly influence the severi- 
ty of a clipping treatment. Trlica and Cook ( 197 1) found that salt 
desert plants defoliated late in the spring and at a near maturity 
phenological stage made little regrowth and stored little TNC. 
Cook ( 197 1) stated that defoliation was more detrimental in the 
late spring or mid-summer than in the fall, winter, or early 
spring for several salt desert species. McCarty and Price (1942) 
reported that defoliation was most detrimental from flowerstalk 
formation through the seed ripening stage for some mountain 
forage species. Laycock and Conrad (1969) reported that 
defoliation of tall bluebell (Mertensia arizonica) was most detri- 
mental during the flowering and fruit developing stages. Currie 
(1970) found that spring or spring and fall grazing of a seeded 
crested wheatgrass (Agropyron cristatum) pasture caused 
greater invasion by other species than did fall grazing. 

Frequent clippings of blue grama greatly reduced herbage 
yields (Reed and Dwyer 197 1). Dwyer et al. ( 1963) reported 
that frequent defoliations greatly reduced herbage yields of 
several Oklahoma range grasses. Holscher (1945) found fre- 
quent, intensive defoliations reduced herbage yields of blue 
grama and western wheatgrass. 

Methods and Procedures 

The study was carried out from 1972 through 1974 at two locations 
in northern Colorado: the Central Plains Experiment Range (CPER), 
located about 50 km northeast of Fort Collins, and the Maybe11 
location, about 6 km west of Maybell. The CPER location is typical of 
the shortgrass type of the Central Great Plains region. The Maybe11 
location is in the intermountain sandhills region of northwestern 
Colorado. This location is characterized by gently rolling hills with 
occasional steeper slopes. The climate at both study locations is semi- 
arid with warm summers and cold winters. A more detailed site 
description was given by Trlica et al. (1977). 

Three exclosures were built in the fall of 1972 at the CPER to 
exclude livestock grazing. Blue grama, western wheatgrass, and four- 
wing saltbush included within these exclosures were clipped from the 
fall of 1972 through the late summer of 1974. Antelope bitterbrush and 
tinged sagewort were enclosed within three exclosures that were built 
in the spring of 1973 at the Maybe11 location. Clipping of these two 
species was from the fall of 1973 through the late summer of 1974. The 
current photosynthetic tissues of the five species were clipped at two 
intensities, heavy (90% of the current year’s growth removed) and 
moderate (60% of the current year’s growth removed). Small twigs 
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supporting the foliage of antelope bitterbrush and fourwing saltbush 
were also clipped. 

Four replications at each exclosure and for both clipping intensities 
were used for each defoliation treatment of the three species at the 
CPER location. A replication was defined for the two grasses, blue 
grama and western wheatgrass, as a 0.23 m* plot. Replications of 
fourwing saltbush were defined as the individual plants included in a 
defoliation treatment for each intensity at each exclosure. In each 
Maybe11 exclosure, four antelope bitterbrush plants and eight fringed 
sagewort plants were clipped under each clipping intensity for each 
multiple defoliation treatment. All treatments were randomly assigned 
to each species. 

Since species grow at different times and rates, clippings were made 
at certain phenological stages. Clipping of plants at the CPER location 
was made at quiescence (November 1-25); rapid growth (May 6-June 
4); and seedset (August 1-18). Fringed sagewort and antelope bitter- 
brush at the Maybe11 location were defoliated during two of the 
following phenological stages: quiescence (in late October); rapid 
growth or flowers developing (in early June); and near maturity or seed 
shatter in early August). Plants were clipped when the desired 
phenological stage of unclipped control plants was attained. The 
responses of all species to the clipping treatments were evaluated in the 
fall of 1974 by obtaining data on herbage yield, vigor, and TNC levels. 
Data were obtained on both clipped and unclipped plants. Little 
regrowth occurred for plants clipped late in the 1974 growing season, 
as indicated by reduced herbage yields and vigor at the end of the 
growing season. 

Vigor of the two grasses was evaluated using percentage basal 
cover, plant height, and plant vigor category. Vigor for the browse and 
suffretescent species was measured by percentage live crown cover 
(ocular estimate), number and length of seedstalks (or twig lengths), 
live crown diameter, average plant height, and plant vigor category. 
Vigor measurements were made on all replications for each species. 
Plant vigor category was visually estimated and categorized by 
assigning numbers as follows: 1 = very high vigor; 2 = high vigor; 3 
= medium vigor; 4 = low vigor; and 5 = very low vigor. The plant 
vigor category integrated other vigor observations into a single 
number. In other words, plants with a large number of seedstalks, high 
live crown cover, and good plant height would be rated as having very 
high vigor ( 1). If some of these vigor measurements were low, a lower 
vigor category would have been assigned. 

Herbage yield data for both grasses and fringed sagewort were 
collected in the fall of 1974 by clipping the standing biomass to ground 
level. For fourwing saltbush, herbage yield represented the total dry 
weight of seeds, leaves, and current twig growth. Herbage yield of 
antelope bitterbrush represented the total weight of leaves and current 
twig growth. A double sampling technique (Pechanec and Pickford 
1937) was used to obtain herbage yields of antelope bitterbrush and 
fourwing saltbush. Actual herbage yields were obtained for one-half 
of the clipped and unclipped plants of both species, while herbage 
yields of the remaining plants were estimated. All herbage samples 
were dried at 70°C for 24 hours and then weighed. 

Roots of blue grama, western wheatgrass, and fringed sagewort and 
live basal stems of 0.5 to 1 cm diameter of antelope bitterbrush and 
fourwing saltbush were sampled to determine the TNC levels in both 
clipped and unclipped plants. Rhizomes were included in the western 
wheatgrass root samples. Roots were excavated to a depth of 30 cm. 
Samples were washed with water, covered with 95% ethanol to reduce 
enzyme activity, dried at 70°C for approximately 10 days, and then 
ground to pass through a 40-mesh screen. Extraction and determina- 
tion of total nonstructural carbohydrates were made using procedures 
previously described by Heinze and Mumeek (1940), Smith et al. 
(1964), and Trlica and Cook ( 197 l), with modifications as described 
by the Association of Official Agricultural Chemists (1965). A total of 
six replications (two per exclosure) for each defoliation treatment and 
each clipping intensity were used for TNC determinations for all 
species. 

All data were analyzed using standard analysis of variance tech- 
niques (Steel and Torrie 1960). Significant differences were accepted 

at the 0.05 level of probability. When significant F-values were found, 
Duncan’s new multiple range test was utilized to separate significant 
(p<O .OS) mean differences. 

Results and Discussion 

Effects of multiple defoliations on western wheatgrass, blue 
grama, and four-wing saltbush were evaluated by obtaining data 
on herbage yield, vigor, and TNC levels during the fall of 1974. 
Treatment 1 refers to the undefoliated control plants; whereas 
defoliation treatments 2 through 8 refer to the phenological 
stages at which the species were defoliated during 1972, 1973, 
and 1974. These treatments are defined in the column for 
phenological stages when defoliated as shown in the tables. 

Western Wheatgrass 
All multiple defoliation treatments drastically reduced herb- 

age yield and vigor of western wheatgrass below that of the 
control plants (Table 1). Root and rhizome TNC levels were 
depressed by all the heavy defoliation treatments, but most 
moderately defoliated western wheatgrass plants had TNC 
levels that were similar to those of the undefoliated control 
plants. 

Basal cover of western wheatgrass was severely reduced 
below that of the control plants by both moderate and heavy 
defoliations (Table 1). Western wheatgrass defoliated at the 
moderate intensity had greater basal cover than did plants 
defoliated heavily during the same phenological stages, but the 
differences were not always significant. Defoliated plants had 
20 to 60% less basal cover than did undefoliated plants. Basal 
cover was most affected by heavy defoliations over a 2-year 
period during the rapid growth and seedset phenological stages 
(defoliation treatment 7). 

All multiple defoliation treatments reduced plant heights of 
western wheatgrass (Table 1). Defoliation effects on plant 
heights were most pronounced when western wheatgrass plants 
were defoliated at a heavy intensity during the seedset period of 
the second growing season (treatments 4, 5, and 7) since little 
time remained between clipping and data collection. Holscher 
(1945) reported that frequent intensive defoliations of western 
wheatgrass severely reduced plant height. Goebel and Cook 
(1960) showed that a decline in range condition was usually 
accompanied by a decrease in leaf and stem length. The present 
study showed that multiple defoliations greatly reduced height 
of western wheatgrass plants. 

Undefoliated western wheatgrass plants had good vigor at the 
end of the 1974 growing season (Table 1). Plants moderately 
defoliated in defoliation treatments 3, 6, and 8 remained in fair 
vigor at the end of the growing season. However, all heavily 
defoliated western wheatgrass plants had poor plant vigor 
category values at the end of the 1974 growing season. Drawe et 
al. (1972) showed that vigor of crested wheatgrass decreased 
with increased intensity of defoliation. 

Herbage yields of western wheatgrass were drastically 
lowered by the 2-year multiple defoliations (Table 1). Defoli- 
ated plants showed more than a 60% reduction in herbage yields 
below that of the undefoliated control plants. Herbage yields of 
western wheatgrass were generally less affected by moderate 
defoliations in defoliation treatments 3, 6, and 8. 

Defoliation effects on root and rhizome TNC levels were 
most pronounced when western wheatgrass plants were heavily 
defoliated (Table I). Kinsinger and Hopkins (1961) earlier 
reported that frequent heavy defoliations of western wheatgrass 
for two consecutive years drastically reduced root TNC levels 
below that of the undefoliated control plants. In the present 
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Table 1. Average berbage yield, vigor, and total nonstructural carbohydrates (TNC) for western wheatgrass (Agropyron smifhii) subjected to multiple 
defoliations during various phenological stages and at two intensities during 1972,1973, and 1974. Measurements and collections were made during the 
fall of 1974. 

Vigor 

Intensity of Basal Plant 
Treatment Phenological stages foliage cover height 

number when defoliated removal (%) (cm) 

1 Control (undefoliated) None 19,la* 24a 

2 Quiescence, 1972; Moderate lode 13cd 
Rapid growth and quiescence, 1973; 
Rapid growth, 1974. Heavy 9e 13cd 

3 Quiescence, 1972; Moderate 14b 17b 
Seedset and quiescence, 1973; 
Rapid growth, 1974. Heavy 9e 12de 

4 Quiescence, 1972; Moderate 11 cde IOef 
Seedset and quiescence, 1973; 
Seedset, 1974. Heavy 9e 8 fg 

5 Quiescence, 1972; Moderate 11 cde 1Oef 
Rapid growth, 1973; 
Rapid growth and seedset, 1974. Heavy 9e 7g 

6 Rapid growth, seedset, and quiescence, 1973; Moderate 12 bed 14cd 
Rapid growth, 1974. Heavy 9e 13cd 

7 Rapid growth and seedset, 1973; Moderate 14b 14cd 
Rapid growth and seedset, 1974. Heavy 6f 6g 

8 Rapid growth, seedset, and quiescence, 1973. Moderate 13bc 15bc 
Heavy lode 14cd 

’ Means in the same column followed by a similar letter are not significantly different at the 0.05 level of probability. 

Plant 
vigor 

category 

1.8a 

3.5 cd 

3.8 cde 

2.8b 

4.0de 

3.8 cde 

4.8g 

3.9de 

5.og 

3.3 bc 
4.1 e 

3.6 cde 
5.og 

2.8b 
3.7 cde 

Herbage TNC in roots 
yield and rhizomes 

(g/m2) (mg/g) - 

212a 128 a 

40 bed 116abc 

17d 105 bcde 

79b 124 ab 

26 cd 83 f 

40 bed 114abc 

12d 89 ef 

38 bed 106 bcde 

21 cd 92 def 

67 bc 109 bcde 
31cd 106 bcde 

40 bed 111 abed 
7d 103 cde 

65 bc 124 ab 
38 bed 106bcd 

study, moderately defoliated western wheatgrass plants had 
slightly higher TNC levels than did heavily defoliated plants 
when clippings were made during the same phenological stages. 
However, the differences in TNC levels among moderately and 
heavily defoliated plants were not always significant. The only 
moderate intensity defoliations to severely reduce western 
wheatgrass TNC levels below that of the control plants were 
treatments 5 and 6. 

Most defoliated blue grama plants were in low vigor at the 
end of the 1974 growing season (Table 2). Plant vigor category 
was less affected by moderate defoliations in defoliation treat- 
ments 2, 3, 6, and 8. 

Blue Grama 
All multiple defoliation treatments reduced herbage yield and 

vigor of blue grama below that of the undefoliated control plants 
(Table 2). However, root TNC levels were not severely reduced 
by any of the defoliation treatments. 

Herbage yields of blue grama were reduced by all the 2-year 
multiple defoliations below that of the control plants (Table 2). 
Herbage yields were reduced more by heavy defoliations than 
by moderate defoliations during the same phenological stages, 
but the differences were not always significant. Lang and 
Barnes (1942) reported that herbage yields of frequently de- 
foliated blue grama plants were drastically reduced below that 
of the control plants. Similar results were reported by Branson 
(1956) and Bekele et al. (1974). 

Defoliated blue grama plants had less basal cover than that of 
the control plants (Table 2). In general, basal cover was less for 
heavily defoliated plants than for moderately defoliated plants. 
Most moderately defoliated plants had about 30% more basal 
cover than plants that were heavily defoliated during the same 
phenological stages. All heavily defoliated blue grama plants 
had at least a 50% reduction in basal cover as compared with the 
undefoliated control plants. 

Undefoliated blue grama plants were taller than were the 
defoliated plants (Table 2). Defoliation treatments reduced 
plant heights 40 to 80% below that of the undefoliated control 
plants. In general, plant heights were most affected by defoli- 
ation during the seedset period of the second growing season. 
This was anticipated, as blue grama plants defoliated late in the 
growing season had little chance for regrowth prior to fall 
collection. Albertson et al. (1953) reported that frequent, 
intensive defoliations reduced blue grama leaf length more than 
40% below that of control plants. 

Root TNC levels of blue grama were little affected by any of 
the defoliation treatments (Table 2). However, blue grama 
plants defoliated three times at a moderate intensity in de- 
foliation treatment 8 had higher root TNC levels than did the un- 
defoliated control plants. Fisher (1966) had also found TNC 
levels of blue grama roots to be little affected by clipping treat- 
ments. The failure of the defoliation treatments to severely 
reduce blue grama root TNC levels might be related to the 
ability of the defoliated plants to remain in a semidormant stage 
throughout most of the growing season, while unclipped control 
plants were utilizing their stored TNC for growth. Defoliated 
plants, therefore, may not attain the same phenological stage as 
the unclipped control plants. 

Cook (1966) suggested that species that grew slowly and did 
not extensively utilize stored TNC were probably more resistant 
to grazing or defoliation damage than were those species that 

grew rapidly and utilized stored TNC extensively. It appeared 
that blue grama may follow this pattern and did not make any 
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Table 2. Average herbage yield, vigor, and total nonstructural carbohydrates (TNC) for blue grama (Bourelouu grucilis) subjected to multiple 
defoliations during various phenological stages and at two intensities during 1972,1973, and 1974. Measurements and collections were made during the 
fall of 1974. 

Treatment 
number 

Phenological stages 
when defoliated 

Vigor 

Intensity of Basal Plant Plant Herbage TNC 
foliage cover height vigor yield in roots 

removal W) (cm) category (g/m2) (mg/g) - 
None 28 a1 9a 2.0a 116a 47 bcde 1 Control (undefoliated) 

2 Quiescence, 1972; 
Rapid growth and quiescence, 1973; 
Rapid growth, 1974. 

Moderate 

Heavy 

3 Quiescence, 1972; 
Seedset and quiescence, 1973; 
Rapid growth, 1974. 

Moderate 

Heavy 

4 Quiescence, 1972; 
Seedset and quiescence, 1973; 
Seedset, 1974. 

Moderate 

Heavy 

5 Quiescence, 1972; 
Rapid growth, 1973; 

Moderate 

Rapid growth and seedset, 1974. Heavy 

6 Rapid growth, seedset, and quiescence, 1973; 
Rapid growth, 1974. 

Moderate 
Heavy 

7 Rapid growth and seedset, 1973; 
Rapid growth and seedset, 1974. 

Moderate 
Heavy 

8 Rapid growth, seedset, and quiescence, 1973. Moderate 
Heavy 

35 cde 43 de 15cd 5b 3.7 bc 

48 abcde 14d 4bc 4.0 cde 31de 

21b 48 bc 

25 ef 

48 abcde 5b 3.5b 

44de 13de 3cd 4.8h 

46 bc 55 abc 19b 4bc 4.0 cde 

12 def 3cd 4.7 gh 13f 53 abed 

30 de 45 cde 15cd 3cd 4.3 efg 

4.9h 13de 2d 25 ef 41 e 

18bc 4bc 
1Oef 3cd 

3.8 bed 
4.8 h 

43 bed 
29e 

43e 
42e 

15cd 3cd 
9f 2d 

4.6 fgh 
5.0h 

30 de 
15f 

49 abcde 
43e 

58a 
56 ab 

18bc 5b 
14d 4bc 

3.8bcd 
4.2 def 

51b 
37 cde 

I Means in the same column followed by a similar letter are not significantly different at the 0.05 level of probability. 

Table 3. Average herbage yield, vigor, and total nonstructural carbohydrates (TNC) for fourwing saltbush (Atriplex cunescem) subjected to multiple 
defoliations during various phenological stages and at two intensities during 1972,1973, and 1974. Measurements and collections were made during the 
fall of 1974. 

Vigor 

Treatment 
number 

Phenological stages 
when defoliated 

Intensity of Live crown Number seed- Twig or seed- Plant Live crown Plant Herbage TNC in basal 
foliage cover stalks per stalk length heght diameter vigor yield stems 

removal (%) plant (cm) (cm) (cm) category (g/plant) (mg/g) .pp_ 
Control (undefoliated) None 74 a1 102a 1Oa 59a 74a 1.8a 240 a 41 a 

Quiescence, 1972; 
Rapid growth and quiescence, 1973; 
Rapid growth, 1974. 

Moderate 45 cd 18b 

6b 

9ab 44 bed 47 cd 3.6cd 80 bcde 

74 def 

38abc 

29 abcde Heavy 42 de 8 abc 38 def 50 bed 4.3 ef 

Moderate 15b Quiescence, 1972; 
Seedset and quiescence, 1973; 
Rapid growth, 1974. 

43 de 9ab 42 bed 

39 cde 

54 abed 3.9de 

4.2e 

78 cde 

58 efg 

36 abed 

23 de Heavy 40de 1Oa 51 bed 5b 

Quiescence, 1972; 
Seedset and quiescence, 1973; 
Seedset, 1974. 

Moderate 37e 7b 6cd 37 def 50 bed 4.7 fg 35fg 

23g 

42 efg 

32 abcde 

Heavy 30f Ob 

16b 

5d 

6cd 

32 ef 

39 cde 

31f 

45d 

55 abed 

4.9g 

4.1 e 

26 bcde 

33 abcde Quiescence, 1972; 
Rapid growth, 1973; 
Rapid growth and seedset, 1974. 

Rapid gro&h, seedset, and quiescence, 
1973; 

Rapid growth, 1974. 

Rapid growth and seedset, 1973; 
Rapid growth and seedset, 1974. 

Rapid growth, seedset, and quiescence, 
1973. 

Moderate 4Ode 

Heavy 26f lb 5d 68 abc 4.9g 278 24 cde 

Moderate 52b 

40 de 

41de 
27f 

55b 
51bc 

21b 9ab 66 abed 3.4c 1OObcd 3 1 abcde 46 bc 

Heavy 

Moderate 
Heavy 

Moderate 
Heavy 

Ob 

6b 
lb 

23b 
6b 

9ab 

7 bed 
6cd 

9ab 
8 abc 

39 cde 

43 bed 
39 cde 

49b 
43 bed 

58 abed 4.2e 

60 abed 4.3 ef 
54 abed 4.8g 

64 abed 2.8b 
69 ab 3.4c 

55 efg 

75 def 
21g 

120b 
116bc 

24 bcde 

38 abc 
19e 

29 ab 
35 abed __- -___ 

’ Means in the same column followed by a similar letter are not significantly different at the 0.05 level of probability. 
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substantial regrowth following severe defoliations during later 
phenological stages. 

Fourwing Saltbush 
Most multiple defoliation treatments lowered herbage yield, 

vigor, and basal stem TNC levels of four-wing saltbush plants 
below that of the undefoliated control plants (Table 3). Defoli- 
ation effects were less severe on basal stem TNC levels than 
they were on herbage yield and vigor of fourwing saltbush. 

All the defoliated fourwing saltbush plants had less live 
crown cover than did the undefoliated control plants (Table 3). 
However, live crown diameters for some of the defoliated plants 
were similar to that of the control plants. Live crown cover was 
less affected by four moderate defoliations in defoliation 
treatment 6 or three defoliations at both intensities in defoliation 
treatment 8. Heavy defoliations during the seedset period of the 
second growing season (defoliation treatments 4, 5, and 7) 
caused the greatest reductions in live crown cover of fourwing 
saltbush among the various defoliation treatments. This was 
anticipated, as little chance for regrowth remained following the 
last late summer defoliation. 

All multiple defoliation treatments severely reduced the 
number of seedstalks for fourwing saltbush (Table 3). Twig or 
seedstalk lengths, however, were less affected by defoliation 
treatments than were seedstalk numbers. Twig or seedstalk 
lengths were reduced below that of the control plants only when 
four-wing saltbush plants were defoliated during the seedset 
period of the second growing season (defoliation treatments 4, 
5, and 7). Mueggler (1967) reported that 3 years of consecutive 
defoliations resulted in an 80% reduction in the number of 
flowerstalks produced by Aster intergifolius and Potentilla 
grucilis. Garrison (1953) also found that the number of seed- 
stalks produced in clipped browse plants was greatly reduced 
below those of unclipped plants. 

Defoliated fourwing saltbush plants were shorter than were 
the undefoliated control plants (Table 3). Heavily defoliated 
plants were usually shorter than were plants that were moderate- 
ly defoliated during the same phenological stages, but the 
differences were not always significant. 

Plant vigor category was better for the control plants than it 
was for any of the defoliated plants (Table 3). Four-wing 
saltbush plants defoliated at a moderate intensity during rapid 
growth, seedset, and quiescence (defoliation treatment 8) were 
in a good state of vigor at the end of the 1974 growing season. In 

general, plant vigor was reduced most by heavy defoliations 
during the later part of the 1974 growing season (defoliation 
treatments 4, 5, and 7). 

Herbage yields of fourwing saltbush were lower for all 
defoliated plants than they were for the control plants (Table 3). 
Multiple defoliations were less detrimental to herbage yields 
when plants were given four moderate defoliations in defoli- 
ation treatments 2 and 6 or given three defoliations at both 
intensities during rapid growth, seedset, and quiescence (defoli- 
ation treatment 8). 

All defoliated fourwing saltbush plants had lower basal stem 
TNC levels than did the control plants, but the differences were 
not always significant (Table 3). Heavy defoliations drastically 
reduced basal stem TNC levels below that of the undefoliated 
control plants, except for heavy defoliations in defoliation treat- 
ments 2 and 8. 

Antelope Bitterbrush 
Both live crown cover and live crown diameter were lower for 

defoliated antelope bitterbrush plants as compared with control 
plants (Table 4). Live crown cover was most severely reduced 
by heavy defoliation during the flowers developing and seed 
shatter stages, or by defoliation at quiescence and seed shatter. 
Live crown diameter of antelope bitterbrush plants was most 
affected by defoliation at the flowers developing and seed 
shatter stages. 

Antelope bitterbrush plants defoliated during quiescence and 
flower developing had longer twigs than did the control plants 
(Table 4). Twig length was reduced most by heavy defoliations 
during the flowers developing and seed shatter stages or defoli- 
ations at both moderate and heavy intensities during the 
quiescence and seed shatter phenological stages. Garrison 
(1953) found single defoliation treatments to remove tips of 
twigs during inactive growth periods stimulated several browse 
species to produce longer twigs. 

All defoliated antelope bitterbrush plants were shorter than 
were control plants (Table 4). Plant heights were most drastical- 
ly reduced by heavy defoliations during the flowers developing 
and seed shatter or quiescence and seed shatter stages. Antelope 
bitterbrush plants heavily defoliated in 1974 during the seed 
shatter phenological stage showed about 40% reduction in plant 
height below that of control plants. 

Plant vigor categories were detrimentally affected by all the 
defoliation treatments (Table 4). Antelope bitterbrush plants 

Table 4. Average berbage yield, vigor, and total nonstructural carbohydrates (TNC) for antelope bitterbrush (Purshiu tridentutu) subjected to two 
defoliations during various phenological stages and at two intensities during 1973 and 1974. Measurements and collections were made during the fall 
of 1974. 

Vigor 

Phenological 
stages when 

defoliated 

Control 
(not defoliated) 

Intensity 
of foliage 
removal 

None 

Live crown 
cover 
(%) 

72 a’ 

Twig 
length 
(cm) 

12 b 

Plant 
height 
(cm) 

60 a 

Live crown 
diameter 

(cm) 

82 a 

Plant 
vigor 

category 

2.0 a 

Quiescence, 1973 
flowers develop- 
ing, 1974 

Quiescence, 1973 
and seed shatter, 
1974 

Moderate 
Heavy 

Moderate 
Heavy 

54 b 16 a 48 bc 61 b 2.6 b 

46 c 15 a 48 bc 56 bc 3.3 c 

46 c 6c 51 b 60 b 4.1 d 
31 d 5C 37 de 54 bc 5.0 e 

Flowers develop- Moderate 47 c 10b 42 cd 50 c 3.6 c 
ing and seed Heavy 33 d 5c 34 e 48 c 4.9 e 
shatter, 1974 

Herbage TNC in 
yield basal stems 

(gjplant) 
273 a 

(w/g) 
45 a 

121 b 
84 bc 

21 b 
29 b 

63 cde 
27 e 

25 b 
28 b 

69 cd 
32 de 

28 b 
32 b 

’ Means in the same column followed by a similar letter are not significantly different at the 0.05 level of probability. 
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defoliated at the heavy intensity during the flower developing 
and seed shatter stages had very poor vigor at the end of the 1974 
growing season. Vigor of antelope bitterbrush was fair when 
plants were moderately defoliated during quiescence and flower 
developing phenological stages. Shepherd (197 1) reported that 
heavy defoliations greatly reduced antelope bitterbrush vigor. 
Several other workers have shown intensive defoliations re- 
duced plant vigor (Goebel and Cook 1960; Julander 1968). 

Herbage yields of all defoliated antelope bitterbrush plants 
were lower than those of control plants (Table 4). However, 
yields of antelope bitterbrush plants defoliated at moderate and 
heavy intensities during the same phenological stages were not 
found to be significantly different. As expected, herbage yields 
were most affected by defoliations made during the seed shatter 
period. 

Basal stem TNC levels of antelope bitterbrush were severely 
reduced below that of the control plants by all the defoliation 
treatments (Table 4). The TNC levels, however, were similar 
among the various defoliation treatments. Willard and McKell 
(1973) also found TNC levels of clipped little rabbitbrush 
(Chrysothumnus vicidiflorus) to be below those of unclipped 
control plants. 

Fringed Sagewort 
Fringed sagewort was detrimentally affected by any two 

multiple defoliation treatments (Table 5). Plants were most 
affected by heavy defoliations during rapid growth and near 
maturity. Defoliations were least severe when fringed sagewort 
plants were moderately defoliated during the quiescence and 
rapid growth phenological stages. 

All of the defoliation treatments reduced live crown cover of 
fringed sagewort below that of the control plants, but live crown 
diameter was detrimentally affected by only some defoliation 
treatments (Table 5). Both live crown diameter and live crown 
cover of fringed sagewort were reduced most by two heavy 
defoliations during quiescence and near maturity, or during 
rapid growth and near maturity stages. Heavily defoliated 
fringed sagewort plants had less live crown cover and live crown 
diameter than did plants moderately defoliated during the same 
phenological stages. Fringed sagewort plants that were moder- 
ately defoliated during quiescence and rapid growth or during 
quiescence and near maturity had live crown diameters similar 
to those of the undefoliated plants. 

Defoliated fringed sagewort plants were shorter than were the 
undefoliated control plants (Table 5). All multiple defoliations 
at the heavy intensity resulted in more than a 75% reduction in 
plant heights. Defoliation effects on plant height were less 
pronounced when fringed sagewort was defoliated at the moder- 
ate intensity during quiescence and rapid growth, or quiescence 

and near maturity phenological stages. 
Plant vigor category was much better for the control fringed 

sagewort plants than it was for any defoliated plants (Table 5). 
Vigor of fringed sagewort was poor at the end of the 1974 
growing season for all defoliated plants, except when plants 
were defoliated at a moderate intensity during quiescence and 
rapid growth or quiescence and near maturity stages. Plants 
defoliated under these two treatments had a fair vigor rating at 
the end of the growing season. 

Herbage yields of fringed sagewort plants were less for all 
defoliated plants than they were for the control plants (Table 5). 
Herbage yield was reduced 40 to 90% below that of the control 
plants by the various defoliation treatments. Defoliations were 
more detrimental when plants were defoliated at a heavy 
intensity than when they were defoliated at a moderate intensity 
during the same phenological stages. 

Root TNC levels of fringed sagewort were reduced by the 
multiple defoliations, except when plants were defoliated at a 
moderate intensity during quiescence and rapid growth (Table 
5). Some fringed sagewort plants defoliated at the heavy 
intensity had TNC levels similar to plants defoliated at the 
moderate intensity. 

It appeared that fringed sagewort could withstand multiple 
defoliations at a moderate intensity only during quiescence and 
rapid growth. Therefore, complete rest from grazing or clipping 
during later phenological stages during some years may be 
required to maintain fringed sagewort vigor, production, and 
carbohydrate reserve levels. 

Grazing Systems 
Grazing management should be based on important forage 

species of an area. Although some species can withstand heavy 
utilization, it may be necessary to give some important forage 
species periodic rest to ensure that these species are not replaced 
by less desirable species that might be capable of withstanding 
intensive, frequent defoliations or that might not be utilized as 
heavily by the grazing animals. Several workers have discussed 
various rotation grazing systems (Hyder and Sawyer 195 1; 
Smoliak 1960; Freeman 196 1; Hormay and Talbot 196 1; 
Hormay 1970; Ratliff and Repper 1974). A six-pasture and a 
five-pasture rest-rotation grazing system are proposed for possi- 
ble use on these semiarid ranges (Figs. 1 and 2). 

In the six-pasture grazing system, pastures would be grazed 
during the fall (September through mid-December), winter 
(mid-December through March), spring (April through May), 
early summer (June through mid-July), and late summer (mid- 
July through August) periods. This system would ensure that 
plants grazed during the early summer or late summer period 
would receive two consecutive summer seasons of rest follow- 

Table 5. Average herbage yield, vigor, and total nonstructural carbohydrates (TNC) for fringed sagewort (Arremisiafrigiu’u) subjected to two defoliations 
during various phenological stages and at two intensities during 1973 and 1974. Measurements and collections were made during the fall of 1974. 

Phenological stages 
when defoliated 

Control (not defoliated) 

Intensity Live crown 
of foliage cover 
removal (So) 

None 73 a’ 

Vigor 

Plant Live crown Plant Herbage TNC 
height diameter vigor yield in roots 
(cm) (cm) category (g/plant) (mg/g) 

31a 5a 1.6a 10a 140a 

Quiescence, 1973 and 
rapid growth, 1974 

Moderate 
Heavy 

51b 
27 c 

17b 6a 
7c 3b 

3.3b 
4.7 c 

6b 118a 
2cd 44C 

Quiescence, 1973 and 
near maturity, 1974 

Moderate 
Heavy 

44b 
17d 

14b 5a 
5C 2bc 

3.7b 
5.oc 

4bc 83b 
2cd 28~ 

Rapid growth and Moderate 28c 6c 3b 4.6~ 4bc 47c 
near maturity, 1974 Heavy lld 3c lc 4.9c Id 27c 

* Means in the same column followed by a similar letter are not significantly different at the 0.05 level of probability. 
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PASTURES PASTURES 

YEARS ' 2 3 4 5 6 YEARS ' 2 3 4 5 

1 
Rest Late Spring Winter Early Fall Rest Late Spring Early Fall 

summer summer 1 Sumner summer & 
winter 

2 Fall Rest Late 
summer 

Spring Winter Early 
summer Fall 

& 
winter 

Rest Late 
summer 

Spring Early 
summer 

3 Early 
Sumner 

Fall Rest Late 
Sumner 

Spring Winter 

4 Winter Early Fall 
summer 

Rest Late 
summer 

Spring 

Early 
summer 

Fall Rest Late 
Sumner 

Spring 

Spring Early Fall Rest Late 

5 
Spring Winter Early Fall Rest Late 4 summer & Sumner 

Sumner Sumner winter 

6 Late Spring Winter Early Fall Rest Late Spring Early Fall Rest 
Sumner summer 5 summer summer & 

winter 

Fig. 1. A proposed six-pasture rest-rotation grazing system designed to give 
plants a restperiodfollowing grazing during the critical late summer period. Fig. 2. A proposed five-pasture rest-rotation grazing system designed to give 

ing the summer grazing. 
plants a rest period following grazing during the critical late summer period. 

In the five-pasture system, plants would be grazed during 
quiescence (September through March), early spring growth 
(April through May), rapid growth (June through mid-July), 
and near maturity (mid-July through August) phenological 
stages. Pastures grazed in the early summer in one year (June 
through mid-July) would be rested during the next summer 
period. Two consecutive summer seasons of rest following 
critical late summer grazing (mid-July through August) would 
be attained by utilizing this five-pasture grazing system. 

Trlica et al. ( 1977) reported that several species made good 
recovery after one year of rest following a single, heavy 
defoliation. Therefore, the rest periods illustrated in Figures 1 
and 2 should be adequate to restore herbage yield, vigor, and 
TNC levels of moderately grazed plants. These grazing systems 
might, however, require a great deal of fencing, water develop- 
ment, and animal movement. In addition, supplemental feeding 
would probably be required during the fall and winter extended 
grazing period under the five-pasture system to avoid over 
utilization of plants. However, the long-term benefits to the 
vegetation resource through use of one of these grazing systems 
might outweigh the possible capital expenditures and labor costs 
necessary to utilize these rest-rotation plans. In addition, use of 
one of these rest-rotation grazing systems might result in 
improved range condition through time. 

Summary and Conclusions 

The effects of foliage removal on herbage yield, vigor, and 
TNC levels of fringed sagewort and antelope bitterbrush were 
studied on an intermountain shrubland range near Maybell, 
Colo. Blue grama, western wheatgrass, and four-wing saltbush 
were studied on a shortgrass prairie site at the Central Plains 
Experimental Range (CPER) in northeastern Colorado. All 
species were defoliated at 60% (moderate) and 90% (heavy) 
foliage removal during several phenological stages. Plants were 
clipped three or four times over a 2-year period at the CPER; 
plants at the Maybe11 location were clipped only twice. 

Three moderate defoliations during rapid growth, seedset, 
and quiescence were less severe for fourwing saltbush than they 
were for western wheatgrass and blue grama. Fourwing saltbush 
subjected to three moderate defoliatibns remained in good vigor 
at the end of the 1974 growing season. However, four multiple 
defoliations during several phenological stages were extremely 
detrimental to vigor of fourwing saltbush. 

Fourwing saltbush given three moderate defoliations during 
rapid growth, seedset, and quiescence resulted in stimulations 
of twig growth. Herbage yields of fourwing saltbush plants 
moderately defoliated three times over a 2-year period were 20 
to 80% greater than were herbage yields of plants that had 
received four defoliations during the 2-year period. Moderate 
utilization during the fall and spring or fall and early summer 
may have little effect on fourwing saltbush plants. However, 
fourwing saltbush could not withstand four heavy defoliations. 
Continuous use at this intensity and frequency might kill the 
plants. The present study indicated that fourwing saltbush 
would probably benefit from rotation grazing that would allow 
for complete rest during some growing seasons. 

In general, live crown cover of fourwing saltbush was 
severely reduced by heavy defoliations during the seedset 
period of the second growing season. However, live crown 
diameters for most defoliated fourwing saltbush plants were 
similar to those of the control plants. All defoliation treatments 
severely reduced the number of seedstalks, but seedstalk lengths 
were less affected by multiple defoliation treatments. 

Undefoliated blue grama and western wheatgrass plants were 
taller and had greater basal cover than did any of the defoliated 
plants. Plant heights were severely reduced by all multiple 
defoliation treatments. Defoliations made late in the growing 
season of the second year were most detrimental to herbage 
yield and vigor of blue grama and western wheatgrass. The data 
indicated that both basal cover and plant height were good 
indicators of the effects of defoliation treatments on the welfare 
of these two species. 

All heavy defoliations drastically reduced TNC levels of 
western wheatgrass and fourwing saltbush, except when four- 
wing saltbush received three heavy defoliations during rapid 
growth, seedset, and quiescence. The effects of the multiple 
defoliations on the TNC levels of these two species were less 
severe when plants were defoliated at a moderate intensity. Blue 
grama root TNC levels were not severely reduced by any 
multiple defoliation treatment. The resistence of\blue grama to 
defoliations may be related to its ability to remain semidormant 
when environmental conditions are unfavorable following de- 
foliation, thereby reducing grazing or clipping effects. 

Results of the study showed that fringed sagewort and 
antelope bitterbrush were most detrimentally affected when 
defoliated during the later part of the growing season. Little 
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possibility existed for regrowth at that time. In general, heavy 
defoliations resulted in greater reductions of herbage yield and 
vigor than did moderate defoliations during the same pheno- 
logical stages. However, differences among heavy and moder- 
ate defoliation intensities were small when defoliations were 
made during the later part of the growing season. 

Antelope bitterbrush plants defoliated at a moderate intensity 
during quiescence and flowers developing remained in good 
vigor at the end of the growing season. Twigs of antelope 
bitterbrush defoliated at a moderate intensity during those 
phenological stages were longer than twigs of the undefoliated 
control plants. In general, herbage yield and vigor measure- 
ments were lower for antelope bitterbrush defoliated during 
flowers developing and seed shatter or during quiescence and 
seed shatter. All defoliation treatments severely reduced basal 
stem TNC levels of antelope bitterbrush. 

Most defoliation treatments greatly reduced herbage yields, 
vigor, and TNC levels of fringed sagewort below that of the 
control plants. Defoliation effects, however, were less severe 
when fringed sagewort was moderately defoliated during qui- 
escence and rapid growth than at other phenological stages. The 
TNC levels in roots of fringed sagewort defoliated at a moderate 
intensity during quiescence and rapid growth were similar to 
those of the control plants. It appeared that fringed sagewort 
could only withstand multiple defoliations during quiescence 
and rapid growth at a moderate intensity. 

Five- and six-pasture rest-rotation grazing systems were 
proposed for possible use on these semiarid ranges. These 
grazing systems would insure that plants utilized during the 
critical late summer period would receive two consecutive 
summer seasons of rest following grazing. 
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Root Phenology as a Factor of Competition 

Among Grass Seedlings 

GRANT A. HARRIS 

Highlight: Roots of plants express phenology significant to readily invade and become established on disturbed sites. 
competitive relationships, as do aerial parts. The following devel- Favorable root phenology is one of the adaptive strategies 
opmental stages of root phenology are proposed: (1) germination, allowing this superior competitive ability. (Perhaps the same 
(2) initial root growth, (3) rapid extension of root-soil contact, (4) 
dormancy, and (5) death. Examples of root phenological develop- 

principles apply to annual and perennial forbs.) The following 

ment in seedlings of three grass species are given to demonstrate 
discussion relates primarily to competition between seedlings of 

&ects on competition. 
annual and perennial grasses. 

Range plants universally compete with each other for the 
limited resources (light, water, nutrients, soil, air) of their eco- 
system, Lacking human or biological interference, competition 
is a major factor in the determination of composition in a given 
plant community. Plants have many adaptations (morphologi- 
cal, anatomical, physiological, and phenological) suiting them 
to a place in the ecosystem. Among these is a characteristic 
phenology or response to seasonal change. Timing of the 
developmental stages of aerial plant parts (vegetative, reproduc- 
tive, and dormant) has significant survival value in competition 
situations; timing of phenological development in roots, though 
less obvious, similarly has important survival value. A recent 
literature search failed to disclose any reference to studies of 
toot phenology, or to the development of theories of the 
function of variations in root phenology in plant competition. 

The author has conducted a line of research over the years, 
aimed at discovering the controlling factors in competition 
between seedlings of important native and introduced perennial 
and annual grasses of intermountain west rangelands. This work 
has led to investigations of rooting habits, including phenology, 
which have significance in understanding plant competition. 
Published results of seleL_ed experiments are recounted here in 
the development of conclusions 
principle of plant competition. 

regarding root phenology as a 

Stands of perennial grasses have a natural competitive 
advantqe over annual grasses. It is not necessary for them to 
begin ,T;~o seed following each aormant period. However, once 
mature plants are removed, and reestablishment from seed 
required; perennials are at a disadvantage. Seedlings of annuals 
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Washington State University, Pullman 99163. 
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Experimental Evidence 

Plant species used were from the semiarid rangelands of southeast 
Washington but occur over much of the western United States having 
similar environments. Field soils are generally of medium texture, pH 
7 to 7.5 (nonsaline, nonalkaline), shallow, rocky, and often on steep 
topography. Precipitation is of the winter pattern, averaging 25 to 
45 cm per year. Temperatures vary from a maximum of about 35°C in 
the warmest months (occasionally 40°C) to a minimum of about -5°C 
in the coldest months (occasionally to -30°C). Relative humidities 
average about 15% during the hot months. The ecosystem studied 
included bluebunch wheatgrass/little bluegrass and big sagebrush/ 
bluebunch wheatgrass communities (Agropyron spicatum/Poa sand- 
bergii Vasey and the Artemisia tridentata Nutt. JAgropyron spicatum 
habitat types). 

Bluebunch wheatgrass [Agropyron spicatum (Pursh) Scrib. and 
Smith], a native perennial grass commonly of caespitose habit, 
historically dominated much of the rangeland area. Farming and 
ranching activities of European settlers in the late 19th and early 20th 
centuries modified vast areas of the native vegetation. 

Cheatgrass (Bromus tectorum L.), a winter annual grass introduced 
to the western United States from Europe in the late 19th century, 
largely replaced bluebunch wheatgrass in noncultivated areas wher- 
ever it had been destroyed. Once established, cheatgrass effectively 
delayed the reestablishment of bluebunch wheatgrass. 

Medusahead [Taeniatherum asperum (Simonkai) Nevski], a winter 
annual grass introduced from the Mediterranean region in the late 19th 
century, did not spread rapidly until the 1950’s, but is now displacing 
cheatgrass on the more mesic sites. It is less desirable as a range plant 
than cheatgrass, itself a plant of low forage value except for a short 
period in spring. 

Crested wheatgrass [Agropyron desertorum (Fisch.) Schult] is a 
perennial cool-season grass introduced from Russia and widely used in 
rangeland seeding. It is drought resistant, withstands grazing use well, 
and is productive, nutritious, and palatable, especially for spring 
grazing use. 

A laboratory experiment tested germination responses of bluebunch 
wheatgrass, cheatgrass, and medusahead seeds to a range of tempera- 
tures and water potentials (Table 1). Although medusahead germi- 
nation was delayed by low temperature and low water potential, it 
occurred more rapidly than in the other species. In general, germi- 
nation increased with increases in temperature and in water potential. 
Cheatgrass germination was much slower than medusahead but _ Manuscript received August 23, 1976. 
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Table 1. Influence of temperature (SC and water potential (bars) on early germination (%) of bluebunch wheatgrass, cheatgrass, and medusahead seeds. 

Germination 

Water 
potential Temperature 

Bluebunch 
wheatgrass 

4 days 

Cheatgrass Medusahead 
Bluebunch 
wheatgrass 

6 days 

Cheatgrass Medusahead 

0 10 
20 
30 

-6.2 10 
20 
30 

-11.4 10 
20 
30 

0 
33 
31 

0 
14 
16 
0 

0 

36 
26 

0 
20 
11 
0 
4 
3 

39 2 23 73 
78 66 51 87 
85 50 33 87 

3 0 12 52 
81 44 37 88 
73 30 14 77 

0 0 0 22 
41 14 11 60 
45 2 6 49 

slightly faster than bluebunch wheatgrass. Cheatgrass germination 
decreased at the highest temperature. These data indicate the ad- 
vantage medusahead has over the other species in early fall establish- 
ment. 

Rates of primary root elongation of bluebunch wheatgrass, cheat- 
grass, and medusahead were compared in a field study by Harris 
(1967). It is characteristic of bluebunch wheatgrass primary roots to 
branch near the surface, while cheatgrass and medusahead primary 
roots grow rapidly to 18 to 20 cm before branching. 

Primary root growth rates differed considerably between the annu- 
als and bluebunch wheatgrass (Fig. 1). Bluebunch wheatgrass roots 
grew slowly from October 11 until mid-November, when growth 
practically ceased. Soil temperature at the average depth of bluebunch 
wheatgrass root tips was 0°C on December 13 and remained near 
freezing until late March, during which time the average maximum 
root length increased only about 5 cm. 

Cheatgrass and medusahead seedling roots began post-germination 
growth at a more rapid rate than bluebunch wheatgrass and continued 
thus all winter. At growing root tip depths, soil temperatures were 2 to 
3°C higher for cheatgrass and up to 4°C higher for medusahead than for 
bluebunch wheatgrass. Medusahead roots grew slightly faster than 
cheatgrass roots. Primary root growth of cheatgrass had practically 
stopped by late March, with little additional growth in April and early 
May. Many medusahead roots had reached the lower ends of the 
growth medium by February 9. 

Primary roots of cheatgrass and medusahead grew mostly during 
winter when leaves showed little growth. However, primary roots of 
bluebunch wheatgrass grew most rapidly during the summer months, 
when adventitious root and stem growth was occurring in that species. 

Dense stands of the annual grasses exhausted available soil water at 
shallow depths where bluebunch wheatgrass roots were growing when 
soils warmed up after winter (Harris 1967). This was demonstrated in 
the laboratory by growing bluebunch wheatgrass and cheatgrass 

sa 
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M Bluebunch Wheatgrass 
M Cheatgrass 
M Medusahead 

Fig. 1. Seasonal leaf and root growth of bluebunch wheatgrass, cheatgrass, 
and medusahead in glass tubes in the field (1963454). Leaf heights represent 
tallest leaf; root depths represent longest visible primary root tip. Used by 
permission of the Ecological Society of America;from Harris, 1967, medusa- 
head added .) 

seedlings in boxes. Seedlings were arranged on a l-cm grid so that 
each of 49 bluebunch wheatgrass seedlings was surrounded by several 
of the 244 cheatgrass seedlings. 

Cheatgrass roots grew deeper than the bluebunch wheatgrass roots 
and reduced soil water to potentials less than - 15 bars in the upper soil 
levels where bluebunch wheatgrass roots were growing (Fig. 2). 
Cheatgrass root tips were growing at depths where soil water potential 
was less than - 1 bar, and readily available. 

A similar experiment included medusahead and crested wheatgrass 
(Harris and Wilson 1970). The earlier results were confirmed, and in 
addition it was shown that (a) medusahead behaved similarly to 
cheatgrass in reducing surface layer soil water, and (b) the growth rate 
of primary roots of crested wheatgrass was similar to that of the annual 
grasses at 2°C and would probably be a successful competitor if seeded 
in the fall (Fig. 3). 

Excavations of roots and determination of soil water in the field con- 
firmed that bluebunch wheatgrass seedlings failed to live through the 
first summer because of soil water depletion by winter-growing cheat- 

SC b --- 

Box 3 Box 4 Box 33 Box 34 

56 Days 141 Days 

Ave Temp 21-27 OC Ave Temp 8-10°C 

Legend, a -A wheatgrass 
b-B cheatgrass 

Soul moisture tension ---- - 

Fig. 2. Development of bluebunch wheatgrass and cheatgrass seedlings in 
relation to available soil water. Two replications of each run at room 
temperature and winter temperature in high density cheatgrass. (Used by 
permission of the Ecological Society of America; from Harris, 1967.) 
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Root Phenology and Competition 
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Fig. 3. Root growth at low temperature of bluebunch wheatgrass and crested 
wheatgrass (broken lines) growing in competition with cheatgrass (solid 
lines). Only exposed roots of cheatgrass were traced. Roots of perennial 
grasses growing near the side of the box were excavated and then traced in 
approximately their original positions. Soil water potentials (in bars) are 
indicated at appropriate depths. (Used by permission of Ecological Society of 
America; from Harris and Wilson, 1970.) 

Among plants, competition occurs when growth and repro- 
duction of one is hampered by the presence of another, or, when 
the resources of a site required by one plant are reduced by 
another. Except in early stages of invasion on bare areas, 
competition is practically always present in natural stands. The 
variability in root phenology outlined in the preceding experi- 
ments is reflected in the ability of those plant species to compete 
with each other for site resources. 

grass seedlings (Harris 1967). The winter response of bluebunch 
wheatgrass seedling primary roots is to practically cease growth while 
those of cheatgrass and medusahead continue. 

Bluebunch wheatgrass is known to vary greatly throughout its range 
in western North America. Response of primary roots of ecotypes 
from 52 sites, Arizona to Alaska, to temperatures near freezing was 
examined by Dewitt (1969). Primary roots of a collection from 
Morgan, Utah, (source 15) grew 10 times as fast at 2°C as a collection 
from Moscow, Ida. (source 30). Nevertheless, the fastest growing 
bluebunch wheatgrass roots grew at only about one-fifth the rate of 
cheatgrass in these tests. 

For purposes of this discussion, it is proposed that the steps 
through which these roots developed be classified into five 
characteristic stages, namely (1) germination, (2) initialgrowth, 
(3) rapid extension, (4) dormancy, and (5) death. Seasonal 
variables directly controlling root phenology include available 
soil water, temperature, and nutrient level. In addition, roots are 
indirectly affected by light intensity, day length, fire, and other 
factors which directly affect phenology above ground. 

In the “glass tube” experiment of Harris (1967), the initiation and 
growth of adventitious roots was also recorded. Since the plants were 
growing singly in separate tubes, competition was avoided. Data 

Germination generally occurs most dependably slightly be- 
low the soil surface and is the beginning of acive life history in 
annuals, being crucial to population maintenance. On the 
other hand, perennials may reproduce by tillering (as in blue- 
bunch wheatgrass and crested wheatgrass) or by rhizomes. But 
where there are no established mature plants, germination is 
required in these species also. 

Table 2. Leaf and stem development in three grass species (planted Oct. 4) during fall, winter, and spring, growing in glass tubes. 

Species Oct. 25 

Bluebunch wheatgrass 
Length of primary root (mm) 93.0 
Number of stems 1.0 
Number of roots 0.6 
Length of adventitious roots (mm) 0.0 

Cheatgrass Length of primary root (mm) 242.0 
Number of stems 1.1 
Number of roots 1.1 
Length of adventitious roots (mm) 22.0 

Medusahead Length of primary root (mm) 288.0 
Number of stems 1.0 
Number of roots 1.0 
Length of adventitious roots (mm) 0.0 

‘Measurement not available for various reasons. 
Root length exceeded depth of growth medium (1,100 mm). 

Nov. 15 Dec. 13 Jan. 3 May 19 July 1 

112.0 108.0 118.0 504.0 1,071.o 
1.0 1 1.2 3.2 9.0 
0.8 1.3 1.4 6.6 23.4 
0.0 55.0 80.0 1 1 

403.0 582.0 648.0 1,050.o 2 

2.4 1 3.1 6.6 1 

3.2 3.8 3.9 15.6 20.3 
70.0 392.0 420.0 1 1 

516.0 788.0 879.0 2 2 

3.2 1 3.7 11.3 1 
3.5 3.7 3.7 15.7 27.0 

210.0 450.0 523.0 1 1 
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representative of selected dates throughout the growing season 
showing phenological response to the environment are presented in 
Table 2. 

Adventitious root development was first recorded in cheatgrass on 
October 18, in medusahead on November 8, and in bluebunch 
wheatgrass on November 29. Bluebunch wheatgrass response was not 
only late, but the rate of growth was slow compared with that of the 
annuals. By January 1 adventitious roots of cheatgrass and of medusa- 
head were more than five and six times as deep as those of bluebunch 
wheatgrass, respectively. This difference increased further before the 
soil began to warm in the spring. With the higher spring temperatures, 
bluebunch wheatgrass root growth increased and by July 1 the average 
number of adventitious roots was comparable with the number 
produced by the annuals. 

Microscopic examination of seedling root cross sections reveals that 
bluebunch wheatgrass roots are twice the diameter of, and their cell 
walls many times thicker than those of cheatgrass (Harris 1967). In 
size and thickening of cell walls, medusahead primary roots are 
intermediate. Cheatgrass probably goes into dormancy early because 
its root system is poorly protected against droughty soils (Fig. 4). The 
endodermal layer is thin and the root poorly adapted to translocate 
water through the dry, hot upper soil layer in summer conditions. 



Rate and amount of germination are important in competition 
on disturbed areas because early establishment in large numbers 
often confers site dominanance. The species studied normally 
germinate in the fall in this region, although germination is 
sometimes delayed by unusual weather until spring (or winter). 
Early fall rains we usually light in amount, and frequently 
repeated during a storm period. Soil water potential changes 
quickly wer a short time. Thus the ability to germinate rapidly 
at relatively low water potentials (-5 to ~ 10 bar) and variable 
temperatures is advantageous. 

Medusahead germinates significantly faster and more com- 
pletely than either cheatgrass or bluebunch wheatgrass under 

these conditions (Table I). Evidence of germination in medusa- 
head may be observed as early as 8 to 10 hours after moistening 
and shows surprising energy at low temperatures (10°C) and 
droughty conditions (- 11.4 bars water tension). Even in the 
best situations, the differences in germination shown for these 
hvo annuals is highly important for their survival, with the 
advantage going to medusahead. Cheatgrass has a smaller but 
measurable advantage overbluebunch wheatgrass in thisregard. 

Seed dormancy is a mechanism to reduce the chances of 
germination at a time when subsequent survival is unlikely. This 
mechanism is present in all three species. Nelson and Wilson 
(1969) have demonstrated that seed dormancy in medusahead is 
relative to inhibitoxy substances in the awns of fresh seed. 
Three-year-old seed germinated well. Cheatgrass seed germi- 
nates poorly at high temperatures, and, like medusahead, 
contains biological inhibitors which must “decay“ before rapid 
germination can proceed. In both of these annuals, inhibitory 
effects have disappeared by early fall. In bluebunch wheatgrass, 
germination is so slow that it does not usually occur until a 
dependable source of water is available. 

Overall, speed and energy of germination strongly favors 
medusahead in competition with cheatgrass, and both annuals in 
competition with bluebunch wheatgrass. Large numbers of 
vigorous, rapidly germinating seedlings place a heavy stress on 
available resources, thus reducing the opportunity for survival, 
especially for late germinating, slow growing species such as 
bluebunch wheatgrass. 

Initial growth describes an elongation process of the hypo- 
cotyl in newly germinated seedlings, or a breaking of summer 
dormancy in established perennial plants. Rates of primary root 
growth in grass species aredetermined genetically (Pavlychenko 
1942). Rapid elongation of the primary root is critical at the 
beginning of the fall growth period when water potentials 
fluctuate widely at the soil surface. This growth, combined with 
initiation of adventitious roots, prepares the plant to exert 
dominance on the site. After fall rains begin, dependable soil 
water is generally available at a depth of 3 to IO cm, but the 
surface can dry rapidly. Seedlings of species developing adven- 
titious root primordia, or seminal roots (Esau 1953, p. 473), and 
would more quickly produce adventitious roots. 

Low fall and winter soil temperatures following germination 
greatly handicapped initial bluehunch wheatgrass root develop- 
ment. Normally slow root growth, (even at optimal fall tem- 
peratures) practically ceased in bluebunch wheatgrass at soil 
temperatures approaching freezing. Roots of the annual grasses 
continued to grow throughout winter even at low temperatures 
(see Fig. I). 

Rapid extension of roots occurs in a period of favorable 
growth, and includes both the primary and adventitious systems 
in seedlings (perennial and annual), as well as reactivation of 
mot tip growth in established perennial plants. Competitive 
advantage is gained by exploiting a greater volume of soil and 
capturing the resources contained therein, to the disadvantage of 
competing plants. The full potential for production of adventi- 
tious roots can only be demonstrated where ecosystem resources 
are in excess of. plant requirements. Established perennials 
respond similarly to phenological stimuli by extending over- 
wintering dormant roots to provide new thin-walled root sur- 
faces and rcat hairs for efficient soil-plant interchange. 

Rapid rcwt extension began during late fall and early winter in 
the annual grasses, but was delayed by low temperatures until 
late spring and early summer in bluebunch wheatgrass. Figure 1 
shows growth rates in primary root systems under field tempera- 



tures, without competition, confirming the above statement. In 
the same experiment, it was demonstrated that in the annuals, 
length and numbers of adventitious roots also increased during 
the winter at a much faster rate than in bluebunch wheatgrass 
(Table 2). 

Cheatgrass and medusahead roots, growing faster and in 
greater numbers than bluebunch wheatgrass, effectively re- 
moved available soil water at depths where bluebunch wheat- 
grass roots were growing. soil moisture content at depths where 
bluebunch wheatgrass roots were growing was raised to ten- 
sions in excess of - 15 bars in laboratory growth boxes held at 
21 to 27°C (boxes 3 and 4, grown 58 days, Fig. 2). At the same 
time, cheatgrass roots had access to adequate deep water 
supplies at tensions less than -1 bar. At 8” to lO”C, plants 
grown in competition demonstrated even greater differences 
between cheatgrass and bluebunch wheatgrass root growth rates 
(boxes 13 and 34, Fig. 2). Here cheatgrass exhausted available 
soil water to the bottom of the boxes. It is interesting to note that 
both species were still surviving at these low temperatures and 
resultant low transpiration rates. 

Figure 3 shows that crested wheatgrass seedling roots were 
able to grow and compete with cheatgrass roots at 2”C, while 
bluebunch wheatgrass seedling roots lacked this ability (Harris 
and Wilson 1970). This difference in root phenology between 
bluebunch and crested wheatgrasses undoubtedly explains the 
greater success obtained in crested wheatgrass seedings where 
cheatgrass is present. 

Dormancy is a physiologic reaction of plants to normal 
seasonal extremes, not severe enough to cause death but too 
difficult for active growth. Annual plants normally are adapted 
through phenologic responses to avoid seasonal extremes. 
Cheatgrass and medusahead germinate in the fall, develop 
extensive root systems during the winter, and quickly reproduce 
during spring, the season most conducive to growth. They pass 
their dormant period in the seed stage. 

Leaves and upper stems of established bluebunch wheatgrass 
seedlings die in early August, while stem bases and roots 
become dormant. Prior to this, leaf and stem primordia have 
developed in buds on the lower stem nodes. Few first-year 
seedlings of bluebunch wheatgrass produce seed under natural 
conditions; and because of unfavorable competition with the 
annuals in earlier phenological stages, bluebunch wheatgrass 
seedlings frequently die without the opportunity of summer 
dormancy. 

All the species studied are winter hardy and only occasionally 
die as a result of low temperatures. As discussed above, 
medusahead and cheatgrass roots increase quite actively during 
winter, but bluebunch wheatgrass roots and stems are dormant. 
This winter-dormant reaction in bluebunch wheatgrass seed- 
lings is an important cause of failure to compete by establish- 
ment in stands of the annual grasses. 

Summer dormancy and death are responses to decreasing 
water availability and increasing temperature stress. Cheatgrass 
enters summer dormancy (seed stage) about 2 weeks earlier than 
medusahead and 5 to 7 weeks earlier than bluebunch wheat- 
grass. This response appears to be related to differences in 
anatomical structure of roots of the three species (Fig. 4). On 
days with high temperatures, leaf water potentials drop rapidly, 
and apparently cheatgrass roots cannot move water fast enough 
(from deep soil layers where it is available) to keep the leaves 
from becoming dessicated. Cheatgrass roots have a relatively 
poorly developed endodermis layer to insulate against hot, dry 
surface soils. On the other hand, if summer soil water conditions 

remain favorable, cheatgrass plants do not enter dormancy, but 
live through the summer and may continue through at least 
another winter (Harris 1967). 

Medusahead not only germinates and grows earlier than 
cheatgrass, but its root anatomy adapts it for a later phenology 
(Fig. 4). Medusahead is also adapted to higher temperatures, as 
indicated by germination and root growth reactions. This later 
phenology is not a disadvantage in competition with cheatgrass 
as is true for bluebunch wheatgrass. Medusahead primary and 
adventitious root phenology is comparable with or earlier than 
that of cheatgrass, so medusahead seedlings compete success- 
fully with cheatgrass seedlings. Bluebunch wheatgrass root 
anatomy is well adapted for summer growth, but initiation and 
growth of the primary system and extension of secondary roots 
are too slow in cold seasons for successful competition with the 
annuals. 

Death results from extreme environmental conditions or 
from other physiologic causes. By definition, the behavior of 
perennial plants differs from annuals in regard to longevity. 
Death of annuals is a phenologic phenomenon, with life 
preserved through the stressful season in the form of seeds. 

Death is evaded in herbaceous perennials by survival of roots 
and crowns in a dormant state. This adaptation provides a 
competitive advantage to established perennials. They are 
already in control of a site before annuals germinate and start to 
grow. 

However, seedlings of perennials generally die in competi- 
tion with heavy stands of vigorous annual plants. Death for a 
perennial grass seedling has a greater significance than for an 
annual grass seedling: the perennial grass seedling has not 
reproduced itself, so death becomes terminal. The seedling must 
endure through the first summer to become perennial. Lacking 
this, interspecific competition ceases, unless a continuing 
source of perennial plant seeds is available. 

Conclusions 

Root phenology, though not recognized in the literature, 
plays a highly significant part in plant competition. In many 
situations it is not possible to understand competitive relation- 
ships without root studies. At times, root phenology is evident 
from observations of vegetative phenology, but at other times it 
is markedly different. Phenological development of roots may 
be classified in the following recognizable stages: (1) germi- 
nation, (2) initial growth, (3) rapid extension, (4) dormancy, 
and (5) death. 

Root phenology characteristics of cheatgrass and medusa- 
head seedlings adapt them to out-compete seedlings of blue- 
bunch wheatgrass. Seeds of annual grasses germinate earlier in 
the fall, under drier and colder conditions than do bluebunch 
wheatgrass seeds. Once germinated, roots of the annuals grow 
faster, not only under conditions of favorable fall temperature 
and moisture, but at near-freezing soil temperatures typical of 
winter in this region. The annuals also are adapted to increase 
number and length of roots during winter so that by spring they 
are in control of the site. The annual grasses exhaust upper 
profile available moisture supplies to depths beyond the reach of 
developing bluebunch wheatgrass roots. Consequently, blue- 
bunch wheatgrass seedlings succumb to drought, under these 
conditions, before producing seeds. The annuals also die, but 
not before reproduction. If a bluebunch wheatgrass seedling 
does survive the summer, its root phenology pattern changes to 
include a period of summer dormancy, which provides a 
competitive advantage over annuals. Successful establishment 
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Fertilization Influences Cattle Diets on Blue 
Grama Range During Drought 

CHRISTOPHER D. ALLISON, REX D. PIEPER, GARY B. 
DONART, AND JOE D. WALLACE 

Highlight: Botanical composition of cattle diets on fertilized and 
unfertilized blue grama rangeland was evaluated during drought 
by microhistological examination. Seventy-two percent of all 
species available were found in the diets. Grass comprised 62% of 
the yearly diets on the fertilized pasture compared with 73% on the 
unfertilized pasture. Annual forbs made up 18% of the diets on the 
fertilized pasture and 8% on the unfertilized pasture. There were 
no differences in perennial forb composition of the diets among the 
two pastures. Total grass consumption did not vary among 
seasons, but composition of individual species did. Blue grama 
provided the bulk of grass in summer and fall diets with mat 
muhly furnishing the majority of grass in diets during winter and 
spring. Perennial forbs were important in winter and spring diets. 
Annual forbs were major components of diets during summer and 
fall. Cattle consistently exhibited a greater preference for fertil- 
ized blue grama than for unfertilized blue grama. Preference 
trends for other plants were inconsistent and were influenced 
mostly by availability. 

Nitrogen fertilization increases forage production in certain 
areas, including New Mexico (Banner 1969; Schickedanz 
1970). Little is known, however, about the effect of nitrogen 
fertilization on diet composition or preference of grazing cattle. 

Knowledge of plants preferred by livestock is necessary for 
the development and implementation of grazing schemes and 
range supplementation programs (Harris et al. 1952; Bohman 
and Lesperance 1967). This is a report on the botanical 
composition of cattle diets on nitrogen-fertilized and unfertil- 
ized blue grama (Bouteloua grucilis) range at various seasons 
and on cattle preferences for different forage species. Although 
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data were collected for only one year, they do show the 
influence of drought on cattle diets. 

Experimental Procedures 

The study was conducted on the Fort Stanton Experimental Ranch, 
in the foothills between Sierra Blanca and the Capitan Mountains in 
southern Lincoln County, New Mexico. The climate of the area is 
generally mild with some extreme weather occurring during the 
winter. The mean annual temperature is 29°C with a mean maximum 
temperature of 36°C and a mean minimum temperature of 20°C. 
Average annual precipitation for a 79-year period is 35 cm. The 
average precipitation for the growing season of June, July, August, 
and September is 23 cm or 65% of the total (Table 1). Rainfall during 
June, July, and August, 1974, was 41% below average. 

The study area was divided into two comparable pastures of 
bottomland, upland, and hillside sites. One pasture (56 ha) had 
received nitrogen fertilization at a rate of 44 kg/ha in the form of urea 
(45% nitrogen) for 7 years ( 1968 through 1974). The other pasture (6 1 
ha) was not fertilized. This study was confined to bottomland sites in 
both pastures. 

The major forage species is blue grama, which is dominant or co- 
dominant on both sites. Sand dropseed (Sporobolus cryptundrus) and 
mat muhly (Muhfenbergia richardsonis ) are other important grass 

Table 1. Monthly and seasonal precipitation (cm) for Fort Stanton, 1974, 
and for 79 years of continuous record between 1895 and 1973. 

Month 1974 

January 2.52 
February 1.57 
March 0.84 
April - 

May - 

June 0.91 
July 4.57 
August 5.21 
September 8.31 
October 5.13 
November - 
December 2.74 

Total 31.80 

Average for Departure 
79 years from normal 

1.45 -i-1.07 
1.24 -t-o.33 
1.50 -0.66 
1.40 -1.40 
2.26 -2.26 
3.21 -2.30 
7.87 -3.30 
6.86 -1.65 
4.70 +3.61 
1.93 +3.20 
0.66 -0.66 
1.75 +0.99 

34.83 -3.03 
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species. The major perennial forbs are Carruth sagewort (Artemisia 
curruthii), tall globemallow (Sphaerulceu ungustifoliu), and scarlet 
globemallow (S. coccimu). The principal annual forb during 1974 
was portulaca (Portulaca pilosu). 

Bomical composition and herbage availability (kg/ha) of the 
pastures during each season were estimated by clipping twelve 76.2 x 
13.3~cm quadrats at each sampling period. All material was separated 
by species and dried at 60°C before being weighed. 

Forage was collected from eight esophageal-fistulated steers 
equipped with screen-bottomed canvas collection bags during 4-day 
periods in late July, late August, October, and November, 1974, and 
in March, 1975. In January, 1975, only a 2-day collection was made 
due to inclement weather. Steers grazed both pastures approximately 2 
weeks before the first collection period and were left on the pastures 
for the remainder of the study. Collections were made once daily at 
daybreak and lasted about 30 to 40 minutes. Both pastures were 
sampled each day of each 4-day collection period. Steers were 
allocated to pastures based on collection ability, fistula size, weight, 
temperament, and ease of removing and replacing cannulae to have 
similar sampling conditions among steers between pastures. They 
were allowed to graze the pastures freely during the day, but were 
penned and fasted overnight to minimize regurgitation and to ensure 
grazing and adequate forage collection the following morning. The 
steers received no supplementation until November, and then supple- 
ments were withdrawn 15 days before the remaining collection 
periods. 

Collected forage was dried for 48 hours at 50°C in a forced-air oven 
at Fort Stanton. Upon termination of the collection period, samples 
were transported to New Mexico State University, re-dried in a forced- 
air oven at 50°C for an additional 24 hours to ensure uniform dryness 
among samples, and then ground through a l-mm screen in a Wiley 
mill. Forage was composited for each day by pasture treatment. 

Species composition of steer diets was determined by a modified 
microscopic technique adopted from Sparks and Malechek (1968). 
Microscope reference slides of plant species occurring on the site were 
prepared by covering ground plant material with synthetic resin 
mounting media and cover slips. Slides of fistulae-collected forage 
were prepared to be like the reference slides. Plant particles in forage 
slides were identified by comparing with species reference slides. 
Histological characteristics were used to identify plant species as 
reported by Free et al. (197 1) and Rosiere et al. (1975). 

Data collected for the experiment were evaluated statistically by 
modified split plot analysis of variance. Tukey’s W procedure was 
used to test differences among means (Steel and Torrie 1960). Prefer- 
ence “ranks,” similar to those used by Rosiere et al. (1975), devel- 
oped from preference indices (Van Dyne and Heady 1964) were used to 
evaluate species preference by cattle. The preference index was used 
to evaluate species preference by cattle. The preference index was 

calculated by the following formula (Krueger 1972): 

Pref. Index = 
% dry wt of species in forage eaten 

% dry wt of species in herbage 

Results and Discussion 

Less total herbage as well as less blue grama was available in 
these pastures for this study than for an early one (Schickedanz 
1970). This was attributed to low precipitation during the 
growing season. 

Nitrogen fertilization did not increase blue grama, sand 
dropseed, or mat muhly availability, but did increase portulaca 
availability (Table 2). Total available herbage at the end of the 
growing season was higher on fertilized rangeland than on 
unfertilized range. This was attributed to greater amounts of 
annual forbs, particularly portulaca, and sand dropseed on the 
fertilized pasture. 

Cattle selected 72% of the species available in the herbage, 
according to results from the microhistological technique; but 
they were observed to consume most of the available species to 
some degree. Microhistological evaluation of diets revealed 
consumption of fewer species than did grazing observation, 
since some species observed being grazed were not found in 
slides of selected forage. Although many species were grazed, 
most of the diet consisted of only a few species. Of the 29 
species available in the standing herbage, 91% to 98% of the 
diet was comprised of only 8 of those species (Table 3). This 
agrees closely with results of Beck (1975) and Rosiere et al. 
(1975). 

The only significant differences (PC .05) among seasons were 
for perennial and annual forb proportions in diets (Tables 3 
4). Perennial forb content of diets was higher (P<.O5) in the 
winter and early spring than during the summer and fall (Table 
4). This was attributed to high Carruth sagewort consumption. 
Annual forb content of diets was higher in the summer and fall 
than during the winter (Table 4), due to high portulaca con- 
sumption. Seasonal variation of grasses, perennial forbs and 
annual forbs in the standing crop was also significantly different 
(P<.O5) (Table 2). Seasonal changes in botanical composition 
of diets and in standing herbage have also been reported on 
sandhills range (Free et al. 1971), shortgrass plains (Beck 
1975), semidesert grassland (Rosiere et al. 1975), and pinyon- 
juniper grassland (Thetford et al. 1971). 

Table 2. Available herbage (kg/ha) for the major species found in cattle diets for nitrogen-fertilized and Unfertilized rangeland. 

Species 

Grasses Blue 
grama Sand dropseed 

Mat muhiy 
Subtotal 

July 1974 August 1974 October 1974 November 1974 January 1975 March 1975 

Fert. Unfert. Fert. Unfert. Fert. Unfert. Fert. Unfert. Fert Unfert. Fert. Unfert. 

21.6 113.7 52.4 125.0 207.5 189.7 80.3 143.3 69.9 193.8 74.8 108.7 
15.0 46.5 41.8 31.1 151.2 58.4 19.1 11.7 28.7 4.6 26.2 17.8 
6.0 20.0 0.8 31.1 46.1 36.6 132.4 108.4 88.5 100.7 59.2 35.5 

42.6 180.2 95.0 187.2 404.8 284.7 231.8 263.4 187.1 299.1 160.2 162.0 

Perennial forbs 
Tall globemallow 
Scarlet globemallow 
Carruth sagewort 
Verbena 
Subtotal 

5.5 0.6 9.6 0.6 41.5 T’ 19.1 2.7 N.A.2 N.A. N.A. N.A. 

0.8 6.0 0.3 0.6 12.3 3.6 2.5 1.1 6.6 3.3 3.0 0.8 

0.3 4.9 T 8.7 7.6 30.0 5.7 8.5 3.3 0.3 11.5 6.3 
N.A. N.A. N.A. N.A. N.A. N.A. 43.7 0.3 8.5 3.0 16.4 0.3 

6.6 11.5 9.9 9.9 61.4 33.6 71.0 12.6 18.4 6.6 30.9 7.4 

Annual forbs 
Portulaca 
All other species 

3.8 24.6 31.9 38.0 206.9 62.8 N.A. N.A. N.A. N.A. N.A. N.A. 
10.4 9.7 74.8 43.4 368.1 128.6 58.7 33.3 18.6 25.7 12.5 22.5 

Total 122.4 367.6 211.6 

’ Occurred in herbage, but was not found on transects. 
2 Not available in herbage. 

278.5 1041.2 509.7 361.5 309.3 224.1 331.4 203.6 191.9 
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Table 3. JManical composition (%) and preference rank’ of plant species in steer diets on fertilized and unfertilized pastures. 

Species 

July 1974 August 1974 October 1974 November 1974 January 1975 March 1975 

Fert. Unfert. Fert. Unfert. Fert. Unfert. Fert. Unfert. Fert. Unfert . Fert. Unfert. 

Grasses 
Blue grama 
Sand dropseed 
Mat muhly 
Others2 
Total grasses 

40.1b 49.9c 43.40 67.2b 43.4” 68.6” 16.3d 27.3d 17.7d 19.9d 17.7d 20.6d 
13.4c 14.4d 10.7d 12. lC 11.6c 11.3c 8.3b 7.1a 9.ld 5.7” 7.gd 4.9d 
4.6e 3.3e 1.3a 2.7e 1.3d 2.7d 34.9c 32.6c 39.0c 36.0c 44.26 43.3a 
6.3 4.1 1.3 0.3 0.7 0.5 0.9 1.2 - 0.3 - 1.3 

64.4 71.7 56.7 82.3 57.0 83.1 60.4 68.2 65.8 61.9 69.7 70.1 

Perennial forbs 
Carruth sagewort 
Scarlet globemallow 
Tall globemallow 
Verbena 
Others* 
Total perennial forbs 

Annual forbs 
Portulaca 
Others* 
Total annual forbs 

0.6” 
1.40 
2.gd 
- 

0.5 
5.3 

24.0a 
5.2 

29.2 

Unidentified 1.1 

1.W 0.53 0.9d 0.4d 
2.7b 0.3d 1.1a 0.2e 
I.10 1.7d 0.2c l.ld 
- - - - 

0.4 0.2 0.5 0.9 
5.2 2.7 2.7 2.6 

1.0” 21.9” 22.3a 21.9O 
0.6” 0.8= 2.1” 0.5e 

- 2.ld 0.6d 0.73 
- 10.6c 1.8O 9.8O 

1.1 0.8 1.1 - 

2.7 36.2 27.9 32.9 

18.6” 36.5” 10.3c 36.7a 11.3c - - 
2.9 2.5 1.2 1.2 0.7 0.4 0.2 

21.5 39.0 11.5 37.9 12.0 0.4 0.2 

1.6 1.6 3.5 2.5 2.2 3.0 3.7 

- 
- 
- 

1.3 

31.6a 13.2” 
l.ga l.lC 
- - 

2.20 12.4” 
0.8 1.0 

36.4 27.7 

- - 
- - 
- - 

1.7 2.6 

20.4O 
2.4” 

- 
4.2” 

- 
27.0 

- 
- 
- 

2.9 

’ Preference rank and meanings are derived from the following preference indices: 

Preference Index Preference Rank Interpretation 

1.8 or greater a Definite preference 
1.3- 1.7 b Some preference 
0.8- 1.2 Same in diet as available 
0.3 -0.7 : Some avoidance 
0.2 or less e Avoidance 

z “Others” include plant species that never composed more than 2% of the diets for any pasture or period in the study. 
3Species occurred in the diet but was not available in herbage, therefore no preference rank could be assigned. 

There were no significant differences in grass or forb content 
in diets between the fertilized pasture and unfertilized pasture 
(Table 4). 

Preference trends were generally inconsistent. Only blue 
grama had consistent preference trends. Cattle invariably pre- 
ferred the fertilized blue grama more than the unfertilized. 
However, cattle consumed more blue grama on the unfertilized 
pasture (Table 3). Lower availability of blue grama in the 
fertilized pasture (Table 2) probably accounts for the higher 
preference indices calculated for blue grama in this pasture. 

Inconsistencies in preference trends indicated that availability 
affected preference. Studies have shown that as grazing intensi- 
ty increases, preference is altered. Leigh and Mulham (1966) 
found that 56% of sheep diets were comprised of a species that 
formed 1% of available herbage. Rosiere et al. ( 1975) noted that 

yucca furnished 70% of spring diets of cattle while comprising 
less than 4% of available herbage and dropped to less than 10% 
of summer diets when availability dropped to less than 2%. 
Similar results were found in this study, with Carruth sagewort 
furnishing approximately 22% of winter and spring diets, while 
comprising only 2.5% of available herbage. 

High preference indices for certain species in this study 
exceeded those reported for any species on shortgrass ranges 
(Beck 1969) and sandhill ranges (Scales 1972), while these 
higher indices were similar to ones calculated for semidesert 
grassland (Rosiere et al. 1975). Van Dyne and Heady ( 1965) 
concluded that less abundant species were either highly selected 
or rejected, while abundant ones furnished the bulk of diets and 
appeared to be neither preferred nor avoided. 

Table 4. Seasonal proportions (%) of grasses and forbs in cattle diets. 

Growth form 

Perennial Annual 
Dates Treatment Grass forbs forbs Unident. 

July 1974 Fertilized pasture 64.5 a1 5.la 30.3ab 0.1 
Unfertilized pasture 7 1.7 a 5.2a 22.9ab 0.2 

August 1974 Fertilized pasture 56.0a 2.7a 39.lb 2.2 
Unfertilized pasture 82.4 a 2.7a 11.8ab 3.1 

October 1974 Fertilized pasture 57.0 a 2.5a 37.9b 2.6 
Unfertilized pasture 83.2 a 2.7a 12.Oab 2.1 

November 1974 Fertilized pasture 60.5a 36.lb 0.4a 3.0 
Unfertilized pasture 68.2 a 27.9b 0.2a 3.7 

January 1975 Fertilized pasture 65.8 32.9 0.0 1.3 
Unfertilized pasture 62.0 36.3 0.0 1.7 

March 1975 Fertilized pasture 69.6a 27.8b O.Oa 2.6 
Unfertilized pasture 70.1 a 27.0 b O.Oa 2.9 

Average Fertilized pasture 62.2 17.8 18.0 2.0 
Unfertilized pasture 72.9 17.0 7.8 2.3 

* Means in the same column followed by different letters are significantly different 
(P<.O5) as tested by Tukey’s W procedure. Means for January were not compared due 
to lack of an adequate sample. 

Observations that cattle graze primarily grass (Cook et al. 
1967) were substantiated in this study under both fertilization 
and nonfertilization and during all seasons (Table 3). Cattle 
preferences for grass were inconsistent, except for blue grama. 
Quantities of grass consumed were affected by treatment (Table 
3), with cattle selecting larger amounts of grass from the un- 
fertilized pasture. However, total grass consumption did not 
change with seasons (Table 4). Fertilization combined with low 
precipitation during the growing season (Table 1) reduced grass 
production on the fertilized pasture during the summer of 1974 
(Table 2). This lower availability of grass probably caused 
unusual shifts in forage selection by cattle. 

Blue grama furnished the bulk of the grass portion of diets 
during the growing season, but declined in importance after 
frost. Sand dropseed was second in grass consumption during 
the growing season. Sand dropseed also made up lesser amounts 
of diets after frost, but its consumption did not decline as rapidly 
as that of blue grama. 

Major shifts in grass species composition of diets occurred 
after frost. Most notable was the dramatic increase of mat muhly 
in diets (Table 3). Increase in diet composition of mat muhly 
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was probably due to its increasing availability as blue grama 
decreased in herbage composition (Table 2) and the fact that mat 
muhly retains some green leaf material which cattle selected. 
Mat muhly averaged only 2% of cattle diets during the growing 
season, but furnished 38% of the total diet after frost. Preference 
for mat muhly was not expressed until early spring (Table 3) 
which agrees with results of Pieper (1970) for the same area. 

Although grass comprised the major portion of cattle diets, 
certain perennial forbs made up considerable proportions of 
cattle diets. Perennial forb content of diets varied from 2.9% in 
summer and fall to 20.7% in winter and early spring and 
averaged 16.8% over all seasons and treatments (Table 3). 
Carruth sagewort was the most prominent perennial forb in 
cattle diets. It was important in winter and early spring when it 
furnished over 2 1% of diets. Cattle generally consumed higher 
proportions of Carruth sagewort in the unfertilized pasture over 
all seasons, possibly because of its higher availability there 
(Table 2). Carruth sagewort was generally avoided during the 
growing season. Preference for Carruth sagewort increased 
dramatically after frost, suggesting that cattle select plants con- 
taining green leaf material after other species are dormant. Low 
availability of Carruth sagewort contributed to extremely high 
preference indices. 

Verbena was another important perennial forb in cattle diets 
during winter and spring. Although a perennial, verbena did not 
initiate growth until cooler weather and was not available in 
herbage until winter (Table 2). Verbena comprised about 11% 
of diets on the fertilized pasture during winter and spring, but 
only made up 2.7% of diets on the unfertilized pasture. Low 
availability of verbena on unfertilized rangeland contributed to 
higher preference indices (Table 3) than was exhibited on 
fertilized range. Increased availability of verbena would proba- 
bly coincide with a decrease in preference indices. 

Other perennial forbs, largely globemallow, contributed 
approximately 1% to cattle diets, across all seasons and treat- 
ments. 

Due to their short life-span, annual forbs were eaten only 
during summer and fall. Portulaca was the only annual forb 
eaten in substantial amounts during this study (Table 3). This 
forb furnished approximately 32% of summer diets of cattle 
grazing fertilized rangeland. It increased in importance on the 
fertilized pasture as the growing season progressed and declined 
slightly in diets on the unfertilized pasture (Table 3). Cattle 
exhibited higher preference for portulaca during the early part of 
the growing season, but preference declined as the growing 
season progressed and it became more available in herbage 
(Table 2). Low precipitation received on this area during the 
summer of 1974 (Table 1) and fertilization probably contributed 
to higher proportions of portulaca in herbage than would 
norrnallv be exnected. This agrees closelv with studies con- 

ducted on semidesert grassland (Rosiere 1973), where cattle 
expressed preference for this forb. 

Conclusions 

Perennial grasses comprised major portions of cattle diets on 
nitrogen fertilized and unfertilized blue grama rangeland. Al- 
though perennial grasses composed the most stable portions of 
diets, perennial forbs made up 3 1% of cattle diets during the 
winter and spring, while portulaca, an annual forb, composed 
32% of summer and fall diets. 

While perennial grasses should be used as a base in determin- 
ing stocking rates, forb production should be taken into account. 
During dry years, such as this study, forbs may furnish large 
proportions of cattle diets. 
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Rangeland Production and Annual Rainfall 

Relations in the Mediterranean Basin and in 

the African Sahelo-Sudanian Zone 

H. N. LE HOUEROU AND C. H. HOSTE 

Highlight: The study of the relationships between annual rain- 
fall and range production in the Mediterranean Basin and the 
Sahelian Sudanian tropical zones of Africa shows a close correla- 
tion between average range production and average rainfall over 
large geographic areas. For a given amount of rain, net production 
is higher in the Mediterranean than in the Sahel. The regressions 
developed show that, on the average, each millimeter of rainfall 
produces 2 kg/ha of consumable dry matter, or 0.66 Scandinavian 
Feed Units (FU), in the Mediterranean, whereas in the Sahelian 
and Sudanian zones these figures drop to 1 kg/ha and 0.40 FU. 

Pasture production depends on various factors such as cli- 
mate, nature of soil, botanical composition and vegetation 
structure, and type and intensity of management, e.g., grazing 
patterns and stocking rates, fire, and wildlife (including insects 
and rodents). 

Since all these factors or group factors can limit yields, one 
should be able to integrate them all in a single mathematical 
model. Such a model would make it possible on the one hand to 
assess potential yield of grazing lands, and on the other to 
determine, through simulation, the effects on these yields of any 
modification in one or several factors. Some attempts towards 
this aim have already been made for the Sahel (Seifert and 
Kamrany 1974; Picardi 1975). Data are now being collected in 
order to build such models, and the programming of simulation 
models is being studied as well. 

In order to form some idea of the importance of climatic 
factors on the production of natural pastures, an attempt was 
made to correlate this production with average annual rainfall in 
two large areas: the Mediterranean Basin and the Sahelian and 
Sudanian zones of Africa. The average annual rainfall was 
selected because of its apparent importance where forage 
production is concerned. 

Many authors have attempted to relate pasture production to 
average rainfall, e.g., Walter ( 1954 and Walter and Volk ( 1954) 
in South Africa; Stewart ( 1960) in Libya; Condon ( 1968) in 
Australia; le Houerou ( 1964, 1969, 1973, 1975) in North 
Africa; Braun ( 1973) and Lamprey ( 1975) in East Africa; Cook 
and Sims (1975) in the United States; Breman ( 1973) in Mali; 
Seifert and Kamrany ( 1974) and Picardi ( 1975) in the Sahel. 

Authors are director, Department of Environmental Sciences and plant production and 
animal production research scientist, Department of Animal Sciences, International Live- 
stock Centre for Africa, P.O. Box 5689, Addis Ababa, Ethiopia. 

Manuscript received May I I, 1976. 

Material and Methods 
Forty-five pairs of data on average annual rainfall and pasture 

production were gathered from eight countries in the Mediterranean 
Basin. An equal number of pairs were gathered from eight countries in 
the Sahelian-Sudanian zone. For the Mediterranean area, the eight 
countries (with an average annual rainfall of 20 to 900 mm) included 
France, Italy, Greece, Syria, Libya, Tunisia, Algeria, and Morocco. 
Some few data from Egypt, Portugal, Iran, Turkey, Spain, and Israel, 
although perfectly fitting the overall figures, were not used, in order to 
keep the number of observations similar in both areas. For the 
Sahelian-Sudanian area, the countries (with an average annual rainfall 
of 100 to 1,500 mm) were: Mauritania, Senegal, Mali. Upper Volta, 
Ivory Coast, Chad, Niger, and Sudan. 

The reason for the rather small number of pairs is that many data 
from low rainfall areas (100-400 mm) were discarded on the basis of 
geographic criteria in an effort to obtain as balanced as possible a curve 
over the rainfall spectrum considered. Rainfall data are usually those 
occurring during the years of measurements-otherwise average 
annual rainfall is plotted against average range production. 

The geographic zones involved in the study are shown in Figure I. 

Why Average Rainfall? 

Average rainfall is obviously not the only factor of importance for 
range production. However, in the Mediterranean Basin, as in the 
Sahelian and Sudanian zones of Africa, average rainfall is correlated 
with a number of other climatic factors such as rain variability, number 

l Main silo studtsr us#d for Rantoll/ Ronw production 

A 0th control sites no+ used in th computations 

Fig. 1. Geographical distribution of couples of sumpled dutu; runge produc 
tionjrainfall. 
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One ofthemajordifficulties was tomakecoherent the datacollected 
in VENOUS ways and expressed in various units and systems. Available 
data were expressed in: 

l Total above-ground phytomass (kg). 
l Actually consumable forage in kilograms of dry matter or in kilo- 
grams of fresh matter per hectare per year. 
l Feed units (FU) per hectare pa year (one Scandinavian feed unit 
= 1 FU = I kg of barley = 1,650 kcal for adult ruminants con- 
suming roughage). 
l Feed units of oats (Russian system) per hectare per year. 
l Starch equivalents. 
l Carrying capacity in unit of tropical livestock at maintenance, 
weighing 250 kg (UBT/ha/year) for the tropical zone, or in head of 
sheep/ha/year or sheep unit/ha/year for the Mediterranean Basin. 
l Stocking rates in head/ha/year. 

Since our purpose was to obtain an approximative curve, several 
simplifications were admitted. 

Conversion factors used are not the same for the Mediterranean 
Basin and the Sahelian and Sudanian zones of Africa. The main 
reasons are that livestock species and types are different in each case, 
and that Mediterranean natural pastures consist mainly of perennials, 
including many shrubs, whereas the Sahelian rangelands consist 
mainly of annual grasses and forbs. 

The h4edirerranean Basin. For the Mediterranean Basin, we have 
used the following conversion factors: 

. One mature sheep (40 kg) = 0.2 cattle = 0.10 camel = I .2 goats 
= 0. I5 horse = 0.3 donkey = 300 FU/year = 495,000 kcaliyear. 
l One sheep unit = 1 ewe + I lamb up to 3 months old + l/5 year- 
ling ewe + 1125 ram = 450 feed units per year = 1.5 head of sheep. 
l One Scandinavian feed unit = I. I Russian feed units = 1,650 

’ kcal (in the case of mature ruminants consuming roughage) = 
0.70 starch equivalent = I kg of barley. 
. One kilogram of dry matter (DM) = 0.33 feed unit = 550 kcal. 
(This figure is based upon numerous chemical analyses and some 
digestibility trials. According to these data, greengrasses, legumes, 
and annual forbs are worth 0.4 to 0.6 FU per kg of DM whereas 
shrubs and dried up annuals or grasses are worth 0.2 to 0.4 FU per 
kg of DM. Since shrubs and dry stuff represent 65 to 75% of the 
annual diet, an average conversion rate of 0.33 FU per kg of DM 
seems to be reasonable order of magnitude. If anything, it may be 
slightly conservative.) 

of rainy days, length of dry and rainy seasons, and potential evapo- 
hansviration. 

Caiculations were made for the Mediterranean Basin, using data 
from many climatic stations, each having over 50 years of records. A 
clear negative correlation between average rainfall (I?) and standard 
deviation of annual rainfall (v) emerges. 
The relation is: 

v =f(l/ri); r=0.73; n=l40;p<O.001 

There is also a clear negative correlation between average rainfall and 
potential evapotranspiration (PET) (calculated according to Turc’s 
method, and using I28 stations) = 

PET = f (l/L?); r=0.75; n=l28; p<O.Oill 

One could add that geographic variations in average rainfall are 
much larger (IO0 to 1,500 mm/year in both areas) than variations in 
potential evapotranspiration (I ,000 to 1,500 mm/year in the Mediter- 
ranean area) there is, by and large, a zonal increase in potential 
evapotranspiration from north to south; and a reverse zonation in rain- 
fall. The reverse is true for the Sahel, where rainfall increases from 
north to south, whereas PET decreases from north to south. 

For the reasons given above, one may validly consider average rain- 
fall as closely related to water availability for plant growth. Tempera- 
ture is not usually a limiting factor for forage growth in the Meditem- 
nean Basin, nor in the Sahel, at least not over long periods; and 
average rainfall seems to be by far the most important climatic factor 
affecting pasture production. 

Assessment of Pasture Production 

The data on pasture production are expressed in amount of con- 
sumable forage produced annually. These are balanced figures aver- 
aging the various types of pastures encountered in a given zone with a 
given rainfall. 

Data for range types located in depressions benefitting from runoff 
m water table have not been used, as such areas are not under the direct 
influence of rainfall. Neither have we used figures from rangelands 
improved through artificial fertilization, since, generally speaking, 
such practices are neither common nor economic. However, it has 
been experimentally shown that in high rainfall areas (R > 400 mm), 
fertilization may increase range production three to five times (France, 
Italy, Spain, Israel, Tunisia, ec. .). 



l Rate of forage consumption is assumed to be 50% of annual 
production (estimation and measures vary from 40 to 60%). rTTr-- 

l It is usually admitted that average forage consumption is 25% of 
total above-ground standing phytomass, or 50% of total annual 
production. 
. Percentage of dry matter in fresh plants varies from 20 to 70%, 
according to species and season. The figures used here depend on 
range type and season measurement. 

~tte Sahelian and Sudanian zones of Africa. For the Sahelian and 
Sudanian zones of Africa, we have used the following conversion 
factors: 

. One tropical livestock unit (TLU) = 1.5 cattle = IO sheep = 12 SW 
goats = 2 donkeys = 1 horse = 0.8 camel. 
. One TL” corresponds to 1.5 head of average cattle counted. One 
TLU equals 0.54 livestock standard unit (LSU), as defined in East 
Africa (Brown 197,) and weighing 1,000 pounds (454 kg). 
l The average feed value is reckoned m be 0.40 feed unit per kilo- Medirerraneon Bosm, Eartern Morocco wea 0fBerguent. Rai?wl zw mm. 
gram of consumable dry matter, i.e., 0.60 during the rainy season Silty soil on limecrus,. Sreppe ofAnem,sia herba alba and Anabasis aphylla. 
and 0.25 during the dry season. 
. Actually consumable forage of grasses and forbs is 70% of the 
above-ground biomass during the rainy season; this amount de- 
creases to 30% during the b season. The rainy season is con- 

_I 

sidered as lasting an average of 3 months, and the dry season 9 
months. Thus the consumable forage is 17.5% in the rainy season 
and 22.5% during the dry season, i.e., a total use rate of 40% above- 
ground phytotnass on a yew-round basis. These tigures, agreed 
upon by most of the specialists for the area concerned, may be 
slightly conservative. 
l The TLU is a conventional stock unit of a mature zebu weighing 
250 kg (Boudet and Rivi& 1968). where maintenance needs are 
6.25 kg of DM or 2.8 FU and 156 g of digestible protein per day. 
The annual maintenance dietary needs of a TLU are thus 1,000 FU 
or 2,300 kg of DM and 57 kg of digestible protein (in round 
figures). A weight gain of 100 kg/year (300 g/day) or a production 
of 1 ,ooO kg of milk would require 350 extra FUiyear (0.95 FUiday) 
and 28 kg of digestible protein (75 g/day). 
l Production from shrubs and trees has not been counted, since 
very little data is available; however, it is estimated to be quali- Medilerraneiin &lsvz Southern 7unisia. near .wedenuze. R‘li”fdl 150 mm. 
tatively important during the dry season as a source of protein and Sreppe qfRhanthe”“m s”aYeo,enS and **emisia Campestris. 
vitamins. Thus the figures given in Table 2 xe definitely con- 
servative. 

Data Representativeness 

In a given region, a given amount of rainfall is plotted against a 
single production figure. The latter is the average value of the various 
types of pastures balanced against their acreage whenever possible. 
Each production figure thus, refers to a geographic area of rangeland, 
including several range types of various values and may therefore be 
considered as representative of the geographic zone under con- 
sideration. 

Results 

Table 1 gives the countries and areas where the studies were 
made, with corresponding production and rainfall data as well 
as references to the studies for the Mediterranean Basin. Table 2 
gives the same information for the Sahelian and Sudanian zones 
of Africa. Yields are given only in feed units (Scandinavian) per 
hectare per year, but all calculations were made in four different 
unit measurements: feed unit (Scandinavian); consumable mat- 
ter; total dry matter; and carrying capacity (sheep/ha/year, for 

Mediterranron Basin, Monxco Mid Adas Mouniorn* .TWPJ North of Jdd the Mediterranean Basin and TLU/ha/year for the Sahelian and 
ay&?i, W& 0-f Ml&l* (Uit. ,600 m). FUirly ShUiiOW roll, on quarern,aV Sudanian zones of Africa). Four different kinds of units were 
limecrust. v&f< sage sreppe: Artemisia herba alba, Anemlala mesatlanuca. calculated because readers may be more familiar with one 

system than another. 
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Table 1. Rainfall (mm) and rangeland production @U/ha/year) figures for the Mediterranean Basin. 

Country Area Rainfall 
Rangeland 
production Author 

1. France 
2. Italy 
3. Greece 
4. Syria 
5. Libya 

6. Tunisia 

7. Algeria 

8. Morocco 

Montpellier 900 
Sardinia 600 
Salonica 500 
Wadi el Azib 150 
Tripolitania 500 
Sirte 170 
Cyrenaica 275 
Cyrenaica 250 
Cyrenaica 200 
Cyrenaica 150 
Cyrenaica 100 
Cyrenaica 70 
South Medenine 94 
Central and South 400 
Central and South 300 
Central and South 200 
Central and South 100 
Central and South 50 
Central and South 20 
Southern Gabes 315 
Mareth-Gafsa 282 
Mareth-Gafsa 210 
Mareth-Gafsa 180 
Mareth-Gafsa 167 
Mareth-Gafsa 148 
Steppe Tadmit 240 
Steppe Chellala Djelfa 350 
Steppe Chellala Djelfa 250 
Steppe Chellala Djelfa 300 
Steppe Chellala Djelfa 300 
Aures and Belezma Mountains 800 
Aures and Belezma Mountains 700 
Aures and Belezma Mountains 500 
Aures and Belezma Mountains 350 
Aures and Belezma Mountains 250 
Aures and Belezma Mountains 150 
Hodna Basin 350 
Hodna Basin 220 
Hodna Basin 240 
Hodna Basin 175 
Atlas Mountains 700 
Atlas Mountains 500 
E. Steppes and Moulouya Valley 300 
E. Steppes and Moulouya Valley 300 
E. Steppes and Moulouya Valley 200 

700 
200 
90 

430 
150 
193 
112 
100 
78 
42 
24 
52 

363 
155 
110 
53 
25 
10 

245 
220 
330 
210 

76 
50 

180 
94 

102 
126 
144 
467 
300 
240 
165 
126 
50 

175 
164 
143 
110 
350 
250 
157 
65 
49 

Long et al. 1967 
Le Houerou 1968 
Liaccos & Mouloupoulos 1967 
Van der Veen 1967 
Le Houerou 1965 
Le Houerou 1965 
Le Houerou 1965 
Le Houerou 1965 
Le Houerou 1965 
Le Houerou 1965 
Le Houerou 1965 
Le Houerou 1965 
Novikoff et al. 1975a 
Le Houerou 1969a,b 
Le Houerou 1969a,b 
Le Houerou 1969a,b 
Le Houerou 1969a,b 
Le Houerou 1969a,b 
Le Houerou 1969a,b 
FIoret 197 1; Floret et al. 1974 
Horet 197 1; Floret et al. 1974 
FIoret 197 1; Floret et al. 1974 
Floret 197 1; Floret et al. 1974 
Horet 197 1; Floret et al. 1974 
Floret 197 I; Floret et al. 1974 
Le Houerou 1968 
Rodin et al. 1970 
Rodin et al. 1970 
Rodin et al. 1970 
Rodin et al. 1970 
Van Swinderen 1973 
Van Swinderen 1973 
Van Swinderen 1973 
Van Swinderen 1973 
Van Swinderen 1973 
Van Swinderen 1973 
Le Houerou 197 1 b 
Le Houerou 197 1 b 
I_e Houerou 1971b 
Le Houerou 197 1 b 
Ix Houerou 197 1 b 
I_e Houerou 197 1 b 
Loiseau & Sebillotte 1972 
Loiseau & Sebillotte 1972 
Loiseau & Sebillotte 1972 

The first relationship sought is whether, within the limits of 
our study areas, range production may be considered as a linear 
function of average annual rainfall; equations are given in Table 
3 (equations 1) for both areas with a correlation coefficient of 
0.83 and a degree of freedom of 44. In both cases the linear 
regressions are highly significant (~~0.00 1). 

These equations also confirm, at least for the Mediterranean 
Basin, (le Houerou 1964, 1969b; Evenari et al. 1971), the well- 
known fact that below an average annual rainfall of 50 mm, 
forage production may be considered as nil (y = 0 = X = 
48 mm). 

reason we tried to find a curvilinear relationship between range 
production and rainfall. A second degree equation of the form 

Y = a+b,x + b,x2 

was first computed. Its correlation coefficient of 0.84, for the 
same degree of freedom, shows little improvement in respect to 
the above-mentioned linear regression. 

Finally, an equation of the form 
y = axb 

The extrapolation of the equations (1) for the Sahelian and 
Sudanian data is not fully satisfactory, since, when rainfall = 0, 
production is 16.9 FU. However, this value is very low and one 
may consider that our regressions go almost through the origin 
(no rainfall, no range production). 

(growth curve) was computed, having the values mentioned in 
Table 3 (equations 2). These equations have a correlation 
coefficient of 0.90 (for the Mediterranean Basin) and 0.89 (for 
the Sahelian and Sudanian zones), and a degree of freedom 
equal to 44, which is remarkably good. In other words, the 
logarithm of average annual range yields is a linear function of 
the logarithm of average annual rainfall. 

Although this relation seems reasonably satisfactory, it 
would mean that pasture yields would increase indefinitely as 
rainfall increases; however, this is not true since, as rainfall 
increases, other limiting factors such as soil infertility, water 
logging, temperature, lack of sunshine, etc. arise. For this 

Figures 2 and 3 show all the pairs of data as well as the linear 
and curvilinear regressions. 

Now we can compare the curves calculated for the Mediterra- 
nean Basin and for the Sahelian and Sudanian zones. Are they 
identical? Is the relationship between rangeland production and 
rainfall the same in both areas? 
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Table 2. Rainfall (mm) and rangeland production @U/ha/year) figures for the Sahelian Sudanian zones. 

Country Area Rainfall 
Rangeland 
production Author 

1. Senegal 

2. Mauritania 

3. Mali 

4. Ivory coast 

5. Upper Volta 

6. Niger 

7. Tchad 

Doli 
Nord 
Ferlo/south 
F&lo/east 
Dahra-Djoloff 
Hodh 
Kaedi 
Niono 
Mopti 
Yanfolila 
Transect Barnako-Nara 
Transect Barnako-Nara 
Transect Bamako-Nara 
Transect Barnako-Nara 
Transect Bamako-Nara 
Transect Bamako-Nara 
Transect Barr&o-Nara 
Transect Barnako-Nara 
Transect Bamako-Nara 
Transect Barnako-Nara 
Bodokro 
Toumodi 

Markoye/Dori 
Tin Arkachem 

Nord Gourd 
Nord Sanam 
Nord Gourd 
Zinder 
Sud Tamesna 
Dal101 Maouri 
“Zone de Modemisation pastorale” 
“Zone de Modemisation pastoral” 
“Zone de Modemisation pastorale” 
“Zone d’utilisation” 

Wadi Rime 
Piste Betail 
Zakouma 
Kanem 
Kanem 
Zone Sahelienne 
Logone/Chari 

8. Sudan Southern Darfur 
Northern Kordofan 

550 
300 
800 

520 
420 
391 
550 
550 

1,400 
350 
500 
650 
800 
950 

1,000 
1,300 

700 
868 

1,127 
1,200 
1.400 

850 
400 
462 

210 
330 

300 
244 
750 
200 
345 
460 
350 
325 
400 
575 
340 
550 
615 

1,200 

700 
185 

226 
139 
179 
261 
259 
288 
142 
280 
255 
528 
144 
320 
368 
440 
464 
560 
720 

448 
784 
360 
443 

203 
144 

116 
1,221 

167 
120 
124 
268 

64 
109 
186 
160 
98 

213 
288 
121 
222 
240 
238 

245 
72 

Valenza & Diallo 1970 
Valenza & Diallo 1972 
Diallo 1968 
Fotius & Valenza 
Raynal 1964 
Boudet & Duverger 1961 
Mosnier 196 1 
Boudet 1970 
Boudet 1972 
Boudet & Ellenberger 197 1 
Breman et al. 1975 
Breman et al. 1975 
Breman et al. 1975 
Breman et al. 1975 
Breman et al. 1975 
Breman et al. 1975 
Breman et al. 1975 
Breman et al. 1975 
Breman et al. 1975 
Breman et al. 1975 
Audi-u 1974 
Boudet 1963 

Toutain 1974 
Gaston & Botte 197 1 
Gaston & Botte 197 1 

Dalbroux 1972 
Peyre de Fabregues 1963 
Peyre de Fabregues 1963 
Peyre de Fabregues 1963 
Peyre de Fabregues 1963 
Boudet 1969 
Peyre de Fabregues & Rippstein 1972 
Peyre de Fabreques & Rippstein 1972 
Peyre de Fabreques & Rippstein 1972 
Peyre de Fabreques & Rippstein 1972 
Gillet 1961b 
Peyre de Fabregues 1975 
Gillet 1969 
Gaston 1965 
Gillet 196 1 
Gillet 1967 
Audru 1966 

Hunting 1974 
Shepherd 1968 

Table 3. Linear and curvilinear regression equations of y variables and annual precipitation (mm) for the Mediterranean Basin and the Sahelian and 
Sudanian zones. 

Mediterranean Basin Sahelian and Sudanian zones 

y variable’~* Equations y variable’* * Equations 

y=a+bx 

(1) Fu 
(la) CDM 
(lb) TDM 
(lc) sheep 

Y= - 34.57 + 0.72x 
y = - 103.72 + 2.17x 
Y =- 414.89 + 8.68x 
Y = -1,158 + 0.002x 

r=0.83; n=45 

(1) FU y = 16.88 + 0.41x 
(la) CDM y = 42.17 + 1.03x 
(lb) TDM y = 105.42 + 2.58x 
(lc) YBT y = 0.0169 + 0.0004x 

r=0.83; n=45 

y = axb 

(2) Fu y = 0.32x1.09 (2) FU 
(2a) CDM y = 0.972~‘*~~ (2a) CDM 
(2b) TDM Y = 3.890~‘*~~ (2b) TDM 
(2c) sheep y = o.OO1x’*09 (2c) YBT 

r = 0.90; n = 45 

’ Units per hectare per year. 
* FU = Scandinavian feed unit; CDM = consumable dry matter; TDM = total dry matter; YBT = tropical livestock unit. 

y = 0.422x1.001 
y = 1.057x’*w’ 
y = 2.643x’.““’ 
y = 0.0004X’~~’ 

r = 0.89; n = 45 
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To elucidate these questions, a covariance analysis was made 
comparing the data from the two areas as calculated in the linear 
regressions (comparison of the equations I). This covariance 
analysis for the regressions expressed in FU/ha/year clearly 
shows that slopes and origins are significantly different: 
comparison of slopes: Qnh = 13.70 @<0.005). 
comparison of elevations: K*’ = 7.65 (0.005 < p < 0.010). 
Of course the same applies when the data are expressed in other 
units. Accordingly, no common regression can be calculated 
and no generalization can be made to cover both areas. 

However, if a covariance analysis is made as between the 
exponential equations (equations 2) expressed in FUlhalyear, 
the conclusions are different: 

comparison of slopes: en6 = 0.57 (IX.). 
comparison of elevations: Fx7 = 10.62 (p<O.O05). 

The comparison of the equations (2) is justified by the fact 
that in the regressions, the correlation coefficients and the part 
of the total variance due to the regression are greater than in 
linear regressions, so that the phenomena are better described 
and the curves are closer to the experimental tigures. 

The conclusion to be drawn from this analysis is that the 
relationship between range production and rainfall is similar in 
both cases, but that the level of production in the Sahel and 
Sudan ib lower than in the Mediterranean Basin. In other words, 
langeland production increases in the same proportion in both 
areas when rainfall increases; however, for a given rainfall, 
production is always lower in the Sahel than in the Meditenane- 
an Basin. However, for the portion of the curves lying between 
the 300. and 400.mm marks, the application of the f test gives 
the figure of I .97, which is not significant at the p=O.95 level. 
ln other words, for the lower pan of the curves the difference 
between the Mediterranean Basin and the Sahel is not signifi- 
cant. 

Discussion 

Dependence of range production upon rainfall is widely 
recognized. The subject was recently reviewed for the United 
States by Cook and Sims (1975). who show that variability in 
range production is closely related to variability in rainfall but 
that variability in the former is generally greater than in the 

+-- 4 

latter, a fact that has been observed also in the Meditemanean 
Basill. 

In comparing the present relation (equation 2) with those 
found by other authors, one shouldpointout thatcondon (1968) 
studied an area of 350,000 km’ in western New South Wales, 
where detailed statistics of livestock numbers over 46 counties 
averaging 7,700 km’ were available; his curve is a parabola 
fitting two different equations: 

y = 0.5 x2 + 0.38x from 0 to 250 mm 
y = 0.2 x2 + 2.7x + 15.5 from 250 to 460 mm 

where y is grazing capacity in sheep per IO0 acres (40.5 ha) and 
x is average rainfall per annum (inches). His figures are very 
close to those that we found in the Sahelian and Sudanian zones 
of Africa for areas with over 250 mm of rainfall, but about 
4LL50% lower than ours below the 250.mm isohyet; they are 
much lower than those that we found in the Mediterranean 
B&l. 

Walter and Volk (1954) have given production for the 
“veldt” of South Africa of 8 kg DM/ha/mm of rainfall, a figure 
about 3 to 4 times higher than that for the Mediterranean range- 



used (40% of total primary production), we will find that his 
figures are very close to our own. Nevertheless, the relation- 
ships shown are mathematically unusual. Two straight line 
equations were calculated: (I) for rainfall between 100 and 400 
mm and (2) for rainfall above 400 mm. 

No identifications are given of the correlation coefficient or 
of the level of significance of these regressions; moreover, the 
two regressions are linked by an undetermined “S” shaped 
curve so as to give an impression of continuity to the phe- 
nomenon. 

Another somewhat surprising fact is that if one were to 
extrapolate the first equation below the given limit of validity of 

f .,’ 1. 
__ .. 

100 mm, one would find that when-rainfall reaches z&o, 
production appears to remain on the order of 720 kg/ha/year. 

The curve we have presented here is also subject to criticism 
~ohel zone, near s&olo, MOE ~egroded rongeland heavily browsed by 

goofs Bauhinia mfescens, Piliostigma reliculata, Grewia tenax. 
in spite of there being a good correlation coefficient. In fact, the 
number of pain is not always the same for each rainfall value; 
for instance, much more data are available forrangelands below 

lands (le Hou&ou 1969b). Walter(1954) ex Boudet 1976, finds 
tie 400 mm isohyet, than for above. This fact may decrease the 

the equation: 
precision of our calculations for areas having relatively high 

y (DM) = 10x - 250 
rainfall. Moreover, we must remember that the complete 
relationship between average rainfall and range production 

which corresponds to yields 3 to 5 times higher than we have includes two curves: an exponential regression (studied here), 
observed. followed by an asymptotic regression characterizing high rain- 

Leith, ex Dyson-Hudson (1975), found an average of 20 kg fall areas. As a matter of fact, graziers know that above 1,200 to 
DM/mm of rainfall in arid areas, which is about 6 to IO times 1,500 mm, the increase of production on rangelands is almost 
higher than our figures. Novikoff et al. (1975b) found in negligible; but we still lack scientific evidence for this. 
southern Tunisia on sandy soils an average of 2 kg DMlhalyear For the exponential part of the phenomenon, the correlation 
per mm of rain in the interval 15-182 mm/year ove,r three we found can be considered excellent. This is probably because 
consecutive years (1913,74, and 75). These values are in good management practices are more or less homogeneous (no 
agreement with the figures we have observed in the Mediter- rotation pattern, general overgrazing). It is also due to the fact 
rancan Basin. that soil conditions have been equalized by using global figures 

Since none of the foregoing authors have given their methods over large a&w that represent V~OUS land systems and inte- 
of calculations, the correlation coefficients, or the level of grate their various components. Nevertheless it is obvious that 
significance of the regressions they found, the accuracy of their under given rainfall conditions, yields may vary as much as 1 to 
findings cannot be assessed. 5 (exceptionally 1 to 10) according to soil conditions and range 

In the curve of carrying capacity estimates in relation to types. On the other hand, different management practices under 
rainfall given for the Sahel by Seifert and Kamrany (1974) and similar climatic and soil conditions may induce variations in 
Picardi (1975), the values arc slightly below ours. For instance, yields of the same order of magnitude (usually I to 5; exception- 
under long-term sustained range yield conditions: ally 1 fo lo), as pointed out by many &hors all over the world. 

30 ha per Animal Unit (450 kg) ci 16.50 ha per TLU under 250 mm 
15 ha per Animal Unit m 8.25 ha per TL” under 500 mm Conclusions 
7.5 ha per Animal Unit OT 4. IS ha per TLU under 1,ooO mm 
The authors reckon that the dietary needs of one Animal Unit Roughly speaking, one may say that each millimeter of rain- 

are ideal, i.e., 2,500 FU/year, which corresponds to 1,375 FU/ fall in the Mediterranean Basin produced 4 kg of above-ground 

TLU/year. For the same amount of rainfall and with a weight phytomass, or 2 kg of consumable dry matter, or 0.66 feed 

gain of 100 kg/year (300 g/day) (1,350 FU/TLU/year), our units; in the Sahelian and Sudanian zones of Africa, these 

curve (equations 2) gives the following figures: figures drop to 2.5 kg, 1 kg, and 0.40 feed units, respectively. 

250 mm 12.72 halyear/TLU 
One can also still consider as more or less valid the old empiric 

500 mm 6.35 ” ” ’ 
statement that, in the Sahel, in the interval IO&l ,500 mm, one 

1,OOomm 3.17 u !’ u 
needs as many hectares per head of cattle as there are months in 

The figures given by the above-mentined authors arc thus 
the dry 

comparable to ours, but 23% lower, which is extremely good, 
h 

season. (Dry season here is taken to mean a period 
avmg less than 50 mm of rainfall/month.) 

keeping in mind that Seifert and Kamrany’s and Picardi’s 
From comparison of equations (2) we can deduce that rainfall 

curves, are based upon esrimates, whereas ours are based on 
efficiency is different in the two areas under examination, the 
d’ff 1 

measui-emenfs. 
erence in net production (feed units per hectare) being on the 

For the Sahel and Mali, Breman (1973) and Breman et al. 
order of 50% in favour of the Mediterranean Basin. 

(1975) give total primary production and palatable production 
These differences between the two regions may be due to 

figures that differ very little in value. This in itself is surprising, 
Eeveral facton: 

since most specialists on the Sahelian rangelands consider that l Shrub and tree production in the Sahel has not been taken 

only 30 to 40% of the total primary production can be consumed into account. 

during the dry season, and 60 to 80% during the rainy season. If l Rainfall distribution is different in the two regions, and the 

we apply to Breman’s figures the same consumption rate that we dry season is much longer in the Sahel. Rains occur during the 
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cool season in the Mediterranean climate, when plant water 
requirements are lower, whereas in the Sahel they occur in 
summertime, when water demand is high. 
l Potential evapotranspiration for a given amount of rainfall 
is about 50% higher in the Sahel. 
l Soils seem to be poorer in the Sahel, especially as regards 
their nitrogen and phosphorous content. 
l Soils seem to be poorer in the Sahel, especially as regards 
their nitrogen and phosphorus content. 
l Vegetation is entirely different in the two regions. Medi- 

terranean rangelands are based on perennials that react to any 
substantial rain and can make use of deep, moist layers in the 
soil; whereas Sahelian ranges are based mainly upon annuals 
with very short life cycles and shallow root systems. 
To be able to draw general equations valid for large ecological 

zones having an homogenous climate, we need much more data, 
especially for the high rainfall areas in both the Mediterranean 
and the Sudan. From practical experience, we suspect that 
production does not increase indefinitely with rainfall; but we 
cannot give evidence for it because we lack sufficient data from 
higher rainfall zones. 

Finally, one should note that forage shrubs and trees were not 
counted in range production in the Sahel, nor was production 
Tom depressions benefitting from runoff; one, therefore, might 
expect our figures to be on the low side. Some correction to the 
above, however, is brought about, by the fact that most of the 
figures used were collected in the field during the late 50’s and 
60’s while rainfall (and therefore range production) was above 
long-term averages. On the other hand, Sahelian rangelands 
were heavily degraded during the 1969-73 drought, and their 
present production is likely to be lower than in the 60’s. For 
these reasons, the figures given in this paper are likely to be very 
close to long-term averages. 

It is hoped that the definition of the complete relationship 
between rangeland production and average annual rainfall will 
help in the evaluation of forage resources and in the modeling of 
livestock production systems. 
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THESIS: NORTH DAKOTA STATE UNIVERSITY 

Growth, Production, and Browse Utilization Characteristics of Serviceberry 
(Amelunchier alnifolia Nutt.) in the Badlands of Southwestern North Dakota, by 
Dean Elder Williams. MS, Botany. 1976. 

Growth, production, and browse utilization characteristics of 
serviceberry (Amelanchier alnifolia Nutt.) were studied in the bad- 
lands of southwestern North Dakota during 197 1, 1972, and 1973. 
The objectives of this study were to provide the information required 
to make predictive statements on the above characteristics as wll as for 
age and form classes on a site basis. Analysis of both shrub canopy 
cover and herbaceous understory, as well as,soil cores, was carried out 
from each site. Results from the soil cores were highly variable and 
inconclusive. 

All shrubs studied were assigned Dasmann age and form classes. 
More than two-thirds of the shrubs were in young or mature age classes 
and in form classes that showed little or no hedging, indicating that 
serviceberry had not been subjected to harmful browsing pressure. 

Mean average twig length and average total annual growth appear to 
be closely related to age class and, to a lesser extent, form class. 
Growth decreased from 1971 through 1973. Growth of serviceberry is 
87% completed by June 13, after which the growth curve levels off 

somewhat. The combined weight yields, from all sites were 172.4 
lb/acre, 65.7 lb/acre, and 48.5 lb/acre, for 1971, 1972, and 1973, 
respectively. As in growth, there is a definite relationship between age 
and form classes and the total yield. Again there is evidence of a 
decrease in production from 197 l-1 973. Average composition of total 
yield for the three years is 82% for the leaves and 18% for the twigs. 

Utilization of current growth of serviceberry was 11% and 15% for 
the winters of 1971-72, and 1972-73, respectively. Browsing pres- 
sure is apparently increasing but not to a level that may be judged to be 
harmful. Highest utilization recorded at any site was 31%. Percent 
utilization was directly related to the degree of hedging. Serviceberry 
was generally dominant in the shrub overstory, while the understory 
composition was varied. Vegetation reproduction of serviceberty is 
accomplished mainly through root sprouting. Both growth and pro- 
duction appear to be on the decline; this is observed to be due mainly to 
a rust infection and a combination of environmental influences and 
increased browsing pressure. 
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Cane Bluestems: Forage Yield, Forage Quali- 

ty, and Water-Use Efficiency 

P. T. KOSHI, H. V. ECK, J. STUBBENDIECK, AND W. G. 
McCULLY 

Highlight: Three collections of cane bluestem (Bothriochlou bur- 
birdis Herter) were evaluated under three water and three 
harvest regimes. Dry matter yields, under natural rainfall and 
irrigation, averaged 3.8 and 8.7 metric tons/ha, respectively. 
Productivity of the three collections ranked G-866 > G-820 > 
PMT-333 under natural rainfall, but with irrigation, the ranking 
was G-820 > G-866 > PMT-333. One and two harvests per season 
resulted in near-equal yields, but three harvests decreased yields. 
Cane-blue&em forage contained about 10% protein and 0.22% 
phosphorus (P) in mid-June. In November, previously unclipped 
forage contained 4.4% protein and 0.12% P, while that clipped 
twice contained 7.3% protein and 0.18% P, 

Yield and quality of cane bluestem compared favorably with 
that of switchgrass (Pa&urn virgutum L.) grown in a similar 
study. Maximum production was obtained with about 77 cm of 
water use (rainfall + irrigation + soil water). 

Cane bluestem (Bothriochloa barbinodis Herter) is a coarse 
warm-season grass similar to silver bluestem (B. saccharoides 
(Swartz) Rydl.). It occurs from Oklahoma to Arizona and 
Texas, and south into Mexico. It grows on mesas, sandy slopes, 
open grounds, in gullies, and along the banks of dry washes, but 
usually occurs scatteringly and seldom forms dense stands 
(Hitchcock 1950). Gould (195 1) has observed it to be extremely 
drought resistant and well adapted to southwestern ranges. 

Humphrey ( 1960) classified cane bluestem as fair forage 
because it is coarse and nutrients tend to leach from forage when 
plants are dry. Gay and Dwyer ( 1965) considered it fair-to-good 
forage for cattle and sheep. Fudge and Fraps (1945) found that 
cane bluestem contained more crude protein and phosphoric 
acid than did silver bluestem. Fraps and Cory (1940) reported 
that crude protein and phosphoric acid concentrations of silver 
bluestem were fair in June and July, but crude protein con- 
centrations were deficient and phosphoric acid concentrations 
were very deficient in November. In Arizona (Humphrey 
1960), and in New Mexico (Gay and Dwyer 1965), cane 
bluestem and silver bluestem are considered as having similar 
forage values. 

At the time of the research authors were soil scientist, Agricultural Reserch Service, 
U.S. Department of Agriculture, Big Spring, Texas; soil scientist, Agr. Res. Serv., U.S. 
Dep. Agr., Bushland, Texas; assistant professor of agronomy, Umversity of Nebraska, 
Mitchell; and resident director, Texas Agricultural Experiment Station, Vernon. Koshi is 
now a range scientist at the U.S. Southern Great Plain Field Station, Woodward, 
Oklahoma. 

This report is a contribution from Agr. Res. Serv., U.S. Dep. Agr., in cooperation with 
the Texas Agr. Exp. Sta., Texas A&M University. 

Manuscript received August 30, 1976. 

The search for better-adapted, more productive grass is 
continuous. During the drought of the 1950’s the Texas Agri- 
cultural Experiment Station and the Soil Conservation Service 
collected promising grass species from throughout the south- 
western United States and northern Mexico. These collections, 
many of which were cane bluestems, were grown in a nursery at 
the U.S. Big Spring Field Station, Big Spring, Tex. The 
objectives of this study were to determine the forage yield and 
quality potential of three of the more promising cane bluestem 
collections. 

Methods and Materials 

The study was conducted on Amarillo fine sandy loam, an Aridic 
Paleustalls of the fine-loamy, mixed thermic family. The soil has been 
described in detail by Burnett et al. (1962). At Big Spring, the 74-year 
average preseasonal precipitation (November-March) and seasonal 
precipitation (April-October) are 9.7 and 37.1 cm, respectively. The 
average growing season is 222 days. 

The three selections of cane bluestems were: G-866 (collected 
between Saltillo and Ton-eon, Mexico), G-820 (collected on a 
mountain-top between Durango and Mazatlan, Mexico), and PMT- 
333 (collected near Van Horn, Texas). 

Three water regimes and three harvest regimes were applied in a 4- 
year study. Water variables occupied main plots; bluestem collections 
occupied subplots; and harvest variables occupied sub-subplots in a 
split-split-plot design with three replications. Main plots, 8.5 by 
12.8 m, were leveled and bordered to contain all precipitation and 
irrigation water. In 1969, greenhouse-grown seedlings were trans- 
planted into 4-row plots at 50- by50-cm spacings. Data were collected 
from the 2-center rows. 

Water regimes were: W, (precipitation only), W, and W, (10 and 
20 cm of water, respectively, applied when 20 cm of water had been 
depleted from the upper 180 cm of the soil profile). Soil water was 
measured monthly, using the neutron scattering technique, at 20-cm 
increments to a 360-cm depth. Growing season precipitation, irri- 
gation water applied, soil water depletion, and total water use are 
presented in Table 1. Growing season precipitation was near average 
in 1973, and above the long-time average in the other seasons. The 
high negative soil water depletion (accretion) in1974 resulted from the 
seasonal rainfall coming too late for utilization by the grasses. The 
three harvesting treatments were: H, (one clipping in November); 
H, (two clippings in mid-July and November); and H, (three clippings 
in June, August, and November). At the first clippings of H, and I-I,, 
and the single clipping of Hi, half of the growth was removed. Sub- 
sequent clippings of the H, and H, treatments were at the heights of the 
initial clippings. Forage samples were oven-dried at 65OC, and forage 
yields are reported on the oven-dried basis. 
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Table 1. Growing season precipitation (cm), irrigation (cm), soil water 
depletion (cm), and seasonal water use (cm) by cane bluestems under 
three water regimes. 

Year Water input 

Water regime 

WI w2 W3 

1971 Precipitation 43.7 
Irrigation 0.0 
Soil water depletion1 6.8 
Total water use 50.5 

43.7 43.7 
40.0 80.0 

- 10.3 - 14.0 
73.4 109.7 

1972 Precipitation 44.3 44.3 44.3 
Irrigation 0.0 52.0 83.0 
Soil water depletion1 5.6 2.3 -1.1 
Total water use 49.9 98.6 126.2 

1973 Precipitation 37.7 37.7 37.7 
Irrigation 0.0 20.0 40.0 
Soil water depletion1 21.7 21.8 22.1 
Total water use 59.4 79.6 99.8 

1974 Precipitation 48.7 48.7 48.7 
Irrigation 0.0 30.0 60.0 
Soil water depletion1 -25.3 -23.3 -25.5 
Total water use 23.4 55.4 83.2 

Average annual water use 45.8 76.8 104.7 

Total soil water to 360 cm in March less that present in November. 

Total nitrogen (N) was determined by the Kjeldahl method (modi- 
fied to include nitrate) and multiplied by 6.25 to estimate crude protein 
(protein). Forage was wet-ashed (Wolf 1944) and total phosphorus (P) 
was determined calorimetrically (Watanabe and Olsen 1965). Aver- 
age protein and P concentrations listed in tables and reported in the text 
were calculated from forage, protein, and P yields. 

Yields from the first harvests of all three harvest regimes 
(Table 3) showed that, regardless of water treatments, the three 
selections made about 20% of their seasonal growth by mid- 
June; 30% between mid-June and mid-July; and 50% after mid- 
July. When harvested in July and November, unirrigated treat- 
ments produced about 40% and irrigated treatments produced 
about 50% of their seasonal growth by mid-July. When harvest- 
ed in June, August, and November, unirrigated treatments made 
about 20% of their seasonal growth by the June harvest; 40% 
between the June and August harvests; and 40% after the August 
harvest. With irrigation, proportions of seasonal growth during 
the respective periods were 25, 62, and 13%. As compared to 
irrigated conditions, bluestems grown under natural rainfall 
made a higher proportion of their seasonal growth and made 
more total growth late in the season (irrigated: 1 .O tons/ha; un- 
irrigated: I .5 tons/ha). Thus, when water was adequate, cane 
bluestem grew most between mid-June and late August. If water 
was not available at that time but was available later, they grew 
more later in the season. This flexibility in growth patterns 
should be considered in management of the cane bluestems and 
in evaluation of their potential. 

Forage Quality 

Soil tests were made each year and fertilizer was applied to obtain 
vigorous plants and good grass growth. In 1969, 1970, and 197 1, 
16-20-o fertilizer was applied. Rates of N and P,O, were, respective- 
ly, 100 and 125 kg/ha in 1969, and 200 and 250 kg/ha in 1970 and 
197 1. In 1972 and 1973, since soil tests indicated that only N was re- 
quired, ammonium nitrate was applied at 200 kg N/ha. No fertilizer 
was applied in 1974. Fertilizer was applied in a single spring appli- 
cation in 1969. In later years, half the fertilizer was applied in April or 
May, and the other in July. 

Results and Discussion 

Forage Yield 

Forage of the cane bluestem selections contained about 10% 
protein and 0.22% P in mid-June. At the end of the season, 
protein levels had declined to 4.4% in H, and to 7.3% in H,. 
Phosphorus concentrations had declined to 0.12 and 0.18% on 
H 1 and H,, respectively (Table 3). Of the three variables studied 
(selections, water regimes, and harvest regimes), harvest re- 
gimes had greatest effects on protein and P concentrations. Both 
protein and phosphorus concentrations were inversely related to 
the age of the forage. Three cuttings per season produced 6.1 
tons/ha of forage containing 8.3% protein and 0.16% P; two 
cuttings produced 7.4 tons/ha of forage containing 7.0% protein 
and 0.17% P; and a single harvest produced 7.8 tons/ha of 
forage containing 4.4% protein and 0.12% P. 

Average annual yields were 8.6, 6.7, and 5.9 metric tons/ha Forage protein levels were inversely related to the amounts of 
(tons/ha) for the three selections, G-820, G-866, and PMT-333, water applied. Also, P was slightly higher on the dry treatment 
respectively, (Table 2). Without irrigation, G-866 and G-820 than on the watered treatments. The dry treatment produced 3.8 
outyielded PMT-333. However, under both irrigation treat- 
ments, G-820 outyielded both G-866 and PMT-333. Average 

tons/ha of forage that contained 7.39% protein and 0.16% P; the 

annual forage yields on the lower irrigation level were twice 
intermediate treatment produced 8.8 tons/ha of forage that 
contained 6.49% protein and 0.16% P; and the wettest treatment 

those on the unirrigated treatment and equal to those on the produced 8.6 tons/ha of forage that contained 5.97% protein 
higher irrigation level. The cane bluestems responded to moder- and 0.15% P. The reduced levels of protein and P with the 

ate levels of irrigation but additional water did not further 
increase yields. Two harvests per season gave almost as much 
forage as a single harvest, while yields tended to decrease when 
plants were clipped three times. 

Table 2. Forage yields (metric tons/ha) and forage protein and phosphorus contents (%) of three cane bluestem s&ctions under three water levels and 
three harvest regimes, XVI-1974. 

G-366 G-820 PMT x 333 

Treatment Yield Protein Phosphorus Yield Protein Phosphorus Yield Protein Phosphorus 

Water levels 
Wl 4.6 c’ 7.72 .I64 4.1 c 7.13 .175 2.8d 7.19 .142 
w2 8.0b 6.53 .148 10.9 a 6.58 .167 7.3b 6.30 .148 
w3 7.5b 6.02 .144 10.8 a 5.96 .158 7.6b 5.92 .149 

Harvest regimes 
HI 6.8 c 4.58 .109 10.3 a 4.44 .129 6.4~ 4.27 .I08 
Hz 7.oc 6.96 .159 8.6b 7.23 .I78 6.2 cd 6.84 .160 
H3 6.2 cd 8.45 .185 6.8c 8.34 .201 5.0d 8.14 .182 

Mean 6.7 B’ 6.61 .150 8.6A 6.41 .164 5.9c 6.27 .147 
_~~ ___~______._ ~ 

I values followed by the same letter are not significantly different at the 5% probability level. Small letters are used for means of individual treatments and Capital letters for 

overall means of selection. 
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Table 3. Mean forage yields (metric tons/ha) and forage protein and phosphorus contents (%) of three cane bluestem selections at harvest dates under 
three harvest regimes (H) and three water levels (W), 1971-1974. 

Harvest regime 
and month Yield 

HI 
N&. 3.6d’ 

Hz 

Wl w2 w3 Mean 

Protein Phosphorus Yield Protein Phosphorus Yield Protein Phosphorus Yield Protein Phosphorus - 

5.60 .I31 9.8a 4.42 .116 10.1 a 4.03 .114 7.8A’ 4.43 .117 

July 
Nov. 

Total 

H3 

June 
Aug. 
Nov. 

Total 

1.7 8.87 .188 4.8 8.89 .215 4.5 7.65 .183 3.7 8.38 .198 
2.6 6.36 .147 4.5 5.62 .131 4.0 5.34 .136 3.7 5.69 .I37 

4.2d 7.34 .I63 9.3 ab 7.31 .175 8.4b 6.56 .161 7.4A 7.03 .167 

0.6 12.42 .225 1.8 9.19 .208 1.7 9.63 .217 1.4 9.85 .214 
1.4 10.34 .209 4.4 7.86 .181 4.6 7.53 .183 3.5 8.05 .I86 
1.5 7.00 .171 1.0 8.16 .178 1.0 7.05 .180 1.2 7.35 .177 

3.6d 9.23 .195 7.2~ 8.23 .187 7.3 c 7.96 .191 6.1 B 8.32 .I58 
Mean 3.8B 7.39 .I63 8.8A 6.49 .156 8.6A 5.97 .151 
’ Values followed by the same letter are not significantly different at the 5% probability level. Small letters are used for means of individual treatments and capital letters for overall 

means. 

higher water regimes were probably caused by the diluting 
effect of increased growth. The reduction in protein level 
between W, and W, was not associated with increased growth. 
Possibly, the extra water of the W, treatment leached some of 
the applied N below the root zone. 

Selection G-866 had the highest protein concentration, and 
G-820 had the highest P concentration (Table 2). Selection 
G-866 produced 6.7 tons/ha of forage that contained 6.6% 
protein and 0.15% P; G-820 produced 8.6 tons/ha of forage that 
contained 6.4% protein and 0.16% P; and PMT-333 produced 
5.9 tons/ha of forage containing 6.3% protein and 0.15% P. 

Minimum requirements for beef cows nursing calves (Nation- 
al Research Council 1970) are 9.2% protein and 0.22% P. The 
protein requirement for nursing cows would be adequate if the 
three cane bluestem selections were harvested in June. Phos- 
phorus levels were almost adequate at the June harvest and 
decreased as the season progressed. Protein and P levels in 
November-harvested forage from the H 1 and H, harvest regimes 
did not meet minimum requirements for dry cows. Thus, 
supplements would be needed for fall and winter utilization of 
cane bluestem. 

intermediate water level. Those for W 1 and W, were similar but 
lower. Because the extra 10 cm of water/irrigation applied in 
W, (as compared with W,) did not increase yields, we con- 
cluded that lo-cm irrigations were sufficient and that the 
additional water was excess to the needs of the plants. If the 
timing of irrigation was satisfactory to keep plants growing 
rapidly, then the average annual water use on W, (76.8 cm) was 
sufficient for maximum yields of these cane bluestems under the 
uniform fertility imposed. 

One or two clippings per year (H, and HZ) allowed similar 
water-use efficiencies, but three clippings per year (H3) reduced 
efficiencies relative to the other two harvest treatments. the 
reduction in efficiency on H, was due to reduced yield rather 
than to increased water use. 

Comparison with Switchgrass 

Water Use and Water-Use Effkiency 
Water use data are given in Table 1 and water-use efficiencies 

are presented in Table 4. The three cane bluestem selections had 
similar total water use. Thus within water regimes, water-use 
efficiencies were proportional to forage yields, and the three 
selections had the same ranking in water-use efficiency as in 
yield. Highest water-use efficiencies were obtained under the 

Table 4. Water-use efficiency (kg/ha/cm) of three cane bluestem selections 
under three water levels and three harvest regimes, l!I71-1974. 

Both the yield and quality of the cane bluestems compared 
favorably with those of switchgrass (Panicurn virgatum L.) 
grown in a similar experiment at Big Spring. Without irrigation, 
the highest yielding switchgrass selection (G-300) produced 2.7 
tons/ha of forage containing 7.8% protein and 0.18% P; and 
with full irrigation (Ws), it produced 8.2 tons/ha of forage 
containing 7.4% protein and0.17% P (Koshiet al. 1977). In this 
study, without irrigation, cane bluestem collection G-820 
produced 4.1 tons/ha of forage containing 7.1% protein and 
0.18% P. With intermediate irrigation, it produced 10.9 tons/ha 
of forage containing 6.6% protein and 0.17% P. Thus, cane 
bluestem out-produced switchgrass under both dryland and 
irrigated conditions. Also, cane bluestem yield was maximum 
on the intermediate water level, while that of switchgrass was 
maximum on the highest water level. These comparisons 
indicate that the cane bluestems are as well or better adapted 
than switchgrass to drought conditions. 

G-866 G-820 PMT-333 Mean 

Water levels 
WI 96.2 b’ 87.0b 55.3 d 79.5 B 
w2 103.2 b 143.5 a 94.3 b 113.7 A 
w3 71.3c 101.7b 72.8 c 81.9 B 

Harvest regimes 
HI 86.2 bc 124.5 a 75.7cd 95.5 A 
Hz 97.0 b 119.2a 81.4bc 99.2 A 
H3 87.4 bc 88.5 bc 65.4d 80.4 B 

Mean 90.2B 110.7A 74.lC 91.7 

’ Averages followed by the same lower case letter are not significantly different at the 
5% probability level. Small letters are used for means of individual treatments and 
capital letters for overall means. 
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Overwinter Soil Water Recharge and Herbage 
Production as Influenced by Contour Furrow- 
ing on Eastern Montana Rangelands 

EARL L. NEFF AND J. ROSS WIGHT 

Highlight: On fine-textured range sites in southeastern Mon- 
tana, contour furrowing increased average overwinter soil water 
recharge 11 mm on a saline-upland range site and 39 mm on a pan- 
spot range site. Increased recharge resulted from decreased late 
&II and early spring runoff and increased snow accumulation. 
Overwinter recharge was a function of both antecedent soil water 
and the amount of water available for recharge. Herbage produc- 
tion was significantly (r = 0.89) related to spring soil water 
content. 

Soil water is limited in fine-textured range soils of eastern 
Montana and other areas because of low infiltration rates and 
low precipitation. Mechanical treatments, like ripping, pitting, 
and contour furrowing, have been used to increase rangeland 
soil water recharge by creating additional surface storage, 
decreasing runoff, and providing a longer time for infiltration 
(Branson et al. 1966; Wight and Siddoway 1972; Neff 1973; 
Soiseth et al. 1974; Wight 1976). Snowfall comprises about 
20% of the average annual precipitation in eastern Montana 
while snowmelt accounts for about 50% of the average annual 
runoff and is a major source of water for filling stockponds and 
reservoirs (Wight et al. 1975). However, the role of overwinter 
precipitation in soil water recharge is not well understood. 

The results and data presented in this paper are part of a co- 
operative study between the Agricultural Research Service, 
U.S. Department of Agriculture, and the Bureau of Land 
Management, U.S. Department of the Interior, conducted from 
1967 through 1974 to evaluate the vegetational and hydrologic 
effects of contour furrowing on fine-textured rangeland soils in 
southeastern Montana. 

Authors are research hydraulic engineer and range scientist, respectively, U.S. Depart- 
ment of Agriculture, Agricultural Research Service, Northern Plains Soil and Water 
Research Center, Sidney, Montana 59270. 

The report is a contribution from the Western Region, Agr. Serv., U.S. Dep. Agr., in 
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Study Area 

This study was conducted about 29 km south of Ekalaka, Mont., on 
panspot and saline-upland range sites characterized by impervious, 
saline-sodic soils with low forage productivity. Soils in the panspot 
range sites were in the Bascovy and a phase of the Bickerdyne soil 
series with the taxonomic classification of fine, or very fine, mont- 
morillonitic borollic vet-tic camborthids. Soils in the saline-upland 
range site were in the Dilt series with the taxonomic classification of 
clayey, montmorillonitic, acid, frigid, shallow ustic torriorthents. The 
climate at the research site is arid to semiarid continental with cold, 
relatively dry winters and warm summers with the long-time average 
annual precipitation estimated to be about 250 mm. 

Methods 

Sixteen 0.8-ha watersheds were established in 1967, four on a 
saline-upland range site with an average slope of 3%, six on a panspot 
range site with an average slope of 5%, and six on a panspot range site 
with an average slope of 1%. Half of the watersheds at each site were 
left in their natural condition and half were contour furrowed using an 
Arcadia Model B fur-rower that constructed furrows about 50 cm wide, 
15 cm deep, with 150 cm between furrows. Measurements taken on 
each watershed included: surface runoff by a continuous water-stage 
recorder on a precalibrated H-type flume; snow water content at two 
locations with a Federal Snow Sampler; soil water in the 120-cm 
profile at two locations by the neutron-scattering method; and annual 
forage production by clipping at ground level and oven drying 
vegetation in eight randomly located 0.25 x 2 m-quadrats. Precipi- 
tation was measured at each site by a recording raingage network 
with an average area1 density of one raingage for each 4 ha. 

The “overwinter” period was defined as the time between the last 
soil water measurement in the fall, about October 1, and the first the 
following spring, about May 1. For ease in partitioning precipitation 
and runoff, we divided this period into three subperiods with different 
problems associated with data collection and interpretation. “Fall 
(between the fall soil water measurement and December 1) precipi- 
tation occurred as rain, as snow, and as rain plus snow with most of the 
fall runoff resulting from rain events. “Winter” (between December 1 
and the end of the initial snowmelt, usually between February 15 and 
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March 1) precipitation occurred only as snow, and winter runoff 
resulted entirely from snowmelt. “Spring” (between the end of the 
initial snowmelt and the first soil water measurement in the spring) 
precipitation occurred as rain, as snow, and as rain plus snow with 
runoff resulting from all. three precipitation forms. 

Snow drifting into the water-measuring flumes during the winter 
snow accumulation period and ice forming in and below the flumes 
and in the flume stilling wells during winter runoff prevented accurate 
measurement and made it necessary to estimate winter runoff. This 
estimate assumed no evaporation from the snowpack in the 7- to 
16day period between the date of measurement of the maximum snow 
accumulation and the date on which winter runoff began. For the 
untreated watersheds, it was assumed that winter runoff equalled the 
maximum snow water accumulation each year. This assumption was 
made because the soil was frozen during winter runoff each year, as 
evidenced by soil cores of concrete frost taken with the Federal Snow 
Sampler, and the infiltration rate of these soils, even when unfrozen, 
was about 5 mm/hour as measured by double-ring infiltrometers 
(Soiseth et al. 1974). Winter runoff from the contour furrowed water- 
sheds each year was assumed equal to the difference between the 
maximum snow water accumulation and the water storage capacity of 
the furrows, which at this study location averaged about 25 mm (Neff 
1973). 

In Table 1, the water available for recharge is equal to the sum of the 
fall precipitation, the maximum snow accumulation, and the spring 
precipitation minus the sum of the fall, winter, and spring runoff. The 
available soil water is the difference between the soil water measure- 
ment and the minimum soil water measured at any time during the 
period of record. This definition assumed that the minimum soil water 
measured during the period of record approximated the soil water 
holding capacity at wilting point. Recharge is the difference between 
the available water in the fall and the available water in the spring. 
Recharge efficiency is equal to the recharge divided by the water 
available for recharge, expressed as a percentage. 

Overwinter loss, or water not accounted for, was calculated by the 
water balance equation: 

L = (TAW - RO) - SWC (1) 

where L is overwinter loss; TAW is total available water (fall and 
spring precipitation + snow accumulation); RO is total runoff; (TAW 
- RO) is water available for recharge and SWC is soil water recharge. 
This loss represented evaporation from the soil, from the snow surface; 
and from the liquid water surface after snowmelt began, plus any trans- 
piration that occurred between the last soil water measurement in the 
fall and the first soil water measurement the following spring. 

Results and Discussion 

Contour furrowing affected the overwinter hydrology on both 
the saline-upland and panspot range sites, with greatest differ- 
ences occurring on the panspot sites (Table 1). Contour furrow- 
ing increased average overwinter recharge 11 mm (157%) on 
the saline-upland site and 39 mm (162%) on the panspot site. 
Higher infiltration rates on the panspot site were the primary 
reason for the relative recharge differences between the two 
sites. 

Over the 6-year period, contour furrowing increased the 
water available for recharge by decreasing fall and spring runoff 
about 17 mm and by increasing maximum snow water about 
20 mm on both range sites. Although contour furrowing in- 
creased snow water by 60%, it had no significant effect on 
winter runoff because of the water storage capacity of the 
fiu-rows. 

Annual herbage production on both contour furrowed and 
natural watersheds was related (r = 0.89) to spring available 
water by the relationship: 

Y = 6.96X - 9.07 (2) 

Table 1. Average site, overwinter hydrologic characteristics, and herbage 
yields on saline-upland and panspot range sites when treated by contour 
furrowing and when in natural condition. Average of winter years 196% 
69 to 1973-74, inclusive.) 

Watershed averages * 
Site and hydrologic 
characteristics 

Contour 
Natural furrowed 

Saline-upland 
Fall precipitation (mm) 
Fall runoff (mm) 
Fall soil water (mm) 
Max. snow water (mm) 
Winter runoff (mm) 
Spring precipitation (mm) 
Spring runoff (mm) 
Total runoff (mm) 
Water available for recharge (mm) 
Recharge (mm) 
Recharge efficiency (%) 
Loss (water not accounted for) (mm) 
Available spring soil water (mm) 
Herbage yield (kg/ha) 

Panspot 
Fall precipitation (mm) 
Fall runoff (mm) 
Fall soil water (mm) 
Max. snow water (mm) 
Winter runoff (mm) 
Spring precipitation (mm) 
Spring runoff (mm) 
Total runoff (mm) 
Water available for recharge (mm) 
Recharge (mm) 
Recharge efficiency (%) 
Loss (water not accounted for) (mm) 
Available spring soil water (mm) 
Herbage yield (kg/ha) 

55 
16 

475 
36 
36 
61 

59 
93 

5 
86 
33 

180 

58 
16 

324 
35 
35 
57 

6 
57 
93 
24 
29 
70 
41 

293 

55 
6* 

480 
54* 
30* 
61 

2* 
37* 

132* 
18* 
12 

115* 
48* 

327 

58 
1* 

342 
57* 
32 
57 

1* 
34* 

137* 
63” 
48* 
75 
91* 

724* 

1 * = values are significantly different (p = 0.10) from the natural watershed data. 

where Y is yield in kg/ha and X is spring available water in 
millimeters. Based on euation (2), the overwinter recharge 
accounted for about 50% of the increased herbage production 
due to contour furrowing on both the saline upland and the pan- 
spot sites. 

There were significant year-treatment interactions as a result 
of variable precipitation patterns among years, with both runoff 
and water loss directly related to precipitation amounts. Over- 
winter recharge was related (r = 0.8 1) to antecedent soil water 
as expressed by the fall soil water content and to water available 
for recharge by the multiple regression equation: 

Y = 80 - 0.22F + 0.32W (3) 

where Y is recharge, F is fall soil water, and W is water 
available for recharge; all in millimeters. Equation (3) has a 
standard error of estimate of 17 mm and is significant at the 5% 
level of confidence. Contour furrowing increased the water 
available for recharge about 40 mm on both the saline-upland 
and the panspot sites. Of this increase, 25 mm, about 60%, was 
contributed by the increase in snow water accumulation during 
the winter period. The relative contribution to water available 
for recharge by snow trapped in furrowed areas is highly 
variable from year to year. For example, in 1968-1969 and 
again in 1972-1973, increased snow water in the furrowed areas 
accounted for 100% of the difference between the water 
available for recharge on furrowed and that on natural water- 
sheds; whereas, on the panspot sites in 1971-1972 increased 
snow accumulation in furrows accounted for only 28% of the 
difference. From these data it can be concluded that snow 
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trapping characteristics of contour furrows is most important 
during years with low fall and spring precipitation and is less 
important during years of above-normal fall and spring pre- 
cipitation. 

For the 6-year period, contour furrowing significantly (p = 
0.10) increased snow water accumulation, spring available soil 
water, and soil water recharge and significantly decreased total 
runoff. Herbage yield was significantly increased only on the 
panspot range site. More specific interpretations of some of 
these data should be made with caution. Average annual spring 
and fall runoff amounts for the study period may be biased 
because spring precipitation was 380% of the longtime average 
in 1970, fall precipitation was 320% of longtime average in 
1970, and 420% of longtime average in 197 1. These high 
precipitation periods resulted in above-normal runoff that may 
have biased the short-term 6-year records by indicating higher 
runoff from both contour and natural watersheds than would be 
expected under either more nearly normal precipitation con- 
ditions or a longer, more representative study. 
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Seasonal Variation in Chemical Characteris- 
tics of Soil Organic Matter of Grazed and 
Ungrazed Mixed Prairie and Fescue Grassland 

J. F. DORMAAR, A. JOHNSTON, AND S. SMOLIAK 

Highlight: At Manyberries and Stavely, Alberta, Mixed prairie 
and Fescue Grassland ranges were grazed at various intensities for 
19 and 22 years, respectively. In 1973,13 chemical characteristics 
were determined on the organic matter developed in the soils of the 
ungrazed and heavy grazed treatments at the two locations. 
Samples were taken in spring, summer, autumn, and winter. 
Organic matter characteristics at both locations were closely 
associated with seasonal fluctuations and grazing-induced pres- 
sures; therefore, the time of sampling and the type of management 
before sampling soils should be defined in range studies. The 
results further emphasize the fragility of the equilibrium under 
which the organic matter of the soil of heavily grazed Mixed 
prairie at Manyberries forms and exists. 

Scientific management of rangelands must consider the 
importance of the soil, which is the source of mineral elements 
for the primary producers in the range ecosystem. One method 
of studying the influence of grazing on range soils is to assess 
the chemical characteristics of soils of ungrazed and grazed 
rangeland. 

The effects of grazing on Mixed prairie soils in Alberta were 
assessed after 19 years of continuous summer use by sheep 
.-I_ - 
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(Smoliak et al. 1972). Analyses of soil under heavy grazing (1.7 
ha/animal unit month) showed lower values for pH and percent 
spring moisture, but higher values for total C, ethanol/benzene- 
extractable C, alkaline-extractable C, polysaccharides, and 
below-ground plant material than did analyses of soils under no 
grazing. Results were attributed to change in kinds and amounts 
of roots due to species change caused by grazing and to 
increased amounts of manure deposited by sheep on the heavily 
grazed fields. 

Grazing of Fescue Grassland range by cattle for 17 years led 
to edaphic change (Johnston et al. 197 1). Soil of a very heavily 
grazed field (0.2 ha/AUM), compared to that of a lightly grazed 
field (0.8 ha/AUM), was transformed to a soil characteristic of a 
drier microclimate. 

Chemical parameters of the soil vary throughout the season. 
This has been shown for humification (Jacquin and Merlet 
1975) and for such characteristics as organic-C (Sauerlandt and 
Tietjen 197 1), total organic-P (Dormaar 1972)) carbohydrates 
(Oades and Swincer 1968), and N-NH4, humic acid, fulvic acid, 
and saccharase (Bauzon et al. 1974). Hofman and Appelmans 
(1975) showed a seasonal variation for aggregate stability; 
changes in composition and distribution of the soil organic 
matter were identified as one of the factors responsible for the 
variation. 
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Changes in some characteristics of soil organic matter due to 
grazing (Johnston et al. 197 1; Smoliak et al. 1972) were such 
that a more detailed examination was desirable. The purpose of 
this study was to assess seasonal ‘variation in a number of 
chemical characteristics of the organic matter of soils in 
ungrazed and heavily grazed Mixed prairie and Fescue Grass- 
land ranges. 

Materials and Methods 

The study was conducted at two locations: 
a) Agriculture Canada Research Substation, Manyberries, Alta. 

Vegetation is typical of the Stipa-Bouteloua faciation of the Mixed 
Prairie Association (Coupland 196 1); the soil is a member of the 
Brown Solod Subgroup of the Solonetzic Order; climate is semiarid; 
and annual precipitation averages about 310 mm. 

b) Agriculture Canada Research Substation, Stavely, Alta. Vege- 
tation is typical of the Fescue Grassland Association (Coupland and 
Brayshaw 1953); the soil is a member of the Orthic Black Subgroup of 
the Chemozemic Order; climate is dry subhumid; and annual precipi- 
tation averages about 500 mm. 

In 1973, two sampling sites were selected at each location with three 
plots at each sampling site. At Manybenies, the sites were in an un- 
grazed exclosure protected since 1928 (Smoliak 1974) and in an 
adjacent field that had been heavily grazed (1.7 ha/AUM) by ewes 
with lambs during the period May 1 to November 1 from 1951-69, 
inclusive. At Stavely, they were in an ungrazed exclosure, protected 
since 1949, and in an adjacent field, heavily grazed (0.2 ha/AUM) by 
cows with calves since 1951. (The field at Stavely was grazed from 
May 15 to November 15 until about 1962; after that, because of 
deterioration of cover, the grazing season varied from about 2.5 to 5 
months.) At each study site, the percent basal area of vegetation was 
determined by the vertical point method and root weight in the top 
15 cm of soil was determined from 10 cores (7 cm in diameter). 

The Ah horizon was sampled within five subplots in each of the 
three plots on each study site in spring, summer, autumn, and winter, 
1973. Immediately after sampling, the subplot samples were bulked 
and stored at 4°C. Samples were dried and ground to pass a l-mm sieve 
and were analyzed for soil organic matter. 

Total organic C, total N, ethanol/benzene-extractable C (solvent- 
extractable C), and chelating resin-extractable C (resin-extractable C) 
were determined on the whole soil. Also total ash, C, and N, total and 
carboxyl acidity, and infrared spectra were obtained on dialized, resin- 
extractable humic substances (Dormaar 1973). ‘Hydroxyl’ acidity was 
obtained by subtracting cat-boxy1 from total acidity. Assignments of 
the various bands in the i.r. spectra were obtained from Avram and 
Mateescu (1972). The data were subjected to an analysis of variance 
and discussion of significance is based on the 5% level of probability. 

Results and Discussion 

All characteristics of organic matter, except for the C 
content of the humic substances, differed significantly between 
the two locations. Treatment differences were always signifi- 
cant. The location x treatment interaction was not significant 
for the solvent- and resin-extractable organic matter and the 
carboxyl acidity of the extracted humic substances. However, 
since the soils were subject to widely different hydrothermal 
regimes, the two locations will be discussed separately before 
comparisons are made between them. 

Manyberries 

Vegetation 

Percent basal area of vegetation differed on the ungrazed and 
heavily grazed study sites (Table 1). Bouteloua gracilis domi- 
nated the heavily grazed site whereas Stipa comata dominated 
the ungrazed site. Selaginella densa increased considerably 

Table 1. Percent basal area of vegetation on study sites at Manyberries, 
Alta., 1969. 

Study sites in 1969 by grazing treatments 

Species Ungrazed Heavily grazed 

Agropyron smithii 1.3 0.7 
Bouteloua gracilis 0.3 3.6 
Stipa comata 2.2 0.7 
Other grasses 1.4 1.1 

Carex spp. 0.4 1.1 

Artemisia frigida 0.2 0 
Phlox hoodii 0.2 0.1 
Selaginella densa 9.6 26.0 
Other forbs and shrubs 0 0.3 

with grazing intensity. The change in vegetation was accom- 
panied by a change in dry matter (DM) of the root mass in the top 
15 cm of soil in each study site, which averaged 15.0 t DM 
toots/ha on the ungrazed site and 24.0 t DM roots/ha on the 
heavily grazed site. 

Soils 
Grazing treatment significantly affected all characteristics 

examined except the ash content and the C/N ratio of the humic 
substances (Table 2) when considered over all seasons. The 
time of sampling significantly affected all characteristics ex- 
amined although the trend was not always the same for each 
characteristic. All the interactions between season and grazing 
treatment were significant. 

Table 2. Characteristics of the organic matter of Ah horizons of heavily 
grazed (HG) and ungrazed (UG) Mixed prairie at Manyberries, Alta. 
(Average of 3 samples.) 

Characteristic 
measured 

Spring Summer Autumn Winter 

HG UG HG UG HG UG HG UG 

Soil 
Total C (%) 1.96 1.09 1.14 0.99 1.55 1.19 2.83 2.19 
Total N (%) 0.12 0.11 0.10 0.11 0.15 0.13 0.22 0.18 
C/N 16.3 9.9 11.4 9.0 10.3 9.2 12.9 12.2 
Extractable C 

Solvent* 3.85 2.75 3.49 2.86 3.78 2.76 3.99 3.96 
Resin* 21.7 25.7 28.9 34.1 22.3 26.8 17.5 20.0 

Resin-extractable humic substances 

Ash (%) 36.6 37.3 39.3 38.3 41.7 42.8 38.7 34.9 
Total C (%) 49.1 46.2 48.9 45.7 48.1 45.6 48.2 46.3 
Total N (%) 3.11 3.04 3.54 3.47 4.42 3.92 2.98 2.89 
C/N 15.8 15.2 13.8 13.2 10.9 11.6 16.2 16.0 
Acidity (meq/g) 

Total 6.97 5.42 9.80 12.35 7.58 7.78 7.33 5.72 
Cat-boxy1 2.72 2.60 2.44 2.46 2.98 2.93 2.86 2.69 
‘Hvdroxvl’ 4.25 2.82 7.36 9.89 4.60 4.85 4.47 3.03 

1710/1620 cm-1 0.79 0.73 0.69 0.63 0.92 0.72 0.88 0.74 
- ______-_________ -~- - 

* Solvent-extractable C = ethanol/benzene-extractable C as percent of total C. 
Resin-extractable C = chelating resin-extractable C as percent of total C. 

Total C and solvent-extractable C were higher in soil of the 
heavily grazed field than in the soil of the ungrazed field, thus 
confirming our earlier finding (Smoliak et al. 1972). The resin- 
extractable C, on the other hand, was higher in soil of the 
ungrazed field than in soil of the heavily grazed field. The 
earlier study used O.lN NaOH as the extracting agent. It has 
been noted that the humic substances extracted by chelating 
resin were more condensed than those removed by alkali (Ortiz 
de Serra and Schnitzer 1972). 

Since the total C of soil of the heavily grazed field was higher 
than that of soil of the ungrazed field, it may be concluded that 
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the quality of the organic matter changed due to grazing Table 4. Characteristics of the organic matter of ‘Ah horizons of heavily 
treatment. Smoliak et al. (1972) showed that changes in C grazed (HG) and ungrazed (UG) Fescue Grassland at Stavely, Alta. 
content were due to changes in amount and kind of roots and to (Average of 3 samples.) 

increased amounts 
grazed field. The 

of manure deposited by sheep on the heavily 
chemistry of the roots contributes to the 

chemistry of the humic substances as well (Lutwick and 
Dormaar 1976). This contribution will be accentuated by the 
change in root mass due to grazing. 

Absorption increased in the region of 1,550 to 1,5 IO/cm of 
the i .r. spectra of organic matter in soil of the heavily grazed 
field. This region is assigned to NH (amide II) deformation 
vibration of s&ondary, non-cyclic amides such as N-alkyl- 
amides of aliphatic acids, although Becher (1956) regards the 
amide II band as having more C-N than NH character. Since 
changes in organic matter characteristics were, in part, attrib- 
uted -to increased amounts of manure deposited by sheep 
(Smoliak et al. 1972)) a closer examination of the effect of sheep 
manure added to the soil may be in order since amides have 
extensively studied in urea derivatives (Becher 1956). 

been 

These results emphasize the fragility of the equilibrium under 
which the organic matter of the soil of heavily grazed Mixed 
prairie forms and exists. The organic matter of the Manyberries 
soils is inherently low and seems to have little resistance to 
ecological changes. The slightest pressure, be it man-induced or 
climatically induced, sets off an immediate change within the 
soil organic matter system . In this context, it should be noted 
that the organic matter of Brown Chernozemic soils from the 
same general vicinity was much less resistant to biological 
decomposition than that of Black Chemozemic soils (Dormaar 
1975). 

Stavely 

Vegetation 
Percent basal area of vegetation differed on the ungrazed and 

heavily grazed study sites (Table 3). Festuca scabrella domi- 
nated on the ungrazed study site but was essentially eliminated 
fi-om the heavily grazed study site. Secondary plants-“Other 
grasses” and “Other forbs and shrubs” (Table 3)-were more 
abundant on the heavily grazed site than on the ungrazed site. 
The change in vegetation was accompanied by a change in root 
mass in the top 15 cm of soil at each study site and averaged 
17.2 t DM roots/ha on the ungrazed site and 25.3 t DM roots/ha 
on the heavily grazed site. 

Soils 
Grazing did not significantly affect the total C or N contents, 

the C/N ratio of the soil, or the C content and carboxyl acidity of 
the humic substances (Table 4), which would indicate a stable 

Table 3. 
1973. 

Percent basal area of vegetation on study sites at Stavely, Alta., 

Study areas in 1973 by grazing treatments 

Ungrazed Heavily grazed 

0.3 1.3 
2.3 2.3 
1.0 2.2 

14.1 0.1 
0.1 0.5 
0.7 3.5 

Characteristic 
measured 

Spring Summer Autumn Winter 

HG UG HG UG HG UG HG UG 

Soil 
Total C (%) 10.10 9.23 8.24 7.15 8.99 8.05 10.70 11.70 
Total N (%) 0.86 0.68 0.69 0.64 0.74 0.66 0.99 0.92 
C/N 11.7 13.6 11.9 11.2 12.1 12.2 10.8 12.7 
Extractable C 

Solvent* 3.18 2.26 3.12 2.73 3.17 3.07 4.10 3.95 
Resin* 32.6 39.2 38.9 39.1 34.9 36.5 28.0 34.4 

Resin-extractable humic substances 
Ash (%) 18.9 24.7 19.2 24.3 19.6 25.8 18.5 25.3 
Total C (%) 47.7 47.0 47.3 46.8 46.7 45.6 49.7 48.1 
Total N (%) 3.74 3.37 3.89 3.59 3.92 3.64 2.91 2.80 
C/N 12.8 13.9 12.2 13.0 11.9 12.5 17.1 17.2 
Acidity (meg/g) 

Total 6.12 6.07 9.17 7.18 7.36 7.08 6.62 6.46 
Carboxyl 2.91 2.84 2.78 2.54 3.01 2.97 3.34 3.15 
‘Hydroxyl’ 3.21 3.23 6.39 4.64 4.35 4.11 3.28 3.31 

1710/1620 cm-r 1.05 1.07 0.87 0.87 1.05 0.97 1.10 1.09 

* Solvent-extractable C = ethanol/benzene extractable C as percent of total C. 
Resin-extractable C = chelating resin-extractable C as percent of total C. 

equilibrium of the organic matter. Except for the ash content of 
the humic substances, all chemical characteristics varied sig- 
nificantly among the seasons, even though the trend was not 
always the same for each characteristic. Only the interactions 
between grazing and season for the C/N ratio and the ‘hydroxyl’ 
acidity of the humic substances were significant. 

Since, for most characteristics, treatment x season was not 
significant, the single effects can be considered in more detail. 
The N content of the humic substances increased toward 
autumn, then decreased over winter, This fluctuation was 
probably the result of increased killed biomass over winter. A 
more detailed examination of winter ’ vs autumn levels of resin- 
extractable humic substances would be useful to determine the 
effect or participation of microorganisms on these humic 
substances. The total N of the soil, on the other hand, was high 
in winter and low in summer. Thus, mineralization mainly 
occurs early in the growing season. 

Johnston et al. (197 1) concluded that soil of the very heavily 
grazed field was being transformed into a soil characteristic of a 
drier microclimate. The i.r. spectra of the humic substances of 
the heavily grazed soil showed increased absorption near 2,920 
and 2,85O/cm (in-phase and out-of phase stretching vibrations 
of the H-atoms of the CHZ group of straight chain saturated 
alkanes) and increased absorption in the region of 1,550 to 
1,5 10 cm-‘. Dark Brown Chemozemic soils have more aliphatic 
CH2 and secondary, non-cyclic amides than Black Chemozemic 
soils (Lutwick and Dormaar 1976). The i.r. spectra thus support 
the conclusion of transformation to a drier microclimate due to 
grazing. 

A higher 1,700/l ,620 cm-’ ratio reflects higher carboxyl 
acidity. This relationship is supported by the actual carboxyl 
content of these materials. Carboxyl acidity was highest in the 
winter and lowest in the summer samples. This was partly the 
result of variation in decomposition of the organic matter and 
partly the addition of new root growth over the season. Total soil 
C and N also were highest in the winter and lowest in the 
summer samples. 
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Manyberries vs Stavely 

A number of the changes over the seasons were the same at 



both locations. However, the higher C and N contents in the 
winter were indicative of more incorporated organic matter, as 
most of the free roots were eliminated when samples were 
ground to pass a l-mm sieve before analyses. Bremner and 
Zantua (1975) have shown that significant enzyme activity 
occurs in soils below 0°C. It may be postulated that, in winter, 
the balance between formation of resistant organic matter and 
mineralization of organic matter favors the former. The decrease 
of total, carboxyl, and ‘hydroxyl’ acidity through the winter 
may be related to the observation (Yarkov 1956) of increased Ca 
linkages in humic substances over winter. This is supported by 
the decrease of resin-extractable organic matter over winter. 
Even though chelating resin is a good extractant for organic 
matter per se (Dormaar 1973), it may not be effective in 
breaking these Ca bridges. The enzyme activity could make an 
important contribution to the quality of soil organic matter over 
winter. 

The main difference between the two soils was in their 
reaction to long-term grazing pressures. The organic matter of 
the soil of the Stavely location, about ten times greater than that 
of the Manyberries location, generally responded to grazing 
pressures and seasonal pressures independently, while these 
two pressures interacted for the soil of the Manyberries location. 
The organic matter of the Manyberries soil was much more 
fragile in terms of its response to grazing-induced changes than 
the organic matter of the Stavely soil, despite the fact that the 
latter soil was being transformed to a soil characteristic of a drier 
microclimate. This may be an important consideration not only 
fi-om the point of view of range management, but also possibly 
of soil structure and source of mineral elements for the primary 
producers. 

The research presented does not answer the question as to the 
indispensability of organic matter of soils in terms of manage- 
ment of these ranges. It does indicate, however, that organic 
matter characteristics are closely related with seasonal fluctu- 
ations. Studies designed to further examine the indispensability 
of organic matter to the range should define at least the time of 
sampling and the type of management before sampling. 
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THESIS: TEXAS A&M UNIVERSITY 

The Botanical and Nutritive Composition of Winter Diets of Cattle Grazing Prairie 
on the Texas Gulf Coast, by Albert Johnson Durham, Jr., MS, Range Science. 1975. 

Four esophageally fistulated cows were used to determine botanical 
and nutritive composition of diets selected during the winter and 
spring by cattle grazing native prairie of the Texas Gulf Coast. Forage 
available to cattle included only warm-season perennial grasses and 
Macartney rose. Rattail smutgrass and brownseed paspalum were the 
most preferred species selected during the study, although they were 
minor components of the available forage. Crude protein and digesti- 
ble organic matter content of diets increased from lows in January to a 
high in late March as a result of cow selectivity. However, cow 
Equirements were not met by the forage until spring growth was 
initiated. Energy was not supplemented in sufficient amounts during 
winter and therefore was assumed to be the first limiting nutrient in 

cow diets. Daily intake of ranch cattle was calculated by comparing 
digestible energy content of the diet, based on in vitro digestible 
organic matter, with digestible energy requirements for known meta- 
bolic weight, activity, and production of cattle. Daily intake during the 
period January 9 to February 22, 1974, was inadequate as indicated by 
weight losses in cows and calves. Poor grazing distribution within 
pastures was mainly responsible for low intake levels. Daily intake 
reached normal levels of about 9.3 kg air-dry forage in late spring 
resulting in cow and calf weight gains. Management alternatives to 
correct nutritional deficiencies were aimed at increasing grazing 
distribution and improving supplementation to meet requirements of 
cattle for the period from mid-January to late February. 
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Comparison of Soil Water Used by a Sage- 

brush-Bunchgrass and a Cheatgrass Com- 
munity 

J. F. CLINE, D. W. URESK, AND W. H. RICKARD 

Highlight: Two contrasting plant communities occur on the 
Arid Lands Ecology (ALE) Reserve in south-central Washington, 
one dominated by a mixture of sagebrush and bluebunch wheat- 
grass and the other by a nearly pure stand of cheatgrass. At the 
beginning of the spring growing season in 1974, a year of above- 
average precipitation, both communities had about the same 
amount of soil water stored in the first 18 dm of the soil profile. 
During the growing season, the quantity of soil water used by the 
sagebrush-bunchgrass and cheatgrass communities was 15 and 
8 cm, respectively. The difference in soil water used by the two 
communities is attributed to a deeper root system and a longer 
growing period by plants of the sagebrush-bunchgrass com- 
munity. 

Two different self-sustaining plant communities occur on the 
Ritzville silt-loam soil on the Arid Lands Ecology (ALE) 
Reserve located in south-central Washington. One is dominated 
by perennial species, the other by annual species. Native stands 
of sagebrush-bluebunch wheatgrass (Artemisiu tridentutu- 
Agropyron spicatum) are dominated by perennials. Agricultural 
fields abandoned 30 years ago are composed mostly of alien 
annual species, especially cheatgrass (Bromus tectorum). 

The cheatgrass community occupies a gentle, east-facing 
slope located at an elevation of 305 m above mean sea level; the 
bluebunch wheatgrass occurs on comparable slopes at an 
elevation of 396 m. 

This investigation describes the pattern of water depletion 
fi-om soil profiles of the sagebrush*-bluebunch wheatgrass and 
cheatgrass communities during 1974, a year of above-average 
precipitation. 

Methods 
Soil samples for gravimetric moisture content were taken routinely 

to l-meter depth at l-decimeter increments between February and 
October, 1974, using a sand auger (National Research Council 1962). 
Centimeters of water contained in each increment of soil were obtained 
by multiplying the percent soil moisture by its bulk density. In April 
and October, sampling was done to 1.8 m to account for deep soil 
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water percolation induced by the unusually heavy precipitation during 
the 1974 growing season. 

To determine root mass (live + dead), four soil cores were taken to 
1.6-m depths as I-dm increments on each sampling date. Roots were 
separated from adherent soil particles by washing over a 0. l-m screen 
and by floatation. Roots were ashed at 550°C for 24 hours, and the 
results were reported as grams ash-free weight per m2. 

Results and Discussion 

The total precipitation in bluebunch-wheatgrass and cheat- 
grass communities during October to M&y of 197 1, 1972, 1973, 
and 1974 are shown in Table 1. Average precipitation for 197 1 
through 1973 was 15 cm in the cheatgrass community and 
17 cm in the bluebunch wheatgrass community. However, 
precipitation measured 3 1 and 36 cm between October 1973 
and May 1974 at the respective sites. 

Table 1. Precipitation (cm) (October-May) for 1971, 1972, 1973, and 
1974. 

Year Cheatgrass Sagebrush-bunchgrass 

1970-1971 17.3 21.4 
1971-1972 16.4 17.4 
1972-1973 11.5 12.9 
1973-1974 31.4 36.2 

Soil water accumulated during the months of October, 
November, December, January, and February and then steadily 
declined the remainder of the year, even though some precipi- 
tation was recorded during the spring and summer months (Fig. 
1). Total soil water in the upper 1.8 m of the profile was 
approximately the same in April for sagebrush-bunchgrass and 
cheatgrass communities, namely 29 cm and 30 cm of water, 
respectively. 

With the onset of warming spring temperatures and acceler- 
ated plant growth, soil water losses occurred through surface 
evaporation and through plant transpiration processes. Water 
loss was especially rapid in surface soil layers and less rapid 
deep in the soil profile (Fig. 1). Available soil water (i.e., less 
than - 15 bars) was depleted from the surface to a 2-dm depth by 
mid-May in both communities. In the cheatgrass community, 
available soil water persisted in the soil profile below 0.5 m 
after mid-July. However, soil water depletion continued in the 
bluebunch wheatgrass community. 
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Fig. 1. Comparison ofprecipitation (cm) andsoil water content (% dry weight) 
in cheatgrass and bluebunch wheatgrass communities, 1974. 

l-2 

2-3 
CHEAT GRASS COMMUNITY 

3-4 

4-5 

5-6 
BUNCHGRASS COMMUNITY 

6-7 

g 
E 7-8 

x 8-9 
d 
g 9-10 

10-11 

11-12 

12-13 

13-14 

14-15 

15-16 

0 100 200 300 400 500 600 

ROOT MASS (g/m21 

Fig. 2. Comparison of root mass (ash-free) expressed as g/m2 in the upper 
14 dm of the soil profile at the end of the 1974 growing season in cheatgrass 
and bluebunch wheatgrass communities. 

Through the summer, transpiration continued in the blue- 
bunch wheatgrass community by the perennial evergreen 
species such as big sagebrush, erigeron (Erigeron filifolius), 
and phlox (Phlox Zongifolia). Transpiration losses were not a 
factor in the soil water loss from the cheatgrass community 
because the plants die by mid-May. The cheatgrass community 
has most of its roots in the surface decimeter of soil and 
relatively few roots deeper in the profile as compared to the 
bluebunch wheatgrass community (Fig. 2). Two phenomena 
might explain the differences in water usage between perennial 
and annual plant communities other than total root biomass; 
they are: (1) longer active growth periods by the perennial 
plants, and (2) deeper penetration of functional roots. 

A different view of soil water distribution and precipitation in 
the two communities is shown in Figure 3. These data reveal 
that the bluebunch wheatgrass community was efficient at 
removing soil water from soil depths below 0.5 m, but the cheat- 
grass community was not. These data show that during years of 
above-average precipitation (i.e., 1973-1974) soil water at 
lower depths is not exploited by the annual plants of the 
cheatgrass community, but instead accumulates deeper in the 
soil profile. Conversely, during the drier years, soil moisture is 
depleted by annual plants in the upper 0.5 m and little soil 
moisture is available from the lower part of the profile, thus 
giving the competitive advantage to the cheatgrass community. 
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Fig. 3. Percent water in the soil profile within the bunchgrass and cheatgrass 
communities during the beginning and end of the 1974 growing season. 

The amount of soil water extracted by evapotranspiration 
during the growing season is presented in Figure 4. These data 
show that soil water use was similar in both communities in the 
upper 0.5 m of profile, but moisture exploitation between 0.5 
and 1.4 m depth was greatly pronounced in the bluebunch 
wheatgrass community. Approximately 15 cm of soil water was 
exploited by bluebunch wheatgrass as compared to only 8 cm by 
the cheatgrass. Most observers report that cheatgrass does not 
readily invade native perennial vegetation unless given an 
opportunity by some prior disturbance (Daubenmire 1970; 
Tisdale 1947; Stoddart 1946). However, once cheatgrass has 
become established, opinions differ as to how rast perennials 
regain dominance, Stewart and Hull (1949) reported that 
perennials have a good chance of regaining dominance in a 
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Fig. 4. Amount of soil water extracted (cm) by evapotranspirationfm the two 
communities during the growing season of 1974. 

cheatgrass community in areas where the annual precipitation 
exceeds 22.9 cm. Rummel ( 1946) found that cheatgrass 
seedlings are a superior competitor of seedlings of perennial 
plants; therefore, the seedlings of perennial plants must have a 
definite competitive advantage to survive. Stark et al. (1946) 
and Hull and Stewart (1948) showed that failure generally 
resulted whe~i perenrlial grasses were seeded into cheatgrass 
stands without seedbed preparation. 

The amount of time necessary for perennials to become 
established in a cheatgrass community varies. In Montana, 
Warg (1938) found that Sandberg bluegrass began to appear in 
fields abandoned 7 years, and after 10 years scattered individ- 
uals of bluebunch wheatgrass and Idaho fescue (Festuca 
idahoensis) became evident near the edges of fields. 
Hafenrichter (1942) in Idaho noted perennials were not able to 
invade cheatgrass swards on abandoned cropland even after 25 
to 30 years. Daubenmire ( 1975) observed abandoned fields in 
extreme southeastern Washington and found that cheatgrass 
resisted reinvasion by perennials despite an abundance of seeds 
of perennials. In other eastern Washington studies, Harris 
(1967) showed that after July, soil moisture was available to 
plants at the lower soil depths, but not at the upper levels. Deep 
soil moisture conditions favored the growth of established 
perennial plants; however, young plants were unable to invade 
an established cheatgrass sward. 

Conclusions 
Soil water use by a 30-year-old cheatgrass sward was com- 

pared with that of a native bluebunch wheatgrass community 
during the spring and summer of 1974. Total precipitation and 
soil-water storage was nearly identical in both communities at 
the beginning of the spring growing season. Plant growth was 
arrested in the cheatgrass community with the onset of summer 
and soil water stored below 0.5 m was not fully exploited. 
However, the plants of the bluebunch wheatgrass community 
exploited deep soil water throughout the summer months, and 
by October very little soil water remained in the soil profile. It 
was concluded that cheatgrass communities are efficient users 
of soil water at shallow depths but are inefficient at exploiting 
deeper soil water. This study illustrates through soil water 
utilization patterns that the invasion of deep-rooted perennial 
plants into a cheatgrass sward may be enhanced by years of 
above-average precipitation by fostering the storage of soil 
water below the effective rooting zones of cheatgrass. Once a 
deep-rooted perennial plant has successfully penetrated below 
0.5 m, it would be relatively free from root competition by 
cheatgrass and have a large supply of available soil water to 
exploit. 
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Soil Properties in Relation to Cryptogamic 

Groundcover in Canyonlands National Park 

EDGAR F. KLEINER AND K. T. HARPER 

Highlight: A comparative study was made of the soils of a virgin 
grassland and an adjacent grazed area in Canyonlands National 
Park. Soils from thevirgin sitewerefiner textured than thoseofthe 
grazed area, and the surface 5 cm contains a significantly lower 
amount of calcium. In addition, the surface 5 cm of the virgin site 
contains significantly greater amounts of phosphorus, potassium, 
and organic matter. Subsurface soils in the two parks are less dis- 
similar. Cryptogams on the virgin grassland appear to have an 
bnportunt influence on chemical characteristics of the surface 
5 cm of soil. The difference in surface soils between the parks may 
be related to the presence of these species. Data point strongly to 
light winter grazing us a disturbing influence that has contributed 
to the differences in the surface soil and in vegetational character- 
$tics between the sites. 

A comparative study of soil characteristics of a virgin grass- 
land (Virginia Park) and an adjacent grazed area (Chesler Park) 
within Canyonlands National Park, Utah, has been made. Until 
all grazing was terminated in 1962, Chesler Park had been 
relatively lightly grazed by cattle and horses for 3 or 4 months 
each winter for several decades. Virginia Park has never been 
utilized by domestic grazers due to lack of access. 

Canyonlands National Park, created in 1964 as the 32nd U.S. 
National Park, comprises 104,308 ha. The sites under investi- 
gation are part of the Needles section of Canyonlands, im- 
mediately south of the junction of the Green and Colorado 
rivers. Alternating red and cream-colored beds of the Cedar 
Mesa Sandstone were deposited during Permian times through 
the process of alternating exposure and inundation (Kunkel 
1960). 

Climate is semiarid to arid with a temperature range of 60°C. 
Annual precipitation is about 25 cm. Warm season rainfall 
constitutes from 55-X% of the total annual precipitation. 

The two study areas (parks) are separated by a narrow rock 
wall 0.4 km wide, hence climatic variations between them are 
minimized. Soils of both are believed to be derived from the 
same parent materials, and topographic differences between the 
park are slight. Both parks may be characterized as small valleys 
surrounded by high rock walls, and containing slightly dissected 
alluvial fans sloping from the walls (Fig. 1). The high park walls 

provide source material for continuous physical weathering. 
Virginia Park is 97 ha in area compared to 389 ha in Chesler. 

The most prevalent plant species in both parks is black lichen 
(Collema tenax). The I5 most prevalent plant species in 
Virginia Park, selected on the basis of constancy-times- 
frequency index (Curtis 1959), include seven cryptogams and 
eight herbaceous species. By contrast, seven species prevalent 
in Virginia Park are either absent or relatively insignificat in 
Chesler Park. 

Four major perennial grasses, galleta (Hilaria jamesii), 
needleandthread (Sfipa comata), Indian ricegrass (Oryzopsis 
hymenoides), and sand dropseed (Sporobolus cryprandrus), 



period. Temperatures were taken with a dial-type thermometer having 
a 61.cm steel stem, which was thrust into the soil to the desired depth 
and allowed to come to equilibrium. 

Significant environmental variables, including aspect, elevation, 
and percent slope, were recorded at each site. Soil samples were taken 
at thecenterofeach siteateachofthefollowinzdeoths: 15-30.4&61. 
and 7691 cm (612, 18-24, and 30-36 inches, respectively). 1; 

occupy high prevalence positions in both parks (Kleiner and addition, samples of the surface 5 cm (2 inches) of the soil profile were 

Harper 1972). Relative abundance of galleta is considerably 
collected at five different points within each sampling site and 

greater (47%) in Virginia than in Chesler Park; the other three 
combined. All samples were transported to the laboratory in sealed 

perennial grasses are more abundat in Chesler (35, IS, and 
plastic bags. Soil structure, color, amount of rock, intensity of 

131%, respectively). Although shrubs such as joint fir (Ephedm 
rooting, and depth to a consolidated layer were noted as the auger 

viridis), winterfat (Eurotia lanata), big sagebrush (Artemisia 
samples were removed from the profile. 

Paired soil samples were taken toevaluate theeffectof cryptogamic 

Floristically, Virginya Park is’tnuch richer than ehesler, in both 
vascular and ctyptogamic species. Vegetational boundaries are 
relatively sharp and distinct (Fig. 2), particularly in Virginia 
Park. 

trident&z), and pinyon-juniper (Colorado pinyon Pinus edulis 
and Utah juniper Juniperus osteosperma) do occur in the parks, 
thev occww an insizniticant mut of the total vezetative cover. 

Erosionally pedicelled grass bunches (Fig. 3) are character- 
istic of Chesler Park. By contrast, cryptogan-covered pedestals 
characterize the surface in Virginia Park (Fig. 4), occurring only 
occasionally in Chesler Park. Soils of both parks are classified 
as nonskeletal argids (U.S. Dep. Agr. 1975). Chesler Park 
soils, particularly near the surface, average about 10% more 
sand than those in Virginia Park. 

samples were taken as close together as possible and in no case more 
than 2 meters apart. All samples were taken from interspaces between 
vascular plants in order to minimize higher plant effects on character- 
istics of the soil. At each sampling point, the surface 2 cm of soil were 
removed from two dm* spots. At one of the dm* sampling spots of each 
pair, soil from the 2-5 cm depth was collected. 

CIUS~S in Virginia Park. Samples were obtained at points on which 
well-developed crusts occurred adjacent to spots that were almost 
devoid of cryptogamic life. At each of the six sites selected, the paired 

Methods 

A total of 60 sites (circular plots, each 50 mZ) were sampled in the 
two parks, 40 in Virginia and 20 in Chesler. Sites were selected 
subjectively, using homogeneity of environment (aspect and slope) 
and vegetation as the criteria for each location. Homogeneity of 
vegetation and environment within each stand was requisite in order to 
maximize comparative vegetational information, as well as associated 
soils and other environmental factors. An attempt was made to 
distribute sites uniformly throughout thetwoparks.This compensates, 
at least in part, for the lack of randomization of site selection. In 
addition, six paired samples of the surface soil were taken in Virginia 
Park to test the effect of cryptogamic (i.e. lichens and mosses) crusts 
on surface soil characteristics. 

All sampling, except for soil temperature, was completed during 
June and July, 1967. Soil-temperature readings were taken at the 
38.cm depth at three locations in each site on September 20, 1967. 
Distance and inaccessibility of the study areas precluded additional 
soil-temperature readings or continuous monitoring for an extended 

Soil texture was analyzed by the hydrometer method as described by 
Bouyoucos (1928). Bulk density was obtained by weighing a known 
volume of each soil sample. The pH was determined by preparation of 
a slurry consisting of a soil-water mixture in a ratio of 1: I and 
measurement with a glass electrode pH meter. Free carbonates were 
estimated from the degree of effervescence when 10% hydrochloric 
acid was added to the soil. Degree of effervescence was evaluated 
subjectively and ranked on a five-part scale. 

Calcium and potassium analyses were performed by flame 
photometry (Jackson 1958). Ions had heen previously extracted with 
0.2 N acetic acid. Organic matter was determined by the potassium 
chromate method (Jackson 1958). Soil phosphorus was analyzed 
according to a method developed by Goldenberg and Femandez 
(1966). Total nitrogen was estimated by means of micro-Kjeldahl 
digestion and a modified nesslerization procedure (Jackson 1958) on 
all samples except those taken to evaluate the effect of cryptogamic 
crusts on soil nitrogen. These latter samples were digested in the same 
manner, hut the ammonium was then distilled into boric acid and 
determined by back titration with sulfuric acid. 

In reporting results of chemical analyses of soil, the average of the 
surface t&5 cm of each profile is contrasted with the average of 
analyses from the IS- to 91-c” interval of the profile. Although 
calcrete is obviously involved in the lower depths, a comparison 
between the surface soil and lower depths as it relates to rooting 
characteristics of plants is necessary. Textural analyses ax reported as 
the mean of the 0- to 30-c” and the 30. to 91-c” intervals. Chemical 



Table 1. Comparison of coefficients of variation (CV) for 24 physical-chemical vaiiables associated with the sites studied in Virginia and Chesler Park. 

Depth Virginia Park Chesler Park 

Variable (cm) min. max. X cv min. max. R cv 
Altitude (m) 1 
Slqpe (%) 
Depth to prominent 

CaCO, zone 
Consolidated material (% by wt) 

n I, 

Bulk density (g/cc) 
0 R 

Sand (%) 
,I 

Silt (%) 
II 

Clay (%) 
,, 

Organic matter (%) 
Soil temperature on 9/20/67 (“C) 

tH 

Calcium’ 
I, 

Potassium’ 

Phosphorus’ 
II 

Nitrogen’ 

Average 

46-61 
76-9 1 

O-5 
15-91 
O-30 

31-91 
O-30 

31-91 
O-30 

31-91 
o-5 
38 

o-5 
15-91 
o-5 

15-91 
o-5 

15-91 
o-5 

15-91 
o-5 

1722 1732 1729 1 1701 1737 1709 1 
3 22 7.8 48 2 13 7 45 

38 
0 
0 
1.27 
1.13 

50.3 
43.6 
10.6 

6.6 
5.2 

.I8 
18.67 
7.35 
8.28 
2.03 

10.5 
.047 
.021 
.027 
.006 
.263 

* 76 94 30 * 73 103 
19 5.1 147 0 24.4 6.1 126 
34.9 11.8 89 0 28.6 10.2 110 

1.36 1.3 2 1.3 1.4 1.3 2 
1.3 1.2 3 1.2 1.35 1.3 3 

80.8 64 11 62.2 90.9 75 10 
85 63 18 55.1 91.2 72 14 
38 25 25 4.8 22.8 16 27 
51.2 23 40 4.1 28.6 16 44 
19.6 13 21 4.3 16 9 28 
22.3 15 30 3.7 19.9 12 41 

2.04 1.33 27 .68 1.15 .88 17 
20.67 19.83 1 19.5 21.17 20.28 1 

8.45 8.08 3 7.93 8.50 8.29 2 
8.96 8.47 2 8.33 8.58 8.46 1 

11.63 5.16 45 5.50 12.84 8.1 24 
26.58 17.35 24 9.39 24.96 17.98 29 

.242 .ll 46 .039 .I33 .08 25 

.272 .07 100 .024 .158 .06 67 

.168 .09 44 .015 .067 .05 20 

.056 .02 50 .005 .021 .Ol 33 

.83 .43 33 .205 .913 .46 35 

38 34 

*Compact layer not reached in some stands. 
’ mg/g soil 

and textural soil characteristics are compared by means of the t 
statistical test (Steel and Torrie 1966). 

All data concerning environmental and soil factors were subjected 
to the desired statistical tests with P < .05 for the limit of significance. 

Results 

Gross environmental characteristics vary little between 
Virginia and Chesler Parks (Table l), although the textural 
characteristics and the surface nutrient characteristics of the 
soils differ somewhat. In both parks the soils appear to have 
weathered from sand and siltstone beds of the same general 
strata of the Cedar Mesa Sandstone. Color is relatively uniform 
and ranges from light red to reddish brown to pink or dark cream 
in some deeper samples. Structure throughout is single grain. 
Profiles are rock-free except to the extent that a somewhat 
consolidated sandstone layer was reached in a few of the deeper 
samples. We were able, however, to obtain a soil sample at the 
76- to 9 l-cm depth in all stands except one. Rooting was 
generally good in the surface 30 cm and poor below. Differ- 

ences in percentages of sand and silt are highly significant 
between the parks (P < 0.001 at O-30 cm and P < 0.01 at 3 1-91 
cm). Bulk density and surface pH are also distinguishing 
physical characteristics (P < O.OOl), and temperature is signifi- 
cantly different as well (P < 0.01). Although soils in both parks 
are sandy loams on the basis of the proportion of sand, silt, and 
clay (U.S. Dep. Agr. 195 l), Chesler Park soils include signifi- 
cantly more sand (about 10%) and less silt than the soils of 
Virginia Park. Among chemical variables, calcium, phos- 
phorus, and organic matter are very significantly different 
(P < 0.001) in the surface soil of the two parks (Table 1). 
Potassium is different, but less significantly so (P < 0.01). The 
abundance of free carbonates in the surface soil was also found 
to differ significantly between the parks. 

There was no significant difference in total nitrogen between 
the surface soils of the two parks. This was unexpected, since 
organic matter in the surface soils did differ significantly. As we 
have shown elsewhere (Kleiner and Harper 1972), the differ- 
ence in surface organic matter appears to be related to loss of 

Table 2. Average values Of soil characteristics for sites with and without well-developed cryptogamic crusts in Virginia Park. 

Depth (cm) 

O-2 2-5 

Significance Significance 
Characteristics crust No crust of difference crust No crust of difference1 

Texture 
Sand (%) 54.8 59.2 NS 63.7 60.4 NS 
Silt (%) 33.3 25.5 * 25.6 23.3 NS 
Clay (%) 12.0 15.4 NS 10.7 16.3 ** 

Organic matter (%) 1.06 .96 NS .81 .69 NS 
PH 8.4 8.6 * 8.4 8.7 * 

Avail. phosphorus* .060 .058 NS .061 .054 NS 
Total nitrogen* .193 .438 * .278 .240 NS 

I ** = significant at the .Ol level of probability; * = significant at the .05 level of probability; NS = not significant. 
? mg/g soil. 
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cryptogamic crusts in the grazed park. Higher plant cover is 
almost identical in the two parks, but cryptogamic cover is 
over 7 times as abundant in the virgin as compared to the 
formerly grazed park (38% and 5%, respectively). Since 
significant differences were detected in the case of potassium 
and phosphorus, it seemed likely that the nesslerization pro- 
cedure employed in the nitrogen analyses was too insensitive to 
detect the small differences that might exist between parks. 

Data on Table 2 suggest that the nesslerization procedure was 
indeed insensitive. The distillation and back titration method for 
determination of nitrogen in microkjeldahl-digested samples 
demonstrates a significant difference in total nitrogen in surface 
soils (O-2 cm depth) with and without cryptogamic crusts. 

The results of Table 2 indicate that cryptogamic crusts do 
have significant impact on nitrogen and pH of the surface soil. 
The impact on organic matter is less marked but nevertheless 
detectable. 

Discussion and Conclusions 

Major differences between Virginia and Chesler Parks are 
exhibited among the surface soil characteristics. These charac- 
teristics may be related in part to the differences in cryptogamic 
cover between the two parks. It is known that cryptogamic crusts 
in the area in question are composed, in part, of blue-green algae 
and the lichen Collema, which consists of a blue-green alga 
living symbiotically with a fungus (Kleiner and Harper 1972; 
Snyder and Wullstein 1973). The evidence suggests that such 
crusts may play a more important role in the stability of desert 
grassland soils than has been generally recognized. Certainly 
the cryptogamic cover would tend to increase the stability of the 
highly erodable sandy soils of these grasslands during torrential 
summer rains and heavy wind storms. Many differences be- 
tween the two parks seem attributable to the protection against 
erosion that the cryptogamic cover of Virginia affords. For 
example, the widespread pedicelling of perennial bunchgrasses 
has been noted in Chesler, in contrast to very little pedicelling in 
Virginia Park. In the same vein, rapidly eroding secondary 
drainage channels cut far into the head of watersheds of Chesler 
while such channels are stable in Virginia. Lower organic 
matter, less available phosphorus, and higher calcium content 
of surface soils in Chesler may be explained in terms of slow 
sheet erosion and loss of the weathered and organically enriched 
few centimeters of surface soil. 

Soil texture is known to influence development of crypto- 
gamic crusts. The number of cryptogamic species and crypto- 
gamic cover is significantly higher on the finer texture sites even 
within Virginia Park (Kleiner and Harper 1972). Differential 
cryptogamic crust development in Virginia and Chesler Park 
may thus be partially related to inherent, small textural differ- 
ences between the parks. Those differences have unquestion- 
ably been exaggerated by grazing, however. The combined 
impacts of coarser texture and grazing may account for many of 
the soil differences observed between Chesler and Virginia 
parks. 

Parent (source) material of variable sand-silt content may 
account for some of the textural differences observed between 
these two adjacent parks. Two sites within an alluvial collection 
basin could have received depositions of variable texture due to 
different patterns of current within the water body. Greater sheet 
erosion in Chesler could account for some textural differences 
also. Likewise, less available phosphorus, and higher calcium 
content of surface soils in Chesler may be explained in terms of 
slow sheet erosion and loss of the weathered and organically 

enriched few centimeters of surface soil. 
Shields (1957) and Shields et al. (1957) consider the role of 

algae and lichens in surface soil stabilization and nutrient 
cycling. Cryptogams are instrumental in the buildup of organic 
matter and soil nutrients. The differential between nutrient 
content, particularly nitrogen, of surface and subsurface soils 
and between alga- and lichen-stabilized surface crusts and those 
not so stabilized, is recognized. The contribution of these 
organisms to total nitrogen is believed to be especially signifi- 
cant in arid soils because of their persistence during even 
extreme drought. Looman (1964) points out that even though 
lichens and bryophytes do not root, they are indicators of 
edaphic factors. Many species reveal affinities for certain soils. 
The exact reasons are not known, but the correlations are very 
high and universal. Traditionally, the cryptogams have occu- 
pied an insignificant role in the management of western grass- 
lands, but, as Looman suggests and as this study demonstrates, 
cryptogam analysis can be useful in evaluating the quality of 
grassland management. 

Since Virginia differs from Chesler in respect to both crypto- 
gamic cover and soil texture as well as in respect to various 
mineral elements, there was some question as to whether 
cryptogams or soil texture was responsible for the mineral 
differences. To clarify this question, a multiple regression 
analysis was run using cryptogamic cover and percent silt and 
clay as independent variables and soil phosphorus as the 
dependent variable. The results of that analysis suggest that the 
cryptogamic cover in Virginia is of considerably less im- 
portance than soii fines as an influencer of soil phosphorus. 

Results of soil and vegetational analyses have revealed 
significant differences between the two areas with regard to 
surface soil characteristics and cryptogamic components. Data 
point strongly to light winter grazing as a disturbing influence 
that has contributed to the surface soil and vegetational differ- 
ences observed between the two parks. 
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Food Habits of Mule Deer in a Semidesert 
Grass-Shrub Habitat 

HENRY L. SHORT 

Highlight: Mule deer (Odocoileus hemionus) selectively consumed cactus fruit, has developed, in this century, an 
browse leaves and fruit, and forbs, when present, on semidesert grass-shrub habitats extensive cover of cactus and perenni- 
in southern Arizona. Plant species utilized were generally those that have invaded and al woody species (Reynolds and Martin 
proliferated on semidesert grasslands during the twentieth century. The seasonal diet 
seemed deficient in phosphorus, which may affect deer reproduction and general well 

1968) characteristic of many of the 
f ormer semidesert grasslands of the 

being. 

Semidesert grasslands occur on suit- 
able sites at elevations between about 
3,000 and 4,500 ft within the Sonoran 
Desert. These grasslands have changed 
drastically in the last century. 

During the middle of the nineteenth 
century, the landscapes were typically 
open, perennial grasses were plentiful, 
and mesquite (Prosopis juliflora), al- 
though widespread, was not dense. 
Riven were marshy, open, and largely 
unchanneled (Hastings and Turner 
1965). Since the turn of the century, 
cactus and woody perennials of several 
species have proliferated to produce a 
less open landscape. These changes 
are obvious in repeat photographs 
(Fig. I). Vegetation changes may have 
been influenced both by severe over- 
grazing and by a climatic trend 
towards increased aridity. 

Recent range practices and range 
research in semidesert grass-shrub 
habitats have centered on the destruc- 
tion of cachu and perennial woody 
species and the reestablishment of 
perennial grasses. Results of the 
present food habits study suggest that 
these range practices would destroy 
vegetation extensively used by mule 
deer (Odocoileus hemionus) occupy- 
ing this vegetation type. 

The present study was done on the 
Santa Rita Experimental Range south 
of Tucson, Ark. This research area 



Sonoran Desert region. The perennial 
vegetation between 3,200 and 3,600 ft 
is presently dominated by mesquite, 
burroweed (Aplopappus tenuisectus) , 
and cholla cactus (Opuntia sp.), and 
above 4,000 ft by mesquite and 
pricklypear cactus (0. engefmannii). 
Other shrubs that have become com- 
mon at upper elevations include cat- 
claw acacia (Acacia greggii), and 
fairyduster or false mesquite (CaZ- 

Ziandra eriophylla) (Reynolds and 
Martin 1968). 

Methods 

Rumen samples were obtained at differ- 
ent seasons from a total of 148 mule deer. 
Twenty-one were collected during spring 
(10 in April 1970, one in April 1974, and 
10 in May 1971); 20 during summer (4 in 
August 1973, 12 in September 197 1, and 4 
in September 1972); 58 during autumn (25 
in October 1970, and 33 in November 
1969); and 49 during winter (39 in 
December 1968, and 10 in February 
1969). Since deer were collected during 
different months each year, few differ- 
ences in food habits or in the nutrient 

quality of forages could be evaluated 
between years, even though annual pre- 
cipitation did vary. Where possible the 
information obtained from rumen samples 
was subjected to variance analysis and 
multiple range tests to suggest differences 
in food habits between months and seasons 
of the year. 

A l-quart aliquot of rumen contents was 
obtained from each deer, and washed to 
slow fermentation processes and to remove 
products of fermentation. The remaining 
particulate matter was stored in quart 
bottles with 10% formalin to kill fermenta- 
tion organisms. The stored materials were 
later emptied into a flat pan, and the point- 
frame technique of Chamrad and Box 
(1964) was used to indicate plant frag- 
ments to be identified for analysis. Two- 
hundred contact points were identified for 
each rumen sample to determine the 
percent content of each forage species. 
Scientific names of foods mentioned in the 
text are listed in Table 1. 

Composited samples of available for- 
ages were collected from the Santa Rita 
Experimental Range about 1 week before a 
seasonal deer collection was made. These 
vegetation samples were oven dried at 
65”C, milled, and analyzed for crude 

Table 1. Plant species (% of diet) and parts selected by mule deer on the Santa Rita 
Experimental Range at the four seasons, as determined from the identification of food 
remnants within the stomach of mule deer. 

Season and plant part selected’ 
Species Spring Summer Autumn Winter 

Cactus 
Jumping cholla Opuntia fulgida 19.9F 0.6F 7.7F 2.6F 
Pricklypear 0. engelmannii 3.2F 10.2F 0 OSF 
Cane cholla 0. spinosior l.lF 1.4F 1.2F 10.3 F 
Barrel cactus Ferocactus wislizenii 5.4F 1.9F 35.6F 42.5F 
Total cactus 29.6 14.1 44.5 55.9 

Trees 
Mesquite Prosopis julifrora 0.3L 24.OF 2.9L 4.9L 
Desert willow Chilopsis linearis 4.4LF O.lF 0.5LF 0 
Total trees 4.7 24.1 3.4 4.9 

Shrubs 
Catclaw Acacia greggii 17.9L 1.9LF 11.2L 3.9L 
Fairyduster Calliandra eriophylla 9.5L 31.5L 31.1L 21.6L 
Arizona rosewood Vauquelinia californica 4.5L 0 0 0 
Ocotillo Fouquieria splendens 3.2f 0 0 0 
Eriogonum Eriogonum sp. 0.7WP 0 0 2.3 WP 
Thurber anisacanth Anisacanthus thurberi 0.5 L 0.8L 1.3L 0.1 WP 
Whitethorn acacia Acacia constricta 0.1 L 3.lLF 2.4L 2.8L 
Kidneywood Eysenhardtia polystachya 0 0 1.3L 0.1 WP 
Other (4 sp.) 1.2 0.7 0.7 0.9 
Total sfirubs and half-shrubs 37.6 38.0 48.0 31.7 

Forbs 
Eriastrum Eriastrum sp. 9.2WP 0 0 TWP 
Spurge Euphorbia sp. 4.8 WP 16.5 WP 1.6 WP 0 
Desert marigold Baileya multiradiata 2.4WP 0 T* WP 0.6WP 
Tansymustard Descurainia pinnata 1.8WP 0 0 0.1 WP 
Verbena Verbena 1.3WP 0 O.lWP 0 
Melongourd Apodanthera undulata 0.1 L 3.2F 0 0 
Other (33 sp.) 3.2 2.7 0.8 3.6 
Total forbs 22.8 22.4 2.5 4.3 

Grasses 2.6 WP 0.4 WP TWP l.OWP 
Miscellaneous or unidentified 2.7 1.0 1.6 2.2 

Grand total 100.0 100.0 100.0 100.0 
’ Plant part selected: F = fruit; L = leaves; f = flowers; WP = whole plant. 
2 T = trace. 
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protein, calcium, and phosphorus by a 
commercial laboratory. Additional aliquots 
from the vegetation samples were sub- 
jected to in vitro micro-digestion analyses 
using the general technique of Tilley and 
Terry ( 1963). The rumen inocula used for 
in vitro analyses were obtained from deer 
collected on the Santa Rita Experimental 
Range. The procedure used for determin- 
ing in vitro digestibility is described by 
Umess (1973). 

The nutrient content of the seasonal 
diets of mule deer was estimated from the 
product of the quantity of individual 
forages in the diet of deer and the nutrient 
quality and in vitro digestibility of those 
forages. 

The adjectives excellent, good, fair, and 
poor used to describe the nutrient quality 
of forages at the different seasons refer to 
ranges of nutrient values cited by Umess 
(1973). 

Results 

The composition of the diet of deer 
from the Santa Rita Experimental 
Range is listed in Table 1. The in vitro 
dry matter (DM) digestibility and 
nutrient content of some important 
items are listed in Table 2. 

Spring 

April-June is the driest 3-month 
period of the year on the Santa Rita 
Experimental Range; moisture is sel- 
dom sufficient for plant growth. Foods 
available to deer during the early 
portion of this season include cactus 
fruits remaining from the previous 
summer, cool-season annuals, and 
many browse species that begin growth 
at this time. The rumens of 10 deer 
collected in early April 1970 contained 
more barrel cactus fruit (ZWO.05) and 
more forbs (P<O. 10) but fewer leaves 
of catclaw acacia (PCO.01) than did 
10 rumens collected in mid-May 197 1. 
Deer apparently utilize the available 
leaves of browse species heavily when 
they become available, especially after 
cactus fruit has been consumed and the 
cool-season annuals have disappeared. 

Fruit of jumping cholla and plant 
parts of eriastrum were more common 
(P~0.05) in rumen samples during 
spring than at other seasons, and 
leaves of fairyduster were less com- 
mon (PCO.05). Fairyduster frequently 
loses its leaves during the spring 
drought period, but leaves regrow after 
summer rains begin (Reynolds and 
Martin 1968). Use of catclaw leaves 
was greater in spring than during 
summer and winter (P<O.O5), and 
forbs totaled a greater portion of the 
diet of mule deer in spring than they 
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did in autumn or winter (PcO.05). 
During spring, the fruits of jumping 

cholla and barrel cactus, leaves of 
mesquite, and plants of eriastrum and 
spurges are highly digestible (~5’0% 
of DM). Fruit of pricklypear, leaves of 
mesquite, catclaw, and fairyduster, 
and the eriastrum plant have good 
crude protein levels (> 10% of DM). 
Only the fruit of pricklypear and the 
spurge and eriastrum plants had good 
phosphorus contents (>0.25% of DM) 
and only the fruit of barrel cactus and 
spurges and eriastrum had P/Ca values 
believed most useful for P metabolism 
(>0.33). Estimates of digestibility and 
nutrient values of plant parts represent- 
ing 87% of the identified foodstuffs in 
the stomachs of the 21 deer killed 
during the spring are summarized on a 
composite basis in Table 3. During 
spring the composite diet contains 
plant materials that are highly digesti- 
ble and of good protein content, but 
are of only fair phosphorus content and 
have a high calcium level. The un- 
desirably low P/Ca value suggests that 
phosphorus metabolism might be 
somewhat inhibited. 

Summer 
About half of the annual precipita- 

tion on the Santa Rita Experimental 
Range occurs from July-September. 
Warm-season annuals, leaf regrowth 
on shrubs (such as fairyduster), and 
most perennial grasses develop in 
response to the summer showers. 

During summer, deer feed heavily 
upon mesquite fruit when it is avail- 
able. The total precipitation during 
autumn 1970, winter 1970-71, and 
spring 1971 was the least recorded on 
the Santa Rita Experimental Range for 
any similar 9-month period in 40 years 
(Sellers and Hill 1974). Apparently the 

crop of mesquite fruit following this 
drought was a failure, for the 12 deer 
killed during September 197 1 had no 
mesquite fruit in their rumen samples. 
Mesquite fruit, in contrast, comprised 
60% of the rumen contents of 8 mule 
deer killed during the summers of 
1972-73 following more normal 
autumn-winter-spring precipitation pat- 
terns. During the summer of 197 1, 
when mesquite fruit was absent from 
the diet, fairyduster leaves comprised 
47% of the stomach contents of deer. 
Leaves of fairyduster were significant- 
ly less common (PcO.05) in stomach 
samples during the summers of 1972- 
73. There were no significant differ- 
ences between years in the amount of 
forbs or cactus fruits in the stomach 
contents of deer killed during summer. 

Fruits of pricklypear and mesquite 
were consumed at higher rates 
(PcO.05) during summer, the season 
of their greatest availability, than at 
other seasons. Leaves of fairyduster 
were equally important as deer food in 
summer, autumn, and winter. More 
spurges (PcO.05) were consumed 
during summer than during other 
seasons, but forbs, as a class, were 
eaten as readily during summer as in 
spring. 

Leaves of fairyduster were a moder- 
ately good protein source, and mes- 
quite fruit and spurges were highly 
digestible (Table 2). The summer diet 
of deer, cornposited from vegetation 
developed in years following both 
normal and drought conditions, ex- 
hibited good in vitro digestibility, but 
seemed only fair in protein and 
phosphorus content and had an un- 
desirably low P/Ca value (Table 3). 

Autumn-Winter 
Rainfall at the Santa Rita Experi- 

mental Range is low during October- 
November and increases from Decem- 
ber-March. The cool-season tempera- 
tures are not severe and allow an 
extended growing season. Deciduous 
species usually lose leaves in late 
November. Leaves of shrubs develop 
and cool-season annuals initiate growth 
in early spring. 

Leaves of the deciduous catclaw 
were of greater importance in autumn 
than during winter (PcO.05). Leaves 
of fairyduster were important to deer 
from October to January but were 
unavailable in February. 

During autumn and winter the fruits 
of cactus comprised half the diet of 
deer. The large, easily accessible, 
yellow fruits of the barrel cactus were 
selectively consumed. By February, 
barrel cactus fruit became scarce and 
the less preferred cane cholla fruits 
were eaten. Consumption of cane 
cholla fruits was significantly greater 
(P<O.O5) in winter than during other 
seasons. 

Cactus fruits and some browse 
leaves were of good to high digestibili- 
ty during atumn and winter. Protein 
contents of the autumn leaves of 
mesquite, catclaw, and fairyduster 
were good. Phosphorus content, except 
for the fruit of barrel cactus, was poor 
for most autumn-winter foods (Table 
2). The composite diet of mule deer 
during both autumn and winter was 
poor in phosphorus and had poor P/Ca 
ratios during each of these two seasons. 

Discussion 

Mule deer on the semidesert grass- 
shrub habitat at the Santa Rita Experi- 
mental Range (SRER) consume cactus 
fruit and the fruit and leaves of 
perennial woody species. Descriptive 
studies indicate these plants have, in 

Table 2. 
Range. 

In vitro dry matter (DM) digestibility and seasonal nutrient content of some foods important to mule deer on the Santa Rita Experimental 

Food item 

Fruits 

Spring Summer Autumn Winter 
DM DM DM DM 

digest Protein Phos. P/Ca digest Protein Phos. P/Ca digest Protein Phos. P/Ca digest Protein Phos. P/Ca 

Jumpng cholla 59.8 2.5 0.10 0.03 61.7 10.2 0.13 0.05 48.3 
Pricklypear 41.8 12.1 0.33 0.10 44.4 5.2 0.24 0.17 - 
Cane cholla 47.0 2.7 0.09 0.02 60.0 4.6 0.11 0.03 50.6 
Barrel cactus 59.5 7.8 0.20 0.65 78.1 8.6 0.21 0.48 60.9 

Leaves 
Mesquite’ 62.3L 17.6L 0.23L 0.28L 66.5F 9.5F 0.16F 0.23F 44.8L 
Catclaw 43.4 13.5 0.23 0.28 30.4 16.2 0.12 0.06 34.1 
Fairyduster 35.1 10.8 0.11 0.15 28.0 10.4 0.11 0.10 30.2 

Whole plant 
Euphorbia sp. 55.9 7.8 0.36 0.36 56.1 6.5 0.15 0.13 - 
Eriastrum sp. 73.1 15.0 0.43 0.34 - - - - - 

I For mesquite--“F” indicates fruit and “L” indicates leaves. 

8.3 0.13 0.07 43.9 5.1 0.13 0.06 
- - - - - - - 
5.3 0.14 0.05 44.2 5.0 0.09 0.02 
6.2 0.18 0.47 73.5 10.8 0.23 0.61 

16.4L O.lOL 0.05L 44.9L 15.8L O.IOL 0.05L 
17.4 0.12 0.07 23.8 8.6 0.09 0.04 
12.4 0.08 0.06 33.2 9.7 0.09 0.07 
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Table 3. Nutrient values of the seasonal diets of mule deer on the Santa Rita Experimental 
Range. 

% of dry matter 

% of diet Dry matter Crude P/Ca 
Seasons accounted for digestibility protein Phosphorus Calcium ratio 

Spring 87.0 51.8 10.3 0.23 1.55 0.15 
Summer 93.7 48.2 9.6 0.16 1.09 0.15 
Autumn 93.4 45.3 10.4 0.15 1.17 0.12 
Winter 91.0 53.5 9.8 0.15 1.33 0.11 

this century, increased in abundance 
and invaded semidesert grasslands in 
this region. It seems likely that the 
mule deer may also have invaded these 
semidesert grasslands as open areas 
became less extensive. The combina- 
tion of increasing amounts of suitable 
food, cover, stock tanks, and surface 
irrigation, and the curtailment of un- 
regulated hunting would tend to en- 
hance these former grasslands as habi- 
tat for mule deer. 

Deer do not eat appreciable amounts 
of grass (Table l), but cattle consume 
foliage and fruit of browse species 
(Reynolds and Martin 1968). Cattle 
can therefore be viewed as competing 
with deer on the SRER. Still, some 
range improvement practices can favor 
both deer and cattle. Opening dense 
stands of mesquite by small patch 
cuttings can increase perennial grass 
production, create diversity along the 
edge of the openings, and still leave 
cover and browse on the uncut areas. 
The extensive destruction of cactus, 
mesquite, and other perennial woody 
species to improve range for livestock 
or for urban development, however, 
would destroy this mule deer habitat. 
Severe drought, a periodic occurrence 
in the arid Southwest, will also 
adversely affect deer by reducing the 
abundance of major food items. 

Animals frequently sample vegeta- 
tion more selectively than does man. 
Mule deer on the SRER may be able to 
select vegetation of somewhat higher 
quality than that listed in Table 2. 
Cactus fruits, however, are eaten in 
their entirety and it is difficult not to 
sample them correctly for nutrient 
content and in vitro digestibility. The 
abundance of cactus fruits in the diet 
of deer suggests that the nutrient 
analyses in Table 2 do reflect the 
relative quality of the diet of these 
deer. 

Cactaceae are a conspicuous vegeta- 
tion form at the SRER even though 
they cover less than 4% of the surface 
area. Total surface area covered by 
pricklypear was 2.4%, by cane cholla 
0.9%, by jumping cholla 0.5%, and by 
barrel cactus only 0.04%. Deer at each 
of the seasons obviously sought the 
fruit of cactus out of proportion to its 
abundance in the environment, even 
though many cactus fruits have low 
protein and phosphorus contents (Table 
2). 

The nutrient analyses used in devel- 
oping Table 3 indicate that-except 
for the fruit of pricklypear and barrel 
cactus, browse leaves during spring, 
and growing forbs-most food items 
had less than 0.16% phosphorus and a 
relatively high calcium content. The 

estimate of phosphorus intake as a 
percent of dry matter and the phos- 
phorus/calcium ratios in the composite 
seasonal samples suggest that mule 
deer were feeding on range vegetation 
generally deficient in phosphorus. 
Phosphorus deficiencies can affect 
growth, general well being, and repro- 
duction in ruminants (Church 1971). 
One cannot determine the condition of 
animals on the basis of their stomach 
contents, but it is interesting to note 
that the 12 mature does collected 
during April and May in this study 
contained only 15 fetuses, a modest 
reproduction rate. Such limited doe: 
fawn ratios in utero suggest low 
recruitment rates, which is a con- 
sideration to be weighed in developing 
harvest management options. 
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Blacktail Prairie Dogs, Desert 
and Cattle Trophic Relations on 
Range 

RICHARD M. HANSEN AND ILYSE K. GOLD 

Highlight: The trophic relations among blacktail prairie dogs, desert cottontails, 
and cattle were determined among three dogtowns at the Central PlainsExperimental 
Range near Nunn, Colo. Sedges were the most important food of prairie dogs and 
cottontails and the second most important food of cattle on an annual basis. There 
was a high percentage similarity in the diets of the three herbivores studied; and they 
consumed large percentages of sedges and grass. The amount of aboveground 
herbage eaten and made unavailable because of soil disturbances by prairie dogs and 
cottontails was about 24% of the total potential annual production. 

Millions of dollars have been spent 
in attempting to reduce prairie dog 
(Cynomys spp.) numbers (McNulty 
197 1). The most frequently cited “res- 
ervoirs” of human infections for sylva- 
tic plague in the western United States 
are prairie dogs, followed by ground 
squirrels (Spermophilus spp.) and cot- 
tontails (Sylvilugus spp.) (Kartman 
1960, 1970). Stoddard and Smith 
(1955) and Vallentine (197 1) state that 
prairie dogs are highly competitive 
with livestock for range forage. Kelso 
(1939) estimated that 78% of the plant 
species consumed by prairie dogs were 
valuable forage for livestock. The 
numerous eradication campaigns a- 
gainst prairie dogs and other small 
mammals were formerly justified be- 
cause of safety for human health and 
conflicts with livestock for forage 
(Committee 1970). The scientific and 
lay communities have been recently 
alerted to the need for ‘ ‘protective man- 
agement” of our natural resources, 
including wild animals. Such con- 
servation periodically conflicts with the 
interest or welfare of certain segments 
of society. There is great need for 
proper management of prairie dogs in 
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areas where they may be considered 
“pest” or “desirable” animal species 
by the conflicting interests of society. 

The purpose of this study was to 
determine the seasonal trophic relations 
of blacktail prairie dogs (Cynomys 
Zudovicianus), desert cottontails (Sylvi- 
lagus audubonii), and cattle which 
have free choice of available range 
plants on the same range and for the 
same dates in northeastern Colorado. 

Study Area 

The study was conducted at the Central 
Plains Experimental Range 14.5 km north 
of Nunn, Colo. The topography of the area 
is gently rolling hills. The average annual 
precipitation is 30 cm with 80% occurring 
from May through September (Bement 
1968). The mean annual maximum temper- 
ature is 25°C; the minimum is 8°C. 

The study areas were dominated by blue 
grama (Bouteloua grucilis) and buffalo- 
grass (Buchloe dactyloides). Western 
wheatgrass (Agropyron smithii), threadleaf 
sedge (Carex filifolia), needleleaf sedge 
(C. eloeocharis), red threeawn (Aristidu 
kwzgiesetu), Indian ricegrass (Oryzopsis 
hymenoides), and sand dropseed (Sporo- 
bolus cryptandrus), needleandthread (Stipa 
comata), and common sixweeksgrass 
(Vulpia octofloru) are common. The com- 
mon forbs and shrubs were scarlet globe- 
mallow (Sphaeralcea coccinea), tansyleaf 
aster (Aster tanacetifolius), silky loco 
(Oxytropis sericia), woolly plantain (Plan- 
tago purshii), fringed sagewort (Artemisia 
jkigidu), spreading wildbuckwheat (Eri- 
ogonum efusum), and plains pricklypear 
(Opuntia polycantha). 

Blacktail prairie dogs were transplanted 

Cottontails 
Shortgrass 

onto two adjacent vegetation types during 
the spring of 1973. No prairie dogs had 
occurred on these areas for over 50 years 
(R. E. Bement, personal communication). 
Cattle had been grazed at a moderate 
stocking rate on both study areas from 
November1 to April 30 each year. They had 
free access between the adjacent vegetation 
types for 40 years prior to the study. The 
two study areas were separated by a barbed 
wire fence when the prairie dogs were 
introduced. The western area was a native 
shortgrass vegetation type where the 
“Native dogtown” was studied, and the 
eastern revegetating area was the site of the 
“Oldfield dogtown. ” The transplanted 
prairie dogs were distributed continuously 
between both adjacent vegetation types 
soon after they were introduced. Gold 
(1976) studied the patterns of plant regula- 
tion around the burrows of prairie dogs for 
the two adjacent dogtowns that became 
established. The dogtowns covered a total 
of 20 ha in 1973 and the prairie dog density 
averaged 6.0/ha. Prairie dogs occupied 
about 30 ha with an average of 7.3 dogs/ha 
in the summer of 1975. 

A naturally occurring population of 
blacktail prairie dogs (Swale dogtown) 
was located 1.2 km south of the Native and 
Oldfield dogtowns. This dogtown had been 
established for many years when studied by 
Koford (1958). The Swale dogtown cov- 
ered about 30 ha in 1975 with an average of 
1 dog/ha. The pasture had been moderately 
grazed by cattle from May 1 to October 30 
for the previous 10 years. 

Desert cottontails could not be found 
prior to the transplanting of prairie dogs 
into the Native and Oldfield study areas. 
However, previous studies have shown 
desert cottontail density in this area aver- 
aged about 0.03 per ha on pastures 
moderately grazed by cattle in summer or in 
winter (Flinders and ~Hansen 1975). Desert 
cottontail density averaged 1.33/ha within 
the Native and Oldfield dogtowns and 
0.81/ha in the Swale dogtown in the late 
summer of 1975. Desert cottontails aver- 
aged O.O5/ha on the shortgrass prairie 
adjacent to the prairie dogtowns in late 
summer 1975. 

JOURNAL OF RANGE MANAGEMENT 30(3), May 1977 



Methods and Procedure 

Plant composition in diets for prairie 
dogs, cottontails, and cattle was deter- 
mined by microhistological analysis of 
fecal material. Plant cuticle fragments in 
fecal samples can be identified by species 
with microscopic analysis (Storr 1961; 
Williams 1969). The relative proportions 
of each kind of plant fragment were 
assumed to be an adequate estimate of 
relative amounts of each plant species 
consumed (Todd and Hansen, 1973; 
Dearden et al. 1975). 

Table 1. Average (HE) percentages of major foods in the seasonal diets of blacktail prairie 
dogs, 14.5 km north of Nunn, Colo., June 197%June lW5. 

Samples of recently dropped feces were 
collected twice a month from each of the 
three dogtowns. Each fecal sample was 
composed of at least 25 different “fresh” 
fecal droppings obtained systematically 
throughout each dogtown. Prairie dog 
samples were taken from June, 1973, 
through June 1975 (N = 127). Desert 
cottontail fecal samples were taken from 
June, 1974, through June, 1975 (N = 61). 
Fecal samples of cattle were obtained when 
they were grazing in a dogtown over the 
period from June, 1973, through June, 
1975 (N = 31). 

Spring Summer Autumn Winter 
Plant namer (Apr.-May) (June-Aug.) (Sept.-Nov.) (Dec.-Mar.) 

- Sedges 512 6 14+ 2 39+4 4225 
Blue grama 192 4 452 4 142 1 32 1 
Sand dropseed 7+ 1 242 4 921 122 2 
Fringed sagewort 5+ 2 <l 522 21+ 4 
Scarlet globemallow 1 +<I 5+ 1 15 +2 6+ 2 
Buffalograss 2+ 1 82 1 221 2 +<1 
Western wheatgrass 4+ 2 1 a<1 5+1 2% 1 
Needleandthread 42 2 <l 221 1+<1 

I Indian ricegrass 1+<1 <I 421 3+ 1 

* There were more than 2gadditional plant species averaging I% or less in the seasonal diets. 

Table 2. Average (*SE) percentages of major foods in the seasonal diets of desert cottontails 
inhabiting blacktail prairie dogtowns, 14.5 km north of Nunn, Colo., June 1974-June 195. 

Plant names’ 
Spring 

(Apr.-May) 
Summer 

(June-Aug.) 
Autumn 

(Sept.-Nov.) 
Winter 

(Dec.-Mar.) 

Microscope slides for each fecal sample 
were prepared as described by Sparks and 
Malechek (1968), Ward (1970), and 
Flinders and Hansen (1972). Twenty mi- 
croscope slides were prepared per sample. 
Twenty microscope fields per slide were 
systematically located and magnified 100 x 
for identification of plant fragments. The 
number of classified fragments per field 
averaged about three. Each plant fragment 
was classified if its characteristics matched 
those on a reference slide of the same 
species made from plants on the study 
areas. 

Sedges 60?8 322 5 18& 3 9+ 2 
Scarlet globemallow 5+1 122 2 28+ 3 14* 2 
Fringed sagewort 923 <l 122 5 40* 5 
Western wheatgrass 5+1 262 3 162 4 34 1 
Needleandthread 622 3+ 1 9* 3 52 1 
Plains pricklypear 5+2 <l 2+ 1 15+ 4 
Blue grama l&l 6+ 1 1+<1 32 2 
Sand dropseed <l 8+ 7 2+- 1 l? 1 
Common sixweeksgrass Cl 1+<1 5+ 1 1+<1 
Silky loco 3+1 5+ 2 <l <l 

’ There were more than 29 additional plant species averaging 1% or less in the seasonal diets. 

similar among the three dogtowns 
during the 1 year of study. The plants 
with the highest proportions in the 
annual diets were sedges (30%), scarlet 
globemallow ( 15%)) fringed sagewort 
(15%), western wheatgrass (13%), 
needleandthread (6%), and plains 
pricklypear (6%), which together com- 
prised 85% of the foods eaten by desert 
cottontails (Table 2). 

aged and may be confounded because 
of unequal samples among the pastures 
(Table 3). The major plants eaten by 
cattle were western wheatgrass (26%), 
sedges (23%), blue grama (lo%), sand 
dropseed ( 10%)) needleandthread 
(6%), scarlet globemallow (6%), and 
buffalograss (2%) (Table 3). 

The diversity of plants in diets was 
calculated by Shannon’s formula (Hurtubia 
1973). Dietary similarity indexes (Gauch 
1973) and Spearman’s rank-order cor- 
relation coefficients (Snedecor andcochran 
1973) were used to compare food habits 
between years, between seasons of the 
years, between dogtown study areas, and 
among species of herbivore. Statistical 
difference was accepted at the 5% level of 
significance unless stated otherwise in the 
text. Scientific and common names of 
plants follow those recommended by Beetle 
(1970). 

Cattle use in the pastures containing 
the three dogtowns was seasonally 
variable because of the rotation man- 
agement grazing system followed at the 
Central Plains Experimental Range. 
Unequal numbers of seasonal diets of 
cattle were obtained from the three 
study areas. Too few comparable diets 
were obtained for testing of cattle diet 
differences among the three study 
areas. Seasonal cattle diets were aver- 

The rank orders for the proportions 
of the different plant species consumed 
by prairie dogs and cattle were similar 
between consecutive seasons, but the 
summer diets of desert cottontails were 
different from both their spring and 
autumn diets (Table 4). The order of 
foods selected was significantly differ- 
ent between winter and summer diets 
for both prairie dogs and cottontails but 
not for cattle. The seasonal trophic 
diversity indexes of the three herbi- 
vores were similar, averaging 1.66 for 

Results 

Plants in the seasonal diets of prairie 
dogs were similar between the three 
dogtowns, and among comparable sea- 
sons of the 2 years. The most important 
plants in the annual diets were sedges 
(36%), blue grama (20%), sand drop- 
seed (13%), fringed sagewort (8%), 
and scarlet globemallow (7%) (Table 
1). 

Table 3. Average percentages of major foods in the seasonal diets of cattle from three pastures 
containing blacktail prairie dogtowns, 14.5 km north of Nunn, Colo., June l!I73-June 1975. 

Plant names’ 
Spring 

(Apr.-May) 
Summer 

(June-Aug.) 
Autumn 

(Sept.-Nov.) 
Winter 

(Dec.-Mar.) 

Western wheatgrass 
Sedges 
Blue grama 
Sand dropseed 
Needleandthread 
Scarlet globemallow 
Buffalograss 

20 23 20 43 
41 25 11 15 

5 12 13 12 
5 10 14 13 
2 3 15 4 
7 11 3 2 
1 3 3 1 

Desert cottontail seasonal diets were 1 There were more than 20 additional plant species averaging 1% or less in the seasonal diets. 
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Table 4. The average seasonal dietary overlaps for foods of blacktail prairie dogs and desert 
cottontails and Spearman’s rank correlation coefficients with corresponding confidence 
values, 14.5 km north of Nunn, Colo. 

Blacktail prairie dogs 1973-75 Desert cottontails 1974-75 

Percentage Percentage 
Seasonal similarity Spearman’s 

relationships’ 
similarity Spearman’s 

N = 32 RHO values P values2 N= 15 RHO vaues P values2 

Spring vs summer 46 + 0.7 0.001 Spring vs autumn 54 + 0.3 0.123 78 +0.8 > 0.001 
Spring vs winter 50 + 0.6 0.01 66 +0.7 0.005 40 
Summer vs autumn + 0.7 0.005 

4jj +0.8 > 0.001 Summer vs winter 57 + 0.4 0.083 
39 + 0.5 o.0253 Autumn vs winter 34 + 0.1 0.423 
73 +0.8 > 0.001 52 + 0.6 0.01 

’ Spring = Apr.-May; Summer = June-Aug.; Autumn = Sept.-Nov.; Winter = Dec.-Mar. 
’ Rank order correlation coefficients were of oaired mean seasonal diets. 
” Not significantly correlated. 

r 

prairie dogs, 1.79 for cottontails, and 
1.67 for cattle. The variety of plants 
eaten by cottontails was greater than it 
was for the other two herbivores 
although the mean trophic diversity of 
cottontails was not statistically differ- 
ent. The seasonal selection of foods by 
cattle appears to vary less than the other 
two herbivores. Desert cottontails vary 
their seasonal selections more than 
either prairie dogs or cattle. Some 
authors have previously reported a high 
variety of plants in diets of cottontails 
(Fitch 1947; Turkowski 1975). 

The supply of a particular forage has 
not been found critical to successful 
productivity of broad-spectrum feeders 
such as prairie dogs, cottontails, and 
cattle. Most authors have reported blue 
grama and western wheatgrass to be the 
two most important foods of prairie 
dogs (Koford 1968; Costello 1970). 
Sedges are seldom reported as impor- 
tant in herbivore diets; but sedges were 
the most important forage used by 
prairie dogs and cottontails and were 
second most important in use by cattle 
in this study. 

dog and cattle selections were similar in 

each season. Prairie dogs and desert 
cottontails selected foods in a signifi- 
cantly different order in the spring and 
autumn, and desert cottontails and 
cattle selected differently in autumn 
and winter. Although there was a high 
percentage similarity for the mean 
annual diets among the three herbi- 
vores, seasonal preference differences 
for the same plant species existed. The 
three consumers were not feeding 
strictly at the courtesy of the basic 
system of plant growth cycles and were 
not eating each species in proportion to 
its presence. 

Discussion 

The ranked order in which the three 
species of herbivores selected was 
similar during the summer and for their 
mean annual diets (Table 5). Prairie 

The amounts of aboveground herb- 
age annually harvested within the 
Native and Oldfield dogtowns can be 
estimated by days of use by prairie dogs 
and cottontails since it was observed 
that their feeding occurs almost entirely 
within the dogtowns. Little information 
was available to estimate the daily 
intake rates of blacktail prairie dogs and 
desert cottontails. Hansen and 
Cavender ( 1973) reported blacktail 
prairie dogs consumed 3.3 g/day of dry 
laboratory feed per 100 g live body 
weight, and Lechleitner (1969) re- 

ported 940 g as the average body 
weight. Drake and Sime (1941) re- 
ported cottontails (Sylvilagusjloridan- 
us) consume about 22 g/day of food 
fresh weight per 100 g live body weight 
in the laboratory. Lechleitner (1969) 
reported 1,050 g as the average body 
weight of desert cottontails in Colora- 
do. If we assume the food in the studies 
by Drake and Sime ( 194 1) averaged 
65% water, the cottontail probably 
consumes about 3.4 g/day of dry matter 
per 100 g live body weight. 

Little has been published about 
consumers as regulators of ecosystem 
functioning (Chew 1974). Gold (1976) 
described how prairie dogs regulated 
the plants surrounding their burrows. 
She reported plant biomass was de- 
creased about 10% as a result of 
denudation around mounds while the 
overall plant diversity increased. Prai- 
rie dogs, by their own feeding behavior 
plus the added influences of cottontails 
who benefit from the presence of 
prairie dog burrows, should be credited 
to prairie dog regulation of this short- 
grass ecosystem. Gold ( 1976) esti- 
mated the annual aboveground plant 
production was 1,020 kg/ha of dry 
weight within the dogtowns. Therefore 
the annual herbage removed and attrib- 
uted to the influence of prairie dogs and 
cottontails would be 245 kg/ha (102 = 
denudation, 83 = foods of prairie dogs, 
60 = foods of desert cottontails) or 
about 24%. 

If we assume that cattle used the 
pastures uniformly in their 6 months of 
winter feeding, at their known stocking 
rates they may have consumed 160 
kg/ha/year. Cattle averaged no gains or 
losses in body weight on the pastures 
containing the Native and Oldfield 
dogtowns during 1973 through 1974 
and 1974 through 1975 winter grazing 
periods (Marvin Shoop, Agr. Res. 

Table 5. The average seasonal dietary overlaps for foods among blacktail prairie dogs, desert cottontails, and cattle with Spearman’s rank 
correlation coefficients and corresponding confidence values, 14.5 km north of Nunn, Colo., 197Lt75. 

Seasons l 
of diets 

Spring 
Summer 
Autumn 
Winter 
Annual 

Prairie dogs vs cottontails2 Prairie dogs vs cattle3 Cottontails vs cattle4 

Percentage Spearman’s Percentage Spearman’s Percentage Spearman’s 
similarity RHO values P values similarity RHO values P values similarity RHO values P values 

75 + 0.4 0.105 69 + 0.8 0.01 65 + 0.6 0.01 
40 + 0.6 0.01 49 + 0.8 0.001 84 +0.8 > 0.001 
52 + 0.3 c 0.105 53 + 0.6 0.01 50 + 0.3 0.125 
66 +0.7 0.005 41 + 0.6 0.01 27 + 0.4 0.085 
60 + 0.6 0.01 64 + 0.8 0.002 61 + 0.6 0.008 

1 Spring = Apr.-May; Summer = June-Aug.; Autumn = Sept.-Nov.; Winter = Dec.-Mar. 
’ Numbers of pairs of samples June 1974-June 1975; Spring N = 14; Summer N = 15; Autumn N = 18; Winter N = 14. 
” Numbers of samples compared by seasons June 1973-June 1975; Spring (cattle N = 5, prairie dogs N = 29); Summer (cattle N = 4, prairie dogs N = 32); Autumn (cattle 

N = 4. prairie dogs N = 36); Winter (cattle N = 18, prairie dogs N = 30). 
’ Numbers of samples compared by seasons June 1973-June 1975; Spring (cottontails N = IS, cattle N = 5); Summer (cottontails N = IS, cattle N = 4); Autumn (cottontails 

N = 18, cattle N = 4); Winter (cottontails N = 14, cattle N = 18). 
.i Not significantly correlated. 
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Serv., personal communication). 
Therefore, the combined annual re- 
moval of dry herbage by the feeding of 
the three herbivores studied was as- 
sumed to have been 405 kg/ha in the 
dogtowns. The prairie dogs may have 
consumed about 53 kg/ha and the 
cottontails about 39 kg/ha of potential 
cattle forages within the dogtowns each 
year. However, because the plant 
species selected by prairie dogs and 
cottontails were quite similar to those 
of cattle, their feeding influences could 
have made dogtown areas less attrac- 
tive to cattle than adjacent areas. 

Food competition in the broadest 
sense refers to the interaction of two 
organisms selecting the same foods. 
The tendency to bring about a partial 
separation for common feeding areas 
may exist in prairie dogtowns. If the 
desired foods of cattle become scarce, 
cattle may choose to graze between or 
away from dogtowns. Our observations 
are not adequate to judge whether or not 
the cattle use in the Native and Oldfield 
dogtown areas was influenced by 
prairie dogs and cottontails. Before the 
blacktail prairie dogs were transplanted 
into the Native and Oldfield study areas 
(May 1973), there were no resident 
desert cottontails which could be found. 
During this study the annual days of use 
by cattle were kept at a moderate 
grazing intensity during this study. 
Flinders and Hansen (1975) found 
significantly higher densities of cotton- 
tails on shortgrass ranges that had been 
grazed moderately by cattle than on 
adjacent ranges grazed at either light or 
heavy stocking rates. 

This study, when compared with 
previous research, provides evidence 
that blacktail prairie dgs are an impor- 
tant ecosystem regulator as they disturb 
the soil, increase plant diversity (Gold 
1976), increase animal diversity, and 
cause a decrease in the primary produc- 
tion of the areas they use. Within a 
shortgrass ecosystem, they may depress 
the habitat suitability for cattle grazing 
and enhance the habitat for desert 
cottontails, burrowing owls (Speotyto 
cunicularia), rattlesnakes (Crotalis 
viridus), and some species of plants. 
Much of the confusion in the literature 
on prairie dog and cattle grazing 
relationship arises because of the inter- 
specific regulatory roles of these two 
herbivores in the exchange between the 
shortgrass ecosystem where the prairie 
dog is the dominant regulator and the 
tallgrass prairie where the cattle 

grazing intensity regulates the presence 
or absence of blacktail prairie dogs. 
Circumstantial evidence and observed 
natural events have shown heavy cattle 
use in tallgrass prairies is necessary for 
the propagation of prairie dogs (Osborn 
and Allan 1949; Allan and Osborn 
1954; Koford 1958). If this kind of 
range is excessively grazed by cattle, 
the prairie dogs may become extremely 
widespread and abundant (Smith 1967; 
Costello 1970). This is in contrast to the 
shortgrass range, where cattle grazing 
does not influence prairie dog numbers 
but may be affected by the presence of 
prairie dogs. 

In shortgrass ecosystems the vege- 
tation composition within and outside 
dogtowns is significantly different 
(Koford 1958; Bonham and Lerwick 
1976). More species of both perennial 
and annual plants occur within dog- 
towns and certain plants such as blue 
grama, buffalograss, and several annu- 
al forbs are more abundant inside than 
outside. Continuous clipping of some 
tall shrubs such as wildbuckwheats 
(Eriogonum spp.), fourwing saltbush 
(A triplex canescens), and rubber rabbit- 
brush (Chrysothamnus nauseosus) re- 
sults in fewer of these plants within a 
dogtown than outside. Without proof, 
some authors have ascribed all of these 
differences directly to prairie dog 
feeding and clipping effects. However, 
we suspect that a substantial amount of 
the clipping and feeding activities of 
desert cottontails has influenced the 
vegetation differences. 

It is difficult to determine the 
nocturnal clippings of cottontails from 
the diurnal clippings of prairie dogs. An 
obvious approach to answering contro- 
versial questions about prairie dogs is 
by manipulative experimentation with- 
in natural ecosystems. This study has 
shown some new consumer inter- 
actions that may have been overlooked 
in the past. 
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Economic Evaluation 
tailed Deer Response 
Mixed Brush 

of Cattle and White- 
to Aerial Spraying of 

ROBERT E. WHITSON, SAMUEL L. BEASOM, AND C. J. SCIFRES 

Highlight: The combined economic effects, based on returns for lease hunting of 
white-tailed deer in conjunction with lifestock production, were calculated following 
partial treatment (80% sprayed in alternating strips) and complete treatment of 
mixed brush in South Texas with aerial sprays of 2,4,5-T and picloram at 1 lb/acre. 
Both approaches were economically feasible based on a 10% discount rate over a 
9-year projected treatment life, except when the brush was completely sprayed and 
cattle prices were $0.255/1b. However, when cattle prices were less than $0.495/lb, 
partial treatment by aerial spraying was preferred, in an economic sense, since 
returns from lease hunting where 20% of the brush was left untreated for wildlife 
habitat more than compensated for reduced cattle returns. 

One of the major deterrents to maxi- 
mizing range forage production in the 
South Texas Plains is a heavy infesta- 
tion of mixed brush (Prosopis-Acacia). 
Therefore, effective brush manage- 
ment is usually the first consideration 
for range improvement. Evaluation of 
alternative brush control methods gen- 
erally involves comparing only benefits 
of increased beef production, and 
perhaps labor and feed cost reductions, 
to the cost of the control measure over 
the expected life of the practice. 

Although landowners cannot legally 
sell wildlife in Texas, they may charge 
a fee for the privilege of hunting. In 
recent years, the demand for hunting 
has increased, and the revenue gener- 
ated from white-tailed deer (Odo- 
coileus virginianus) hunting in Texas 
has become an important component of 
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ranch income (Berger 1974; Forrest 
1966). The level and magnitude of 
returns from hunting ultimately depend 
on hunter success. Hunter success 
depends largely on how well the ranch 
manager can manipulate the habitat to 
provide adequate food and cover for 
deer. Therefore, there is increasing 
interest in the potential impact of range 
improvement practices on wildlife hab- 
itat (Beasom and Scifres 1976). Con- 
sequently, objective evaluation of 
brush control alternatives must include 
economic impacts that may occur from 
changes in hunting returns. 

Cattle returns also relate to the level 
of proficiency with which the ranch 
manager can manipulate the habitat to 
provide adequate range forage for 
utilization by cattle. Cattle production 
and profits characteristically increase 
following brush control on rangelands 
in South Texas (Durham 1975). How- 
ever, Beasom and Scifres ( 1976) re- 
ported that white-tailed deer numbers 
decreased significantly following com- 
plete treatment of South Texas brush- 
land with aerial sprays. 

Land managers contemplating range 
improvement programs in areas such as 
South Texas may desire to include 
alternatives to effectively manage for 
increased cattle production while main- 
taining adequate white-tailed deer 
numbers. Since increased cattle pro- 
duction and maintenance of white- 
tailed deer numbers may be inversely 
related when brush control exceeds 
threshold requirements for adequate 
wildlife habitat, economic trade-offs 
between increasing livestock produc- 
tion and reduced hunting potential must 
be quantified. Thus, the question, 
“Does deer hunting contribute more to 
ranch profits than the profits arising 
fi-om increased livestock production 
following brush control?” now faces 
many ranch managers. 

The purpose of this study was to 
evaluate the economic returns from 
livestock and white-tailed deer follow- 
ing complete and partial treatment of 
tangeland with aerial sprays. 

Procedures 

Livestock production data and estimates 

of changes in deer populations for this 
study were obtained from previous research 
conducted in South Texas (Beasom and 
Scifres 1976; Scifres et al. 1976; Durham 
1974) and from personal communications 
with the ranch manager.’ These data were 
utilized as a basis for estimating annual 
costs and returns from livestock and white- 

____~ _____ 

’ Personal communications with Mr. A. J. Durham, 
San Perlito, Texas. 
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tailed deer associated with aerial spraying 
for brush control. 

Commercial aerial application of I 
lb/acre of 2.4,5-T [(2,4,5-trichloro- 
phenoxy)acetic acid] + picloram (4-amino- 
3.5,6-trichloropicolinic acid) ( 1: I ) in alter- 
nate strips was compared to areas com- 
pletely treated and those left untreated. 
Sprayed strips were approximately 600 ft 
wide separated by untreated strips of 100 ft 
wide (approximately 80% of the area 
sprayed when lateral displacement con- 
sidered). Treatments were randomly allo- 
cated to the study areas located in close 
proximity to insure equal access to all treat- 
ments by white-tailed deer (Beasom and 
Scifres 1976). 

The treatments were analyzed for eco- 
nomic feasibility by estimating ( 1) net 
present value and (2) the internal rate of 
return.? The decision criteria utilized in this 
study for economic acceptance of partial or 
complete treatment by aerial spraying 
required the investment in brush control 
and any additional breeding livestock to 
result in a positive net present value over 
the life of the treatment when the discount 
rate was 10%. Similarly, the criterion of 
acceptance for the internal rate of return 
was 10%. 

Annual cost and return estimates were 
developed for each treatment for three live- 
stock price situations and were expressed 
on per acre basis. Livestock sale prices, 
selected on an arbitrary basis, were $.255, 
$.355, and $.455/lb. 

Investments included in the analyses 
were (I) brush control and (2) additional 
breeding livestock. Brush control and 
additional breeding livestock investments 
were $9.50 and $6.92/acre, respectively. 
for complete treatment. For the partial 
treatment. the investment costs were $7.60/ 
acre for brush control ($9.50/acre x 80% 
of the area treated) and $5.44/acre for 
breeding livestock. 

’ The net present value is the sum of annual costs and 
leturns discounted to the present at a specified Interest 
rate. The internal rate of return IS that rate which 

Esults in a net present value of zero for a given invest- 
ment. 

The increased forage resulting from Table 2. Annual stocking rate increases 
brush control was utilized by a cow-calf 
operation. Added cows were assumed to 
cost $200/bead with a salvage value 
estimated at $175/bead. The increased 
number of cows produced an average of 
350 lb of beef per cow with added variable 
costs (not including interest on the cow) of 
$25.18 per cow (Durham 1974). Other cost 
reductions. principally labor, resulting 
from brush control were estimated from 
actual ranch records’ and totaled approxi- 
mately $1 .OO/acre for both the complete 
and partially sprayed pastures (Durham 
1974). 

The impact of each treatment on white- 
tailed deer numbers was reported by 
Beasom and Scifres (1976). White-tailed 
deer numbers were converted to dollars by 
assuming a 25% annual harvest rate. and 
utilizing a value of $300/buck and $50/doe 
(Table 1). 

White-tailed deer moved to areas un- 
sprayed during the first two years of treat- 
ment. but numbers had stabilized and were 
similar in all treatments by the end of the 
third year following treatment (Beasom and 
Scifres 1976). 

Cattle numbers were increased as a result 
of brush control by aerial spraying (Durham 
1974; Scifres et al. 1976). Actual carrying 
capacities were utilized for 1973 through 
1975 and projections were made for 1976 
through 1982.’ The partially treated area 
was estimated to carry 80% of the added 
number of cattle that the complete treat- 
ment supported (Table 2). This was 
considered to be conservative since cattle 
had improved accessibility to the 20% not 
treated; and, thus. greater utilization of 
existing forage was obtained. 

Economic feasibility of the complete and 
partial brush control treatments was deter- 

’ Assumption\ which apply to thl\ study \ltuatlon 
include the followmg: ( I ) Investment opportunltie\ are 
mutually exclusive and (2) net cash Intlou\ can bc 
sinvested at a selected discount rate, pre\ent Laluc 
method or the internal rate of return depending on 

which criteria are being utilized. A\ cattle prlccs In- 
Crease and internal rates of return increase. assumption 
(3) may become le\\ acceptable. 

Table 1. Estimated value ($/acre) of white-tailed deer following partial (80%) and complete 
spraying of mixed brush in South Texas.’ 

__-_____ _____ 
Time of Value ($/acre) 

censusb TreatmentC Bucks Does Total 
__- 

Feb. 1974 None 1.78 .96 2.74 
Partial .86 .66 1.52 
Complete .29 .54 .83 

Feb. 1975 None 1.73 .74 2.47 
Partial 1.23 .53 1.76 
Complete .61 .21 .82 

Aug. 1975 None .55 .29 .84 
Partial * .67 .42 I .09 
Complete .46 .35 .81 

._~~_______~__-____~~~ _____ 
a Deer numbers are assumed to be equal during the 4 to IO years remaining life ot the treatment\. 
b Census couns were utilized nearest to the hunting season. except for the last count that represents the most recent. 

c Brush control treatments were I lb/acre of a commercial 2.4.5-T + picloram mixture applied in strips so that 80% 

of the area was treated (partial treatment) and in solid bloch (complete treatment). 
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(AUM/acre) resulting from partial (80%) 
and complete spraying of mixed brush in 
South Texas. 

Partiala Completea 
Year treatment treatment 

1973 .300 ,384 
1974 .240 .288 
1975 ,228 .288 
1976b ,276 .366 
1977 .276 ,366 
1978 .276 ,366 
1979 ,276 .366 
1980 ,204 .252 
1981 .084 .I08 
1982 0 0 

a Partial treatment represents 80% of the area treated 
In alternate strips and complete treatment represent\ 
100% of the area treated with I lb/acre of a com- 
mercial 2.1.5-T and plclorum ( I: I) mlature. 

b 1976 to I98 I represent projectons of increased cattlc 

carrying capacities 

mined by examining the accumulated net 
present value (PV) and internal rate of 
return (IRR) over the projected life of the 
treatment. Economic preference of treat- 
ment (complete or partial) was accom- 
plised by comparing the net present values 
and internal rates of return. Generally. 
when investment capital is not limiting. the 
brush control approach selected (either 
partial or complete spraying) must (I) be 
economically feasible (given the PV or IRR 
criteria established) and (2) produce the 
greatest net present value of the two 
choices. When capital is limited. the 
selected project must be ( I ) economically 
feasible and (2) produce the greatest 
internal rate of return.” 

Risk and uncertainty (associated with 
brush control, cattle and white-tailed deer 
responses to the brush control. cattle price 
fluctuations, and use of credit reserves or 
cash for investment in brush control) are 
not considered in this study. The ranch 
manager must evaluate his risks and 
determine if income risks increase or 
decrease from partial or complete aerial 
spraying of brush. For South Texas, it 
could be hypothesized that a combination 
of cattle and white-tailed deer to produce a 
given level of income would have less 
income risk than the production of that 
income from cattle only. 

Increased net revenues from increased 
cattle production and labor savings were 
estimated for the three cattle price alterna- 
tives and represent the net cash tlow arising 
from weaned calf sales and labor savings 
less variable cash costs (Table 3).’ This 
tlow of funds must be sufficient to recover 
the investment of brush control. depreci- 
ation on the added breeding animals, and 

J For thl\ \ituatlon. labor \a\ mg\ rcprc\cnted an actual 
ct\h outflow reduction. For other \ltuatlon\ that ~nvol~c 
only owner-operator labor. rcductlon\ In ca\h outllou 
would not occur and the dccl\lon to Include labor 
Rductlon\ a\ a benefit uould dcpcnd on the opportunity 
cost of the ov+ncr-operator’s labor 
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Table 3. E&mated annual net cash flow estimates ($/acre) from increased cattle production 
at three livestock Prices ($/lb) following partial (80%) and complete aerial spraying of mixed 
brush in South Texas.a 

Year after Complete treatmentb Partial treatmentb 
treatment $0.255/1b $0.355/1b $0.455/1b $0.255/1b $0.355/1b !$0.455/1b 

1c 3.29 4.51 5.72 2.90 3.89 4.88 
2 2.86 3.84 4.81 2.53 3.31 4.11 
3 2.78 3.71 4.65 2.50 3.27 4.04 
4c 3.12 4.23 5.34 2.75 3.66 4.58 
5 3.12 4.23 5.34 2.75 3.66 4.58 
6 3.12 4.23 5.34 2.75 3.66 4.58 
7 3.12 4.23 5.34 2.75 3.66 4.58 
8 2.21 3.03 3.84 1.91 2.56 3.21 
9 1.02 1.38 1.74 .92 1.22 1.52 

10 0 0 0 0 0 0 

a The annual cash flow estimates are gross livestock sales plus labor savings less variable cash costs and do not 
include the original investment in the brush control treatment, purchases or sales of added breeding livestock, 
or changes in hunting revenue. 

b Complete treatment represents 100% of the area treated with 1 lb/acre of a commercial 2,4,5-T and picloram 
(I: 1) mixture. Average treatment costs are $930/acre and the added breeding livestock investment is $6.92/acre. 
The partial treatment represents 80% of the area treated in alternating strips. Average treatment cost is $7.60 
($9.50 x .8)/acre and the added investment in breeding livestock is $5.44/acre. 

c Year I is actually the year of treatment; year 4 through IO represent projections. 

lost revenue from hunting, and yield a 10% 
annual return on the total investment; i.e., 
the sum of the net present value over the life 
of the brush control alternative must be 
positive for brush control to be economical- 
ly feasible. 

Given these investments, the livestock 
cash flows (Table 3) and economic impacts 
from hunting (Table l), the net present 
value and internal rates of return for each 
treatment were estimated for the three 
livestock price situations (Table 4). The 
final year of the net present value analysis 
represents the total accumulated net present 
value over the life of the treatment (Table 
4). The first through eighth years represent 
an accumulated net present value for given 
points in the lives of the treatments. 

Results and Discussion 

Net present values indicate that 
brush control by aerial spraying was 

economically feasible for all cattle 
price and treatment situations, except 
when cattle prices were $.255/1b and 
the brush was sprayed completely 
(Table 4). The net present values for the 
brush control alternatives may be 
compared, for a given cattle price 
situation, to determinewhich treatment 
would be preferred. Using the criteria 
established for this study, the preferred 
treatment for the three livestock price 
situations is partial treatment in alter- 
nating strips. 

As cattle revenues increase relative 
to hunting revenues, the economic 
advantage of partially spraying in strips 
diminishes. For example, at cattle 
prices of $.255/1b the partially sprayed 
pasture produced $2.50/acre more total 
net present value than complete treat- 
ment. At cattle prices of $.455/1b, the 

Table 4. Accumulated net present value ($/acre) of hunting and livestock production at three 
livestock prices ($/lb) resulting from partial or complete aerial spraying of brush in South 
Texas based on a 10% discount rate; and associated internal rates of return (%). 

- 
Total present value ($/acre) 

Year after Complete treatmenta Partial treatmenta 

treatment $0.255/1b $0.355/1b $0.455/1b $0.255/1b $0.355/1b $0.455/1b 

1 -14.01 -12.91 -11.81 -10.63 -9.73 - 8.82 
2 -12.90 -10.99 - 9.09 - 9.01 -7.46 - 5.90 
3 -11.55 - 8.94 - 6.33 - 7.47 -5.34 - 3.20 
4 - 9.41 - 6.05 - 2.68 - 5.59 -2.84 - .80 
5 - 7.48 _ 3.42 .63 - 3.89 - .56 2.76 
6 - 5.72 - 1.03 3.65 - 2.33 1.51 5.35 
7 - 3.43 1.82 7.08 - .38 3.93 8.23 
8 - 1.36 4.27 9.91 1.34 5.95 10.56 
9 - .20 5.58 11.37 2.30 7.04 11.78 

Internal rate 
of return (%) 9.7 17.4 24.7 14.0 21.9 29.5 

a Complete treatment represents 100% of the area treated with I lb/acre of a commercial 2,4,5-T and picloram 
(I: I) mixture. The partial treatment represents treatment of 80% of the area in alternate strips. 

b The fourth through ninth years represent projections of livestock and white-tailed deer responses to treatment. 

partial spray treatment produced $.41/ 
acre more total net present value (Table 
4). The break-even price between the 
treatment in alternating stI’ips was 
approximately $. 495/1b. The proper 
decision regarding type of treatment to 
use accordingly depends on the relative 
prices of beef and hunting returns. 
Given the past 5 years’ average live- 
stock prices and the value of hunting, it 
will be difficult for a landowner, in 
South Texas in this case, to justify 
complete spraying of rangeland if deer 
hunting produced $1 .OO to $2 .OO/acre 
net revenue. 

When capital is assumed to be 
unlimited, partial treatment in strips 
would be preferred in all situations 
presented in Table 4. However, if cattle 
prices were expected to average $.495/ 
lb or more over the life of the treatment, 
complete spraying would be preferred. 

Given a situation of limited invest- 
ment capital, partially spraying in 
alternating strips yielded greater inter- 
nal rates of return for all price situations 
and would therefore be the preferred 
treatment in South Texas (Table 4). 

The time required for a brush control 
project to produce the minimum rate of 
return, as established by the manager in 
the present value analysis, is of ad- 
ditional importance. For example, 
when livestock prices were $.355/1b, a 
positive net present value occurred the 
sixth year following complete treat- 
ment of the mixed brush. This may 
have implications for the land manager 
who faces uncertainty regarding the 
projected life of a given brush control 
alternative, i.e., given two projects 
with similar net present values and 
internal rates of return, the preferred 
treatment would be one which pro- 
duced a positive net present value in the 
shortest time period. 

Conclusions 

Returns from lease hunting of white- 
tailed deer were generally reduced, due 
to a negative response based primarily 
on reduction in production of forbs 
preferred by white-tailed deer (Beasom 
and Scifres 1976) regardless of whether 
the brush was partially sprayed in 
alternating strips or completely sprayed 
as compared to no treatment. However, 
application of the herbicide in strips 
had less adverse affect on white-tailed 
deer returns than did complete spraying 
of brush. Livestock returns from the 
area treated completely were greater 
than from the area treated in alternating 
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strips. Net present values, given the 
cattle price range used in this study, for 
the complete aerial spray ranged from 
- $.20 to $11.37/acre and for partially 
treating the brush in alternating strips 
ranged from $2.30 to $11.78/acre. 
Internal rates of return ranged from 
9.7% to 24.7% and from 14% to 29% 
for the complete and partial spray 
treatment, respectively. 

Given the net present values esti- 
mated for the two treatments, the 
internal rates of return, and the length 
of time required for a positive net 
present value, it can be concluded that 
(1) complete and partial treatment of 

mixed brush by aerial spraying are both 
economically feasible (with one excep- 
tion concerning the complete treatment 
and $.255/1b sale price of livestock) 
and (2) the partial treatment of brush 
would be preferred, in an economic 
sense, to complete spraying in South 
Texas when cattle prices are less than 
$.495/1b (partial treatment is preferred 
at all price levels if capital is limiting). 
This analysis indicates (1) the impor- 
tance of considering the impacts of fee 
,hunting on selection of a brush control 
program and (2) that brush control is a 
viable alternative to increase profits 
from ranching in South Texas. 
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Composition and Degradation of Jackrabbit 

and Cottontail Fecal Pellets, Texas High Plains 

JERRAN T. FLINDERS AND JOHN A. CRAWFORD 

Highlight: Fecal pellets were taken from black-tailed jack- 
tabbits and desert cottontail rabbits for studies of rates of natural 
degradation. Microscopic analyses of fecal samples showed a 
significant difference in the proportion of grasses, forbs, and 
woody plants ingested by the two leporid species sampled. Jack- 
rabbits had ingested greater proportions of grasses and woody 
plants while cottontails had ingested greater proportions of forb 
material. Degradation of fecal pellets was observed at regular 
intervals from 1972 to 1974. Time required for complete dis- 
appearance of pellets was estimated at 4.4 years for jackrabbits 
and 9.5 years for cottontails. Relative humidity and precipitation 
were strongly correlated (r = -0.98 and -0.95 for jackrabbits 
and cottontails, respectively) with disappearance of pellets. 

This study of black-tailed jackrabbits @pus californicus) 
and desert cottontail rabbits (Sylvihgus auduboni) was designed 
to consider the following: comparisons of the vegetational 
composition of dietary material; short-term degradation (in- 
cluding disappearance) of fecal pellets in typical habitat; and the 
relationship between fecal pellet degradation, pellet composi- 
non, and weather variables. Prediction equations were de- 
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veloped for fecal pellet degradation over time and in relation to 
weather variables. 

Counts of fecal pellets have been widely used as an indirect 
method of censusing several mammalian species. Most workers 
stressed the need to know defecation rate, time interval between 
counts, location and identification of all pellets in plots, and 
average weight of pellets produced and collected (Arnold and 
Reynolds 1943; Eberhardt and Van Etten 1956). Ferguson 
(1955) and Wallmo et al. (1962) investigated effects of weather 
and other factors on deterioration of fecal material and, thus, the 
pellet-group counts of deer. 

Arnold and Reynolds (1943) suggested using fecal pellets for 
estimating jackrabbit population densities and amounts of 
forage removed by jackrabbits, but they did not consider effects 
of degradation of pellets over time. Kundaeli and Reynolds 
(1972) recognized this problem, for they made only relative 
population predictions from their annual counts of desert cotton- 
tail fecal pellets in New Mexico. Hansen (1972) used numbers 
of black-tailed jackrabbit pellets collected at 3-month intervals 
in northeastern Colorado to predict amounts of forage removed 
by these hares. Cochran and Stains (1961) quantified the 
deposition of fecal pellets by eastern cottontail rabbits (S. 
jtoridanus) under penned conditions. Their studies showed 
degradation rates differed with type of habitat and diet; possible 
utilization of pellets by invertebrates was noted. Lord (1963) 
found that rain hastened the disappearance of eastern cottontail 
fecal pellets, but felt earthworms ingested many pellets. 
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Study Area and Methods 

This study was conducted on the Texas Tech University Experi- 
mental Farm at Lubbock, Tex. Buffalograss (Buckloe dactyloides), 
blue grama (Bouteloua gracilis), catclaw mimosa (Mimosa biunci- 
fera), and honey mesquite (Prosopis glandulosa) were the dominant 
plants on the study area. Twelve black-tailed jackrabbits and 7 desert 
cottontails were collected in the evening hours of June 15-16, 1972. 
This time of day was selected for collection because these lepaids 
produce and reingest soft fecal material, from the cecum, in the 
morning hours and have reverted to production of hard fecal pellets by 
evening (Hansen and Flinders 1969). Sex was noted, and age of the 
animals was determined by body weight and degree of closure of the 
epiphyseal line at the proximal end of the humerus. Digestive tracts 
were removed for processing. Fecal pellets were removed from the 
lower end of the colon of each animal. These fecal pellets were 
identical in compaction, size, and appearance to freshly voided feces 
found in the field. Five pellets from each leporid were used for dietary 
studies. These were dried in an oven at 70°C and then ground in a mill 
over a l-mm screen. Two microscope slides were prepared from each 
fecal sample after the sample was washed over a 0. I-mm screen. Ten 
microscope fields were examined, under 100X magnification, oneach 
of the two slides of fecal material for each leporid. Stomach contents 
were processed and examined in a like manner (Flinders and Hansen 
1972). 

The histological characteristics of plant epidetmal tissues were used 
as the basis for identification of plant fragments. A reference collec- 
tion of plant tissues from all plant species found in the study area was 
prepared for histological comparisons with stomach and fecal materi- 
al. Percent frequency, recorded for each plant species identified in 
stomach contents and fecal pellets, was converted to particle density 
per microscope field (Fracker and Brischle 1944). Relative particle 
density for each plant species was used as an estimate of percent 
relative dry weight of each food item (Sparks and Malechek 1968). 
Kulczynski’s Index of Similarity (Oosting 1956) was used to compare 
diets from stomach and fecal samples of each species. Chi-square 
analyses were used to test for proportionate differences in dietary 
samples. Plant frequency in the habitat was estimated in mid-July 
1972 from 140 randomly placed 30x60.cm quadrats. 

Pellet degradation was studied within a 2 X2-m rabbit-proof (but not 
mdent-proof) exclosure, which was constructed in a stand of vegeta- 
tion dominated by buffalograss (Fig. I). Eight plots, 15 cm in 
diameter, of fine wire mesh 10 cm in height, of which 5 cm was buried, 
were arranged in a randomized block pattern within the exclosure. 
Fecal pellets removed from the lower colons of the leporids and not 
used for dietary studies were air-dried for 72 hours. Twenty fecal 
pellets, proportionately representative of the age and sex ratios of the 

animals collected, were placed in each of the 8 plots; jackrabbit pellets 
were placed in 4 of the randomly selected plots and cottontail pellets 
were placed on the otherd. All naturally occurring leporid fecal pellets 
were removed from plots prior to the deposition of test samples. Fecal 
pellets were examined and counted weekly for the first 2 months, and 
tien monthly for the remainder of the study period. Mean monthly 
precipitation, mean relative humidity, and mean air temperature were 
obtained from the U.S. Weather Bureau at the Lubbock airport 
(approximately 7 km from the study area). 

Correlation analysis was used to determine the relationship between 
number of fecal pellets remaining and time elapsed. One-factor and 
multiple-factor regression analyses were used to determine the degree 
of association between number of pellets remaining in relation to the 
accumulated amount of average precipitation and accumulated aver- 
age relative humidity (Kerlinger and Pedhazur 1973). Statistical tests 
were evaluated at the 5% level of significance. Percent relative humid- 
ity was transformed using 

Angle = arc sin d proportion 
as suggested by Woolf (1968) for data expressed as proportions or 
percents. 

Results and Discussion 

Eighteen plant species were identified in the samples from the 
stomachs and 16 plant species in the fecal samples of black- 
tailed jackrabbits. There was 86% similarity between the pro- 
portions of each plant species found in both stomach and fecal 
samples of these hares. Fifteen plant species were identified in 
the stomach and fecal samples of desert cottontail rabbits. We 
found 73% similarity between the proportions of each plant 
species in the stomach and fecal samples of these rabbits. Chi- 
square analyses showed no significant difference in the propor- 
tions of grasses, forbs, and woody plants within the stomach and 
fecal dietary samples forboth black-tailed jackrabbits anddesert 
cottontail rabbits. These comparisons indicate fecal material 
can be used to adequately represent the dietary composition of 
both leporids in our sample at this time of the year. 

We found 65% similarity between the proportions of plant 
species in fecal pellets of black-tailed jackrabbits and desert 
cottontail rabbits. There was a significant difference in the 
proportions of grasses, forbs, and woody plants consumed by 
the two species of leporids. In desert cottontail feces, 47.2% of 
the dry weight was derived from forbs, while only 12.3% of the 
dry weight of jackrabbit feces was forb material. Thus, hares 
ingested greater proportions of grasses and woody plants than 
the rabbits. Sand dropseed (Sporobolus cryptandrus), summer- 
cypress (Kochia scoparia), and honey mesquite were the most 
important grass, forb, and woody plant, respectively, in the 
diets of both leporids; but dietary proportions were different 
rable 1). Plants of importance in diets of both species were not 
those most available in the habitat according to our measure- 
ments of relative frequency. 

Fecal pellets were placed in plots on July 1, 1972, and by July 
9 there was an 11% decrease in the number of jackrabbit pellets 
and a 10% decrease in the number of cottontail pellets (Fig. 2). 
Fecal pellet degradation after the first 9 days was significantly 
different for the samples from the two leporid species. The 
linear correlation coefficient(r) between number of fecal pellets 
remaining and time elapsed in months was +0.96 for jack- 
rabbits. The regression coefficient(b) associated with the linear 
model was -0.34. Both values were significant. If this trend 
continued, it would take 4.4 years for complete degradation of 
the sample of jackrabbit pellets. 

The same relationship was evaluated for cottontail fecal 
pellets, and the analysis yielded a correlation coefficient of 
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-0.98. The regression coefficient associated with this linear 
model was -0.16. These values were also significant. If we 
again assume a constant rate (with reference to the b value) of 
disappearance, it would take 9.5 years for complete degradation 
of the sample of desert cottontail fecal pellets. Actual decom- 
position rates of all fecal pellets in the study plots after 2 years 
may not be linear or may not follow the linear model established 
during the reported nearly 2 yeas of study. 

We can only speculate as to the cause for the significant 
difference in rate of fecal pellets. As noted, there were signifi- 
cant differences in the vegetative composition of the fecal 
pellets from the two leporid species. The smaller fecal pellets of 
cottontails may have penetrated deeper into the buffalograss turf 
and thus gained added protection from weather and other 
degenerative factors. Laboratory treatment and limited sample 
size must also be taken into account. 

In considering those factors related to degradation of leporid 
fecal pellets, we found mean, relative humidity was slightly 
more effective than mean monthly precipitation in predicting 
degradation. For black-tailed jackrabbits, the correlation co- 
efficient for the relationship between the number of fecal pellets 
remaining and accumulated mean monthly relative humidity 

was -0.96; r for the relationship between the number of fecal 
pellets remaining and accumulated mean monthly precipitation 
was -0.94. Degradation of black-tailed jackrabbit fecal pellets 
may be predicted using 

+ = 19.01 - 0.70 Xi 
where ? refers to number of pellets remaining and xi refers to 
accumulated mean monthly relative humidity, and 

P = 19.98 ~ 0.27 xi 
where ? refers to number of pellets remaining and xi refers to 
accumulated mean monthly precipitation. 

The correlation coefficient for the relationship between the 
number of desert cottontail fecal pellets remaining and accumu- 
lated mean monthly relative humidity was -0.98. The correla- 
tion coefficient for this relationship using accumulated mean 
monthly precipitation was -0.95. The number of desertcotton- 
tail fecal pellets remaining may be predicted using 

? = 18.36 - 0.33 xi, 
where $’ refers to number of pellets remaining and xi refers to 
accumulated mean monthly relative humidity, and 

P = 19.23 - 0.12 xi 
where $’ refers to number of pellets remaining and xi refers to 
accumulated mean monthly precipitation. Relative humidity 



and precipitation were correlated so highly (r = 0.96) that their 
use together in a multiple regression to predict disappearance of 
fecal pellets did not significantly add to the coefficient of 
multiple correlation. 

The greatest amount ofdegradation of pellets occurred during 
summer and fall (Fig. 2). We noted that subterranean termites 
(G~zcrthitermes spp.) were responsible for 39% of the degra- 
dation during that time (Fig. 3). Haverty et al. ( 1974) demon- 
strated that termite activity was highly dependent on tempera- 
ture and precipitation. Thus, while termites were responsible for 
much of the pellet degradation, the ultimate causative factors 
were weather components. 
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Responses of Merriam’s Turkey to Pinyon- 

Juniper Control 

VIRGIL E. SCOTT AND ERWIN L. BOEKER 

Highlight: Merriam’s turkeys (Meleagris gdapavo merriami) inhabit much of the 
pinyon-juniper vegetative type in Arizona where ponderosa pines are available for 
roost sites. A 64% reduction in turkey populations was noted following a pinyon- 
juniper control program that isolated roost sites 300 m or more from cover. In turkey 
habitat, cleared areas should not be wider than 90 m to provide good turkey habitat, 
and strips of cover should be retained as travel lanes to established roost areas. 

Pinyon-juniper woodlands (Pinus 

edulis and Jubperus spp. ) occupy 
between 4.86 and 5.67 million ha in 
Arizona (Arnold et al. 1964; Spenckr 
1966).Ten to 15% of these woodlands 
have been treated for range improve- 
ment or to increase water yield, mostly 
by cabling or bulldozing to kill trees 
(McCullouch 1973). Approximately 
one-third of the pinyon-juniper in 
Arizona is occupied by turkeys, ac- 
cording to distribution maps presented 
by Jantzen (1961) and Spencer (1966). 
Most of this occupied range extends 
from east-central Arizona along the 
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Mogollon Rim to central Arizona and 
north to the Grand Canyon. The 
occupied pinyon-juniper range general- 
ly parallels the ponderosa pine (Pinus 

porzderosa) belt of Arizona, and small 
stands of ponderosa pine are found in 
valleys and on north-facing slopes. 
These ponderosa pine trees fulfill the 
roosting requirements of Merriam’s 
turkeys (Boeker and Scott 1969) and 
probably are necessary for turkeys to 
survive in the pinyon-juniper type. 

Several studies have been conducted 
in Arizona to determine the effect of 
pinyon-juniper control programs on 
wildlife species (McCullouch 1962, 
1969a, 1969b, 1973; Neff 1972; 
Reynolds 1964) and are summarized by 
Clary et al. ( 1974). Although 

McCullouch ( 1973) mentions that 
turkeys use the pinyon-juniper areas for 
food and shelter, especially during 
winter, his studies were primarily 
concerned with deer and elk; little has 
been reported on the possible effects of 
pinyon:juniper control programs on 
turkey populations. We had the oppor- 
tunity to investigate these effects 
during a 1965-73 study of the ecology 
of Merriam’s turkeys on the Fort 
Apache Indian Reservation, Ariz., 
when a pinyon-juniper control program 
was conducted on a part of the study 
area in 1969. This paper summarizes 
our findings and discusses their impli- 
cations for habitat management. Fur- 
ther information about the study area 
and other aspects of the 9-year study 
were reported by Scott and Boeker 
(1975). 

Study Area and Methods 
The study area (Fig. 1) was an irregular 

plot of about 5,000 ha located in the 
western portion of the Fort Apache Indian 
Reservation in southern Navajo and north- 

JOURNAL OF RANGE MANAGEMENT 30(3), May 1977 



em Gila counties, Arizona. Elevations 
tanged from 1,500 to 2,100 m. Units 3 and 
4 at the southemend ofthe study areaandat 
the lower elevations could be classed as 
pinyon-juniper. Unit 2 was more typical of 
the transition from pinyon-juniper to 
ponderosa pine and Unit I had some stands 
of pure ponderosa pine, but most of the unit 
was a mixed stand of ponderosa pine, 
pinyon-juniper, and oaks (Quercus gam- 
b&i, Q. emmyi, and Q. grisea). 

The study area was divided into four 
units to determine possible effects oftimber 
and range management practices on season- 
al turkey populations. As nearly as was 
practical, the units represented areas of 
similar vegetation and management prac- 
tices and were separated by recognizable 
physical features. 

Beginning in fall of 1969 and continuing 
through fall of 1970, about 800 ha in and 
adjacent to Unit 4 were subjected to a 
pinyon-juniper control program. Approxi- 
mately 300 ha (about one-third of Unit 4) 
were treated. All trees and shrubs except 
the small groups of ponderosa pines were 
lemoved by chaining and burning. Units 2 
wd 3 received little disturbance through the 
study period except for light timber cutting 
at the northern edge of Unit 2 in winter of 
1969-70. Timber was harvested from Unit 
I from fall 1969 through fall 1970; about 
65% of the matwe ponderosa pines, plur 

suppressed trees, were harvested from all 
but the northeast comer. 

Roadside surveys were conducted fmm 
anautomobilealongestablishedroutes(Fig. 
I) through the study area from 1965 
through the summer of 1973. Turkey popu- 
lations were calculated from the number of 
kilometers surveyed and percentage of total 
number of turkeys recorded in each unit. 
Winter counts are not included here 
because many of the roads were in- 
accessible and most surveys could not be 
mmpleted. Counts before and after treat- 
ment were compared by f test, with 
PCO.05) as the criterion of significance. 

The 4.8 km of survey road in Unit 4 bi- 
sected a meadow and were located between 
the treated and untreated portions of the 
unit. 

Results 

The pinyon-juniper community was 
used by turkeys year-round and con- 
tributed the highest brood counts 
recorded on the study area. Pinyon pine 
seed is a preferred food for turkeys but 
cannot be depended on as an annual 
food source; juniper is one of the more 
consistent mast producers and was used 
extensively during drought periods or 
in years when seed production by pines 
and oaks was low (Scott and Boeker 
1973). Turkeys used small open 

meadows among the forested areas 
quite heavily as feeding sites (Fig. 2), 
particularly in summer, but they sel- 
dom ranged fartherthan 45 m from 
escape cover. They consistently chose 
mosting sites in mature or over- 
mature ponderosa pines that were 
within 45 m of open meadows 0.2 ha or 
larger. 

The partial harvest of pine trees on 
Unit 1 caused only a temporary reduc- 
tion in turkey populations using the 
area. After cutting operations ceased, 
turkeys returned in numbers similar to 
tioseonunits 2 and3 (Fig. 3, Table I), 
although they partially or completely 
abandoned some former roosting sites 
after these were heavily cut. 

In contrast, turkey numbers declined 
significatly in Unit 4 following the 
pinyon-juniper control program. Dur- 
ing the 4 years before treatment, 30% 
of all turkeys recorded on the study area 
were in Unit 4; only 13% were recorded 
there during the 4 years after treatment 
(Table I). The most drastic reduction 
occurred during summers, when 32% 
of the turkeys were seen in Unit 4 
before treatment and only 3% after. 
Turkey observations during spring 
dropped from 29 to 20%, and fall 

Table 1. Distribution of turkeys before and after treatments (timber harvest in Unit 1 and 
pinyon-juniper control in Unit 4). 
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observations dropped from 31 to 10%. 
These post-treatment reductions were 
significant for all three seasons. 

Before treatment, the highest num- 
bers of birds observed per kilometer 
were recorded in Unit 4 for each of the 
three seasons (Fig. 3). After treatment, 
mean numbers declined from 0.69 to 
0.48 turkeys/km in spring, from 0.41 to 
0.08 in summer, and from 1.35 to 0.32 
in fall. The reductions for summer and 
fall were statistically significant. 

Since turkeys used the extensive 
pinyon-juniper woodlands south of the 
study area as winter range, it is likely 
that many of the spring and fall turkey 
observations in Unit 4 were of birds 
migrating to and from the wintering 
area. Results of the summer surveys 

probably give the best indication of the 
effect of the pinyon-juniper control 
program, when an 80% reduction was 
indicated after treatment. 

Conclusions and 
Management Recommendations 

Although only about one-third of 
Unit 4 received treatment from the 
pinyon-juniper control program, total 
turkey observations in Unit 4 were 
reduced by 64% and most of those 
turkeys were observed in the untreated 
portion of the unit. Two year-round 
most sites (small ponderosa pine stands 
located in the treated area) were 
isolated from travel lanes at least 300 m 
by the treatment and were not used 
again. The few scattered ponderosa 

pines on the untreated west side of the 
unit were used only sporadically as 
most sites. The lack of suitable roost 
sites that could be reached through 
cover lanes probably was responsible 
for much of the reduced turkey popu- 
lations in Unit 4. 

An irregular, steep limestone out- 
cropping, IO-30 m wide (Fig. 4), 
extended through the treated area from 
north to south and intercepted both 
major roost areas on the treated portion 
of Unit 4. If the pinyon-juniper trees on 
the steep rocky slopes had not been 
removed, travel lanes to the roost sites 
would have been available and the 
treatment would undoubtedly have had 
less detrimental effect on the turkey 
population. While the opportunity was 
not available to verify the use of such 
cover lanes, Gehrken (1975) found that 
&we1 corridors, 60 m wide, in cleu- 
cut areas were sufficient for turkeys in 
Georgia. 

McCullouch (1973) suggested that, 
for deer and elk habitat, no more than 
one-third of the area should be cleared 
of juniper, that cleared areas should be 
no wider than 200 m, and that un- 
cleared woodland left between clear- 
ings should be at least as wide as the 
treated areas. Cleared strips of 200 m 
are wider than desired for turkeys. 
Since they seldom feed in open areas 
father than 45 m from cover, cleared 
strips no wider than 90 m would be 
more adequate for turkey management. 
Good roosting sites are also important, 
and pinyon-juniper removal should be 
planned so that travel lanes to stands of 
mature ponderosa pines, particularly 
those where turkeys already roost, arc 
maintained. 
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Competition Between Russian Wildrye Seed- 
lings and Four Common Weeds 

D. LYNN DRAWE AND I. G. PALMBLAD 

Highlight: Russian wildrye was tested in the greenhouse for 
both interspecific and intraspecific competition using various 
densities of Russian wildrye, alone and in combination with cheat- 
grass, peppergrass, Russian thistle, and halogeton. With Russian 
wildrye alone, production and vigor first increased as plant 
density increased, then decreased at the highest density tested. 
Under interspecific competition, both survival and production 
were reduced at all weed densities tested. Combinations of species 
were more adverse to vigor and production of Russian wildrye 
than were single species of weeds. 

Russian wildrye (Elymus junceus Fisch.) is a long-lived 
perennial bunchgrass introduced into North America from 
Siberia by the University of Saskatchewan in 1926 (Lawrence 
and Heinrichs 1966). It is now widely distributed throughout the 
Northern Great Plains and Intermountain Region. 

Russian wildrye does well in the Northern Great Plains; but 
even though it is recommended for reseeding foothill ranges in 
the Intermountain area (Plummer et al. 1955), there are prob- 
lems with its establishment in such habitats. Greenhouse studies 
of inter- and intraspecific competition with Russian wildrye 
were conducted to help ascertain why the species might be 
difficult to establish. 

The fact that Russian wildrye is difficult to establish was 
noted by Lawrence and Heinrichs (1966) and by Cook (1966). 
Because Russian wildrye seedlings develop slowly, Canadian 
workers recommend control of weeds with cultivation or 
herbicides before seeding. Cook (1966) observed that seedlings 
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of Russian wildrye were frail and subject to high mortality. 
Research on interspecific competition with Russian wildrye 

is limited. Lawrence (1967) reported that wheat (Triticum spp.) 
sown at various spacings in rows parallel or at right angles to 
rows of Russian wildrye significantly reduced seed yields and 
seedling vigor of Russian wildrye the first 2 years. Russian 
wildrye seed yields decreased as wheat density increased. 

Evans (196 1) and Hull ( 1963) suggested that cheatgrass is 
more efficient in extracting soil moisture than are wheatgrasses. 
Hunt (1962) found that Russian wildrye produced less forage 
and used more water to produce a gram of dry matter than did 
intermediate wheatgrass ‘(Agropyron intermedium (Host) 
Beauv.) 

Methods and Procedures 

Three greenhouse experiments were conducted. During these ex- 
periments, light, temperature, and humidity regimes were standard- 
ized to simulate field conditions and kept as comparable as possible 
across experiments. 

Experiment #l: Competition Between 
Russian Wildrye and Four Weeds 

Interspecific competition between Russian wildrye and cheatgrass 
(Bromus tectorum L.), Russian thistle (Safsola kali L.), halogeton 
(Halogeton glomeratus Bieb.) C. A. Meyer), and peppergrass 
(Lepidium perfoliutum L.) was studied in the greenhouse during 
winter 1968. A factorial randomized block design with four repli- 
cations was used. Russian wildrye and four weed species were planted 
in 12” x 10%” x 12” pots in sandy loam soil under both saline and 
nonsaline conditions. Russian wildrye was thinned to two plants per 
pot and the weeds were thinned to 0,2, 10, and 50 plants per pot. The 
study was conducted under moisture conditions that were well below 
field capacity at all times to simulate moisture conditions found in the 
Intermountain Region. 

Data collected for Russian wildrye seedlings included seedling 
emergence, vegetative dry weight per plant, average number of 
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vegetative stems per plant, and average stem height per plant. All pots 
with saline soil were removed early in the experiment because of 
difficulty in keeping this soil properly watered. 

Experiment #2: Competition Between 
Russian Wildrye and Combination of Weeds 

During summer 1968 a study was conducted in which combinations 
of three weedy species were placed in competition with Russian 
wildrye. Watering was the same as that in the previous study. Only 
nonsaline soil was used. Four replications of each treatment were 
used. Treatments were: (1) cheatgrass, Russian thistle, and pepper- 
grass at 2, 10, and 50 plants per pot; (2) cheatgrass plus Russian 
thistle, cheatgrass plus peppergrass, and Russian thistle plus pepper- 
grass at 1,5, and 25 plants of each species of the combination per pot; 
(3) cheatgrass plus Russian thistle plus peppergrass at 1, 4, and 17 
plants of each species of the combination per pot; and (4) controls with 
25 Russian wildrye per pot. Halogeton was not used because of prior 
difficulties in maintaining desired densities. Twenty-five Russian 
wildrye seeds were planted in a row across each pot in all teatments. 

After 2 weeks, emergence data were taken. Final data collection 
was made in September. Measurements similar to the previous study 
were taken for Russian wildrye and the weedy species. 

Experiment #3: Replacement Series 
and Intraspecific Competition 

A study was conducted during spring, 1969, to determine intra- 
specific and interspecific competition with Russian wildrye and four 
weeds, using DeWit’s replacement series described by Palmblad 
(1966). The replacement series consists of placing two species in 
competition and varying numbers of plants of each species while 
holding constant the number of plants per unit area. Treatments were 
combinations of Russian wildrye and either cheatgrass, halogeton, 
peppergrass, or Russian thistle as follows: (1) 0 Russian wildrye plus 
50 weeds, (2) 13 Russian wildrye plus 37 weeds, (3) 25 Russian 
wildrye plus 25 weeds, (4) 37 Russian wildrye plus 13 weeds, (5) 50 
Russian wildrye plus 0 weeds, and for baseline comparisons, (6) one 
Russian wildrye plant, and (7) one weed plant. In addition, Russian 
wildrye alone was planted at 1, 13, 25, 37, and 50 plants per pot. 

A randomized block design was used with three replications and 
three samples per replication. Gallon sized cans were used for pots. 
Nonsaline sandy-loam soil was used. Data collection for all species in 
each pot was made after weed maturity for plant height, leaf length, 
number of leaves per tiller, number of tillers per plant, and weight of 
above-ground dry matter per pot. 

Results 

Experiment #l: Competition Between 
Russian Wiidrye and Four Weeds 

Salinity significantly reduced emergence of Russian wildrye 
h-om 77% on nonsaline to 33% on saline soils, and plant height 
from 18.3 cm on nonsaline soils to 11.6 cm on saline soils. 
Differences between other treatments were not apparent until 
the second data collection. 

Russian thistle and cheatgrass caused greatest reductions in 
production of Russian wildrye (Fig. 1). Peppergrass at 2 and 10 
plants per pot only slightly reduced production of Russian 
wildrye. Halogeton appeared not to be a severe competitor, but 
due to difficulty in maintaining the desired number of halogeton 
plants in each pot, these figures may not be representative. At 50 
plants per pot, cheatgrass, peppergrass, and Russian thistle all 
reduced Russian wildrye production 90% or more. 

Russian wildrye production was reduced to 50%, 33%, and 
17% of that for controls by competition from 2, 10, and 50 
weeds, respectively, when averaged over species. 

Plant height was reduced significantly by competition from 
50 weed plants (Table 1). Reductions in leaves per tiller, tillers 
per plant, and leaf length were not as drastic, but tillering was 
reduced significantly by all densities of weeds. 

224 

Grams 
above 
ground 
dry 
matter 

per 
Pot 

1.6 

1.5 

1.4 

1.3 

1.2 

1.1 

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

c e 

II 
0 50 
II 

! 1050 Lp 

C 

C l_ull 
i0 - 2 10 50 

Ei 
” Cheatgrass Halogeton Peppergrass Russian 

thistle 
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Fig. 1. Production of Russian wildrye after 3 months growth when placed in 
competition with four weeds at 2, 10, and 50 plants per pot under greenhouse 
conditions. 

Cheatgrass and Russian thistle had the greatest effect on vigor 
of Russian wildrye (Table 2). Height of Russian wildrye was 
reduced most by cheatgrass competition. Tillering was reduced 
50% by cheatgrass and Russian thistle competition, and was 
reduced significantly by pepper-grass and halogeton competi- 
tion. Pepper-grass and halogeton had least effect on vigor of 
Russian wildqe. 

Experiment #2: Competition Between Russian 
Wildrye and Combinations of Weeds 

Combinations of two and three species caused greatest reduc- 
tions in above-ground, dry matter production (Fig. 2) and vigor 
of Russian wildrye (Table 2). Russian thistle and cheatgrass 
were the most severe competitors in single species stands with 
Russian wildrye. Production of Russian wildrye was reduced 

Table 1. Average vigor measurements of Russian wildrye seedlings grow- 
ing alone and in competition with cheatgrass, balogeton, peppergrass, 
and Russian thistle. Data are average of all pots in each density class. 

Plant No. No. Leaf 
height leaves/ tillers/ length 

Treatment (cm) tiller plant (cm) 
Experiment No. 1’ 

No weeds 23.3 4.0 5.2 19.3 
2 weed plants 21.0 3.6 4.0 17.2 
10 weed plants 19.5 3.5 3.3 16.9 
50 weed plants 18.1 3.3 2.5 15.5 

Experiment No. 2l 
No weeds 18.9 4.2 4.1 14.8 
2 weed plants 14.9 4.3 2.4 11.7 
10 weed plants 14.0 4.2 1.8 11.0 
50 weed plants 12.3 3.8 1.4 9.8 

Experiment No. 3- 
Replacement Series* 

13 - 373 13.7 5.0 1.1 11.0 
25 - 25 13.4 5.1 1.0 10.8 
37 - 13 12.5 5.0 1.0 10.1 

13 - 0 15.6 5.0 2.5 13.2 
25 - 0 11.6 5.0 1.3 10.0 
37 - 0 13.2 5.0 1.0 10.8 

’ Experiments 1 and 2 used 0.96 ft’ pots. 
g Experiment 3 used 6-inch diameter pots. 
:I Number of Russian wildrye plants followed by number of weed plants. 
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The combination of three weed species caused greatest reduc- 
tions in vigor of Russian wildrye. Combinations of two weed 
species caused more reduction in vigor than any single species at 
the same density. As single species, Russian thistle caused 
greatest reduction in vigor of Russian wildrye, cheatgrass 
caused the next greatest reduction, and peppergrass caused least 
Eduction in vigor. 

Field Application 
Data obtained in these studies reemphasize that, with inten- 

sive use of the land, careful attention must be paid to effects of 
weed competition during the establishment phase of a crop. This 
investigation was directed at the problems involved with estab- 
lishment of Russian wildrye on foothill ranges in Utah. One 
problem with establishment of these frail seedlings is weed 
competition. The importance of a weed-free seedbed was 
pointed out through these greenhouse studies. 

Competition from any of the four common Intermountain 
weed species tested can cause reductions in Russian wildrye 
survival. Since a combination of weed plants caused greatest 
damage to Russian wildrye establishment, a weed-free seedbed 
is necessary for successful establishment of the plant on Inter- 
mountain ranges. Use of a preemergence herbicide is expen- 
sive, but perhaps less expensive than the loss of a complete 
seeding from weed competition. Use of a broad-leaf weed killer 

after planting is precluded because of susceptibility of young 
Russian wildrye seedlings to these herbicides and their in- 
effectiveness on cheatgrass. 
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Yield and Chemical Composition of Coastal 
Bermudagrass, Rhodesgrass, and Volunteer 
Species Grown on Saline and Nonsaline Soils 

C. L. GONZALEZ AND M. D. HEILMAN 

Highlight: Yields and chemical composition of coastal Bermu- 
dagrass (Cynodon dactylon (L.) Pers.) and Rhodesgrass (Chloris 
guyanu Kunth) grown on saline and nonsaline soils were investi- 
gated in the nonirrigated region of the Rio Grande Valley of south 
Texas. Forage production (3-years average) was 12.9 and 13.8 
metric tons per hectare (MT/ha) for coastal Bermudagrass and 
16.3 and 13.5 MT/ha for Rhodesgrass in nonsaline and saline soils, 
respectively, as compared with 7.7 and 7.2 MT/ha for voluntary 
grasses and forbs. The higher yields of coastal Bermudagrass in 
saline vs nonsaline soils indicates its greater salt tolerance. 

Soil salinity did not affect the chemical composition or crude 
protein content of either grass. Chemical composition of grasses 
varied yearly, but changes between saline and nonsaline soil treat- 
ments followed the same general trend. Growing grasses on saline 
soils established a mulch on the soil surface and reduced evapo- 
ration, but this was not a successful soil reclamation practice, 
because moisture extraction by roots from saline soil profile 
caused salt accumulation in the root zone. 

Small, erratically distributed saline areas are common on 
cropland and rangeland of the Rio Grande Valley of south Texas 
(Hawker and Simmons 1926; Beck and Hendrickson 1928; 
Hawker et al. 1929; Fanning et al. 1965). In the intensely 
farmed area, because of their erratic distribution, saline soils are 
not treated differently from nonsaline soils. Salt intolerant crops 
fail to germinate in the saline spots, and cultivation keeps weed 
growth to a minimum. Thus, saline areas remain virtually 
barren year after year. A high water table and evaporation from 
the bare soil surface tends to perpetuate this saline system (Allen 
et al. 1966). 

The areas with the most salt-affected soils are primarily on the 
Rio Grande River watersheds where climate is characterized by 
mild winters; long, hot growing seasons; and erratic rainfall dis- 
tribution (generally, rainfall peaks in May and September). 

We conducted this study to characterize forage quality and 
production of coastal Bermudagrass (Cynodon dactylon (L.) 
Pers.) and Rhodesgrass (Chloris gayana Kunth) on saline and 
nonsaline soils of the nonirrigated region of the Rio Grande 
Valley of south Texas. We also investigated the effects of grass 
mulches on saline soil reclamation. 

Methods 

The study was conducted 11 km east of Raymondville, Tex., in an 
area of interspersed saline and nonsaline alluvial soils that are 

Authors are soil scientists, Southern Region, Agricultural Research Service, U.S. De- 
partment of Agriculture, Weslaco, Texas. 
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underlaid by a high saline water table. Soil at the experimental site is a 
Raymondville clay loam. The Raymondville series is a member of the 
fine, mixed, hyperthermic family of Vertic Calciustolls. These are 
calcereous soils that have gray to dark gray A horizons, gray to light 
brownsih gray clayey B2 horizons, and limey clayey C horizons. The 
criterion for site selection and replication in the saline area was that the 
electrical conductivity (EC,) of the saturation extract in the surface 
60 cm of soil ranged between 6 and 16 mmhos/cm, with all 
replications as near as possible to the same ECe value. Nonsaline plots 
had less than 4 mmhos/cm ECe. Data were collected from 1963 to 
1966. 

Nonsaline and saline site experiments were designed as randomized 
complete blocks and installed in three replications. Treatments in- 
cluded coastal Bermudagrass, Rhodesgrass, and a control of voluntary 
grasses and forbs. Soil borders were maintained around each plot to 
induce water ponding. The plots (5.9 m x 15.5 m) were established 
about 1 month before planting. Fertilizer (34-o-0, NH4 N03) was hand 
broadcast yearly in early spring at 45 kg N/ha on all treatments. Rain- 
fall record was obtained from a nonrecording raingage at the experi- 
mental site. Water table data were collected from piezometers placed 
around the experimental sites. 

Herbage yield was determined by clippng each plot at ground level 
several times yearly when the forage crop was mature. Forage 
moisture samples were taken and green yield adjusted to oven-dried 
weights. Herbage yield data were analyzed by analysis of variance. 

Vegetation samples, including leaves and stems of the grasses from 
each plot, were processed for chemical analysis. Samples from the 
control included grasses and forbs. Forage samples for each treatment 
were analyzed for nitrogen (N) by the Kjeldahl method (Peech et al. 
1947). Percent N was multiplied by a factor, 6.25, for conversion to 
percent crude protein. Potassium (K) and sodium (Na) were deter- 
mined from saturated extracts by flame photometry (U.S. Salinity 
Laboratory Staff 1954). Calcium (Ca) and magnesium (Mg) were 
determined by the EDTA method (U.S. Salinity Laboratory Staff 
1954), as the difference between a Ca plus Mg titration and the Ca 
titration. 

Soil samples were taken for salinity analysis in January 1963 and 3 
or 4 times yearly. Plots were sampled at 15-cm increments to a 60-cm 
depth and by 30-cm increments from 60- to 180-cm. Soil salinity was 
determined on the saturated extract using a conductivity meter (U.S. 
Salinity Laboratory Staff 1954). 

All treatment plots were listed into rows 96 cm apart; the grass was 
planted in the furrows to receive runoff from the lister ridges, Coastal 
Bermudagrass was sprigged in furrows, 30 cm apart, in early spring 
1963 and again in June to assure a good stand. Rhodesgrass was 
broadcast seeded in September at 5 kg/ha. 

Results 

Figure 1 shows the study plots 2 years after treatment 
establishment and the effects of ridge furrow system of seeding 
for both saline and nonsaline soils. Grass seeded in the furrow 
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effectively established and grew well because of greater salt 
leaching and increased soil moisture after rains. During periods 
of high rainfall, salts from the ridges were leached, andgrasses 
were established on ridge tops. Both coastal Bennudagrass and 
Rhodesgrass provided 100% foliage cover on both saline and 
nonsaline soils. Voluntary grasses and forbs (control) provided 
100% ground cover on nonsaline soil, but less than 50% on 
saline soil. 

Forage Production 
Production for Bennudagrass and Rhodesgrass was high the 

first year and decreased the next 2 years for both nonsaline and 
saline soil (Table I). When year effects were compared, 1964 
was significantly higher than 1965 and 1966 for both nonsaline 
and saline soils. Similar trend in forage yields (nonsaline and 
saline soils) reflects the effect of herbaceous mulches in tcmpo- 
raily reducing and maintaining a leached rooting zone under 

32 
1 



conditions of high water table and salinity. We observed a direct 
relationship between yield and total rainfall during the growing 
season (Fig. 2). Mean Bermudagrass yields (over 3 years) were 
greater on saline soil (13.8 MT/ha) than on nonsaline soils 
(12.9 MT/ha). Mean Rhodesgrass yield (over 3 years) on 
the other hand, was higher on nonsaline soil. Forage yield 
from the unseeded plots on the unsaline and saline soils 
showed more variation than the seeded plots, since the species 
composition was highly affected by salinity. 

vaqueros (Tidestromia lanuginosa (Nutt.) Standl.), and Solan- 

Major species on the saline control included carelessweed 
(Amaranthus palmeri Wats .), Euphorbia spp., Eragrostis spp., 
hooded windmillgrass (Chloris cucullata Bisch.), espanta 

saline soil. The Na percent of grasses and weeds of the unseeded 
treatment increased .07 and 1.4% on nonsaline and saline soils, 
respectively. 

forage moisture percentage. 

Soil salinity did not significantly affect crude protein percent 
(Table 2). Bermudagrass had a slightly lower crude protein 
content than did Rhodesgrass on both soils. The unseeded treat- 
ment (grasses and forbs) was higher in crude protein than either 
of the seeded grass species. Forage moisture percent at time of 
harvest for analysis was 47%, 64%, and 67% for Bermudagrass, 
Rhodesgrass, and the voluntary species, respectively. Soil 
salinity did not affect moisture percent in forage. We observed 
that higher crude protein percentage is associated with higher 

urn spp.; on the nonsaline control the major species were 
Johnsongrass (Sorghum halepense (L.) Pers .), carelessweed, 
common sunflower (Helianthus annus L.), hooded windmill- 
grass, common Bermudagrass, and cowpen daisy (Verbesina 
encelioides (Cav. ) Gray). 

Chemical Composition of Herbage 
We compared chemical composition and crude protein of 

forage grown in nonsaline soil with that grown in saline soil for 
two seasons, July 1964 and July 1966 (Table 2). Magnesium, 
Ca, and K concentrations were higher in 1964 samples, as 
compared with 1966 samples, in both saline and nonsaline soils 
for both seeded grass treatments. The decrease in concentration 
of Mg, Ca, and K in 1966 seems to be related to lower rainfall 
amounts received in June and July 1964 than in the same period 
in 1966. During periods of low rainfall and high evaporation, 
cations and anions are probably more concentrated in the root 
zone. The magnitude of decrease for both grass treatments was 
in the order of Mg > Ca > K and was the same for saline and 
nonsaline soils. The magnitude of decrease for the unseeded 
treatment was Mg > K > Ca for both saline and nonsaline soils. 
The different order of decrease for the unseeded treatment can 
possibly be attributed to the different plant species composition 
and phenology stages at harvest. 

The percent of Na in Rhodesgrass for 1964 and 1966 was very 
high on both saline and nonsaline soils as compared with that of 
Bermudagrass (Table 2). From 1964 to 1966, Na in Bermuda- 
grass increased .Ol% on nonsaline soil and decreased .15% on 

Table 2. Chemical composition (%)I of two seeded grass species and 
vegetation from the control treatment grown on nonsaline and saline 
soil. Data were collected from forage harvested in July of each year. 

Soil Salinity 
Table 3 shows soil salinity changes in the 0- to 60- and 0- to 

80-cm depth over a 4-year period for each of three treatments in 
nonsaline and saline soil. In 1963, at the beginning of the study, 
salt content at the 0- to 60- and 0- to 80-cm depths within 
treatments in both soils varied little. The average ECe’s for 
saline and nonsaline soils at 0- to 60-cm depth were 14.6 and 3.4 
mmhos/cm, respectively. By February 1964, all treatments on 
saline plots were lower than in 1963 at both depths and were the 
lowest recorded for the study period. The ECe values for treat- 
ments on saline soil (0- to 60-cm depth) in 1964 for Rhodes- 
grass, coastal Bermudagrass, and voluntary species were 3.9, 
1.2, and 2.6 mmhos/cm, respectively. This was due to the 70 
cm of rainfall recorded between January 22, 1963, to February 
10, 1964. 

Table 3. The effect of different treatments on the EC, (mmhos/cm) in 
nonsaline and saline soils for four years after treatment. 

Sampling date and depth (cm) 

Soils and Jan. 22,1963 Feb. lo,1964 Sept. 20,1965 Dec. 12,1966 

treatment O-60 O-180 O-60 O-180 O-600-180 O-600-180 - 
Saline 
Rhodesgrass 14.9 13.7 3.9 9.3 8.9 13.9 9.1 12.5 
Coastal Bermudagrass 13.1 11.5 1.2 10.7 5.7 12.5 5.8 12.5 
Control (unseeded) 15.9 13.5 2.6 9.1 10.0 13.6 4.7 10.9 

Nonsaline 
Rhodesgrass 2.8 4.1 1.3 4.2 1.9 4.8 1.8 5.9 
Coastal Bermudagrass 4.5 4.8 1.7 4.3 2.1 3.9 2.7 5.9 
Control (unseeded) 3.1 4.3 1.0 3.7 3.1 6.1 2.7 5.8 

Between 1963 and 1966, salt at the 0- to 60-cm depth 
decreased in both saline and nonsaline soils for saline Rhodes- 
grass, coastal Bermudagrass, and control treatment from 14.9 to 
9. I, 13.1 to 5.8, and 15.9 to 4.7 mmhos/cm, respectively. Salt 
content fluctuated seasonally at the 0- to 60-cm depth; however, 
it was greater for the control treatment than for either the coastal 
Bermudagrass or Rhodesgrass treatments. 

Treatment 
and 

constituent 

Rhodesgrass 
Mg 
Ca 
K 

Nonsaline Saline 
1964 1966 1964 1966 

0.56 0.15 0.43 0.15 
1.02 0.52 1.12 0.62 
1.75 1.07 1.56 1.01 

Na 
Crude protein 

Coastal Bermudagrass 
Mg 
Ca 
K 
Na 
Crude protein 

Control (unseeded) 
Mg 
Ca 
K 
Na 
Crude protein 

0.63 1.61 1.25 1.35 
10.1 10.8 10.7 10.6 

0.54 0.11 0.78 0.13 
0.98 0.56 0.92 0.40 
2.17 1.29 2.10 1.13 
0.08 0.09 0.20 0.05 
8.3 8.4 9.5 9.8 

1.29 0.48 0.45 0.15 
1.55 0.74 1.36 0.52 
4.60 1.99 3.14 1.05 
0.11 0.18 0.36 1.76 

13.2 12.9 11.1 10.6 

’ Oven dried basis. 

Discussion 

Rhodesgrass and Bermudagrass produced a substantial 
amount (> 12 MT/ha) of forage on both nonsaline and saline 
soils under dryland conditions. This is about half of these 
species potential forage production under irrigated conditions in 
south Texas (Trew and Hoveland, undated). Thus, our data 
indicated that both Rhodesgrass and coastal Bermudagrass were 
well adapted to saline soils. Coastal Bermudagrass produced 
significantly higher forage yields on saline as compared with 
nonsaline soil, while Rhodesgrass was more productive on non- 
saline soil. Thus, higher yields by coastal Bermudagrass on 
saline soils indicated that it could tolerate greater soil salinity 
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than could Rhodesgrass. Similar responses have been reported 
by Bernstein (1958). 

After periods of high rainfall (September 1964, with almost 
23 cm of rainfall) the October water table rose from 250- to 
140-cm depth. Grasses and forbs, like grain sorghum (Lyles and 
Fanning 1965) utilize moisture from the capillary fringe of a 
high water table, so plant growth and production were usually 
increased. This condition probably explains the higher yields in 
1964. 

Yearly variations in the chemical composition of grasses, 
grown on nonsaline and saline soils, were probably due to rain- 
fall variation and their phenological stage and conditions at 
harvest. The amount of change always followed the same trend 
on grasses, regardless of soil salinity. In general, our data 
indicated that different soil salinity did not affect Ca, Mg, and K 
content of Bermudagrass and Rhodesgrass, which is contrary to 
data reported by Stewart ( 1967), who found that plants grown in 
soil having a high salinity accumulated mineral salts in their 
tissues. However, Na content seems to be higher for Bermuda- 
grass and Rhodesgrass in 1964, and much higher in volunteer 
species in both 1964 and 1966. The higher Na content is in 
agreement with data reported by Stewart (1967). The difference 
is probably attributed to species, since data reported by Stewart 
is based on chamiza (Atriplex canescens). 

Crude protein content was not significantly affected by soil 
salinity. Protein content of plants under all treatments equalled 
or exceeded requirements for beef cattle (National Research 
Council 1970). 

Salinity content of soil profile (0- to 60-cm depth) for all 
treatments decreased between 1963 and 1966. However, the 
decrease was greater for the unseeded treatment. Under grass 
treatments, evapotranspiration probably left little excess water 
for leaching. Short periods of leaching after heavy rains were 
more effective under grass treatments than under the control. 
However, this decrease in salinity was temporary. Since both 
grass treatments had a higher density of plants, which extracted 
moisture from the underlying saline water table, this caused salt 
to accumulate in the root zone. Also with evaporation, the salt 
was transported to and deposited on the soil surface. Similar 
results have been reported by Fanning and Carter ( 1963), 
Sandoval and Bentz ( 1966), and Heilman et al. ( 1968). 

It appears from this study that production on saline soils can 
be promoted by proper selection of salt-tolerant species that can 

best utilize rainfall moisture under saline conditions. Even 
though saline soils cannot be reclaimed by growing grasses, a 
large component of major rangeland types in the southwestern 
United States can be important forage producers if seeded with 
adapted grass species. In areas with adequate soil moisture as 
well as o$imum temperatures, production from well -managed 
saline land seeded to selected species could be equal to that of 
nonsaline land. 
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Growth of Selected Species Under Trans-Pecos Conditions, by Gary Stephen 
Kemph, MS, Range Scikce. 1975. 

Crested wheatgrass, Russian wildrye, wintergreen hardinggrass 
(cv. “TAM”), and bumet were compared to sideoats grama (cv. 
“Premier”) under growth chamber conditions simulating environ- 
mental conditions of a representative Trans-Pecos location. Plant 
survival, the importance of grass subcoleoptile internode elongation to 
survival, and growth parameters were evaluated under three precipita- 
tion regimes for a year as a step toward selecting a species to help 
alleviate the critical cool-season range forage shortage in the Trans- 
Pecos. 

wintergreen hardinggrass and only 4% of the bumet survived the first 
year of growth. This high mortality was attributed to low winter and 
spring precipitation and low nitrogen fertility of the soil. Crested 
wheatgrass and Russian wildrye are probably adapted to certain areas 
of the Trans-Pecos, but Russian wildrye would probably have better 
stand establishment than crested wheatgrass in years with low fall 
precipitation. Neither TAM wintergreen hardinggrass nor bumet 
appear adapted to Trans-Pecos range seedings. 

Crested wheatgrass and Russian wildrye had higher survival per- 
centages than Premier sideoats grama at the end of the first year of 
growth. Survival of Russian wildrye and Premier sideoats grama was 
highest under the driest precipitation regime. Physiological hardening 
probably played an important part in survival of these species in this 
study. Crested wheatgrass year-end survival was highest under the 
wettest precipitation regime, and was associated with high fall root 
and shoot weights and numbers of adventitious roots. No TAM 

Grasses with elongated subcoleoptile internodes (ESI) had lower 
year-end survival percentages than the grasses without the elongation. 
However, Premier sideoats grama, and ES1 grass, had as high a 
survival under the driest precipitation regime as either of the non-ES1 
grasses, crested wheatgrass and Russian wildrye. Therefore, other 
plant characteristics in addition to presence or absence of sub- 
coleoptile internode elongation were important in grass survival in this 
study. 
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Estimating Overwinter Bitterbrush Utilization 

from Twig Diameter-Length-Weight Relations 

ROBERT B. FERGUSON AND MICHAEL A. MARSDEN 

Highlight: Overwinter utilization of bitterbrush by big game 
can be estimated from measurement of the basal diameter and 
remaining length of a random sample of 100 twigs collected at the 
end of the browsing season. In this method, regression equations 
are used to predict unbrowsed twig length or weight. The range 
manager is thus able to obtain estimates of big game use at less 
expense, or to survey more area for the same cost than with more 
time-consuming methods. 

Despite proposals for more efficient methods (Stickney 1966; 
Lyon 1970), many range and wildlife managers still base 
estimates of shrub and small tree utilization on twig measure- 
ments made before and after browsing. The primary dis- 
advantages of the before and after method are the necessity to 
locate, tag, and measure twigs on a number of shrubs before 
browsing begins, and to relocate and remeasure the same twigs 
after browsing (Smith et al. 1963). 

If a method could be developed that would eliminate the 
marking and measuring of twigs before browsing, the time 
saved would permit either a more economical evaluation of 
utilization or a more extensive coverage of important areas for 
the same amount of effort. Basile and Hutchings (1966) 
proposed such a method for bitterbrush (Purshia tridentatu 
(Pursh) DC.). They suggested the use of a regression equation 
based on twig diameter to predict the prebrowsing twig length or 
weight. The relations between basal diameter, length, and 
weight of the annual twigs of bitterbrush used by Basile and 
Hutchings were determined from a study of two adjacent sites in 
Boise County, Ida., in 196 1. 

This paper describes additional research on diameter-length 
and diameter-weight relations of bitterbrush twigs, and on the 
use of these relationships to sample utilization. Data obtained by 
Basile and Hutchings in 1961 are included in some of our 
analyses. 

Definition and Utilization 

Degree of utilization is expressed as the percent removal of 
the total twig growth of the previous year, or as the mean percent 
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loss from individual twigs. It’ is the latter estimate of utilization 
that we are primarily trying to obtain by the use of regression 
equations. 

For a single twig, the percent utilization (U) in terms of length 
is 

U = ~W~-(LR/LT)I, 
where LT is total length and LR is the remaining length ah- 

browsing. Basile and Hutchings’ estimator of utilization (U) is 

ir = lOO[ 1 -(LR/LT)] 
where iT is the regression estimate of the total length. The 

statistic fr is a biased estimator of U; however, it is a useful 
estimator for our purpose. A similar estimator for utilization by 
weight can be constructed using estimated total weight and re- 
maining weight. 

Developing Equations 
We desired to obtain information on the twig characteristics of 

bitterbrush from a reasonably wide variety of sites in southern Idaho 
and to include variation that might occur as a result of climatic 
variations from year to year. 

In the autumn of 1964 we selected three sites in southwestern Idaho 
and four sites in southeastern Idaho. In addition, the two 1961 sites of 
Basile and Hutchings were resampled. In the autumns of 1965 and 
1966, the nine sites were resampled, and samples were taken at five 
additional sites in southwestern Idaho and four additional sites in 
southeastern Idaho. Table 1 includes basic descriptive information for 
these 18 study areas and four areas sampled in field tests in 1969. 

Annual twig growth was sampled during autumn (October- 
December) each year. At each site, 30 shrubs were selected at random. 
Because Basile and Hutchings (1966) found some significant differ- 
ences in twig length-diameter and weight-diameter relations by 
canopy position, each shrub sampled was visually divided into upper 
and lower halves and north and south halves, thus quartering the 
canopy. Three unbranched twigs were then collected from each 
quarter. An effort was made to obtain a wide variety of twig lengths at 
each site. Twigs less than 1 inch in length were avoided if possible. 
Twigs were cut off at the base and immediately placed in plastic bags. 
Bags were sealed and identified by site, shrub number, and canopy 
quarter. 

Length and diameter (S-inch above the basal end) of all twigs were 
measured within 24 hours after collection. Twig length was measured 
to the nearest 0.1 inch, and twig diameter measured to the nearest 
0.001 inch with a dial gage. Mean diameter was calculated from two 
measurements taken at 90” from each other. To obtain oven-dry 
weight, twigs were dried at 70°C for 48 hours, and weighed to the 
nearest 0.01 gram. 

All data were transferred from field forms to punch cards for 
automatic data processing. 

Using the data obtained during 1964, 1965, and 1966, several 
different forms of regression models were developed to express the 
relationship of twig basal diameter to twig length and to twig oven- 
dry weight. The equations Length = a + bD) and Weight = a + b(D2) 
(where D equals mean twig diameter l/2 inch above the base) were 
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Table 1. Location and characteristics of study areas used to sample the annual twig growth of bitterbrush in southern Idaho. 

Site designation 

Southwest Idaho: 
Basile & Hutchings 
Basile 8z Hutchings 
Cinch Creek 
Ola 
Peaceful Cove 
Thomsen Ranch 
Spring Valley 
Timber Creek 
Webb Creek 
Grasmere 

Southeast Idaho: 
Kinney Creek 
St. Charles Canyon 
Montpelier Canyon 
North Juniper Mt. 
Lower Knox Creek 
Crystal 
Mink Creek 
Skyline 

Highland Valley 
Walker Creek 
Goodenough Creek 
Black Pine 

County 
No. of years Soil parent Elevation 

sampled material (feet) 

Boise 4 igneous 3,200 
Boise 4 igneous 3,200 
Boise 3 igneous 3,300 
Gem 3 volcanic 3,050 
Ada 3 lacustrine 3,400 
Elmore 2 igneous 3,800 
Boise 2 sedimentary 3,400 
Gem 2 sedimentary 3,500 
Gem 2 alluvial 2,900 
Owyhee 2 volcanic 5,750 

Bannock 3 sedimentary 5,900 
Bear Lake 3 sedimentary 6,050 
Bear Lake 3 sedimentary 6,400 
Fremont 3 alluvial 5,700 
Power 2 sedimentary 5,500 
Power 2 lacustrine 5,200 
Bannock 2 sedimentary 5,250 
Bannock 2 sedimentary 6,400 

Ada 
Bannock 
Bannock 
Cassia 

1969-70 Test Sites 

igneous 
sedimentary 
sedimentary 
sedimentary 

4,000 
5,500 
6,400 
6,200 

Exposure 

NE 
S 

SW 
E 
S 

SE 
E 

SE 

W 
S 

SW 
SW 

Annual 
precipitation 

(inches) 

16 
16 
18 
19 
15 
12 
14 
19 
19 
14 

13 
10 
14 
14 
14 
13 
14 
14 

12 
13 
14 
13 

found to express the relationships adequately. Little additional preci- 
sion was gained when the data were fitted to more complex models. 

Regression coefficients for the models were computed for both 
length and weight of twigs from each of the 47 site-years of data (2 in 
196 1, 9 in 1964, and 18 in 1965 and 1966). In addition, data were 
pooled into three different categories: (1) “grand” equations, using 
data from all site-years; (2) “general” equations, using only data for 
1965 and 1966; and (3) “regional” equations, using only 1965 and 
1966 data but computing separate equations for southwestern Idaho 
and southeastern Idaho. The regional equations were derived because 
of considerable differences in climatic conditions between the two 
parts of the State. 

site-year conditions, then our best estimates for the prediction equa- 
tions would be the grand equations. However, in the data collected in 
1965 and 1966, all 18 sites sampled across southern Idaho were 
equally represented. In the presence of a site, or site-year effect, the 
data taken in 1965 and 1966 would yield equations which are unbiased 
estimates of the length and weight for the area sampled. 

Grand, general, and regional regression equations for both twig 
length and twig weight are shown in Table 2. Also shown are the 
number of site-years data used to derive each equation, and the 
multiple correlation coefficient (R2) and standard error (Snedecor and 
Co&ran 1968). The 47 individual site-year equations are not listed in 
Table 2; however, the range for R2 and standard error is given. 

Regression equations for predicting unbrowsed twig length or 
weight would be most useful if they could be applied equally well 
throughout a large geographical area. If the 47 site-year combinations 
of data can be considered random samples of a large population of 

Individual site-year equations also were calculated and tested. 
However, such equations would not be as convenient for the range 
manager to use as would general equations. 

To test for equality of regression coefficients between regional 
equations or among site-year equations, the analyses of variances were 
used. Extremely small differences in coefficients were found to be 
significant due to the large number of degrees of freedom we have in 
these experiments. Since small differences in estimated length or 
weight will result in even smaller differences in estimated utilization, 
we did not seek to identify the sources of significance in the analysis of 
variance. Instead, we attempted to evaluate our ability to estimate 
utilization through computer simulation. 

Simulation of Utilization 

Table 2. Grand, general, and regional regression equations for twig length 
(L) and twig weight (W), and range of multiple correlation coefficients 
and standard errors for individual site-years. 

Description Site-years Equations RZ Standard error 

Length 
Grand 47 L = - 1.86 + 93.321) 0.627 1.07 
General 36 L = - 1.95 -t 93.20D .651 1.03 
Regional, SW 20 L = -1.84 + 91.45D .623 1.10 
Regional, SE 16 L = -2.21 + 98.81D .565 .93 
Site-years 1 (47 equations) .367to.850 .57to1.35 

Weight 
Grand 47 W = -.058 + 51.38(D2) .836 .046 
General 36 W = -.066 + 50.94(D2) .863 .041 
Regional, SW 20 W = -.071 + 52.33(D2) .849 .049 
Regional, SE 16 W = -.044 + 43.05(D2) .797 .027 
Site-years 1 (47 equations) .505 to .890 ,015 to .088 

We designed a computer program to simulate deer utilization 
of a population of twigs and to simulate our sampling of that 
population (site-year condition). We thus could model the effect 
of our sampling and estimation of utilization for a range of 
specified utilization patterns and a variety of site-year con- 
ditions. We simulated in a short time the type of testing that 
would take years to do in the field. 

Three levels of utilization were simulated: 25%) 50%, and 
75%. Sample size was varied in some test runs. When a 
site-year equation was used to estimate utilization with the data 
base from the same site-year condition, the simulation repre- 
sented the best we could hope for in a field test. For each 
site-year condition 20 simulations of loo-twig samples were 
evaluated. 

When individual site-year regression equations for length 
were used, the estimates of percent utilization were within +5 
percentage points of the known (simulated) utilization level for 
99% of the runs (Table 3). For example, if the known utilization 
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Table 3. Number of samples yielding utilization estimates within &5% of 
the simulated utilization, when individual site-year equations for twig 
length and weight were used. 

Simulated percent Number of 
utilization samples 

25 235 
50 470 
75 235 

Number within +5% 

Length Weight 

234 207 
467 413 
235 216 

was 50%, the estimated utilization must fall between 45% and 
55% to be within ~5 percentage points. Individual site-year 
equations for weight attained the same precision in 89% of the 
simulation runs. 

The general equations were used with simulation runs for all 
site-year conditions. For utilization by length, the general 
equation estimated utilization within 55 percentage points of 
the known value in 88% of the runs (Table 4). For utilization by 
weight, only 64% of the runs were this precise. 

Table 4. Number of samples yielding utilization estimates within r5% of 
the simulated utilization, when the general equations for twig length and 
weight were used. 

Simulated percent 
utilization 

25 
50 
75 

Number of 
samples 

235 
470 
235 

Number within +5% 

213 154 
401 295 
216 154 

Tests of the general equations on samples from site-years not 
used in deriving the general equations (1961 and 1964 data) 
yielded utilization estimates within 25 percentage points in 
79% of the runs for length and in 37% of the runs for weight. 

Field Testing 

In autumn, 1969, four previously unsampled bitterbrush 
stands (one in southwestern Idaho and three in southeastern 
Idaho) were selected for study (Table 1). At each site, 20 shrubs 
were randomly located and marked. Two branches on each 
shrub were similarly chosen and tagged. Ten twigs from the 
current year on each branch were measured for total length and 
marked with canary leg bands. In addition, 15 other twigs were 
clipped from each shrub and returned to the laboratory for 
diameter measurement. 

To test the usefulness of the grand, general, and regional 
equations for providing an estimate of utilization by length, the 
actual utilization of all relocatable tagged twigs at each location 
was determined in the spring of 1970. These data are given in 
the following tabulation: 

Number of Mean percent 
Site twigs sampled utilization 

Highland Valley 393 35 
Walker Creek 399 24 
Goodenough Creek 398 28 
Black Pine 400 21 

The collection and measurement of the tagged twigs provided 
a pattern of use at each of the four sites. The same pattern of 
utilization was artificially applied to the 300 twigs that had been 
collected the previous autumn at each site. This was done by 
clipping off the required portion from each twig to correspond 
with the actual degree of use observed on the tagged twigs. 

Table 5. Estimated mean utilization of individual twigs (length) obtained 
through the use of grand, general, and regional equations. 

Site 

Actual 
utilization 

(%) 

Estimate using regression equation (%) 

Grand General Regional 
equation equation equation 

Highland Valley 35 32 31 31 
Walker Creek 24 31 30 31 
Goodenough Creek 28 35 33 34 
Black Pine 21 24 23 25 

From this sample of twigs the grand, general, and regional 
equations for twig weight were evaluated for their accuracy in 
providing utilization estimates by weight. 

As shown in Table 5, the percent utilization by length was 
determinable within 56% of the actual utilization at all four 
sites by the general equation, and within 57% at all four sites by 
the grand and regional equations. 

Percent utilization by weight was determinable within +5% 
of the actual utilization by each of the three equations on three of 
the four sites (Table 6). On the Highland Valley site none of the 
equations gave an estimate of utilization closer than 28%. 

Table 6. Estimated mean utilization of individual twigs (weight) obtained 
through the use of grand, general, and regional equations. 

Actual Estimate using regression equation (%) 

utilization Grand General Regional 
Site (%) equation equation equation 

Highland Valley 28 20 18 18 
Walker Creek 17 17 15 13 
Goodenough Creek 24 23 20 19 
Black Pine 17 17 15 13 

Standard errors and the sample means were determined for 
sample sizes of 10, 20, 30,40, or 100 twigs at each simulated 
utilization level (25, 50, and 75%). As the sample size in- 
creased, the standard error of the mean decreased. However, 
there was only a slight improvement when the sample size was 
increased from 30 to 100 twigs. It is doubtful if there could be 
much increase in precision if saple size were increased beyond 
100 twigs. 

Discussion 

Of the 940 samples tested by using the general equation for 
twig length in the simulated browsing phase of this study, 95% 
of the estimates of utilization were within t6 percentage points 
of the true mean. Eighty-eight percent of the estimates were 
within t5%. 

The level of precision considered acceptable for utilization 
estimates will probably vary among range managers. There will 
be times when an experienced range manager or game biologist 
can accurately judge that a bitterbrush stand has been slightly 
browsed, or heavily browsed (75% or more), by careful 
observations. Mere observation becomes considerably more 
unreliable when the level of utilization is between 25 and 75%. 
In such cases it may be more desirable to arrive at an estimate 
that is within +5 percentage points of the true utilization than 
one that is within + 10 percentage points. 

In the test of the equations by simulated utilization, 20 
samples were taken from each of 47 site-year’s data. Figures 1 
and 2 show the number of site-years in which estimates of 
utilization were within 5,6, or 7 percentage points of the 
simulated utilization in either 90 or 80% of the samples tested. 
These figures are based on the use of the general equations for 
twig length and weight. 
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Fig. 1. Number of site-years in which the estimates of utilization were within x 
percentage points of the simulated utilization in 90% of the samples tested 
(general equations for twig length and twig weight). Total number of site- 
years = 47. 

The grand equation for twig length, from all data, was not 
evaluated in our full-scale test using simulated browsing. 
However, in a limited, preliminary test using 10 samples from 
each of 13 different site-years, this equation enabled estimates 
within 25% in 9 or more samples from 8 of the 13 site-years. 
Estimates within 26% were obtained in at least 9 out of 10 
samples in 11 of the 13 site-years. For these same i3 site-years, 
the general equation was slightly less accurate tr. :n the grand 
equation. 

For estimating twig utilization by weight, th,: grand equation 
was not quite as good a predictor as the general equation when 
used on data from the same 13 site-years. 

A more reliable estimate of utilization, by length, can usually 
be obtained if regression equations derived from each specific 
site are used. In the simulated browsing test, utilization esti- 
mates by length were within +-5% of the true mean in 90% or 
more of the samples from 46 of the 47 site-years tested. 

Comparing the grand and general equations for length on the 
basis of the field test of 1969-70, on four sites, there was little 
difference between estimates based on the two equations, and 
all estimates were within 27% of the true mean (Table 5). For 
utilization by weight, both equations were within ~5% of the 
true mean utilization on three sites, and gave estimates that were 
8-10% low on the remaining site (Table 6). 

The regional equations might have been expected to give 
estimates somewhat closer to the true values than the grand or 
general equations. However, in the field test they proved no 
better than the latter two for estimating utilization by length, and 
slightly less accurate for estimates by weight (Tables 5 and 6). 

The results of the field test of utilization estimates by weight 
were surprising. Previous tests of the several regression equa- 
tions, based on simulated utilization, indicated that such equa- 
tions worked best in calculating utilization by length rather than 
by weight. However, as shown in Table 6, the equations for 
twig weight gave closer estimates of utilization for three of the 
four sites than did the equations for twig length. 

Estimating Total Utilization 

In discussing twig utilization we have been referring to the 
mean decrease in length or weight of individual twigs. Another 
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Fig. 2. Number of site-years in which the estimates of utilization were within x 
percentage points of the simulated utilization in 80% of the samples tested 
(general equations for twig length and twig weight). Total number of site- 
years = 47. 

way to describe utilization of browse by animals is in terms of 
the ratio of the amount taken to the amount available. This is 
what is done when all the current year’s twig growth is measured 
on selected branches of a number of shrubs, and these same 
twigs are remeasured at the end of the browsing period. 

Two different procedures can be used to calculate an estimate 
of total utilization. In one, the regression equation would be 
solved only once to obtain either the average original twig 
length or the average original twig weight for all twigs in the 
sample. This would be done by using the average diameter (for 
length) or the average squared diameter (for weight) of all the 
twigs in the sample. Then the average residual twig length or 
weight would be used to calculate the estimate of utilization. 

In the second procedure the regression equation would be 
used to predict the original length or weight of each twig in the 
sample (excluding the unbrowsed twigs, whose measurements 
are known). Then the sum of the predicted and known original 
lengths or weights and the sum of the residual lengths or weights 
are used to compute the estimate of utilization. 

These two procedures were used with the data from the four 
sites in the 1969-70 field test. Using the first method with the 
grand, general, regional, and site-year equations for length, we 
found that in each case only two of the four estimates were 
within +5% of the known total utilization. The other estimates 
ranged from 6 to 14% higher than the known value. 

The grand, general, and regional weight equations greatly 
underestimated utilization, but the site-year equation yielded 
almost exact estimates. The latter result, however, was to be 
expected because the respective site-year equations were de- 
veloped from the same 300-twig samples that were used to test 
each of the different weight equations. 

The second method has only been used with the grand 
equation. For estimating utilization by length, it resulted ;n 
estimates within 2 1% on two sites and within t6% on the other 
two test sites. Estimates by weight were within +5% on two 
sites and approximately 10% low on the other two sites. 

Advantages and Disadvantages 

The primary advantage offered by the use of regression 
equations to estimate the prebrowsing twig measurements is the 
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time saved by not having to locate and permanently tag a 
number of shrubs (and a sample of their twigs), which must then 
be remeasured following the browsing period. This saving in 
time is slightly offset if a sample of twigs is collected from 
which to develop the regression equation. However, it is likely 
that for a given region of similar terrain and climate an equation 
such as our “grand” equation can be developed and used 
repeatedly. A second advantage is that an estimate of utilization 
by weight can be obtained; the method involving pre- and post- 
browsing measurement of twigs yields only utilization by 
length. 

One disadvantage of the method is the difficulty of account- 
ing for the total use of some twigs. The omission of completely 
utilized twigs from the sample would result in a biased estimate 
of utilization. This only occurs to a significant extent on areas 
where browsing is very heavy, and average utilization is in the 
75 to 90% range. On such areas, the calculation of the percent 
utilization would be slightly lower than the actual utilization, 
which would not be of any practical importance when utilization 
is that great. 

Another source of bias is the estimator U itself, since the 
expected value of a ration (UP/UT) is not equal to UP divided 

by the expected value of UT. Through simulation we have found 

the amount of bias to be small when evaluating a sample of 100 
or more twigs. So no adjustment was made for estimation of 
utilization. 

Recommendations 
We believe either the grand or general equations are suitable 

for use on most southern Idaho sites for estimating mean 
utilization of individual twigs by both length and weight. 
Despite the fact that the grand equations were derived from 
somewhat larger data bases than the general equations, there is 
no solid evidence that the grand equations are better predictors. 
Although using either of these existing equations will save the 
time required to derive a site-year equation, development of a 
site-year equation, development of a site-year equation should 
usually result in more accurate estimates of utilization. 

For bitterbrush areas outside of southern Idaho we suggest the 
deveopment and use of individual site-year equations for both 
length and weight, until such time as sufficient data are 
compiled to evaluate site or regional equations. 

To develop a regression equation for predicting the un- 
browsed twig length or weight, a representative sample of the 
current year’s twig growth must be obtained from the chosen 
site. Use some method of random selection to locate shrubs 
from which to take the twig sample. Ten twigs from each of 20 
shrubs, well distributed over the area, should suffice. Clip each 
twig cleanly at the base, avoiding any that are browsed or 
broken. Include twigs from different sides of the shrubs and 
from lower branches as well as upper branches. Obtain a range 
of twig lengths, from 1 inch to near the maximum length 
occurring on the selected shrubs. 

Immediately place the clipped twigs in a suitable plastic bag 
to prevent desiccation. Sprinkling a small quantity of water 
inside the bag will provide a humid atmosphere. 

Preferably, the diameter and length of the sample twigs 
should be measured the same day as collected. However, twigs 
can be stored overnight in a refrigerator in a sealed plastic bag 
without a significant effect on the measurement. 

Measure the diameter to the nearest .OOl inch, using a dial 
gage, at a point ‘/2 inch above the basal end of the twig. Dial 
gages used in our study were manufactured by the L. S. Starrett 

Company, Athol, Massachusetts. Model 1015B was modified 
to provide screw driver type contact points top and bottom, 
blade approximately $!z inch long, range &‘/2 inch. l Take two 
measurements at right angles at the same point, and calculate the 
mean. If a bud occurs ‘/2 inch from the base, take the measure- 
ment just above the bud. 

If an equation for twig weight is desired, ovendry the twigs at 
70°C for 24 hours and weigh each twig to the nearest 0.01 gram. 

Once the values of length, weight, and diameter have been 
determined for all twigs, the equations relating length and 
weight to diameter can be considered. The linear regression 
equations Length = a + b (D) and Weight = a + b (D2) will 
probably be adequate. Calculations of the regression coeffi- 
cients follow standard linear regression procedures (Snedecor 
and Cochran 1968). Consider the first equation, Length = a + b 
(D). The coefficients a and b are calculated using the values of 
twig length (L) and twig diameter (d) measured in the sample 
just taken. Pirst calculate the average length, L, and the average 
diameter, D, for all the twigs in the sample. For each twig the 
difference between the average length L and the length of that 
twig, L, is y. Similarly, for each twig the difference between the 
average diameter, D, and the diameter of that twig, D, is x. The 
summation over all twigs of the product of x and y is the cross 
product term Sxy . The summation over all twigs in the square of 
x is the term Sxx. The regression coefficient b is the ratio of 
these two terms: 

b = Sxy/Sxx. 

The coefficient a-is then the average length, L, minus the 
product of b and D: 

a = L - b (D). 

The coefficients for the weight equation can be calculated in a 
similar fashion. Note, however, that in these calculations the 
twig weight replaces twig length in the above procedure and 
twig diameter squared replaced twig diameter. The average 
diameter is replaced by the average of the squared twig 
diameters. 

To obtain an estimate of the average utilization of bitterbrush 
twigs on a particular range site, decide on an objective way to 
designate approximately 20 shrubs that will be representative of 
the site. Then devise a way to randomly select five individual 
twigs of the current year from each shrub. 

Collect the total number of twigs desired, keep them in a 
plastic bag, and return to the office to obtain the diameter and 
residual length or residual weight measurements. Twigs should 
be handled as described in the section on developing a regres- 
sion equation. 

In the office, record the mean twig diameter and residual 
length (or residual weight following oven drying) of each twig. 
Solve the regression equation to predict the original length or 
weight of each twig. Then calculate estimated utilization of each 
twig and the mean value. Unbrowsed twigs in the sample need 
not be measured, but should be listed as zero percent utilized, 
and included in the calculation of the mean value. 

If an estimate of total utilization is preferred, the sum of the 
predicted original twig lengths or weights (including unbrowsed 
twigs, which in this case will have to be measured or weighed) 
and the sum of the residual twig lengths or weights may be used. 
This procedure is more likely to give satisfactory estimates for 
twig length than for twig weight. 

‘Use of trade or firm names is for reader information only, and does not constitute 
endorsement by the U.S. Department of Agriculture of any commercial product or service. 
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Early Growth of Nordan Crested Wheatgrass and Sherman 
Big Bluegrass 
L. R. RITTENHOUSE AND F. A. SNEVA 

Highlight: Early growth of Sherman big 
bluegrass was compared with that of Nordan 
crested wheatgrass in central Oregon. Growth 
curves of the two grasses were similar between 
April 5 and May 15, as measured by increase 
in oven-dry production. Both species pro- 
duced similarly during the 6-year study, ex- 
cept that, in 1969 big bluegrass yields were 
higher on May 15. 

Sherman big bluegrass, a selection of 
Poa ampla Merr., has frequently been cited 
as a plant with very early growth (Hanson 
1959; Vallentine 197 1). Hyder and Sneva 
(1963) and Currie ( 1969) indicated that it 
reached a grazing readiness 2 to 4 weeks 
earlier than crested wheatgrass (Agropyron 
&set-tot-urn (Fisch.) Schult). This has led 
some to believe that its productivity during 
the early spring grazing period is greater 
than that of crested wheatgrass; however, 
published data to support this are lacking. 

This study documents early spring pro- 
duction (April 5 to May 15) of Sherman big 
bluegrass and Nordan crested wheatgrass 
during 6 years on the high, cold desert of 
eastern Oregon. 

Methods and Materials 

Two adjacent stands of the two species 
were established in approximately 1 -acre 
plots in 1966 on a uniform area located at 

At the time of the research, authors were associate 
professor, Rangeland Resources Program, Eastern 
Oregon Agricultural Research Center, Squaw Butte 
Station, Bums; and range scientist, Agricultural Re- 
search Service, U.S. Departmentof Agriculture, Bums, 
Oregon 97720. Rittenhouse’s current address is the 
Texas Agricultural Experiment Station, Chillicothe- 
Vernon Research and Extension Center, Vernon, Texas 
76384. 

The report involves cooperative investigations of the 
Oregon State Agr. Exp. Sta. and U.S. Dep. Agr., Agr. 
Res. Serv., Squaw Butte Experiment Station, Bums, 
Ore.; Oregon Agricultural Experiment Station Tech- 
nical Paper No. 4268. 

Manuscript received October 26, 1976. 
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Fig. 1. Spring production of crested wheatgrass and big bluegrass, 1969-1974. 



Table 1. Regression statistics’ for days after March 31 (X) and log yield (Y) as the independent 
and dependent variables, respectively. 

Crested wheatgrass Big bluegrass 

Year j;: log a log b Sy.x log a log b Sy.x 

1969 33 2.299 .00959 .00104 2.291 .01410 .02936 
1970 27 2.197 .01013 .00630 2.275 .00699 .08480 
1971 35 2.001 .01442 .02876 1.904 .01654 .02723 
1972 23 2.196 .01361 .0202 1 2.276 .00907 .02540 
1973 25 1.810 .01857 .06847 1.776 .01747 .097 19 
1974 25 2.058 .01505 .02375 2.709 .01806 .02775 
Overall2 28 2.090 .01310 .09994 2.078 .01387 .16551 

I The equation Y = ab X was transformed to log Y = log a + log bX for computation. 
2 ? = .85 and .70 for Crested wheatgrass and Big bluegrass, respectively. 

the Squaw Butte Range Station, 40 miles 
west of Bums, Ore., at an elevation of 
4,500 feet. Soils are sandy loams of 
basaltic and/or rhyolitic origin, and contain 
an impervious layer of calcium carbonate at 
about the 20-inch depth. Long-term annual 
precipitation is 11.5 inches, with about 
60% falling as rain and snow during the six 
fall and winter months and about 25% as 
rain during May and June. 

Each year from 1969 to 1974 production 
was estimated by clipping to ground level 
16 randomly selected 24 ft2 plots in each 
area on three dates between March 29 and 
May 24. In 1973 and 1974, additional plots 
were harvested following seed maturity to 
estimate mature herbage yield. Data were 
expressed as pounds of oven-dry forage per 
acre and analyzed as a factorial with species 
and dates of harvest as main effects. Each 
year was analyzed separately. 

Results and Discussion 
A significant species (Pc.01) and spe- 

cies X date of harvest interaction (PC.01) 
occurred only in 1969. The probability of 
significant differences between species in 
other years was less than 0.10. Yield on 
three dates during the spring of 1969 to 
1974 are shown in Figure 1. 

Although big bluegrass was observed to 
begin culm elongation earlier than crested 
wheatgrass, growth curves were similar in 

all years except 1969. Both species in- 
creased in production at about the same 
rates (P>. 10) in most years, i.e., on the 
average 3.0 and 3.6, 5.5 and 7.2, and 10.5 
and 14.6 lb/acre/day for crested wheatgrass 
and big bluegrass on April 5,25, and May 
15, respectively. Rates of production 
increase with time were calculated from the 
first derivative of the equation Y=abX 
fitted for each year’s data, where Y was pro- 
uction and X was days after March 3 1. Co- 
efficients are given in Table 1. Homogenei- 
ty of transformed regression coefficients 
(log b) was tested using analysis of 
covariance. Yearly differences among re- 
gression coefficients for both crested 
wheatgrass and big bluegrass were signifi- 
cant (P< .05). Factors explaining differ- 
ences in growth rates among years are not 
known. However, pooling the data across 
years produced nearly identical log a and 
log b coefficients for crested wheatgrass 
and big bluegrass. 

In 1969 yield production of big bluegrass 
on May 16 (Fig. 1) was 163% greater than 
that of crested wheatgrass. That year 
followed the severe 1968 drought. While 
available soil N was not monitored in this 
study, it is suggested that: (1) available soil 
N in 1969 was increased through residual N 
carry-over from 1968, and (2) big bluegrass 
responded more rapidly to that N supply 
than did crested wheatgrass in 1969. 

Other studies on the Squaw Butte Range 
Station (Hyder and Sneva 1963; Sneva and 
Hyder 1965) have shown that big bluegrass 
produced as much as, or more yield than, 
crested wheatgrass in most years. This was 
confirmed from yields taken in 1973 (596 
vs 717 lb/acre) and 1974 (787 vs 939 
lb/acre) for mature crested wheatgrass and 
big bluegrass, respectively. Since produc- 
tion was nearly equal on May 15, big blue- 
grass had attained a lower percentage of its 
potential growth than had crested wheat- 
grass by that date. 

More research is needed to study factors 
which determine growth rates of these two 
species in early spring. Of special interest is 
the potential for manipulating growth 
curves using fertilizer. 

Results suggest that, in this locale, early 
spring productivity of Sherman big blue- 
grass is not greater than that of Nordan 
crested wheatgrass. Assuming that the 
herbage of both grasses is equally available 
to the grazing animal and both are equally 
tolerant to grazing at this time, the date of 
“grazing readiness” for the two grasses 
should be the same. The fact that Sherman 
big bluegrass has a more erect growth and is 
more advanced phenologically than crested 
wheatgrass has been the primary reason for 
suggesting an earlier date of “grazing 
readiness. ” 
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Toxicity of Extract from Three Larkspur Species (Delphini- 
um barbeyi, Dm glaucescens, Dm occidentale) Measured by 
Rat Bioassay - Larkspur poisoning of cattle in North 

JOHN D. OLSEN 
America was reported as early as 1760 
(Miller). About 1900, the United States 

menziesi was poisonous to sheep, but 
Nelson ( 1906) concluded that D. menziesi 
was not poisonous to sheep. Glover (1906) 
reported that at least 18 Delphinium species 
had been found in Colorado and that the 
four most abundant species were poisonous 
to livestock. Experimental feeding of 
larkspur to cattle confirmed field observa- 
tions of symptoms caused by larkspur 
poisoning (Chestnut and Wilcox 190 1; 
Marsh et al. 1916) and the report that 
toxicity of the plant seemed to decrease 
during the growing season (Marsh et al. 
1916). 

Highlight: Differences in toxicity among Department of Agriculture and Agricultural 
vciea of larkspur have been suspect4 but 
until now no standard method of comparison 

Experiment Stations began to investigate 

has been made. A rat bioassay has recently 
and report extensive death losses of cattle 

been developed and was used to estimate the 
and sheep due to larkspur poisoning in the 

toxicity of an extract from three larkspur 
western United States (Chestnut and 

(Delphinium barbeyi, D. ghzucescens, and D. Wilcox 1901; Wilcox 1897; Wilcox 1899). 

occidentale). Delphinium barbeyi was the most There was some confusion at that time con- 
toxic and D. occidentale the least, as measured cerning the relative toxicity of larkspur 
by this bioassay. species. Irish (1889) fed the tops of 24 

plants of Delphinium trolliifolium to one 
Author is research veterinarian. Poisonous Plant Re- steer and the roots to another and observed 

search Laboratory, Agricultural Research Service, 
Western Region, U.S. Department of Agriculture, no signs of toxicity. He also fed 30 plants of 
Logan, Utah 84321. “white larkspur” and observed no signs of 

Manuscript received December 26, 1976. toxicity. Wilcox (1897) reported that D. 
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Toxicity studies with guinea pigs and 
rabbits have been limited (Beath 1919; 
Crawford 1907) and no standard method for 
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Table 1. Median lethal dose (LDso) for rats of an alcohol extract from Delphinium barbeyi, D. 
glaucescens, and D. occidentale. 

Mean body ’ 
weight of No. of rats Dose* Mortality LD,04 Confidence 

Plant sample rats l (g) injected (mg/g) rate3 (mg/g) interval” 

D. barbeyi 297 6 2.93 0 4.5 4.0-5.1 
297 6 3.64 0 
304 6 4.51 4 
291 6 5.59 5 

D. glaucescens 255 5 12.33 2 16.2 12.3-21.4 
226 5 14.43 1 
247 5 16.88 3 
228 5 19.75 4 

D. occidentale 245 5 37.06 1 40.4 37.6-43.5 
250 5 39.29 2 
257 5 41.65 3 
251 5 44.14 4 

-~ 
’ After 24-hour fast. 
z Dose levels used to determine LD3(, expressed as milligrams of dried plant material equivalent to extract injected 

subcutaneously, per gram of body weight. 

:( Number of rats that died within 24 hours after injection. 

’ Calculated by method of Weil expressed as milligrams of dried plant material equivalent to extract subcutaneously 
injected, per gram of body weight. 

.’ Estimation of a confidence interval that will encompass the LDSo 95 times in 100 tests. 

measuring toxicity of larkspur has been 
established. A rat bioassay to estimate the 
toxicity of an alcohol extract from larkspur 
has recently been developed (Olsen 1977). 

This report describes the toxicity to rats 
of extracts from D. barbeyi, D. glau- 
cescens, and D. occidentale. The purpose 
of the study was to investigate whether 
differences in toxicity between larkspur 
species from different locales could be 
measured. 

Methods 

The above-ground parts of the three 
species of larkspur were collected in 1973 
during the early flower bud stage, i.e., 
small, unopened buds were visible on some 
plants. Delphinium barbeyi was collected 
at an elevation of 3,109 m at the head of 
Manti Canyon in central Utah; Delphinium 
claucescens was collected at an elevation of 
2,438 m on the border of Idaho and 
Montana north of Dubois, Ida.; and 
Delphinium occidentale was collected at an 
elevation of 1,829 m east of Ashton, Ida. 
Extracts of air-dried, ground plant material 
were tested for toxicity to rats as previously 
described (Olsen 1977). An alcohol extract 
was made, evaporated to dryness, and 
reconstituted in saline solution. Rats of 
either sex were individually identified, 
weighed, and caged in groups of six. The 
undiluted saline extract was subcutaneous- 
ly injected. At each site, 1 ml or less was 
injected. The dose for each rat was 
calculated on the basis of the amount of 
saline extract injected (dose expressed as 
mg of dry plant extracted) per gram of body 

weight required to cause toxicosis. Four 
dose levels, increasing in a geometric 
progression, were chosen after preliminary 
tests. The median lethal dose (LDSO) was 
calculated from the mortality rate at 24 
hours after injection; the method of Weil 
was used (Weil 1952). 

Results and Discussion 
Clinical signs of toxicosis could be 

observed 1.5 hours after injection, and 
most animals died between 1.5 and 18 
hours after injection. 

The LDso for extracts from each larkspur 
species has been listed in Table 1. The LDsO 
was significantly different for each species. 
D. barbeyi was the most toxic and D. 
occidentale the least. The confidence 
interval was much narrower for D. barbeyi 
than for the others. This narrow confidence 
interval was a result, in part, of the fact that 
the death loss at the intermediate doses 
(mortality rate in Table 1) was sharply 
different for D. barbeyi. 

The difference in toxicity between 
species, as measured, could result from 
several factors. 

A number of potentially toxic alkaloids 
have been isolated from Delphinium sp. 
(Pelletier and Keith 1970). The type of 
major alkaloid, or the chemical form in 
which it exists, may vary among these 
species. Also, the absolute concentration of 
alkaloid present in these Delphinium 
species may be different, or the concen- 
tration ratio of the various alkaloids present 
may vary. 

Another factor is the stage of growth of 
the plant. Even though the plant material 

tested for each species was generally in the 
same stage of growth, the change in toxic 
alkaloids throughout the growing season 
may not be the same for each species. 

The geographical site of growth and the 
seasonal weather conditions may also be a 
potential factor contributing to a difference 
in toxicity between species. 

The method of extraction used in this 
study was relatively simple and yielded 
suitably reproducible results for an indi- 
vidual sample of plant material; however, 
extraction of toxic alkaloidal material may 
not have been exactly the same for different 
species. More detailed chemical deter- 
minations will be required to clarify this 
point. 

We will continue to use the bioassay 
method for more detailed study of larkspur 
toxicity. Potential differences between 
years of growth, within a growing season 
and among species and the effect of envi- 
ronmental factors are being studied. 
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Outdoor Recreation Planning. By Alan Jubenville. W. B. 
Sanders Co., Philadelphia, Pa. 1976. 399 p. $10.00. 

A book on outdoor recreation planning is similar to a book on 
“desirable religions” in that both deal with highly subjective topics. 
Either will probably be judged more by the personal experiences, 
values, and purposes of the reader than for the author’s imagination, 
the quality of the writing, the strength of the plot, or the intrigue 
created. A reviewer, therefore, should not turn away potential readers 
whose values and purposes can be served by the book. 

Jubenville’s text on outdoor recreation planning is of value, but it 
also has its deficiencies. Let us begin with the strong points, then 
discuss the deficiencies. 

The book contains much food for thought because it is full of ideas 
about outdoor recreation planning. It probably gives the most compre- 
hensive coverage of that subject of any of the books on the market. It 
does, however, lack depth in its conceptual-theoretical sections. 
Therefore, the value of the book seems greatest for the beginning 
planner or student without previous training or experience in outdoor 
recreation planning. Its values for advanced students or others having 
such training or experience would seem limited for the reasons 
mentioned below. 

The basic deficiencies of the book are twofold. First, Parts 1 and 2, 
which are conceptual-background parts entitled “The Planning 
Process” and “Economics of Outdoor Recreation Planning,” are not 
well organized, and the theoretical underpinnings are elementary and 
diffuse. Specifically: (1) Transitions from section to section are 
generally not smooth, so a reader wonders where he or she is going: (2) 
complex theoretical issues (such as different theories of human 
preference formation, of information processing, and of individual 
and group planning) are frequently not mentioned (which is under- 
standable in an introductory text) but are glossed over too easily with a 
simple model when they are mentioned; and (3) items in sequential 
lists of concepts are not tightly packaged around a central theme and 
frequently tend to trail off. 

These problems cause the readers to be inadequately acquainted 
with what they need to learn about planning, beyond Jubenville’s basic 
introduction. Also, it is frequently difficult for the reader to answer his 
own question: “What have I just read. 3” For these reasons, Parts 1 and 
2 do not stand on their own but need additional interpretation by a 
teacher or more experienced associate. 

Next, there is a set of deficiencies that can be grouped under the 
rubric of editorial style. The author has a tendency to use “buzz 
words” excessively without defining his jargon, apparently with the 
assumption the reader already understands the concepts “housed” in 
the words he uses. This practice is not only trying to the reader, it is 
self-defeating. Also, he tends to overstate his point, which can mislead 
the novice reader. For example, he states that under multiple-use 
management ‘ ‘ . . . all uses . . . are given equal consideration in the 
planning process” [emphasis added]. More realistically, all logical 
uses are considered, but not given equal consideration. The author 
also states that “Work is a means to support the leisure behavior 
patterns one develops. ” The implication is that this is the only value of 
work. Another case of overstatement is the comment that “Cost- 
benefit analysis is really no more than a refinement of what rational 
people do every day . . . the essential feature . . . is the comparison of 
the cost of an investment alternative with the predicted benefits” (with 

JOURNAL OF RANGE MANAGEMENT 30(3), May 1977 

the next sentence mentioning total benefits). Hopefully, the rational 
person will compare marginal costs and marginal benefits (or reve- 
nues) rather than total costs and benefits, but these nuances are ignored 
by the author. Also, on editorial style, it is disappointing that a book 
published in 1976 would document recreation use trends using 1960 
and 1965 data. Those data are now dated. Lastly, although a useful list 
of selected readings is provided at the end of each chapter, references 
in the text to this source material are troublesome for two reasons: (1) 
References are frequently made to complete works without giving the 
page numbers, and the work may be an editorial volume containing 
articles by several authors. (2) It is not clear whether an idea being 
explained is the author’s or some other author’s. It seems more like 
carelessness than plagiarism. 

In sum, Jubenville’s book is a useful basic text on outdoor 
recreation planning for the uninitiated. Parts 3,4, and 5 are particular- 
ly good introductions to the elements of national, regional, site, and 
special resource planning. The book does, however, suffer certain 
deficiencies, the most important of which are: (1) It does not 
adequately introduce the reader to what he has yet to learn about 
outdoor recreation planning after reading Jubenville, and (2) the 
organization and editorial style, especially in Parts 1 and 2, could have 
been improved considerably by better planning.--B. L. Driver, Fort 
Collins, Colorado. 

Public Grazing Lands. By William Voigt, Jr. Rutgers Univer- 
sity Press, New Brunswick, New Jersey. 1976. 359 p. Illus. 

$19.95. 

Author William Voigt brings a background of involvement in public 
land conservation to the writing of Public Grazing Lands. He joined 
the Izaak Walton League of America staff in Chicago in 1945 as 
assistant executive director, and moved to Denver when the League 
opened a western office there, primarily to work on public land 
conservation problems. 

From his opening remarks in the preface: “This began as a simple 
account of how an aggressive clique of public land-using stockmen in 
the west attempted a colossal grab of public domain and National 
Forest grazing areas,” to the closing sentences, Voigt builds a case 
that a small group of livestock interests attempted to have legislation 
introduced to dispose of public grazing lands. As an involved 
conservationist, he documents the role the Izaak Walton League and 
other conservation organizations played in blocking these attempts. 

In order to provide background, the introductory chapters give a 
brief history of public grazing in the west and a review of early 
conservation movements. 

Administration of grazing in the Forest Service from Gifford 
Pinchot through Chief Edward Cliff occupies a major section of the 
book. Grazing policies have changed over time, from allowing large 
buildups in grazing during World War I, to a policy of cutting grazing 
numbers after the war, to a policy of maintaining grazing numbers 
through range improvements. Voigt views this last policy as shifting 
the cost of improving grazing lands from the permittee to the general 
taxpayer and giving in to pressure from the livestock industry. A 
chapter or two describes how Forest Service personnel, in particular 
Earl Sandvig, were shifted to different positions as the policy changed 
to more reliance on range improvements. 
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Interactions of the livestock industry and Congress with the Forest 
Service, the old Grazing Service and its successor, the Bureau of Land 
Management (BLM), are covered in detail, bringing in many personal- 
ities who have shaped grazing policy. According to Voigt, the 
methods used by Senator Pat McCarran of Nevada and Congressman 
Frank Barrett of Wyoming in conducting congressional investigations 
of the land management agencies were biased toward their western 
livestock constituencies. 

Voigt concludes that the Forest Service and BLM have not increased 
grazing fees nor reduced grazing levels as much as should have been 
done. Although he presents tables showing that fees have doubled in 
the last 7 years and that grazing in 1972 was at about one-third of the 
peak level reached in 1918, he does not give the agencies much credit 
for moving in that direction. 

In summary, Public Grazing Lands presents a vocal conserva- 
tionist’s viewpoint of the events and personalities that have resulted in 
public grazing policies of today.-George A. Myles, Denver, 
Colorado. 

NEW PUBLICATIONS 

PROCEEDINGS, TALL TIMBERS FIRE ECOLOGY CON- 
FERENCE AND INTERMOUNTAIN FIRE RESEARCH 
COUNCIL FIRE AND LAND MANAGEMENT SYMPOSIUM, 
OCTOBER, 1974. E. V. Komarek, General Chairman, and William 
C. Fischer, Program Chairman. Proceedings No. 14, Tall Timbers 
Res. Sta., Tallahassee, Fla. 1976. 675 p. This voluminous 
proceedings of the 1974 fire management symposium at the University 
of Montana in Missoula deserves more than a brief “New 
Publications” note. The three-day conference was organized into 
three sections. Fire Management section included 11 papers and two 
panel discussions dealing with changes in policy and improved tech- 
niques on national forests and national parks. Fire Ecology section, 
with 12 papers and one panel discussion, dealt with fire in relation to 
plant succession, reforestation, pathogens, wildlife, research needs, 
and application of current knowledge. The Fire Use section, con- 
sisting of 11 papers and one discussion, dealt with mostly prescribed 
burning and land management in several Western and Southern forest 
and range types. A featured paper on “Fire as a Force in Land Use 
Planning” was presented by John R. McGuire, chief, Forest Service, 
U.S. Dep. Agr. 

The entire symposium was summarized by William R. Moore, 
under the title “Fire, Land, and People.” He concluded that “To 
manage fire in support of land use plans, we’ll have to integrate and 
use all available fire and related knowledge.” 

TALL TIMBERS FIRE ECOLOGY CONFERENCE NO. 15, 
Tallahassee, Fla. 1976. 279 p. Illus. The Pacific Northwest Fire 
Ecology Conference was held in Portland, Oregon, October 16-17, 
1974. It was sponsored by the Tall Timbers Research Station, Oregon 
State University, and the University of Washington. It included 20 
papers and panel discussions dealing with the role of fire and man’s 
handling of ecosystems, including range. 

COWBOY ECONOMICS: RURAL LAND AS AN INVEST- 
MENT, Third Edition, by Harold L. Oppenheimer. The Interstate 
Printers and Publishers, Inc., Danville, Ill. 61832. 1976. 346 p. 

$9.95. This edition surveys the cattle industry, with emphasis on its 
present transition into big-business and the new and unique problems 
associated with this development. Part I provides an introduction and 
basic terms and explanations. Part 11 covers field operations in large- 
scale handling of cattle today, with chapters on range management, 
feed lots, and dairy pools. Part III deals with the historic and recent 
trends in land assemblages, including the problems and techniques in 
both buying and selling ranches. Part IV is an economic analysis of the 

cattle industry, its strong points and weak points relative to competi- 
tive investments, and covers the problems in attracting outside capital, 
techniques of evaluating resident managers, and the function of 
professional inspection and supervision. Part V covers the current 
three-way battle between two sections of the industry and the 
government on the large-scale entry of outside capital into the field 
under the stimulation of present tax laws. Part VI contains examples of 
leases, documents, and contracts between cattle owners and land 
owners, between feeders and maintenance operators, and between 
investors and management firms. 

FOREST TREE PLANTING IN ARID ZONES, Second Edition, 
by A. Y. Goor and C. W. Barney. The Ronald Press Co., New York, 
N.Y. 10016. 1976. 504 p. $17.50. This book is based on the 
theoretical and practical results obtained by the combined efforts of 
many foresters, ecologists, soil scientists, plant physiologists, and 
specialists in other allied sciences, from which the authors have 
attempted to reflect recent and substantial advances in a number of 
forestry concepts. Among the most important of these are (1) the 
ecological effects of forests on the environment; (2) an understanding 
of the problems raised by the pollution of the environment by faulty 
use of chemicals; (3) the multiple use of forest crops, including 
plantations, for the benefit of the community; and (4) the development 
of productive plantations based on intensive cultivation and the use of 
quick-growing species and improved seed sources. Large-scale af- 
forestation programs are now carried out on a scientific basis in many 
of the new semiarid countries. It is estimated that between 300 and 400 
million forest tree seedlings are planted every year in the low- 
tainfall zones of the world with varying degrees of success. To help 
Educe failures, by describing techniques and species used in afforesta- 
tion under differing conditions of aridity and soil and as they are 
influenced by the purpose of the plantation is the prime purpose of this 
book. 

INTRODUCTION TO FORESTRY, Fourth Edition. G. W. Sharpe, 
C. W. Hendee, and S. W. Allen. McGraw Hill Book Company, Inc. 
1976. 544 p. $14.95. This edition has been completely revised to 
reflect the present-day situation. Providing a complete overview of 
modem, multiple-use forestry, this text is now presented in five 
logical parts covering history, policy practice, protection, and edu- 
cation and national planning. New chapters have been added on 
Outdoor Recreation, Management of the Forest Environment, How to 
Know Your Trees and Their Environments, Forestry Around the 
World, the Political Economy of Forestry, Silviculture: Reproduction, 
and Silviculture: Intermediate Operations. Emphasis is on multiple- 
use management, protection, and development with special attention 
to environmental values. Trends in forestry are discussed and some 
forecasts made for the future. 

OUR SOILS AND THEIR MANAGEMENT, Fourth Edition, by R. 
L. Donahue, R. H. Follett, and R. W. Tullock. The Interstate Printers 
and Publishers, Inc., Danville, Ill. 61832. 1976. 791 p. $15.35. This 
edition is intended as a complete text to illustrate that a major part of 
the strength and security of our nation lies in its agriculture. The basis 
of a strong agricultural economy necessarily hinges upon the major 
components of soil and water. Increasing attention must be paid to the 
conservation and wise use of these resources if we are to continue to 
feed our population. The 22 chapters in this book progress from an 
introduction on “Careers” in Chapter 1 through discussion in Chapter 
15 on “Pastures and Rangelands” to the last chapter on “Vegetating 
Disturbed Areas. ’ ’ Summaries, questions, and references are pre- 
sented at the end of each chapter, plus extend appendices on additional 
resource information, conversion factors, definitions, and indexes. 
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