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ABSTRACT 

A study was conducted on Santa Rita Experimental 

Range in sputhern Arizona from July, 1981, to July, 1982, to 

compare diets selected by Hereford and Barzona cows and study 

their summer behavioral activities. Diet was determined by 

microhistological analysis of fecal samples. Behavior was 

studied by direct observation in August, 1981. 

No practical differences in diet between breeds was 

detected. Grasses dominated the diet except in winter when 

grass and shrub consumption were approximately equal. Forbs 

were a minor diet component except for short periods in 

spring. A small number of plant species dominated the diet, 

despite numerous species being identified as diet components. 

Grazing behavior was similar for both breeds, being 

dominated by grazing and ruminating, these constituting 

around 80% of daily activities. 

viii 



INTRODUCTION 

Cattle herds in Arizona, as in many other South

western states, have traditionally been composed predomi

nantly of Herefords and crossbreeds of Herefords with other 

European breeds and Brahman. However, in recent years, the 

excellence of Herefords has been questioned, their perfor

mance under rangeland conditions being compared to newer 

breeds (Herbel and Nelson 1966a; Herbel and Nelson 1966b; 

and Walker, Hansen and Rittenhouse 1981). 

A new cattle breed, the Barzona, was developed in 

1947 by F. N. Bard in Yavapai County, Arizona. This breed 

resulted from a crossbreeding program begun in 1942 when 

Angus and Santa Gertrudis bulls were crossed with Africander-

Hereford crossbreed cows (Minish and Fox 1979; Briggs and 

Briggs 1980; and Koger 1981). The Barzona has attracted much 

attention because its supporters claim the breed can out

produce other breeds under adverse conditions such as those 

on Southwest ranges. Also, they claim that this breed is one 

of the hardiest, heaviest and most efficient breeds ever 

developed for conditions of the Southwest environment. Koger 

(1981) describes Barzonas as a cattle type developed for 

regions where food shortages and high temperature require a 

breed that can feed on coarse and fibrous plants. The 
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superior browsing ability of Barzonas has not been proven by 

scientific work. Despite all claims for the Barzonas, little 

has been done to evaluate its performance compared to the 

performance of Herefords or other breeds under range condi

tions, especially as far as the Southwestern region is con

cerned. One of the earliest reports, made by Schaus (1956), 

showed that Barzonas had good average daily gain and were 

easier to handle, in a feedlot situation, than Herefords. 

Martin (1980) released records from the Santa Rita Experimen

tal Range in Arizona which show that between 1973 and 1978, 

Barzona-Hereford calves had a 115-pound heavier weaning 

weight than straight Hereford calves raised in the same pas

ture. 

The objective of this research was two-fold: (1) to 

provide information on the diet selected by Hereford and Bar-

zona cattle on an area characterized as transitional from 

desert shrub to desert grassland in southern Arizona, and, 

(2) to observe the daily activities of the two breeds. This 

information was expected to indicate whether differences in 

productivity between the two breeds are due to differences 

in diet selection and grazing behavior. 



LITERATURE REVIEW 

Preference and Seasonal Use of Vegetation 
by Cattle in the Southwest 

Information on the botanical composition of the diet 

selected by herbivores on Southwestern rangelands has been 

determined by several methods and reported by various inves

tigators. Holecheck, Vavra and Pieper (1982), for example, 

listed animal observation, forage utilization, stomach analy

sis, fistulas, and fecal analysis as the techniques most 

utilized in studies conducted in the Southwest. 

In almost all studies involving cattle, grasses are 

the most prominant life form in the diet on a year-round 

basis. Merril (1972) stated that cattle do make considerable 

use of browse, although this mainly occurrs in cold periods 

when grasses and forbs are virtually dormant and sparse. 

Other investigators (Gait et al. 1969; and Lesperance, Tueller 

and Bohman 1970) disagree, however, stating that cattle con

sume some browse even when grasses are plentiful. 

Theurer, Lesperance and Wallace (1976) reviewed in

formation on cattle diets on native western ranges. Most 

material reviewed indicated that, although grasses are the 

major plant group selected by cattle, the abundance of this 

life form in pastures does not relate directly to cattle diet. 

The preference ratio (PR), defined by these authors as the 

3 
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ratio between the percent composition of plants in the diet 

and the percent composition of the plant in the surrounding 

vegetation, appears to be a function of season and avail

ability of other species. They warned that pasture botanical 

composition should not be used as an indicator or proportions 

of forage being eaten by cattle. Work on cattle diets in the 

Southwest, not reviewed in detail by Theurer et al. (1976) or 

conducted since their review, is summarized below. 

The lack of relationship between availability in the 

pasture and material actually eaten by cattle was emphasized 

by Lesperance et al. (1970) , in studies using rumen-fistulated 

steers on three desert shrub areas in Nevada: Knoll Creek, 

Delamar Valley and Nevada Test Site. The botanical composi

tion of the steer diet at the Knoll Creek and Nevada Test Site 

area was more than 80% grass and 9% browse, with forbs being 

8% and 11% of the diet respectively, at each area. Composi

tion of the diets of animals grazing the third area, Delamar 

Valley, showed 26% grasses, 74% shrubs and no forbs. The 

authors suggested that such a light shrub consumption at 

Delamar Valley was due to low availability of grasses—the 

area had been extensively grazed before the trial began. Two 

points of importance should be considered, however. Firstly, 

the 26% utilization of grasses at Delamar Valley refers to 

average consumption and does not reflect diet variation. 

Secondly, results indicated that cattle selected browse and 



5 

forb species independent of grass abundance. Data from the 

Nevada site indicated that although the overall mean for forbs 

did not exceed 11%, forbs, predominantly Russian thistle 

(Salsola kali), supplied 29% of the diet from July to Septem

ber, a period when grass availability was high. During 

November and December shrubs composed nearly 35% of the 

animals' diet with a predominance of desert bitterbrush 

(Purshia glandulosa) and minor quantities of oakbrush (Quer-

cus gambelii), Brigham tea (Ephedra rtevedensis) and a spiny 

hopsage (Grayia spp.) being heavily used. Lesperance et al. 

(1970), therefore, confirmed that while cattle prefer grasses 

over other life forms, they do exhibit a certain degree of 

prefence for forbs and shurbs during seasonal periods even if 

grasses are plentiful. 

The above data confirmed results obtained by Connor 

et al. (1963), also in Nevada. Connor's work, carried out in 

two desert shrub ranges, showed that in one area where grasses 

composed 15% of the vegetation, the diet of rumen-fistulated 

steers consisted of 68% grasses during summer. On the other 

area, where grasses comprised less than 10% of the botanical 

composition, the animals selected up to 85% grasses in the 

early summer, but reduced grass intake to 40% later in the 

season. This indicated that before animals utilized shrubs 

they ate the overmatured and weathered grasses available. 

Studies carried out in a semi-desert grassland in New Mexico 
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by Rosiere, Beck and Wallace (1975), using microhistological 

analysis of feces, demonstrated similar seasonal variation in 

animal diets. Further evidence on the consumption of shrubs 

and seasonal changes in diet preferences was obtained by 

Gait et al. (1969). 

Using rumen-fistulated Hereford steers on a desert 

grassland at the Santa Rita Experimental Range in Arizona, 

Gait et al. (1969) found that on seven sampling dates, from 

September to December, the average diet was composed of 82% 

grasses, 5% shrubs and 13% other plants. Shrubs, represented 

by false mesquite (Calliandra eriophyTla) and prickly pear 

(Opuntia engelmanni) were very important seasonally. Cattle 

diets contained 19% false mesquite in September and 15% in 

November and between 3 and 15% prickly pear during December. 

Such a high use of shrubs by cattle had never been documented 

previously in southern Arizona. The most abundant grasses 

were Lehmann lovegrass (Eragrostis lehmanniana) and black 

grama (Bouteloua eriopoda), comprising 69% and 13%, respec

tively, of the botanical composition of 'the pasture. However, 

these two species were mainly grazed from November to Decem

ber. Prom September to early November, plains bristlegrass 

(Setaria macrostachya) and Arizona cottontop (Digitaria cali-

fornica), though only comprising 7% and 8%, respectively, 

of the botanical composition availablet supplied 55% to 92% 

in the steer diet during that period. In a similar study, 
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Gait, Theurer and Martin (1982), again using rumen-fistulated 

steers, confirmed the existence of seasonal changes in steers' 

diet. This study showed that in four seasons (winter, spring, 

early sununer and summer) the steer diet in a desert grassland 

in Arizona was composed of 67% to 97% grasses, 0% to 4% forbs 

and trace to 33% shrubs. Arizona cottontop was the most pre

ferred grass, followed by spidergrass (Aristida ternipes) and 

Rothrock grama (Bouteloua rothrockii). Forbs appeared as 0% 

of the diet in the spring and 4% during the summer. Seasonal 

use of different species of shrubs was very marked. Catclaw 

(Acacia greggii) comprised 0% or a trace in the winter but in 

the summer was 10% of the diet. Prickly pear, false mesquite 

and mesquite (Prosopis juliflora) also exhibited marked 

seasonal variance in preference. 

Aguirre-De Luna (1980) used the microhistological 

technique of fecal analysis to study cattle diets in a desert 

shrub type of vegetation near Roosevelt Reservoir on the 

Tonto National Forest in Arizona. The year-round diet of the 

animals was composed of 28% grasses, 29% forbs and 37% 

shrubs, despite a reported low availability of perennial 

grasses. A total of 6 grasses, 39 forbs and 23 shrubs were 

identified in the diets during the twelve-month period, with 

diet composition varying over the 12 sampling dates. Main 

grasses were foxtail brome (Bromus rubens) and Mediterranean 

grass (Schizmus barbatus), both spring annuals, which made up 



to 52% of the diet in March and 7% in June. Cool season 

annual forbs, mainly filaree (Erodium cicutarium), deervetch 

(Lotus humistratus) and borage (Boraginaceae) varied from 51% 

of the diet in the spring to a low of 7% in October. Shrubs, 

predominantly jojoba (Simmondsia chinensis), mesquite and 

false mesquite, composed more than 50% of the diet at all 

sampling dates between May and October, except in July when 

they comprised around 41% of the diet. Between March and 

April, however, shrubs composed less than 10% of the diet. 

Soares (1980) also used the microhistological tech

niques of fecal analysis to study monthly cattle diets on 

three grazing allotments near Safford, Arizona. The allot

ments were in shrub-dominated semi-desert range but the domi

nant plant species and understory composition varied. In 

each allotment, shrubs were dominant in the diet on a year-

round basis. Cool-season annual forbs and grasses made up 

20% to 95% of the diet in March and April. When annuals 

dried off in late spring, the diets shifted to 34% and 99% 

of shrubs. Use of warm season forbs and perennial grasses 

peaked in August during the late summer rainy period, but 

shrubs again increased through fall and winter.- Saltbush 

(Atriplex spp.) made up over 90% of the diet in all months 

except spring in one allotment where grasses were almost nil 

and saltbush was the dominant shrub. Mesquite and saltbush 

were the most important diet items in the second allotment. 
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Mesquite, prickly pear and soaptree yucca (Yucca elata) were 

the dominant shrubs in diets on the third allotment, with the 

latter two species being highly selected by the animals in 

certain months. 

Effect of Breed or Class of Cattle on Diet 

Unfortunately, most authors cited above did not men

tion which breed or even class of cattle was used in most 

studies. Reports from experimental work in cattle diets 

including detailed consideration on the breed type of the 

animals being used are rare in the literature and comparisons 

of diets selected by animals from different breeds are even 

less abundant. 

In one of the earliest comparisons between breeds in 

a range situation, Herbel and Nelson (1966) investigated dif

ferences in diet selection between Herefords and Santa Ger-

trudis, in an arid semi-desert grassland in New Mexico. Both 

breeds selected their diets from a great variety of plants, 

taking practically all plant species available in the area 

during the three-year study period. Although Santa Gertrudis 

are claimed to be able to utilize greater amounts of low-

digestible forage material (Galvis 1962), Herbel and Nelson 

(1966) found that there were significant differences in diet 

between seasons, but few differences between breeds. The 

average grass percentage in the Hereford diet was 45.5% in 

fall, 42.5% in winter, 35% in spring and 71.4% in summer. 
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The Santa Gertrudis' averages for the same periods were 45.5%, 

63.1%, 58.4% and 72%, respectively. In the fall, the two 

most grazed grasses for both breeds were Sporobolus flexuosus 

and Scleropogon brevifoluis. During winter, both breeds ex

hibited higher preference for Bouteloua spp. and Sporobolus 

flexuosus. This last grass, along with Sporobolus airoides, 

was the most selected species during the spring, In summer, 

when both breeds consumed more than 70% grass, the most pre

ferred species were Scleropogon brevifolius and Sporobolus 

flexuosus. Considerable forb consumption was recorded, aver

aging about 40% during fall, 25% in winter, 25% in spring and 

20% in summer, with only minor differences between breeds. 

The overall preference for shrubs was low, making up 6% and 

9% of the diet of both breeds during summer and fall, respec

tively. However, during the dry winter, significant browsing 

was reported on yucca, when this species comprised up to 70% 

of the grazed plants by Herefords during certain periods. 

Yucca was observed to be less grazed by Santa Gertrudis. 

Other selections by the two breeds during this period were 

Mormon tea (Ephedra trifurea), fruits of snakeweed (Gutier-

rezia sarothrae) and mesguite. Mesquite was mostly consumed 

as seedpods, a fact that was also observed by Rosiere et al. 

(1975) in New Mexico and by Gait et al. (1982) in southern 

Arizona. 
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Another comparison of the diet of different cattle 

breeds was conducted by Walker et al. (1981) on a short and 

tall grass vegetation type with cool and warm season grasses 

in northeastern Colorado. This study using microhistological 

analysis of feces revealed that Hereford, Angus X Hereford, 

and Charolais X Hereford did not differ in their diet selec

tion when the ten major plant species were compared. There 

was a high dietary overlap among the three breeds, with 

grasses comprising more than 50% of the diets of all breeds. 

These authors suggested that differences in the nutrient con

tent of the diets of animals of different breeds are more 

related to differential selection of plant parts rather than 

to differential choice of plant species. Such high selec

tivity of plant parts by cattle has been reported (Gait et al. 

1982). 

The research done on cattle diets on Southwest range-

lands during the past 20 years, therefore, generally supports 

the following statements: (1) cattle are basically grass 

eaters, although moving back and forth between grasses and 

other life forms in response to changes in grass availability 

and palatability, dictated by seasonal factors such as tem

perature and moisture; (2) forage selected by cattle is not 

proportional to the abundance of available species in the 

grazing area; (3) forage selection changes with location, 

year, time of day and weather conditions; (4) there is no 
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strong evidence that variability in cattle diets results from 

differences in breed type, although few diet comparisons 

between breeds have been conducted. 

Grazing Behavior of Cattle in the Southwest 

The fact that grazing behavior is one important 

aspect to be investigated when considering -(.he activities of 

domestic livestock has been sell-supported by several re

searchers in the past. Tribe (1950), in reviewing all the 

information from previous studies on livestock behavior, 

concluded that since sexuality and self-preservation, in most 

parts, are controlled by men, the sole most important drive 

for livestock is nutrition. This nutritional drive manifests 

itself in grazing behavior of animals and is directed toward 

the search for and selection of food. 

The pioneer in research conducted on livestock graz

ing behavior in range areas was Cory (1927) who was the first 

to generally classify the various activities to be considered 

grazing behavior. These activities were: traveling, feeding, 

licking salt, drinking water, resting while lying down, 

ruminating while standing, and idling while standing. Though 

his work erred in the assumption that livestock do not feed 

at night, it did show that it was possible to quantify various 

activities relating to animal behavior. Despite considering 

all animal activities as happening only during the day, Cory 

reported that animals spent 56% of their time grazing and 19% 
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of their time ruminating. The third most time-consuming 
# 

activity was resting, occupying 12% of the total animal time 

during the day. 

Using rumen-fistulated Hereford steers, Zemo and 

Klemmedson (1970) conducted a summer grazing behavior study 

at the Santa Rita Experimental Range in Arizona. The 

behavior activities observed were: grazing, lying ruminating, 

standing ruminating, walking, standing idle, lying idle, 

drinking, salting, urinating and defecating. This study 

showed that during the 24-hour period, approximately 80% of 

the daylight hours was used for grazing and ruminating. 

Forty-five percent of the nighttime period was occupied with 

these activities. It was further noticed that the behavior 

of fistulated steers was similar to that of non-fistulated 

Herefords in the same pasture. 

In a study comparing forage preferences of Brangus 

cattle and elands on a desert grassland of southern Arizona, 

Abdullahi (1980) investigated daily behavior activities of 

cattle on the range. Approximately 76% of the animal day, 

identified as 14 hours, was spent in grazing and ruminating 

and approximately 60% of the animal night. 

On a semi-desert grassland in southern New Mexico, 

Herbel and Nelson (1966) compared the grazing behavior of two 

cattle breeds. Hereford and Santa Gertrudis cattle were 

observed during a 3-year study where the percent of time each 
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breed spent in various grazing activities was recorded. Data 

showed that on a year-long basis there were no significant 

differences between the two breeds, although Santa Gertrudis 

did appear to be more mobile than Herefords, spending more 

time walking and traveling longer distances. Grazing and 

ruminating were concluded to be the two major activities for 

both breeds on a year-long as well as a seasonal basis. 

Kropp et al. (1973), in Oklahoma, compared the graz

ing behavior of three breeds of cattle—Hereford, Hereford X 

Holstein, and Holstein non-lactating heifers—on a tall grass 

range. The most time-consuming activities were, again, graz

ing and ruminating, followed by idling, for all breeds. This 

study also concluded that breed had very little influence on 

the animals" major activities. 

Behavior studies done in Arizona were in substantial 

agreement that cattle spend almost half of their daylight 

activities grazing. The only study comparing breeds of 

cattle on southwest range conditions showed that Santa Ger

trudis spent more time walking and moved further than Here

fords. 



MATERIALS AND METHODS 

Description of Study Area 

The study area, located 35 miles south of Tucson, 

Arizona, is Pasture 5 North of the Santa Rita Experimental 

Range (Figure 1), an area of apprpximately 8-1/2 sections. 

Pasture 5 North has four water sources: two tanks, one each 

in the east and approximate center and two rims, in the south 

and southwest (Figure 1). Four salt licks are located in the 

area within six to seven hundred yards of the watering 

points. 

Pasture elevation ranges from 2800 feet in the north

west of the pasture to 3100 feet in the southeast (Green and 

Martin 1967). Long-term mean precipitation for the area is 

11.57 inches with 50% of the total rain falling from June to 

September and the remainder falling from December to April 

(Martin and Reynolds 1966). During the study period, from 

July, 1981, to July, 1982, total recorded rainfall was 14.92 

inches with a peak from July to September, 1981 (Table 1.) 

The area is composed of moderately fine-textured, 

gently sloping, alluvial soils with a number of shallow dis

secting drainage systems. The two predominant soil mapping 

units are Anthony soils and Pima clay loam, shallow variant, 

with smaller areas of Sonoita gravelly sandy loam, 1 to 8% 

15 
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Table 1. Average Monthly Precipitation for Northwest Station 
and Station 164 in Pasture 5N, Santa Rita Experi
mental Range. 

- Month 
Inches 

- Month 1981 1982 Long-term Average 

January 1.53 .97 .79 

February .45 .54 .70 

March 1.83 .80 .62 

April .03 trace .29 

May .21 .30 .09 

June 1.20 .19 .34 

July 3.28 4.10 2.69 

August 1.24 2.51 2.34 

September 2.12 1.84 1.29 

October .65 trace .75 

November .72 — .65 

December trace — 1.02 

Annual 13.20 11.57 
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slope, Comoro soils, 0 to 5% slope, and Anthony soils, very 

gravelly variant (Clemmons and Wheeler 1970). 

The vegetation of the area is a transition from 

desert shrub to desert grassland. Major species of shrubs 

include: velvet mesquite, cholla cactus (Opuntia falgida), 

prickly pear cactus and false mesquite. Major forbs include: 

tidestromia (Tidestromia spp.), borage (Boraginaceae), sida 

(Sida spp.), globemallow (Sphaeralcea spp.) and leatherweed 

croton (Croton spp.). The main perennial grasses in the area 

are threeawns (mainly Aristida glabrata, Aristida hamulosa 

and Aristida fendleriana), gramas (Bouteloua spp.), Lehmann 

lovegrass, bush muhly (Muhlenbergia porteri) and dropseed 

(Sporobolus spp.). A distinct change in vegetation pattern 

occurs from the northwest (lower area) to the southeast 

(higher area). As altitude increases, soil cover increases 

with a greater proportion of grasses and forbs in the south

eastern half of the pasture. 

Diet Study 

During the period of study, a free-roaming herd of 15 

Hereford and 15 Barzona cows (and sometimes their calves) 

were present in the pasture. Sampling was carried out at 

monthly intervals from July, 1981, to May, 1982, with a final 

sampling in July, 1982 (Table 2). In order to identify fecal 

samples by breed of cattle, it was necessary to observe the 
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Table 2. Date of Collection of Fecal Samples during the 
Study Period. 

Sample Date Sample Date 

1. July 30, 31 1981 7. Jan. 30, 31 1982 

2. Aug. 29, 30 1981 8. Feb. 27, 28 1982 

3. Sep. 27, 28 1981 9. Mar. 31 1982 

4. Oct. 30, 31 1981 10. Apr. 28. 30 1982 

5. Nov. 28, 29 1981 11. May 30, 31 1982 

6. Dec. 28, 30 1981 12 July 16 1982 

animals defecate. Because of large size of the pasture, flat 

terrain and fairly dense brush, radio telemetry was used for 

initial cattle location. Three Barzonas and two Herefords 

were fitted with radio collar transmitters (Figures 2 and 3). 

Fecal samples were collected immediately after defecation. 

Five samples from each breed for each month were collected. 

Upon collection,' samples were stored in jars marked for breed 

and date. Jars contained 95% alcohol to preserve the fecal 

material for laboratory analysis. 



Hereford Cow with Radio-Collar 

Figure 3. Barzona Cow with Radio Collar. 
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Storage and Analysis of Fecal Samples 

Fecal samples remained in alcohol at room temperature 

until analyzed. Microhistological analysis was used to 

identify the plant material present in the fecal samples. 

Each sample was separately ground in a blender for 3 minutes 

in hot water, then removed and rinsed through a .1 mm sieve 

until only moist solid particles remained. From the result

ing material, two microscopic slides were prepared using 

first a clearing solution (Hertwig's solution) and then a 

mounting solution (Hoyer's solution), according to procedures 

outlined by Sparks and Malechek (1968). The technique was 

slightly modified by placing slides in an oven at 65°C for 7 

days to ensure complete drying. When dry, each slide was 

examined under a 125-power microscope using 20 random fields 

of observations to determine the presence of identifiable 

plant material. Plant species in slides prepared from col

lected fecal samples were identified using a series of refer

ence slides. These slides were standard slides of identified 

plant species maintained in the Range Laboratory of the 

School of Renewable Natural Resources of The University of 

Arizona or slides prepared from pre-identified plant species 

immediately prior to fecal sample analysis. The frequency of 

species per slide was determined by identifying the number of 

times each species appeared during the 20 field observations. 

From the resulting frequency of appearance of each plant 
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species, density was determined by using a conversion table 

developed by Pracker and Brischle (1944). Relative density 

then was considered as an estimate of the percent composition 

by weight for each plant species observed (Curtis and 

Mcintosh 1950; Sparks and Malechek 1968). 

Due to similarities in the epidermal characteristics 

of species of the genera Bouteloua, Sporobulus, Opuntia and 

borages it was impossible to differentiate between species 

with any degree of precision. Consequently, all species were 

grouped under their respective genus. 

Statistical Analysis 

The average percent composition of each plant species 

or genus per sample was transformed by arc sine square root 

in a computer program so that the variance of the entire spec

trum of plant species in the area would be more homogeneously 

distributed. 

Because the variance stabilizing properties of the arc 

sine square root transformation do not work well for proba

bilities close to 0 or 1, the observations which had zero 

percentage were replaced by l/5n X 100. A sample of the ANOVA 

table is shown in Table 3. 

The calculated F values for each statistical analysis 

completed are presented in Appendix A. 



23 

Table 3. Sample ANOVA Table Showing Sources of Variation and 
Calculation of Error Terms. 

Source of Variation d.f. 

Breed 1 

Season 3 

Breed X Season 3 

Month/Season* 8 
(error 1) 

Breed X Month/Season 8 
(error 2) 

Residual (samples) 96 

Total 119 

•Indicates months nested within seasons. 

Behavior Study 

In addition to fecal sample collections, a 6-day 

period, August 2-8, 1981, was set aside (three days for each 

breed), to observe differences in grazing behavior between 

the Herefords and Barzonas. This period was chosen as it 

corresponded to the period of maximum growth of the species 

present when grazing was considered to be most active. Radio 

telemetry and binoculars were used to facilitate these 
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observations. Data were obtained at 5-minute intervals from 

a distance of approximately 50 yards, between sunrise and 

sunset. The time spent in the main activities of grazing, 

ruminating, idling, walking, drinking and salting were re

corded to the nearest minute. As far as can be determined, 

the presence of the observer did not disturb the animals. 

Due to the limited data available on grazing behavior, no 

statistical analysis was carried out. The major problem 

encountered was locating animals prior to sunrise on each day 

of observation. Radio telemetry equipment available was of 

limited range and often inhibited by vegetation or topo

graphy. 



RESULTS AND DISCUSSION 

Plants Identified in the Diets 

Table 4 lists all the plants identified by microhis-

tological analysis of feces from both breeds during the study 

period. In total, 15 grasses, 15 shrubs and 12 forbs were 

identified as components of the cattle diets. 

Diet Composition by Plant Life Forms 

Proportions of the diet comprised of grasses, shrubs 

and forbs are grouped on a monthly basis in Figure 4 and 

shown by season in Table 5 and Figure 5. Grouping of months 

into season was done based on precipitation and plant growth 

response (Table 1). Summer was considered as the growth 

period for warm season species in response to late summer pre

cipitation. Winter was the period when low temperature re

stricts growth of most plant species. Early spring was the 

period when increasing temperature and residual winter mois

ture allow rapid growth of cool-season species. Dry :spring 

was the period of further increase in temperature, but limited 

soil moisture, leading to drying of forage and death of spring 

annuals. On this basis the July, 1981, sample was considered 

representative of dry spring while the sample in July, 1982, 

was representative of summer (Table 5). 

25 
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Table 4. Common and Scientific Names of All Plants and Plant 
Groups Found in Cattle Diets. 

Latin Name Common Name 

Perennial Grasses: 

1. Aristida fendleriana 

2. Aristida glabrata 

3. Aristida spp. (hamulosa 
and ternipes) 

4. Bouteloua spp. (rothrockii, 
eriopoda, filiformis, 
hirsuta and curtipendula) 

5. Bothriochloa barbinodes 

6. Digitaria californica 

7. Eragrostis intermedia 

8. Eragrostis lehmanniana 

9. Heteropogon contortus 

10. Hilaria belangeri 

11. Leptochloa dubia 

12. Unknown grass I 

13. Muhlenbergia porteri 

14. Setaria macrostachya 

15. Sporobolus spp. 

Shrubs: 

18. Acacia greggii 

19. Atriplex spp. 

20. Calliandra eriophylla 

Fender's 3-awn 

Santa Rita 3-awn 

Tall 3-awn 

Gramas 

Cane beardgrass 

Arizona cottontop 

Plains lovegrass 

Lehmann lovegrass 

Tanglehead 

Curly mesquitegrass 

Green sprangletop 

Bush muhly 

Plains bristlegrass 

Dropseed 

Catclaw acacia 

Saltbush 

False mesquite 
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Table 4—Continued 

Latin Name Common Name 

21. Cercidium floridum 

22. Encelia farinosa 

23. Encelia frutescens 

24. Ephedra trifurca 

25. Eriogonum wrightii 

26. Gutierrezia sarothrae 

27. Janusia gracilis 

28. Opuntia spp. 

29. Prosopis juliflora, velutina 

30. Psilostrophe cooperi 

31. Salazarria mexicana 

32. Zinnia pumila 

Forbs: 

33. Ambrosia spp. 

34. Ambrosia dumosa 

35. Artemisia dracunculoides 

36. Boraginaceae 

37. Cassia covessii 

38. Croton spp. 

39. Descurainia pinnata 

40. Plantago spp. 

Blue paloverde 

White brittlebush 

Green brittlebush 

Mormon tea 

Shrubby buckwheat 

Broom snakeweed 

Slender janusia 

Prickly pear and cholla 

Velvet mesquite 

White-stem paper flower 

Mexican bladdersage 

Desert zinnia 

Ragweed 

White bursage 

False tarragon sagebrush 

Annual borages 

Senna 

Leatherweed croton 

Pinnate tansymustard 

Indianwheat 



Table 4—Continued 

Latin Name 

41. Sida spp. 

42. Sphaeralcea spp. 

43. Tidestromia spp. 

44. Unknown forb 

Common Name 

Sida 

Globemallow 

Tidestromia 
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Table 5. Average Botanical Composition (%) of Grasses, 
Shrubs and Forbs in Diets Selected by Hereford and 
Barzona, by Seasons, at the Santa Rita Experimental 
Range. 

SEASON GRASSES SHRUBS FORBS 

Siammer: 

Aug. '81 

Sep. *81 

Oct. '81 

July '82 

Hereford 

Barzona 

78 

78 

8 

11 

14 

11 

100 

100 

Winter: 

Nov. '81 

Dec. '81 

Jan. *82 

Hereford 

Barzona 

40 

41 

59 

51 

1 

8* 

100 

100 

Early Spring: 

Feb. '82 

Mar. '82 

Hereford 

Barzona 

39 

30 

28 

30 

33 

40 

100 

100 

Dry Spring: 

July '81 

Apr. '82 

May '82 

Hereford 

Barzona 

51 

51 

41 

48 

100 

100 

•Significant P < .05 
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Statistical analysis on a monthly basis showed a few 

significant differences (Appendix B). However, analysis on 

a seasonal basis showed only one significant difference be

tween breeds, forbs in winter (Table 5 and Appendix A). Forbs, 

however, made up a small percentage of the winter diet of 

both breeds (maximum 8% for Barzona) and no practical signif

icance can be attributed to this difference. 

In six out of the twelve months studied, grasses com

prised over 50% of the diet for both breeds, concentrated in 

spring and summer, falling to a minimum of 30 to 40% in 

spring (Table 5 and Figures 4 and 5). During the other six 

months, shrubs were a major diet component, reaching a maxi

mum of approximately 65% of the diet in December, 1981. Forbs 

were only recorded in any quantity from January to March, 

1982, reaching a maximum of 45% to 50% of the diet (Table 5 

and Figures 4 and 5). Similar trends in diet selection have 

been reported by Herbel and Nelson (1966), and Rosiere et al. 

(1975), the dietary preference of the cattle changing with 

changes in the relative palatability of the pasture components. 

The predominance of grasses is in line with data re

ported in various other studies (for example, see review by 

Theurer et al. [1976]) and further supports the evidence that 

cattle exhibit a definite preference for grass. Comparisons 

with results obtained by other workers, however, must be con

sidered in the light of variation in the forage composition 
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in the pastures studied and the seasonal variation in species 

availability. 

Gait et al. (1969) and Gait et al. (1982), in two 

studies at Santa Rita Experimental Range, demonstrated that 

grasses comprise a major component of the diet in summer with 

increases in the shrub consumption in winter. The major dif

ferences in the results of the present study and those of 

Gait et al. (1969) and Gait et al. (1982) is that, in the 

present study, forbs comprised a major proportion of the diet 

in both breeds from January to March, 1982. The pastures 

studied by Gait et al. (1969) received more precipitation 

than Pasture 5 North, and they presented data showing that 

"other species" (species apart from grasses and shrubs) com

prised only trace amounts of the available forage, suggesting 

that differences in the availability of forbs in the various 

studies may be responsible for the variation in results. 

Results from other studies in southern Arizona also 

showed a similar seasonal variation in diet, grasses being a 

major diet component in summer and both shrubs and grasses 

major components in winter (Aguirre 1980; Soares 1980). 

.The marked seasonal variation in the life forms in 

the cattle diets can be related to stage of growth changes • 

related a certain extent to climatic conditions recorded at 

the study site, particularly rainfall (Table 1) and soil and 

air temperatures. The major peaks in grass consumption 
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(summer, 1981, and July, 1982) appear associated with in

creased green growth. As grass dried out, the cattle steadily 

reduced grass intake and selected other pasture components. 

Diet Composition by Species 

Composition of major species is summarized by season 

for both breeds in Table 6 and a tabulation of all species by 

month is given in Appendix B. 

Although no significant differences were recorded 

between cattle breeds for the consumption of grasses as a 

plant life form, significant differences were noted for a 

number of individual grass species (Appendix A). These dif

ferences were all recorded in summer with the exception of an 

unknown grass where consumption differences were significant 

in spring (Appendices A and B). 

In summer, Barzonas consumed significantly more 

Aristida fendleriana and Aristida hamulosa than Herefords, 

while the reverse was recorded for Sporobolus spp. In spring, 

Barzonas consumed significantly more of an unknown grass than 

Herefords. No other differences in consumption of individual 

grasses were significant. 

No significant differences in the consumption of 

individual shrub species between breeds were recorded in any 

season, although in all seasons except summer, consumption of 

Opuritia spp. by Herefords was higher than by Barzona (Table 

6 )  .  



Table 6. Seasonal Species Composition (%) of the Diet of Hereford and Barzona 
Cattle, 1981/1982, at the Santa Rita Experimental Range. 

Summer Winter Spring (early) Spring (dry) 
Hereford Barzona Hereford Barzona Hereford Barzona Hereford Barzona 

Grasses: 

Aristida fendleriana .45 5. .35 .16 2. ,30 — .30 .36 .43 

Aristida glabrata 6. .10 2. .80 5. .23 3. .03 3, .25 1, .55 .46 .33 

Aristida hamulosa 3. ,20 4. .77 1. .60 2. .00 .60 .20 .20 .10 

Bouteloua spp. 14. .17 21. .15 7, .63 6. .53 16, .50 10, .20 13, .20 9 .20 

Bothriochloa barbinoides 4. .27 2. .50 1. .30 .30 .30 .95 .20 .20 

Digitaria californica 1. .65 2. .17 .40 3, .23 .15 1. .55 .56 .36 

Eragrostis intermedia .07 .05 .30 — .50 .20 — — 

Eragrostis lehmanniana 5. .10 7. .17 2, .23 1. .60 9, .35 ' 3, .30 3, .46 2, .63 

Heteropogon contortus 27. .22 19. .92 2, .50 1. .56 .15 .30 .56 .80 

Hilaria belangeri .62 .70 .76 .30 .60' .65 .66 .36 

Leptochloa dubia .07 .10 — .40 — — — .36 

Unknown .45 .47 — — .10 10 .03 22 .50 

Muhlenbergia porteri 4, .62 4, .55 15, .30 18, .50 4 .85 9 .65 26 .50 11 .03 



Table 6—Continued 

Summer Winter Spring (early) Spring (dry) 
Hereford Barzona Hereford Barzona Hereford Barzona Hereford Barzona 

Setaria macrostachya 1*75 .52 1.40 .13 .10 .15 .53 .20 

Sporobolus 7.62 5.77 .63 .96 1.30 .90 1.40 2.15 

Unknown grass .32 .57 .53 .33 .70 .20 .63 .83 

Total Grasses 78.97 78.60 40.00 41.20 38.35 30.20 58.80 51.50 

Shrubs:* 

Acacia greggii — — — — — 1.70 

Atriplex spp. — — — 2.80 — 1.80 1.26 12.10 

Opuntia spp. 4.50 5.27 42.43 29.90 23.65 20.05 25.53 20.03 

Prosopis juliflora 2.30 2.12 10.86 9.46 1.65 1.75 14.00 14.43 

Zinnia pumila spp. — — 3.83 7.00 1.65 2.60 

Others 1.10 4.15 1.36 1.10 1.35 1.35 .60 1.32 

Total Shrubs 7.90 11.54 58.48 50.26 28.30 29.25 41.39 47.88 

Co 
ffv 



Table 6—Continued 

Summer Winter Spring (early) Spring (dry) 
Hereford Barzona Hereford Barzona Hereford Barzona Hereford Barzona 

Forbs:** -

Boraginaceae — — 5.43 30.50 35.75 — — 

Croton 1.27 — 1.03 — — — — 

Descurainia pinnata — — — — 2.15 — — 

Sida 4.72 4.25 — — — — — 

Sphaeralcea 1.75 1.47 — — — — — 

Tidestromia 4.90 2.77 — — — — — 

Other 1.26 2.21 1.30 1.80 2.65 2.25 .30 .53 

Total Forbs 13.90 10.70 1.30 8.26 33.15 40.15 .30 .53 

*Included only shrubs which comprised more than 1% of the diet. 
**Included only forbs which comprised more than 1% of the diet. 



Only for Croton spp. was a significant difference in 

consumption of forbs recorded between breeds. Herefords con

sumed significantly more Croton spp. in summer than Barzona, 

and the reverse was recorded in winter. 

Overall, the practical significance of the differ

ences in consumption of individual species between breeds is 

minor. In the case of grasses, for example, the two species 

of Aristida in which significantly higher consumption was 

recorded for Barzona comprised only around 10% of the total 

diet or 13% of the grass component of the diet. For Croton 

spp., in summer, this forb comprised only 1.3% of the total 

Hereford diet or 9% of the total forb diet (Table 6). 

These data support previous studies where species 

preferences between cattle breeds have been examined. Herbel 

and Nelson (1966) with Hereford and Santa Gertrudis, and 

Walker et al. (1981) with Hereford, Angus X Herford, and 

Charolais X Hereford recorded no major differences in species 

selection between cattle breeds grazing semi-desert grassland 

in New Mexico and the sandhills of northwestern Colorado,, 

respectively. Direct competition for forage between breeds 

was, therefore, high with both breeds exhibiting marked and 

similar selectivity in diet. Observations on higher calf 

weaning weights for Hereford X Barzona animals compared to 

straight Hereford (Martin 1980) cannot be related to diet 
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differences and must, therefore, be results of other factors 

associated with breed differences. 

Three major trends were apparent for grass species in 

the data (Table 6). Firstly, species such as Aristida fend-

leriana and Aristida hamulosa followed the general trend of 

grasses as a life form group, with maximum consumption in 

summer and a minimum in winter. The period of maximum con

sumption was associated with the period of highest soil 

moisture and adequate temperature for growth, these species 

being most responsive to rainfall. Secondly, as exemplified 

by Bouteloua spp., some grasses were a relatively constant 

component of the diet over the 12-month study period. For 

Bouteloua spp. this was most probably related to the in

ability to separately identify the individual species. Among 

the grasses present in the pasture, four species of Bouteloua 

(B. rothrockii, B. eripoda, B. curtipendula and B. hirsuta) 

were identified and these taken as a group composed a constant 

proportion of the diet. Similar data were recorded by 

Rosiere et al. :(1975) with annual gramas (Bouteloua spp.) and 

black grama (Bouteloua eriopoda) in semi-desert grassland in 

New Mexico using the same microscopic technique for species 

identification. 

Thirdly, one grass, bush muhly, exhibited a trend 

opposed to the other grasses in that maximum consumption was 

recorded during winter and the dry spring. This may be due 
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to.the perennial stems of this grass which retain some green 

material in the dormant season, leading to greater consump

tion in a period when growth in all grasses was virtually 

nil. Comsumption of this species may also have been stimu

lated by its association with mesquite in areas of lower 

elevation (Martin and Reynolds 1966). Comparison of the data 

for bush muhly and mesquite in Table 6 indicate that the 

periods of maximum consumption of these two species coincided. 

Within the grass group, of the 16 species identified 

as being diet components, seven grasses were minor components, 

rarely comprising over 4% of the total diet in either breed, 

even in summer, the season of maximum grass consumption. 

While grasses averaged around 78% of the diet of both breeds 

in summer, two grasses, Bouteloua spp. and Heteropogon con-

tortus comprised approximately 41% of the diet in both breeds 

in the summer (Table 6). 

Gait et al. (1982), also working in southern Arizona 

range, identified ten grasses as components of steer diets, 

with only five species comprising over 10% of the diet and 

two to three species (depending on season) accounting for 

over half the grass consumed. Similar data was recorded by 

Abdullahi (1980) in southern Arizona. 

Significant differences in consumption between seasons 

was recorded in three shrubs, Opuntia spp., mesquite and 

isinriia. For Opuntia spp., consumption was significantly 
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lower in summer compared to the other seasons. Gait et al. 

(1969) and Gait et al. (1982) recorded maximum consumption of 

Opuntia spp. in winter, on southern Arizona range areas simi

lar to those in the present study, with minimum values in the 

other three seasons. For mesquite consumption was highest in 

the winter and dry spring, and for desert 2innia consumption was 

highest in winter (Table 6). 

Of the five shrubs identified as important in cattle 

diets, Opuntia spp. dominated, comprising over 42% of Here

ford diets in winter. While similar data demonstrating 

marked consumption of Opuntia spp. by cattle, even when 

grasses were plentiful, were reported by Gait (1972), it 

should be noted that, with the microhistological technique 

used for species identification, a certain degree of overesti-

mation of Opuntia spp. was possible because of the abundance 

of easily identified epidermial cells and druces of Opuntia 

spp. in the samples. Such problems associated with the promi

nence of species in microhistological samples were discussed 

by Free, Hansen and Sims (1970) who concluded that overesti-

mation or underestimation of species was more of a problem 

than in esophegeal fistula samples. Vavra and Holechek 

(1980), studying the microhistological technique, reached 

similar conclusions and suggested that some form of correc

tion factor was required when fecal analysis was used for 

some species. The two other shrub species recorded were 



42 

minor components in all seasons. Significant differences in 

forb consumption among seasons were recorded in all species 

except Croton spp. (Table 6). The magnitude of the seasonal 

effects was greatest for Boraginaceae, other forbs remaining 

below 5% of the diet in all seasons. In general, seasonal 

variability in forb consumption was inconsistent although 

apparently related to the rainfall response of the various 

species, with consumption of cool season annuals such as 

borage high in late winter and early spring and the majority 

of forbs most prominent in summer. Gait et al. (1982) re

corded similar low values for forb consumption by rumen-

fistulated Hereford steers and this was attributed to low 

amounts of forbs in the pasture. 

Behavioral Activities 

Results of the grazing behavior study are presented 

in Table 7. 

Grazing and ruminating dominated the activities of 

both breeds (around 80% of the daily activities), and the 

time spent in each activity was virtually identical for both 

breeds. Barzona cattle appeared more mobile than Herefords, 

spending more time walking, although during the observation 

period both breeds tended to remain together as one herd. 

This difference between breeds is in line with data recorded 

by Herbel and Nelson (1966) in New Mexico, where the recorded 

walking time of Santa Gertrudis cattle was higher than that 
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Table 7. Average Time Spent in Main Daily Activities by 
Hereford and Barzona Cattle during the Summer of 
1981 at the Santa Rita Experimental Range. 

Hereford Barzona 

Activity Hours 
% of 

Light Hrs. Hours 
%of 

Light Hrs. 

Grazing 6.90 49.28 6.95 49.29 

Ruminating 4.12 29.43 4.19 29.72 

Idling 2.00 14.29 1.84 13.05 

Walking .48 3.43 .58 4.11 

Salting .41 2.93 .43 3.05 

Drinking .09 .64 .11 .78 

of Herefords. Herefords spent slightly less time drinking 

and salting than Barzonas and spent slightly more time idling. 

Data recorded in this trial were remarkably similar 

to those recorded by Zemo and Klemmedson (1970) with Here

ford steers and Abdullahi (1980) with Brangus heifers, both 

in.southern Arizona, except for the greater walking time of 

Barzona as previously mentioned. 



CONCLUSIONS 

1. No practical differences were identified in the diet of 

Hereford and Barzona cows grazing southern Arizona ranges 

over four separately defined seasons. 

2. Data suggest that recorded differences in performance 

between the Hereford and Barzona breeds are not related 

to differences in diet selection. 

3. Grasses dominated the diet of Hereford and Barzona cows 

except in winter when the percentage consumption of 

shrubs and grasses were similar. Forbs were a minor com

ponent of the diet except for very short periods in spring. 

4. Despite a large number of different species forming the 

diet, a small number of species of each plant life form 

dominated the diet. 

5. Cactus species were a seasonally important component of 

Hereford and Barzona cow diets and should, therefore, be 

considered when rangeland is being evaluated for animal 

production. 

6. No obvious difference existed in the grazing behavior of 

Hereford and Barzona cows on a southern Arizona range 
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during summer except that Barzona cows appear slightly 

more mobile than Herefords. 

Grazing and ruminating dominated the daily activities of 

Hereford and Barzona cows in summer, accounting for 

around 80% of all activities. 



APPENDIX A 

CALCULATED F VALUES FOR ANALYZED VARIABLES 

Source of Variation 
Breed 

Species or Life Form Group Season x Season 

Grasses 31.77* .19 

Shrubs 43.93* .98 

Forbs 15.68* 1.23 

Aristida fendle*!ana 6.08* 5.16* 

Aristida glabrata 2.58 .69 

Aristida hamulosa 4.82* 9.25* 

Bouteloua spp. 3.83 1.03 

Bothriochloa ba'rbino'&es 3.64 2.02 

Digitaria californica 1.30 1.44 

Eragrostis intermedia 1.25 1.16 

Eragrostis lehmanniana 3.30 .44 

Heteropogon contortus 3.08 .95 

Hilaria belangeri .27 .73 

Leptochloa dubia 1.75 2.50 

Unknown grass 214.80* 10.96* 

Muhlenbergia porteri 3.60 2.76 

Setaria macrostachya 1.11 2.17 

Sporobolus spp. 6.93* 2.19 
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Source of Variation 

Species or Life Form Group Season 
Breed 

x Season 

Acacia greggii 

Atriplex spp. 

CajLliandra eriophylla 

Encelia farinosa 

Encelia frutescens 

Opuntia spp. 

Prosopis juliflora 

Psilostrophe cooperi 

Salazarria mexicana 

Zinnia pumila 

Ambrosia §pp. 

Ambrosia dumosa 

Artemisia dracunculoides 

Boraginaceae 

Cassia covessii 

Croton spp. 

Descurainia pinnata 

Plantago spp. 

Sida spp. 

Sphaeralcea spp. 

Tidestromia spp. 

2.50 

2.80 

2.33 

.33 

1.27 

26.27* 

7.52* 

.60 

.60 

15.23* 

.76 

3.00 

1.35 

30.61* 

1.00 

1.02 

7.32* 

1.88 

21.86* 

5.85* 

5.69* 

1.40 

3.49 

2.33 

.21 

1.30 

2.86 

.12 

1.40 

.60 

.84 

1.42 

1.25 

1.04 

1.00 

4.61* 

1.17 

1.88 

.06 

.21 

.33 

•Significant at .05 level. 



APPENDIX B. 

PLANT SPECIES FOUND IN THE DIET OF HEREFORD AND 
BARZONA FROM JULY, 1981, to JULY, 1982 

Ju!v 1 m. w. •-•-(Kir" IE y*. «>ac. Jan. fab. Mar. tot. Hay July Avaraoa 
Cptelci N • II • II • U 0 * 0 II • •  0 0 0 0 0 1 1 . 0 1 1 0 1 1 9 f t  0  

CMRNIt 

kriflUda fendl. 5.00 - 7.90 — 7.00 - 3.00 ~ 2.90 2.52 

Rrlitlda qLb. .. „ 5.40 2.00 - - 1 0 .00 0 .40 9.00 - 3.40 5.00 3.50 2.40 — 2.10 5.10 — — — — — — — 4.00 2.0) 

Krlitlda hm. - » 4.10 0.90 ~ 2.90 0.30 0.10 2.00 2.30 - 3.10 — — 1.02 2.15 

Ooutcloua uro. 11. .30 10.00 9.00 10.00 19.70 27.10 20.00 15.20 7.00 4.90 7.40 5.50 0.50 9.20 22.90 13.00 10.10 7.40 19.50 7.00 0.00 * 9.00 0.00 20.30 12.00 12.00 

Bothrlochloa bar. - " 11.90 4.40 2.90 3.40 - 2.50 - _ .. — — — — — — 1.05 1.12 

Dlqltarta cat. - — 3.40 - 5.00 - 3.30 — 2.10 — — — — — « 3.90 2.40 .91 1.00 

Eraqroatla Icti. 2. ,50 — 3.30 - 9.50 9.00 9.10 0.00 2.00 " 3.30 2.10 — 2.10 14.60 4.00 4.10 2.00 7.90 — — 4.90 .1.00 0.00 5.11 4.00 

Wct^topoqon com. - " 37.00 30.00 20.00 7.70 — 3.00 3.90 2.00 3.30 - — 43.90 37.40 9.07 7.20 

Huhlenber^la g. 1C. 20 0.50 " - - - 7.50 14.50 10.00 24.30 3.20 12.SO 31.70 10.90 7.00 11.30 2.70 0.00 23.00 12.00 40.30 12.00 10.70 2.00 12.00 10.51 

Setarla mc. 2,40 2.90 .20 

Sporobolva m>. 2. .00 5.00 5.90 5.20 14.10 0.40 0.30 0.10 - - 2.15 

Unknown qrau 14.00 20.40 5.00 

Other* 1. .10 5.50 .00 5.10 5.00 4.70 7.00 2.90 o.so 4.00 4.20 3.42 4.00 5.00 4.02 4.10 4.00 5.00 5.90 0.00 5.10 2.40 7.40 9.40 1.19 1.32 

Total nraawi 49. .90 50.20 77.20 70.00 01.10 71.90 75.00 70.00 41.10 47.50 30.20 30.50 40.70 37.00 40.00 37.20 20.10 23.20 04.90 51.50 01.70 52.90 02.00 09.70 57.43 54.42 

Shrubat 

Acacia qrcqvll .24 

uttlplm an>. - 0.10 " - - 4.00 — 2.10 2.00 2.50 " - — 4.00 — — — 2.30 2.90 24.90 — 5.30 . — — .05 4.TO 

Qpmlle npp. 11. .30 32.50 -- 4.30 5.30 7.00 3.40 0.00 43.90 34.00 43.70 30.00 39.TO 24.90 25.50 25.00 21.00 14.30 20.40 14.00 24.90 13.00 7.90 2.40 22.43 17.50 

fronorli Jul. 15.40 11.10 " 3.20 4.70 - - 0.00 10.50 22.00 14.70 3.20 3.20 — 2.20 — — 13.70 0.00 12.90 25.00 — 4.00 7.20 0.90 

Simla rwilla " " " 
« - " - 3.00 2.40 -- 11.10 0.30 7.50 — 2.50 — 2.70 — — — — " " 1.50 2.40 

Otter a 1 .50 — -- 3.00 .10 4.10 2.90 3.40 .42 .90 1.90 l.TO 1.10 . 00 3.20 2.10 0.10 4.00 1.20 1.70 — 2.30 2.90 — .25 1.00 

Tntal RfiraN 4* .20 49.70 4.00 11.10 10.70 U.TO 0.10 12.10 50.00 50.30 00.40 51.00 50.30 41.00 20.70 31.00 27.90 25.90 30.20 47.20 37.00 40.00 10.00 0.40 32.34 33.10 

00 



Oct. Ito». Dac. Jib. ftb. War. tec. Way July jtwig» 
jptciw • MlM»g»«8B»M8B8BlB8W»B8M8Ba 

tefiiU drac. — — — — — — 3.50 2.70 — — — — — — — — — — — — — — — — .30.29 

•oraglnarin — . — — — — — — - — — — — It.30 20.00 25.10 41.00 45.70 — — — — — — 5.00 7.32 

Cretan «fep. — — — — — — — — — — — — — — — — — — — — — — 2.60 — .51 .53 

Ductttilali p. — — — — — — — —— — — — — — — — 3.70 — — — — — — — — .15 .54 

Bid* — — S.10 6.30 2.20 5.30 8.90 3.40 — — — — — — — — — — — — — — 2.70 2.00 1.91 1.53 

Mawlctt wp. — — — — — — 2.60 2.90 — — — — — — — — — — — — — — 2.20 — .66 .64 

ttdaatroaU app. . — — 13.70 3.80 3.00 4.40 2.90 2.90 — — — — — — — — — — — — — — — — 1.72 1.08 

Othara — — 1.50 2.30 2.80 2.00 1.30 2.80 — — — — — 4.60 2.80 .90 2.50 4.20 — — — — .60 2.00 . 2S .53 

fetal rorba .60 .20 20.30 12.40 8.00 11.70 19.20 14.70 1.50 2.10 1.60 1.80 .80 20.90 22.80 30.40 43.50 49.90 — 1.40 . 30 — 8.10 4.00 10.56 12.46 
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