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7 and 8. Procedures for evaluating and removing tuations in the moisture content of forage require 
sources of bias must, therefore, be taken into con- a systematic daily observation and collection of 
sideration in future work. 

Conclusions 
Drinking water can be measured accurately. 

Nevertheless, problems in sample size arise out of 
the variability among animals, and among days 
by animals, in the amounts of water drunk. Ap- 
propriate sample sizes are as follows: 9 animals for 
18 days, 11 animals for 14 days, 15 animals for 7 

days, or 16 animals for 4 days. 
Mean air temperatures derived from daily mini- 

mum and maximum temperatures were compared 
with means derived from temperatures recorded 
at 3-hr intervals. Weekly means expressed to the 
nearest degree F were nearly always identical by 
the two procedures, and never differed by more 
than one degree. Therefore, the simple procedure 
of averaging maximum and minimum daily tem- 
peratures is retained. 

The moisture content of forage was estimated by 
hand-plucked samples collected by an observer as 
he moved with the yearling Hereford steers. Fluc- 

herbage. All grazing intervals should be repre- 
sented. Even so, where the moisture content of 
forage exceeds 65y0 the probability of error in the 
estimate of forage intake becomes so great that the 
results can not be considered trustworthy. 
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Highlight 

A microscope point method was used to develop weight 
prediction equations for plant species in masticated forage 
samples of known species weights collected at the end of 
two successive growing seasons. A high correlation was 
found in regressions of percent weight on percent points 
for all the masticated plant species. Two observers were 
consistent in their ability to estimate similar amounts of 
plant species in a given species mixture. With 400 micro- 
scope points, the average weight of a species was esti- 
mated within 5% of the mean at a 90% level of prob- 
ability when the species constituted 30 to 60% of the 
sample weight. 

l Arizona Agricultural Experiment Station Tech. Paper No. 
1316. This study was supported in part by U.S. Forest 
Service Cooperative Aid Grant and conducted in coopera- 
tion with Western Regional Research Project W-34, Range 
Livestock Nutrition. 

A problem basic to range management and ani- 
mal nutrition is that of determining precisely the 
botanical composition of the grazing animal’s diet. 
In recent years, rumen or esophageal fistulated 
cattle and sheep have been used in range diet 
studies (Cable and Shumway, 1966; Cook et al., 
1958; Van Dyne and Torell, 1964). Botanical com- 
position of forage samples collected by fistulated 
animals has been reported by several investigators 
(Heady and Torell, 1959; Connor et al., 1963; Van 
Dyne and Heady, 1965). However, only a few 
reports have been made concerning quantitative 
analyses of botanical composition. 

A promising method for analyzing fistula forage 
samples has been described by Heady and Tore11 
(1959), which employs a dissecting microscope with 
a pointer in one ocular and a movable tray with a 
series of fixed stops. Harker et al. (1964) used a 
similar method for quantitative analyses of a two- 
species mixture obtained from fistulated Zebu 
cattle. These workers obtained a reliable estimate 
of plant species weight with a 400-point analysis. 
Heady and Van Dyne (1965) also used a microscope- 
point method to successfully predict weights of 
plant species in clipped herbage samples from an 
annual foothill range in California. 

This study was conducted to determine the num- 
ber of microscope points needed for reliable esti- 
mates of plant species in masticated forage samples 
representing a desert grassland. A second objective 
was to develop equations for estimating weights 
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Table . Percent species composition by 
gona comparisons for 1964 and 1965. 

weight of ortho- 

Species mixtures 

Species 1 2 3 4 

1964 

Lehmann lovegrass 
(Eragrostis lehmanniana Nees.) 

Arizona cottontop 
(Trichachne californica (Benth 

Black grama 
(Bouteloua eripoda Torr.) 

60 

.)Chase) 5 

25 
Plains bristlegrass 

(Setaria macrostachya H.D.K) 

Total 
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Feather fingergrass 

(Chloris virgata Swartz.) 

False-mesquite 
(Calliandru eriophylla Benth.) 
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The masticated plant material was examined with a 

of plant species in rumen forage samples obtained 
from fistulated steers grazing on the range. 

Methods 

Plant materials used in the study were collected at the 
U.S. Forest Service Santa Rita Experimental Range, near 
Tucson, Arizona, in conjunction with an investigation of 
the botanical composition of the diet of grazing steers 
(Galt et al., 1969). Plant species at seed stage were clipped 
at ground level near the end of the summer growing sea- 
sons in September of 1964 and 1965. The species were 
individually fed and recovered from rumen-fistulated steers 
by the evacuation method of Lesperance et al. (1960). The 
masticated plant samples were preserved by freezing at 
-10 C until four mixtures of the plant species were pre- 
pared for orthogonal comparisons of species. To prepare 
the mixtures, each sample was thawed, mixed, and then 
washed to remove saliva. The species were dried at 50 C 
for 24 hr and then weighed. Four species were combined 
in the proportions as shown in Table 1 to give the various 
mixtures. Individual species combinations were thoroughly 
mixed in water, dried at room temperature (20 C) and 
examined by a microscope point method as described by 
Harker et al. (1964). 

A total of 1,600 points were examined on each of the 
four mixtures in the 1964 orthogonal comparisons. A 
sample constituted 400 points from examination of plant 
material spread uniformly over the bottom of a 45 x 15 
cm tray so that four trays completed a 1,600 point analysis. 
The points were identified by two observers with each 
reading two trays, or 800 points. The analysis of variance 
form for observer comparisons was a hierarchal classifica- 
tion. Bartlett’s test was made for homogeneity of tray 
variances (Steel and Torrie, 1960). Only 400 points were 
made of each sample by one observer for the 1965 mixtures. 

binocular microscope (20 to 80 x magnification). The 
masticated plant fragments were identified by a key based 
on morphological characteristics of plant parts in known 
specimens. Identifying characteristics included type of 
pubescence, floral parts, color, surface texture, venation, 
size and shape of plant parts. The plant fragment at each 
microscope point was identified as unidentifiable or to 
species according to the different plant parts (leaf, stem, 
seedhead, etc.). 

Regression equations for predicting percent weight from 
percent points were determined for the mixtures by linear 
regression of known percent weight on percent microscope 
points of a plant species. Percent points for a specific spe- 
cies were based on the total identifiable plant parts in a 
400-point sample. The unidentifiable material was assumed 
to have the same species composition as the identifiable 
material. 

Rem1 ts and Discussion 

Confidence limits were calculated for the mean 
hits on each species for the 1964 mixtures at dif- 
ferent sampling intensities. Fig. 1 depicts the 
effect of sample size on the 90% confidence limits 
for means of the point samples observed on plains 
bristlegrass. Confidence intervals narrowed rapidly 
until after the first 400 points, when the change 
was more gradual. For plains bristlegrass at 5% 
weight of a species mixture with a 400 point analy- 
sis, there was a 90% probability that the true mean 
was between 8.5 to 13.1 y. points. There was a 
slight improvement of the estimate of the true 
mean with 800 points as the confidence limits nar- 
rowed to 7.7 to 10.5% points. The range was 
further reduced to 6.2 to 8.2yo points with 1,600 
points. The results indicate that 400 points may 
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FIG. 2. Regression of percent weight on percent points for 1964 
grass species of Arizona cottontop,l black grama, Lehmann 
lovegrass, and plains bristlegrass. Each sample (n) represents 
a 400 point microscope point analysis. 

mive a biased estimate of the point sample means of c3 

a species at the 5% weight level as depicted by the 
downward trend of the species mean from 400 to 
1,600 points. When plains bristlegrass comprised 
60% of a species mixture, the confidence limits 
were 53.1 to 59.5% points with 400 points. Sim- 
ilarly, the range was only slightly reduced with 
800 points from 52.0 to 57.v0 potits, and with 
1,600 points 54.3 to 58.3y0 points. A similar pat- 
tern was observed for each species in the 1964 
orthogonal comparisons. The estimate of the sam- 
ple mean was improved with an increase of sam- 
pling intensity; however, the reduction was gradual 
for the four species from 400 to 1,600 points. A 
minimum time of approximately 6.5 hr was re- 
quired to make a 400-point analysis of a sample. 
Relative efficiency ratios were computed to com- 
pare 400 with SOO-point analyses. The ratio was 
based on the coefficient of variations and time re- 
quired for each analysis (Ehrenreich, 1958). Ap- 
plying the relative efficiency ratios to the four spe- 
cies, the 400-point samples were more efficient 
than the 800-point samples, since there was little 
difference in the coefficients of variation and ana- 
lytical time was approximately doubled with 800 
points. 

The percent of unidentifiable material in each 
species mixture examined for the study ranged 
from 3.1 to 19.0% points. The average for all 
mixtures was 16.3yo points. The percent of un- 
known material was attributed largely to plant 
destruction due to mastication. 

Regression equations were developed for all 
plant species in the 1964 and 1965 mixtures to 
predict percent weight from percent points (Fig. 
2 and 3). A high correlation was found between 
percent weight and percent points for all species, 
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FIG. 3. Regression of percent weight on percent points for 1965 
plant species of false-mesquite: Lehmann lovegrass, plains 
bristlegrass, and feather fingergrass. Each sample (n) repre- 
sents a 400 point microscope point analysis. 

as shown by the coefficients of determination 
(r2 S 0.84). The grass species generally approached 
a 1 : 1 ratio of percent weight to percent points. 
The ratio was approximately 2 : 1 for false-mes- 
quite, a half-shrub species. This difference may 
be a result of several factors. The density of the 
species or weight per point appeared to be greater 
for false-mesquite compared to the grass species. 
Another factor could have been due to some strati- 
fication of the small leaflets of false-mesquite on 
the sample tray. 

Regression coefficients determined from the 1964 
and 1965 samples were compared for plains bristle- 
grass and Lehmann lovegrass. There was no sig- 
nificant difference in the slopes of the regression 
of weight on points taken for plains bristlegrass 
between the two years. A significant difference 
was noted (P < 0.05), however, between the slopes 
for the two regressions of Lehmann lovegrass. A 
difference could be expected since growing con- 
ditions varied considerably for the two years. 
Available plant mositure was much greater during 
the summer growing season of 1964 compared with 
1965. Consequently, leaf-stem ratios could have 
varied between the two years. Heady and Van 
Dyne (1965) observed differences in regression 
equations of percent weight on percent points of a 
species at different growth stages of a plant through 
the growing season. 

The two observers were consistent in estimating 
similar species means for individual samples. The 
total number of microscope points taken by each 
observer for the 1964 masticated plant samples 
is shown in Table 2. Analyses of variance were made 
for each plant species at the four different percent 
weights. The among-tray variances for 3 of the 
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Table 2. Observer comparisons of total number of micro- 
scope points of plant species in 1964 orthogonal com- 
parisons, 1,600 points per mixture.1 

Species mixtures 

Species 1 2 3 4 
within 

mixtures A B A B A B A B 

Plant hits/800 points 

Lehmann lovegrass 492 487 214 180 68 45 32 21 
Arizona cottontop 43 29 65 73 393 419 196 189 
Black grama 117 116 352 420 39 27 48 52 
Plains bristlegrass 80 92 73 42 158 161 437 463 
Unidentifiable 68 76 96 85 142 148 87 75 

’ Values for observers A and B based on two trays of 400 points 
each. 

16 comparisons were different (P < 0.05), as de- 
termined by Bartlett’s test for homogeneity of 
variance. These differences occurred once for a 
species at the 10% weight level and twice for 
species at the 5% weight of a mixture. Analyses 
of variance made for the remaining 13 samples 
detected only one case of observer differences at 
the 5% level of significance. These results agree 
with Harker et al. (1964), where no significant 
overall differences were detected among four ob- 
servers in the way they estimated the sample weight 
of a species in a two-species mixture from fistu- 
lated Zebu cattle. This study supports the feasi- 
bility of training persons engaged in botanical 
analysis of forage samples collected by animals. 

A reliable estimate was obtained for the percent 
weight as predicted from the 400-point analyses 
of the 1964 plant species mixtures (Table 3). The 
predicted average weight for a species at a par- 
ticular percent point group varied with the species 
and the quantity of the species in the sample. A 
greater variation was observed for black grama 
compared to the other species. Also, the reliability 
of the estimate was less when a species made up a 
smaller portion of the mixture. The average 
weight was estimated within 5% of the mean at 
the 90% confidence level when the species com- 
prised from 30 to 60% weight of the masticated 
sample mixtures. When the species comprised 20 

Table 3. Means and 90% confidence limits for average 
percent weights of plant species predicted from re- 
gressions of percent weight on percent points. 

Predicted mean weight 

Plant species 60 45 30 20 10 5 

Arizona cottontop k 1.0 +l.O 50.7 kO.7 +0.7 +l.O 
Black grama t2.9 +2.0 kl.5 21.5 kl.8 22.0 
Lehmann lovegrass ? 1.2 +0.9 20.7 20.7 kO.7 20.9 
Plains bristlegrass kO.9 21.2 +0.9 -+0.9 20.9 L1.2 

to 30%, or 10 to 20% weight of the masticated 
sample mixtures, the average weight was estimated 
within 10% and 20y0 of the means, respectively. 
Estimates were only to within 20 to 40% of the 
mean when the species was 5% of the samples. 

Conclusions 
Quantitative analyses for species composition of 

masticated forage mixtures were successfully 
achieved with a microscope point method. The 
average weight of a species mean was estimated to 
a high degree of reliability when the species was 
at least 30% weight of the masticated plant mix- 
tures. The reliability of estimating the average 
weight of a species decreased with species weights 
less than 10% of sample mixtures. Results of the 
quantitative analyses indicate that 400 points may 
be inadequate for estimating the weight of a spe- 
cies at the 5% weight range. 

The precision of estimating the point sample 
means was increased with more than 400 micro- 
scope points. The increased precision was small 
in relation to the coefficient of variation and the 
analytical time used in the analyses. 

The regression equations developed from the 
orthogonal plant species mixtures for the different 
grass species were similar and approached a 1 : 1 
ratio of percent weight to percent points. The 
ratio was approximately 2 : 1 for a half-shrub spe- 
cies. These results suggest that large differences in 
weight prediction equations may exist between 
different plant groups. 

The consistency of the two observers to esti- 
mate similar species means in a given sample mix- 
ture indicates that trained technicians can quanti- 
tatively identify the botanical composition of 
masticated forage samples collected by steers. 
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Cold Storage Helps Winterfat 
Seeds Retain Viability 

H. W. SPRINGFIELD 

Range Scientist, Rocky Mountain 
Forest and Range Experiment 

Station,1 Albuquerque, New hfexico. 

Highlight 
Eurotia lanata seeds from five 

sources retained higher viability when 
stored 3 years at -5 to -9 F, and five 
of six sources retained higher via- 
bility when stored Z-‘/2 years at 38 to 
42 F, compared with storage at 55 to 
95 F. 

Seeds of winterfat (Eurotia Zanata 
(Pursh) Moq.) lose their viability 
within a few years under ordinary 
storage conditions. Wilson (1931) 
found that percentage germination of 
l-year-old seeds was only about half 
as high as that of seeds tested shortly 
after maturity. Hilton (194 1) reported 
a considerable loss in viability of seeds 
after the first year; 97% of freshly col- 
lected seeds germinated, compared with 
23% of seeds stored 2 years at room 
temperature. According to the U.S. 
Forest Service (1948), winterfat seeds 
lose about 10 to 50% of their initial 
viability in 1 year and most of it in 2 
years, although a little remains up to 
4 years. 

The purpose of this study was to 
determine if viability of winterfat seeds 
could be retained for a longer time by 
storage at low temperatures. 

1 Forest Service, U.S. Department of 
Agriculture, with central headquarters 
maintained at Fort Collins in co- 
operation with Colorado State Uni- 
versity; research reported here was 
conducted at Albuquerque in co- 
operation with the University of New 
Mexico. 

Methods 

Two experiments were conducted. 
Seeds for the first experiment were 
collected at five sites in New Mexico 
during November 1963. Half the seeds 
were stored in paper bags in a heated 
garage (55 to 95 F). The other half 
were stored in cans in a deep freeze 
(-5 to -9 F) beginning in June 1964. 
Seeds for the second experiment were 
collected at six sites in New Mexico 
during November 1964. Half the seeds 
were stored in the garage and the other 
half in a refrigerator (38 to 42 F) be- 
ginning in December 1964. 

Germination testing for both experi- 
ments was conducted during July 1967 
in a germinator at 65 F. Procedures 
were the same for the two experiments. 
The basic unit was a petri dish with 
50 seeds placed on the top of moist 
vermiculite. Each dish contained 100 
ml vermiculite and 50 ml distilled 
water. Dishes for each experiment 
were randomized on a single tray in 
the germinator. There were six repli- 
cations per treatment in the first ex- 
periment, and four replications in the 
second. 

Germinated seeds were counted daily. 
A seed was considered germinated 
when the radicles and shoots were 1 
inch long. 

Germination percentages were trans- 
formed to arc sin for analysis of vari- 
ance. The difference in germination 
between the two storage temperatures 
for each source was tested by least sig- 
nificant difference at the 0.05 prob- 
ability level. 

Results 

Winterfat seeds stored at -5 to -9 F 
for 3 years germinated significantly 
better than seeds stored at 55 to 

Table 1. Germination of five sources of 
winterfat seeds stored 3 years at sub- 
freezing and ordinary temperatures. 

Percent germination 

Source Stored at Stored at 
of seed 55 to 95 F -5 to -9 F 

Corona 70.0 94.7* 
Isleta 56.0 91.0” 
Glorieta Mesa 46.7 94.0* 
Santo Domingo 42.0 88.7* 
La Bajada 17.7 85.3* 

* Difference in germination between the 
two storage temperatures significantly 
higher at the 0.05 probability level. 

95 F (Table 1). The viability of all five 
sources tested was retained at high 
levels when seeds were stored at sub- 
freezing temperatures. Only the Corona 
seeds retained satisfactory viability 
under ordinary storage conditions. 

Likewise, seeds stored at 38 to 42 F 
for 2-ye years germinated better than 
seeds stored at 55 to 95 F (Table 2). 
Five of the six sources tested retained 
higher viability when stored in a re- 

Table 2. Germination of six sources of 
winterfat seeds stored 2-l/2 years under 
refrigeration and at ordinary tempera- 
tures. 

Percent germination 

Source Stored at Stored at 
of seed 55 to 95 F 38 to 42 F 

Mountainair 80.5 94.5* 
Silver Hill 64.5 92.5* 
Willard 80.5 87.5 
Santa Fe 71.0 88.5* 
Corona 67.5 85.5* 
Gran Quivira 36.5 57.0” 

* Difference in germination between the 
two storage temperatures significantly 
higher at the 0.05 probability level. 


