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HIghlight: On forested lands (1954 to 1969) 109 annual forage yields from 12 
locations were studied. Very dry springs and unusually low annual precipitation 
resulted in low forage yields. Dry summer months were associated with superior 
yields provided the past year had been wet. The relationship was not consistent, 
however, nor was there a consistent relationship between tree-diameter growth and 
climate based on monthly or seasonal temperature or precipitation records. Annual 
forage yields were least on the Dewdrop and highest on the East Mara ranges, 325 and 
1017 lb oven dry, respectively. 

Forage yields on open rangelands (1954 to 1969), although only moderately 
associated with individual values for seasonal average temperature or total precipita- 
tion, could be estimated very well by all weather variables describing a 15-month 
period. The 190 observations of yield from 16 open rangeland locations averaged 544 
lb oven dry, with a minimum of 84 lb in 1967 and a maximum of 616 lb in 1965. Ex- 
pressed as percentages of 1963 yields, annual forage weights averaged 116% and ranged 
from 53 to 214%. Such large variations as a result of fluctuations in climate are of 
obvious importance to graziers, and the possibility that forage yields can be related to 
long-term variations in tree growth merits further study. 

Weather, especially precipitation pat- 
tern, has a major influence on herbage 
production on rangelands. It would be 
useful in managing southern British Co- 
lumbia rangelands to establish which type 
of weather data, over what period, has 
the greatest influence on forage yields. It 
should also be known whether or not 
data from existing nearby weather sta- 
tions could be used to predict forage 
production. 

The possibility of using trees to indi- 
cate long-term influences of climate and 
to estimate forage production for past 
years could be useful in reviews of range- 
management programs. It, therefore, 
seemed worthwhile to determine whether 
or not tree growth was correlated with 
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range herbage production. 
Coupland (1958) reviewed a number 

of papers which demonstrated a relation- 
ship between climate and forage yield of 
grazing capacity on rangelands of Great 
Plains. Blaisdell (1958) indicated a good 
correlation between precipitation and 
herbage yields in southern Idaho. He 
concluded that precipitation prior to the 
start of the growing season influenced 
herbage yield more than precipitation 
during the growing season. Highest yields 
were apparently also associated with cool 
growing seasons. On the Front Range in 
Colorado, Currie and Peterson (1966) 
found that specific precipitation patterns 
accounted for 87% or more of the varia- 
tion in forage yields of crested wheat- 
grass. Rainfall in April determined forage 
yield of spring-grazed ranges; May and 
July rainfall determined forage yields for 
fall-grazed ranges. Rogers and Peacock 
(1968) demonstrated the use of statistical 
decision theory as a technique whereby 
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Nevada ranchers may use observed in- 
formation on precipitation to select the 
appropriate number of cattle to be 
wintered for turnout on the range the 
following year. 

Much less has been done to correlate 
tree growth-rate with herbage production 
on forested rangelands. Basile (197 1) 
concluded that site index for lodgepole 
pine was of no apparent value in predict- 
ing yields of herbaceous understory vege- 
tation. Site index reflects the sum of 
growing conditions over several decades, 
however, rather than growing conditions 
for a single season. 

Although our preliminary analyses of 
annual variations in forage yields and 
their averages by plant associations 
(McLean, 1969) were not associated with 
variations in widths of earlywood and 
latewood (Smith, 1970, Tables 10 to 12) 
we thought it worthwhile to do further 
studies. We were aware that growth of 
grasses, forbs, and shrubs will respond 
differently than trees do to variations in 
climate. Still, the possibility of using trees 
to indicate the very long-term influences 
of climate intrigued us. The impact of 
extremes of climate on forage yields can 
be of critical importance to graziers 
(Smith, 1969). 

Methods 

The methods used for collection of 
forage and determination of yields have 
been described by McLean (1969). 
Samples were harvested from permanent 
exclosures and areas free from tree com- 
petition. Methods for tree-ring analysis 
have been reviewed by several authors 
(Smith and Worrall, 1970). 
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Table 1. Influence of locality on oven-dry yields (lb/acre) of forage and radial growth of nearby trees. 

Radial growth by species (percentage of 1963 growth) 

Location 

Yield of forage 

lb/acre 1’ 

Douglas-fir Ponderosa pine 

No. No. 
e l&e cores 1 e l&e cores 

Skookumchuck 445 11 114 
Kimberley 719 10 90 
Cranbrook 587 9 132 
Pechams Lake 671 10 103 
Newgate 556 10 132 
Rock Creek 360 7 101 
Goose Lake 724 10 97 
Lundbum 886 10 104 
Dewdrop 325 9 152 
West Mara 343 8 72 
East Mara 1017 9 122 
Rose Hill 522 8 96 

- - 
58 81 
63 74 
65 91 

134 155 
105 111 
103 115 

97 96 
142 123 

- - 
101 151 

69 100 

- - 
73 6 
67 5 
81 6 

147 6 
111 3 

111 96 : 
128 6 

133 ; 
90 6 

65 98 
77 79 
83 100 
52 97 

104 114 
104 131 

127 
116 

62 
112 
100 

- 
114 
138 

89 
113 
104 

89 6 
78 6 
96 7 
79 5 

111 7 
128 5 

- 

116 < 
132 5 

80 6 
113 4 
103 6 

’ 1, latewood; e, earlywood. Usually, two cores were available per tree. 

In the fall of 1970 increment cores 
were collected from 28 Douglas-fir trees 
and 37 ponderosa pine trees. Two cores 
per tree were extracted either at 18 
inches or 4.5 ft above the ground. Widths 
of earlywood and latewood were 
measured by a Swedish Tree Ring Measur- 
ing Instrument. Then summaries were 
made for each of the locations (Table 1) 
and for each of the years for which forage 
weights were available. There was a total 
of 109 forage-yield-years. Since there 
were variable numbers of samples per 
year and not all years were studied, 1963, 
the best represented year, was taken as 
the base for calculation of percentage 
deviations. Forage weights for all years 
studied were averaged to determine a 
value for each location. Then average 
forage weights at each location for each 
year were expressed as percentages of 
1963 oven-dry weights and the percent- 
ages averaged. The process was repeated 
by inspecting the widths of earlywood 
(e), latewood (l), and whole rings (e + 1) 

to find values for each of the years 
represented in the forage samples from 
1954 to 1969. As in the oven-dry 
weights, tree-ring widths were expressed as 
a percentage of 1963 and averaged to 
determine the percentages shown for each 
tree species (Table 1). Variations in per- 
centage forage yield and ring width com- 
ponents were inspected in relation tc 
differences in local climate. 

Since yields of open rangelands which 
suffer most climatic stress might be better 
correlated with climate we turned next to 
statistical analysis of such plots. We used 
all available data from 16 localities in the 
vicinity of Princeton, 3 near Hedley, 3 
near Keremeos, 3 near Rock Creek, 4 
near Summerland, and 8 near Kamloops, 
eliminating all locations used in Tables 1 
and 2. Again 1963 was used as the base 
year and percentages of forage yields 
calculated as appropriate to the years 
1954-1969 represented by local sampling. 
British Columbia Department of Agricul- 
ture annual summaries of climate for the 

weather stations closest to each locality 
were consulted to determine average tem- 
peratures and total precipitation for each 
season. Summer was considered to 
include June, July, and August; fall was 
September, October, and November; 
winter was December, January, and Feb- 
ruary; spring was March, April, and May. 
In addition to the four seasons, a 15- 
month total was calculated using e.g. 
1953 summer, fall, 1953-54 winter, 1954 
spring, and 1954 summer to estimate the 
effects of temperature and precipitation 
on 1954 forage yields. A total of 190 
forage-yield-years were available for sta- 
tistical analysis (Table 3). The climates 
appropriate to the individual localities 
and years sampled were weighted to get 
averages for temperature and precipita- 
tion. Percentage variations in forage 
yields for 1963 were calculated. 

Results 

Forage yields (Table 1) were repre- 

Table 2. Annual variation in forage yields (lb/acre) on grazed forest ranges (1955-69) for representative localities. 

Year 
Skookumchuck Kimberley Cranbrook Newgate Goose Lake Lundbum East Mara 

(2700)’ 
Dewdrop 

(3000) (3050) (2500) (3800) (3400) (2100) (2800) 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 

706 
484 
462 
424 
390 
296 
306 
408 
294 
452 
674 

806 
1120 

582 
412 
796 
480 
624 
808 
695 
866 
- 

Avg 445 719 

No. years 11 10 

722 599 220 756 
797 646 441 1079 
792 872 490 988 

- 
- 

1142 
882 
550 
594 
420 
438 
420 
468 
196 
446 
- 

872 
890 
772 
648 
746 

- 
988 

1156 
1312 

854 
802 
796 
832 

316 1150 
380 1702 
360 924 

- 
420 
578 

- - 
214 834 
196 958 
308 762 
- 

- 
- - 

- - 
- 
- 

556 724 886 325 1017 

10 10 10 9 9 

- 
1368 

- 

516 
446 
532 
480 
520 
461 
376 
793 

587 

9 

1 Elevation in feet. 
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Table 3. Averages, variation, and correlation in annual forage yields on open rangelands and 
climatic factors for all years studied (190 observations). 

Summary of basic data Simple carrel. coef. 
Item Mean S.D. Mm. Max. Coef.Var. Weights Percentages 

Forage yields (lb/acre) 544 104 84 616 19.06 1 .ooo .262 
Percent of 1963 yields 116 26 53 214 22.34 .262 1 .ooo 
Spring temperature (“F) 46 2 43 50 3.34 -.332 -.080 
Spring ppt (inches) 2 6 1.3 3 30.79 .264 .332 
Summer temperature 65 1 63 70 2.30 -.209 .287 
Summer precipitation 4 1 0.9 5 34.64 .213 -.099 
Fall temperature 45 3 41 50 5.58 -.404 -.296 
Fall precipitation 3 0.6 1.4 23.80 -.219 -.525 

- Winter temperature 3 2 20 3: 9.27 -.077 -.369 
Winter precipitation 4 0.8 1.9 5 20.14 .454 -.173 
Past 15 month ppt 16 3 10 20 16.61 .315 -.368 
Past 15 month temp 48 avg 2 43 54 4.43 -.457 -.068 
Year 12 3 4 19 24.32 -.282 -.743 
Year2 168 71 16 361 42.21 -.385 -.697 

Table 4. Annual averages of forage yields on open rangelands and climatic factors, weighted by 
areas sampled, 195 S- 1969, excluding data on selected years. 

Item 1955 1957 1959 1961 1963 1964 1965 1967 1969 

Forage yield (lb/acre) 424 524 525 611 574 569 616 84 257 
Percent of 1963 yields 133 148 120 133 100 101 111 53 154 
Spring temperature (“F) 43 50 49 46 47 45 44 47 49 
Spring ppt (inches) 13 13 17 31 17 13 26 15 28 
Summer temperature 66 64 66 66 63 63 65 70 67 
Summer precipitation 3 5 3 3 
Fall temperature 43 47 44 4: 4; 453 45 5: 4: 
Fall precipitation 2 
Winter temperature 23 2; 2:: 272 2: 2; 2: 3: 2; 
Winter precipitation 433545544 
Past 15 month ppt 15 15 13 12 17 20 18 13 16 
Past 15 month avg 48 49 43 50 46 50 48 54 50 
No. of plots 5 5 3 32 37 25 32 3 3 

sentative of what might be expected in 
association with growth of trees near 
transitions from open range to scattered 
stands of commercial tree species. It is 
obvious, however, from the range in 
yields and the variety of tree species 
present, that local site conditions must be 
highly variable. 

For the forested rangeland sites 
(Tables 1 and 2) it was not possible to 
find any consistent relationships between 
the variations in forage yield or tree 
growth and the records of monthly tem- 
p erature or precipitation from the 
weather stations closest to each locality 
sampled. None of the yields (Table 2) 
were consistently related to variations in 
climate. Yields increased with elevation 
and were highly variable from year to 
year and among sites. Inspection of the 
weather records in relation to the tabu- 
lated yields suggested, however, that 
excessively dry springs and unusually low 
annual precipitation resulted in low 
yields. Dry summer months (June, July, 
and August) were associated with 
superior yields provided the past year had 
been wet. 

For the 16 open rangeland sites, mul- 
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tiple regression analyses of average forage 
yields per acre were made on the 10 
weather variables discussed above, plus 
years 1954 to 1969 coded as 4 to 19 and 
4’ to 192 to remove any trends over 
time. The simple correlation matrix, part 
of which is given in Table 3, showed that 
annual forage weights were poorly associ- 
ated with yields expressed as percentages 
of 1963 weights (r = .262). Forage weights 
were associated with average winter pre- 
cipitation (r = .454) and past 15 months’ 
average temperatures (r = .457). Percent- 
age forage weights were associated with 
average fall precipitation (r = .525), and 
also decreased significantly with year 
(r = .743) and year squared (r = .697). 
Despite the low individual correlations 
just mentioned, most of the variation in 
both absolute and relative forage yields 
could be accounted for by use of all 10 
weather and 2 time variables. The coeffi- 
cient of determination for weights of 
forage yields was .973 with a standard 
error of estimate of only 17.6 lb. The 
results were similarly good with percent- 
ages of 1963 forage yields which could be 
estimated with a coefficient of determina- 
tion of .952 and a standard error of 

estimate of 5.87%. The best single vari- 
able was the average temperature for the 
past 15 months for estimation of weights 
of forage yields, which decreased from 
1612 lb per acre at the rate of 22.03 
times the average temperature. This equa- 
tion had a standard error of estimate of 
92.5 lb and a coefficient of determination 
of .208. Percentage forage yields 
decreased from 172.9% at the rate of 
22.52 times average total fall precipita- 
tion. The standard error of estimate for 
the equation was high, 22.1% and the 
coefficient of determination was only 
.275. 

Discussion 

The annual data (Table 4) illustrate 
the decrease in yields for late 1960’s that 
lead to the significant negative effect of 
coded calendar date “year” or “year2 “. 
When studying Table 4 one must keep in 
mind the fact that our analysis, being 
weighted by the number of plots studied 
for each year, used the annual data 
according to the number of plots 
sampled. Also, one should note that 
although the past 15 months’ tempera- 
ture was the best single variable for 
estimation of forage weights, average 
winter precipitation was only slightly 
poorer. It also is remarkable that, 
although none of the variables is par- 
ticularly efficient by itself, the combina- 
tion of all 12 accounts for a very large 
proportion of the variation in forage 
yields. 

The complexity of association of 
climate with forage yields makes it very 
difficult to inspect tabular data and 
recognize direct relationships. Similarly, 
the factors that govern distribution of 
growth within trees are complex and 
often not well interrelated. Some recent 
unpublished studies of lodgepole pine 
twigs, needles, and widths of earlywood 
have shown that wood growth and branch 
growth within the same tree in the same 
season are governed by different factors. 
Widths of earlywood at breast height for 
the years 1970, 1969, and 1968 for 36 
trees had simple correlation coefficients 
as follows : with current twig length 
Y = .152, with current needle length 
Y = .187, with current needle width 
Y = .191, and with current needle thick- 
ness r = .055. Much larger simple correla- 
tion coefficients were observed for widths 
of earlywood and latewood, r = .877, and 
ring width, r = .989. 

Since both forage and wood yields are 
strongly influenced by climate, the possi- 
bility of extending records of annual 
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forage vields back in time bv use of pine-a poor indicator of site productivity 

tree-&g analysis still remains worthy of 
study. Further investigations should be 
made at comprehensivelv analvsed sites 

for herbaceous plants. U.S. Dep. Agr. Inter- 
mountain Forest and Range Exp. Sta. Res. 
Note INT-152. 

to determine* local effects of- soil and Blaisdell, J. P. 1958. Seasonal development and 

climate by direct measurement of their 
effects on both growth and yield of 

yield of native plants on the upper Snake 
River plains and their relation to certain 
climatic factors. U. S. Den. Agr. Tech. Bull. 

forage and wood. Tree ring interpreta- 1190.68 p. 
tions may be facilitated by data on 
maximum ring densities obtainable by 

Coupland, R. T. 1958. The effects of fluctua- 
tions in weather upon the grasslands of the 

X-ray analvses of increment cores (Parker Great Plains. Bot. Rev. 24:273-317. . I \ 

and Henoch, 1971). In addition, X-ray Currie, P. O., and G. Peterson. 1966. Using 

profiles of patterns of annual growth of growing-season precipitation to predict 

tree rings might be related more con- 
crested wheatgrass yields. J. Range Manage. 
19:284-288. 

sistently to climate and forage yields than 
the widths of earlywood and latewood 

McLean, A. 1969. Plant communities of the 

that were used in this study. 
Similkameen Valley, British Columbia, and 
their relationships to soils. Ph.D. Thesis. 
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Seasonal Change in Nutritive Value 
of Bluestem Pastures 

M. RAMA RAO, LENIEL H. HARBERS, AND ED F. SMITH 

Highlight: Esophageally fistulated steers were used to de- 
termine organic matter intake and digestibility of bluestem 
pastures during the summer grazing season. Following a 48- 
hour total fecal collection period, esophageally fistulated 
steers were used to collect grazed samples of native pastures 
during June, July, August, September, and October. Esophage- 
al samples were higher in ash and crude protein and lower in 
crude fiber, N-free extract, and acid detergent fiber than were 
hand-clipped samples. In vitro dry and organic matter digesti- 
bilities were higher in forage collected by cattle than in hand- 
clipped forage. Multiple regression equations were developed 
to predict in vitro digestibility. Only crude protein and acid- 
detergent fiber were highly correlated with digestibility. Aver- 
age daily intakes of organic matter, digestible crude protein, 
and digestible energy by steers on pasture were estimated from 
fecal nitrogen regression established from hay trials. Protein 
apparently became limiting about mid-July and energy in late 
August. The positive effects of burning were increased forage 
yield and weight gain with lowered lignin content. 

A foremost problem in range and pasture nutrition is 
accurately assessing chemical and botanical compositions of 
diets of grazing livestock (Van Dyne and Torell, 1964). 
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Inability to manually sample forages representative of that 
ingested by livestock has led investigators to use esophageally- 
fistulated animals to collect naturally grazed samples (Lesper- 
ante et al., 1960). Only after relative seasonal availabilities of 
nutrients are known can livestock be managed for maximum 
return from available forage resources (Raleigh, 1970). 

Animals fitted with esophageal fistulae recently have been 
used to obtain grazed forage samples. However, nutritive value 
and digestibility of diets selected by cattle grazing Flint Hills 
Range have not been thus measured. 

We used such samples to determine the nutritive value of 
grazed forage and to measure energy and crude protein of 
Flint Hills Range consumed during the summer grazing season. 

Experimental Area and Methods 

The study area is in the Flint Hills, tallgrass prairie five 
miles northwest of Manhattan, Kans. The summer grazing 
season, when the plants are highest in nutrient value, is from 
about May 1 to October 1. The warm season grasses begin to 
mature in July and have developed seed heads by August. 
Although the pastures used in this study were not grazed 
during the winter period, some pastures in the area are grazed 
throughout the year. 

Between 50 and 60% of the vegetation is big and little 
Bluestem (Andropogon gerardi Vitman and A. scoparius 
Michx) (Herbel and Anderson, 1959). Three other warm 
season grasses, Indiangrass [Sorghastrum nutans (L.) Nash], 
switchgrass (Panicum virgatum L.), and sideoats grama 
[Bou teloua curtipendula (Michx.) Torr.] comprise another 10 
to 20%. The elevation is 400 m. Annual rainfall varies from 
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