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with care. It cannot be used when 
wind moves the vegetation. The de- 
tailed observations are time~consoming. 
Therefore, it may not be used as a 
survey instrument but is very useful 
as an exact reference method for as- 

sessment of other more rapid survey d’analyse de la v&g&ation des forma- 
metbods. lions herbac6es denses et perman- 
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A New Approach to Estimating 
Herbage Moisture Content’ 

GEORGE T. TURNER 

Highlight 

Moisture contents of different species of range plants 
growing under generally similar conditions are closely 
related during the period of peak herbage development. 
From regression equations that express those relationships, 
moisture content of several species can be predicted within 
rearonable limits from the content of one or more as- 
sociated species. 

Xfoisture content is an important but generally neglecred 
attribute of range vegetation. It commonly influences or 
relates fo palatability, nutrient content, and fbunmability 
of herbage; to suscept,b,bty of plants to damage from frost 
and trampling: and to droughtiness of range sites. It ins 
ffuences water and salt consumption by range animals, 
their gruing habits, and patterns of range use. It must be 
measured or eliminated before herbage production can be 
expressed in terms of dry weight. If production is used in 
competing grazing capacities, important variations in berb- 
age moisture contcnt should be recognized (Sbarif and West, 
196R). 

Altboogh several methods for measuring berbage moisture 
contenr are available (Magee and Kalbfleiacb, 1952: Hender- 
son, 19531, most are cumbersome and time consuming. A 
more expedient means is needed to increase sampling ef- 
ficiency and extend the usefulness of moisture determina- 
tions. This Note provides evidence that moisture content 
of plants growing under generally similar conditions is 
closely interrelated, and may be predicted from the content 
of one or more associated species. 

Study Area and Methods 
Herbage samples for moisture determination were ob~ 

mined from grasslands on Black Mesa, 30 miles west of 
Gonnison in southwestern Colorado at an elevation of 
9,ROO feet (Fig. 1). The rolling terrain provides good drain- 
age and a variety of exposures. Mast of the 25. to 3%inch 
annual precipitation falls as snow. Upon melting, it pro- 
vides abundant moisture for plant growth. 

‘Received September 25, 1971. 
ZForest Service, U. S. Department of A@culture, with head- 
quarters at Fort Collins, Colorado, in cooperation with 
Colorado State [Jniversity. 

hfost plants arc in bloom by mid~July. When rainfall 
is abundant and well diatriboted, rbey remain green and 
rclatirely succulcnl throughout tbe summer. More come 
morrly, bowever, moisrwc content declines and plant color 
radcr Will1 ;Nlvarrce of the season. The m”re rammon plants, 
zIlon,g with records to illustrate typical moisture conteots 
iat a given lime sod place, are listed m Table 1. 

Hrrbage samples of several of the more productive species 
-3 grasses, 7 forbs, and 1 shrub-were collected on 44 
occasions over a 4-year period. The 4R4 samples (44 for 
c.(cb species) provided a basis for determining how moisture 
contenr of one species varies with respect to that of another. 
Correlation <oefficients, regression equations, and standard 
errors of estimate were compnted for all possible paired 
combinations of records for the 11 species. 

A total of 149 herbage samples collected on 16 subsequent 
occasions o\er another 4.year period provided a basis for 
resting the predicting reliability of the regressions. Moisrurc 
<onlenlt of lbosc samples was predicted independendy on 
the basis of the measured content of Idaho fescue and aspen 
fleabane. 

On each sampling occasion, the current growth of several 
plants of cacb species was harvested. Herbage was bagged, 
weighed immediately, air dried for 1 to 3 months at room 
temperature, and reweighed. Moisture content was corn 
pnted as a percentage of net fresh weight. Collection dates 
varied from ,July 23 10 August 27, and stager of plant de. 
velopment from preflowering to seed ripening. A sample 
of each species was obtained from each of 19 sites, most 
of wbicb were about 1 acre in sire. 

In :I separate study, five composite samples of Idaho 
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Table 1. Moisture content (96) of herbage samples, all 
collected on the same day, from a grassland site on Black 
Mesa. Most plants were fully grown. 

Species Moisture content 

Grasses and Sedge 

Idaho fescue (Festuca idahoensis) 
Letterman needlegrass (Stipa lettermani) 
Thurber fescue (Festucu thurberi) 
Slender wheatgrass (Agropyron trachycuulum) 
Subalpine needlegrass (Stipu columbiuna) 
Mountain brome (Bromus carinatus) 
Prairie Junegrass (Koeleria cristata) 
Nodding brome (Bromus anomalus) 
Elk sedge (Carex geyeri) 

44 
46 
47 
49 
50 
54 
54 
56 
58 

Forbs 

Ballhead sandwort (Arena& congesta) 50 
Subalpine eriogonum (Eriogonum subalpinum) 53 
Western yarrow (Achilles Zanulosa) 60 
Beauty cinquefoil (Potentillu pulcherrimu) 60 
Goldenrod (Solidago ciZiosa) 60 
Aspen fleabane (Erigeron mucranthus) 60 
Hairy goldaster (Chrysopsis villosu) 62 
American vetch (Viciu americana) 63 
Skyrocket gilia (Giliu uggregata) 65 
Orange sneezeweed (Helen&m hoopesii) 66 
Sharpleaf valerian (Vuleriana acutiloba) 66 
Bluebell (Canzpunula rotundifoliu) 68 
Fremont geranium (Geranium fremontii) 68 
Littleleaf alumroot (Heuchera purvifolia) 68 
Lupine (Lupinus amplus) 68 
Aspen peavine (Luthyrus Zeucanthus) 70 
Common dandelion (Taruxacum officinale) 72 
Pale agoseris (Agoseris glaucu) 78 

Shrubs 

Falsetarragon sagebrush (Artemisia dracunculoides) 62 
Parry rabbitbrush (Chrysothumnus parryi) 66 

fescue were harvested at weekly intervals during July and 
August over a Z-year period. Those samples, each of which 
contained 10 plants from a relatively uniform site, provided 
a record of the variation in herbage moisture content at 
a given time and place. 

Rem1 ts and Discussion 

Moisture relationships 
Moisture contents of the 11 species included in the study 

(Table 2) were highly correlated (P < .Ol). Most correla- 
tion coefficients were larger than 0.70 although they ranged 
from 0.40 to 0.92. Those for aspen fleabane averaged the 
highest (0.80), and those for Parry rabbitbrush the lowest 
(0.56). Standard errors of estimate for the 110 regressions 
averaged 4.1 percent. Standard errors for paired samples 
of alfalfa hay and alfalfa-brome hay taken about 1 ft apart 
in the swath averaged 3.4 and 4.5%, respectively (Isaacs 
and Wiant, 1959). 

Table 2. Estimated linear regression parameters depicting 
relationships between herbage moisture content of each 
of two predictor species and that of associated species. 
Basis: N = 44 for each species. 

Predictor species 

Idaho fescue Aspen fleabane 

Associated species a b S,,, r a b S,,, r 

Idaho fescue - - - - -22.2 1.12 5.4 0.84 
Aspen fleabane 32.7 0.62 4.1 0.84 - - - - 
Western yarrow 30.9 0.68 3.8 0.87 3.2 0.96 3.0 0.92 
Thurber fescue 21.3 0.58 3.5 0.85 1.3 0.76 3.7 0.84 
Hairy goldaster 36.0 0.54 3.9 0.81 13.6 0.78 3.3 0.86 
Pale agoseris 62.8 0.31 2.4 0.79 50.9 0.42 2.2 0.81 

Fremont geranium 57.2 0.26 4.0 0.55 39.3 0.49 3.1 0.76 

Common 
dandelion 54.2 0.44 3.4 0.79 38.2 0.59 3.4 0.79 

Parry rabbitbrush 57.6 0.18 4.0 0.40 42.3 0.38 3.4 0.64 
Letterman 

needlegrass 30.4 0.33 4.4 0.59 10.9 0.56 3.6 0.77 
Aspen peavine 47.9 0.38 3.6 0.72 31.1 0.56 3.1 0.80 

Herbage moisture relationships are expressed through 
the equation P = a + bX. From Table 2, the estimated 
moisture content (P) of western yarrow, for example, would 
be 65% if the measured content (X) of Idaho fescue were 
50% [P = 30.9 + 0.68(50) = 650/o]. 

Moisture contents of Idaho fescue, aspen fleabane, western 
yarrow, Thurber fescue, and hairy goldaster covered a 
wider range than that of other species during the period 
of peak herbage development. Pale agoseris, Fremont 
geranium, common dandelion, and Parry rabbitbrush were 
relatively succulent whenever harvested. Idaho fescue usu- 
ally contained more moisture than Thurber fescue and 
Letterman needlegrass at the higher moisture levels, but 
less at lower levels. Aspen fleabane, hairy goldaster, and 
western yarrow had practically the same moisture content 
within the observed range of 48 to 78%. 

Moisture content of all samples used in determining 
herbage moisture relationships ranged from 26 to 87%. 
Values for pale agoseris differed as little as 15 (71-86)0/o, 
and those for Idaho fescue as much as 40 (26-66)0/O. 

Moisture prediction 
Four-fifths (111) of the 133 values predicted from Idaho 

fescue, and nine-tenths (122) of those from aspen fleabane, 
were within 5% of measured values. The samples for which 
fleabane failed to predict moisture content within 5% were 
among those that fescue also failed to predict within that 
limit. Only six estimated values-three from each species- 
differed from measured values by more than 7%. On the 
average, predicted values differed from measured values 
by 2.8 and 2.5%, respectively. Moisture content of Idaho 
fescue samples from which predictions were made ranged 
from 38 to 650/o, and that of aspen fleabane from 52 to 76%. 

Moisture content of Fremont geranium, which tends to 
mature nonuniformly, was predicted least accurately. Ob- 
served values differed by 3.5 and 4.4%, on the average, 
from those predicted from fleabane and Idaho fescue. The 
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content of rabbitbrush also was estimated somewhat less 
accurately than that of other species. 

Moisture variability 

Moisture content of Idaho fescue samples collected 
weekly during July and August over a 2-year period ranged 
from 22 to 68%. Differences between the highest and lowest 
content of samples collected at a given time averaged 3.3%. 
Coefficients of variation averaged 2.9%. Moisture content 
became slightly more variable as herbage matured. Even 
so, no value differed by more than 5% from the average 
for its group. One representative sample was generally 
adequate for prediction purposes at any one time during 
the 2-month period. Required intensity of sampling will 
vary, of course, with variability in moisture content of the 
herbage sampled. 

Conclusions 
Moisture contents of range plants growing under gen- 

erally similar conditions are related. By means of regression 
equations that express those relationships, the moisture 
content of numerous species in a complex flora can be 
estimated from the measured content of one or more 
associated species. Species from which predictions are made 
should be relatively abundant and widely distributed on 
the site sampled; their moisture content should be sensitive 
to changes in growing conditions and plant maturity. One 

representative sample of the predictor species may be ade- 
quate, depending on moisture variability. 

Whether or not prediction equations developed for one 
locality, such as Black Mesa, can be used for another is not 
known. A new equation must be derived, of course, for 
each additional species for which information is desired. 
Capabilities and limitations of the method will become 
better known as it is further tested. Available evidence 
indicates, however, that plant moisture relationships, once 
determined, can be used for prediction purposes year after 
year. Where precise measurements are not required, they 
offer a promising means for estimating quickly and effi- 
ciently the moisture content of numerous herbaceous plant 
species. 
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Pinyon- Juniper Woodland 
Management for Multiple 

Use Benefit+ 

NEIL E. JENSEN 

Range Conservationist, Toiyabe 
National Forest, Tonopah, Nevada. 

Highlight 

A 4,000.acre pinyon-juniper manage- 
ment unit was established on the 
Tonopah Ranger District, Toiyabe 
National Forest, in central Nevada 
during 1968. Initially, an inventory 
was conducted to obtain basic data 
about this woodland type. By initiat- 
ing silvicultural practices, the pinyon- 
juniper stand, forage production, wild- 
life habitat, soils and watershed values 
were improved. Eight times as many 
Christmas trees of an improved qual- 
ity, and five times as many juniper 
fence posts can be produced. Forage 
production and shrub cover density 
were increased. Bitterbrush, the dom- 
inant shrub, increased in vigor and 
total growth. Managing selected pin- 

l Received July 21, 1971. 

yon-juniper areas can provide greater 
multiple use benefits and economic 
returns. 

Direction for managing the pin- 
yon-juniper woodland type has been 
provided for in the Forest Service, 
lntermountain Region, Multiple 
Use Management Guide (Forest 
Service, 1966). Where soils are of 
moderate or deep depth, and where 
the growth form characteristics of 
pinyon for Christmas tree produc- 
tion is exceptionally good, the 
management direction is for Christ- 
mas trees and other Forest products. 
Satisfactory watershed conditions, 
and proper wildlife and livestock 
use must be maintained, also. 

On the shallow soil types the 
management direction is to: (1) re- 
store to a satisfactory watershed 
condition, (2) remove the overstory 
to the extent necessary to permit 
soil stabilization by revegetation 
and/or mechanical measures. 

The pinyon-juniper woodland 

covers over 850,000 acres of the 
Toiyabe National Forest in central 
Nevada. It invades into other 
biotic communities (Cottom and 
Stewart, 1940). In east central Ne- 
vada it has invaded into Black 
Sagebrush communities and almost 
eliminated the understory. (Black- 
burn and Tueller, 1970). This 
woodland type is increasing in area 
and density. Eventually, it becomes 
overmature and degenerate. 

The House Canyon Pinyon- Juni- 
per Management Unit (Fig. 1) is 
located 70 miles northeast of Tono- 
pah, Nevada. It is in the Willow 
Creek drainage on the eastern toe 
slope of the Monitor Range. The 
mean elevation is 7,200 feet. An- 
nual precipitation for the 1969-70 
water year was 13.3 inches. 

The management unit is char- 
acterized by a pinyon-juniper-bitter- 
brush community. Utah juniper 
(Juniper-us osteosperma) occurs co. 
dominate to singleleaf pinyon pine 
(Pinus monophylla). Antelope bit- 


