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Seasonal Development and Yield
of Native Plants on the Upper
Snake River Plains and Their
Relation to Certain Climatic
Factors'

JAMES P. BLAISDELL, Division of Range Management Research,
Forest Service

INTRODUCTION
THE UPPER SNAKE RIVER PLAINS

As described by Rassell (72),” the Snake River Plains consist
of a roughly crescent-shaped belt along the Snake River extending
entirely across southern Idsho. Thig belt is about 850 miles long
and from 50 to 75 miles wide. The general appearance of this area
is that of a vast, stream-evoded valley; however, it is actually a
plateau formed principally of lava sheets, and does not owe its
major surface features te erosion.

The eastern part of the Snake River Plains (about one-fifth
of the total) is mostly above 5,000 feet elevation and is commonly
known as the Upper Snake River Plains. This area is roughly cir-
cular and has a diameter of approximately 60 miles; its center is
irr the vicinity of 112° west longitude and 44° north latitude. It is
hordered on the east by the Teton Range, on the north by the
Centennial Mountains, and on the west by the Lemhi and Lost
River Ranges. All of these are fairly high mountains, and many
peaks are higher than 10,000 feet,

Topography and Soils

The lava of the Upper Snake River Plains is approximately
4,000 feet in depth and oceurs ir generally horizontal sheets from
10 te 200 feet thick {72, 21). The surface layers that overlie the
Pliccene acid lavas are mostly Pleistocene basalt. Since basaitic
lavas were very fluid, individual flows sometimes extended for
miles, and formed a fairly level surface broken only by ridges
forced upwards by pressures at the time of cooling. Low basaltic
mounds that mark points of extrusion and a few well-formed
craters provide the major relief.

' Formerly runge conservationist, Intermountain Forest and Range Experi-
ment Station, Forest Service, ) ’
® ftalic numbers in parentheses refer to Literature Cited, p. G4,
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Although total relief in the areas where flows originated may
be several hundred feet, variations in the general surface of the
Upper Snake River Plains are slight {fig. 1}. The Snake River
and its main branches have not cut deep channels in this area, but
flow on the plateau surface. Farther downstream, however, the
river has ent a gorge that eventually reaches a depth of more
than a thousand feet.

Even though there are numercus lava outerops on which no
soil has developed (fig. 1)}, most of the Upper Snake River Plains
is covered by a soil mantle varying in depth from a few inches
to several feet. Much of the soil is residual from the underlying
basalt, but aeolian materials from alluvial deposits, ancient
lacustrine beds, and cinder cones are alse important components
in certain areas. The texture is normally sandy loam at the surface
and sandy clay loam beneath,

These scils are relatively low in nitrogen and organic matter,
but as a result of the low precipitation, they have undergone
little leaching and are consequently rich in mineral fertility, par-
ticularly ealeium (51). Near the mountain borders and along the
streams is a loeal covering of alluvium. Often this is coarse or
gravelly, but along the Snake River and some of its larger
tributaries, the alluvial soils are deep and tertile, and provide the
hulk of the arable land.

TiGURE 1.—A typical part of the Upper Snake River Plaing near head-
quarters of the U. 3. Sheep Experiment Station. The Centennial Moun-
taing are in the background.
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Climate

The continental climate of the Upper Snake River Plains is
characterized by scanty precipitation, cold winters, and hot
summers. Thig is typical of regions that have mild relief, are re-
mote from tempering influences of the ocean, and are deprived
of their full share of precipitation by the presence of high
mountains in the path of the prevailing winds.

Precipitation averages about 10 inches annually and except for
a slight concentration during May and June is rather evenly dis-
tributed throughout the year. Snow usually covers the ground
from about mid-December to the end of March and attains a depth
of from 1 te 3 feet. Snowmelt usually occurs gradually and most
of the water sinks directly inte the ground, providing abundant
moisture at the beginning of the growing season, SBummer pre-
cipitation comes largely as showers, usually of short duration,
and provides little effective moisture. Soil moisture of the surface
18 inches usually falls below the wilting coefficient during late
June or early July. Humidity is generally low, particularly during
the summer and early fall.

Temperatures may reach a maximum of about 100° F. in
summer and a minimum of —30° in winter. Despite low winter
temperatures, the blanket of snow ordinarily prevents soil freezing
Lelow the depth of a few inches., The frost-free period is about
4 months long; the last spring frost occurs in May or June, and
the first fall frost in September or Qctober. In the summer, nights
are cool and days are warm. Rapid temperature changes are
characteristic.

Winds are common during all seasons, in the summertime
usually blowing from the northeast at night and the southwest
in daytime. High winds in winter, particularly from the north,
cause considerable drifting and therefore a somewhat unequal
distribution of the snow blanket. Summer winds combine with
high temperatures to cause high water loss from both soil and
vegetation.

Vegetation and Its Relation to Certain
Environmental Factors

The native vegetation of the Upper Snake River Plains is pre-
dominantly shrubs with an understory of perennial grasses and
forbs (nongrasslike herbaceous plants) ; however, vegetal cover
is not continuous, and numerocus patches of bare ground are
exposed (fig. 2). A mulich of litter is present only under the larger
shrubs.

Artemisic trideniate?® is the dominant shrub that gives the

*Authovities for plant names and the common names of species are listed
on p. G3. TFor the most part, nomenclature of grasses follows Hitcheoek (37)
and that of shrubs and forbs, Davis {f3). Specimens of most plants men-
tioned have been deposited in the herbarium of the Upper Snake Hiver
Experimental Range, Dubols, Idaho, and in the herbarium of the U. 8.
Forest Service, Washington, D. C
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FIGURE 2.—4 closeup of the vegetation near headquarters of the [, S. Sheep
Experiment Siation showing the three dominants: Agropyrei spicatnt,
Belsamorhize sugiticta, and Avtemisic triperfita.

characteristic gray appearance to most of the area. A. tripartite,
a closely related species, is dominant on a number of areas, in-
cluding the location of the present study. Except for oceasional
sprouting from the roots (64, 80), this species is ecologically
very similar to A. fridenteta. Other associated shrubs, often
present in considerable quantities, are Purshia tridentata, Tetra-
dymic canescens var. inermis, Chrysothamnus puberulus, and
Gutierrezia sarothruae.

On a few small ureas of saline soils, Sarcobatus vermiculatus
or Afriplex nuttailii are found as dominants. On the slopes of old
craters and Dbuttes, Juniperus osteosperme, J. scopulorum,
Pseitdotsuga menziesti, and Pinus flexilis comprise part of the
woody vegetation, and along the streams Salix spp. and Populus
Spp. oceur,

The most abundant grasses of the fypical Artemisia-herb com-
munity are Agropyron spicatum, A. dasystachyum, Koeleria
eristata, Oryzopsis hymenoides, Pow nervadensis, P. secunda, and
Stipe comuta. Agropyron spicafum and Poa secunda are ruther
uniformly distributed throughout the entire Upper Snake River
Plains, and Stipe comate and Qryzopsis hymenoides are par-
ticularly prominent on the most sandy soils. In the relatively
moist areas of swales and at the uppermost elevations, Festuec
idahoensis, Calamagrostis montunensis, and Stipe columbiane are
present in considerable guantity. With the exception of the
vhizomatous species, Agropyron dusystachyum and Calamagrostis
montanensis, all these are perennial bunchgrasses.
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Forbs are present in much greater variety than grasses, and
their distribution is much less uniform. It is difficult, therefore,
to list species that are abundant over the entire area. Balsamorhiza
sagittata and Lupinus caudatus, for example, are very abundant
on some areas but elsewhere very scarce. Other forbs present in

varying quantities are as follows:

Achillea millefolinm
Antennaria ditmorpha
A. parvifolia

Arnica fulgens
Astragalus convallarivs
A. stenophylius
Comandra pullide
Crepis acuminaic
Evrigeron corymbosus
Evriogonum caespitosnm
E. heracleoides

Eriogonwm ovalifolinm
Lontatium mecdougali
L. macrocarpam
Lupinus lencophyllus
Penstemon deustns

P. rudicosus

Phiox hoedii

P. longifolia

Seneclo integerrimus
Viola beckwithii

V. nuttails

These forbs are highly variable in character, ranging from low
mat formers such as Phlox hoodii and Eriogonum caespitosum 1o
tall, coarse plants like Lupinus lencophyllus and Balsemorhiza
sagittatn. Root systems vary from stout, deep taproots in
Balsamorhiza and Lupinus to spreading, rhizomatous systems in
Arnica fulgens and Evigeron corinnbosus.

It is difficult to know how this Artemisia-grass-forb vegetation
might appear if man-caused fires and grazing by domestic live-
stock were eliminated. Weaver and Clements (88) have pictured
the climax vegetation as a grassland similar to the Palouse Prairie
of Washington; but reports of early explorers indicate that sage-
brush was always a dominant and that grasses and forbs were
minor components of the original vegetation (22, 24, 53, 75).

Since then several ecologists have presented what is believed
to be a more accurate conception of the original vegetation (14,
18, 60, 66). Although there may have been considerable local
variation from heavy stands of Artemisia to almost pure grass-
land, the major part of the present Artemisia-grass-forb com-
munity was probably an open stand of Artemisia intermixed with
a vigorous stand of perennial grasses and forbs. Recent investiga-
tions have substantiated the latter concept (5).

Grazing studies by Craddock and Forsling (12) and Pechanec
and Stewart (63) have shown that conservative grazing is the
key to preventing destruction of the climax vegetation. Additional
information, indicating the importance of season at which grazing
occurs, has been provided by Blaisdell and Pechanec (6) who
carried out clipping studies af various times in the spring to
simulate grazing, and by Mueggler (52) who compared effects
of spring with fall grazing by sheep. Herbage rémoval is ap-
parently most injurious to grasses and forbs during the middle
part of their growth period—after the date when substantial re-
growth is prevented by inadequate moisture, but hefore maturity.
Grazing during the fall and winter usually causes little damage
to herbaceous species, but may be very injurious to shruhs.

Effects of five on the vegetation of the Upper Snake River
Plzins have been studied in considerable detail during the past

470123°—H§——2
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25 years (5, 64). All plants are damaged by fire, but if given com-
plete protection from grazing for one season, most soon recover.
Rapidity of recovery is much greater among shrabs with a strong
sprouting huabit and rhizomateous herbs than among shrubs such as
Artemisia tridentata that are unable to sprout, the suffrutescent
forbs, and the fine-leaved bunchgrasses like Festuce idalioensis,

Fire has an indirect effect on vegetation through its effect on
soil; organic matter, total nitrogen, and moistire-holding capacity
are temporarily reduced in the surface soil, and soluble mineral
nutrients are apparently increased. Other than the reduction of
Artemisia, most of the changes in vegetation and soil produced
by single, planned burns are minor and rather short lived. Re-
peated burning, particularly at close intervals, upsets the ecological
balance and canses a shiff to a more fire-resistant type of vegeta-
tion as well as serious soil deterioration.

Despite the recognized importance of climatic factors, their
effects on the vegetation of the area here considered have received
but little attention. In studying effects of the 1934 drought on
native vegetation, Pechanee, Pickford, and Stewart (62) found
that annual precipitation 2.52 inches below normal accompanied
by temperatures 5.7° F. above average caused decreases in cover
amounting to 62 percent in perennial grasses, 75 percent in
perennial forbs, and 47 percent in shrubs. Other studies have
shown that annual fluctnations in weather caused important
changes in amount of forage produced and in the time at which
plant growth occurred (12).

Vegetation of the Upper Snake River Plains, then, has been
described and studied to ascertain the effects of certain environ-
mental factors, partizularly grazing and fire. However, little is
known about how and when plants grow in this locality, their
yvear-to-year variations, and to what extent these variations are
related to weather. The present investigation provides some in-
formation of this nature throtugh a study o' seasonal development
and vield of native plants on the Upper Snake River Plains and
their relation te elimatic factors, especially precipitation and
temperature, It involves an analysis of both vegetal and elimatic
records at the U. 8. Sheep Experiment Station near Dubois, Idaho,
over the 23-year period, 1932-54.

SEASONAL DEVELOPMENT AND YIELD OF
NATIVE PLANTS

METHODS OF STUDY

Studies described herein were conducted near headquarters of
the U. 8. Sheep Experiment Station about 6 miles north of Dubois,
Idaho, at an elevation of approximately 5,500 feet. In conjunction
with grazing trials, 6 areas of 15, 2, 3, 10, 10, and 80 acres were
fenced to exclude livestock. Repeated observations of the vegeta-
tion within these exclosures over the 23-year period, 1932-54,
have provided the fundamental vegetal data that form the basis
of the present study.
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Requirements of the over-all research program of the experi-
ment station necessitated several revisions in type of records, and
personnel shortages prevented collection of data in some years,
so that a continuous, uniform set of reecords is not available for
the entire period 1932-54. Although these changes and omissions
cause considerable inconvenience in analysis, it is thought that
they do not seriously impair the utility of the data.

Seasonal Development

The study of development consists of periodic observations of
the vegetation to determine dates at which various phases (stages)
were reached and to record growth (in height or weight) through-
out the season.

For the 9-vear period, 1932-40, observations of phasic develop-
ment were made on the following species:

Grasses Forbs

Agropyron spicafnm Balsemorhize sagittata
Oryzopsis hymenoldes Crepis ucnminata

Poa nevadensis Lupinis condatus

P, secunda

Stipa comaia

Records throughout the growing season were maintained on 20
staked plants of each species, 10 in each of 2 exclosures. For the
next 7 years, 194147, observations were continued on these and
the following species:

Grasses Forbs

Aoropyron dusystachynm Antennaria dimorpha
Koeleriv erisialo Aruice fulgens
Erigeron cory :;}bosus{
Lomalium macdongali
Shrubs L. andacrocarpum
Artemisia tripartita Penstemon radicosus
Chrysothamnies puberulus Seneelo nlegerrinis
Purshia {ridentala Viola beekwithit
Petradipmic caneseens var, neriis V. untialiii

The use of staked plants was discontinued during the period
194147 ; instead, records were maintained on numerous plants of
each species on four l-acre blocks in each of two exclosures. In
order to make accurate field observations, it was necessary to
select slightly different developmentul phases for grasses, forbs,
and shrubs. The period from inception of growth through dis-
semination was covered in each group.

Measurements of leaf and Bower stalk height throughout the
growing season were made for the 1932-40 period on the same
8 species and the same 20 staked plants used for phasic develop-
ment observations. After 1940, height measurements were discon-
tinued for all except two species, Agropyron spicatum and Bal-
samorhize sagittate. From 1941 to 1947 height measurements
were made of these 2 species on 10 small plots in each of eight
15-acre blocks (4 blocks in each of 2 exclosures). The use of
permanently staked plants was abandoned during this laiter
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period because frequent handling during measurement resulted in
deterioration of these plants.

Herbage production data at intervals during the growing
season were collected for Agropyron spicatum and Balsamorhiza
sagittatie for the 12-yvear period, 1936-47. Since yield was
measured by clipping and weighing, a separate series of plants
was required for each date at which the measurements were made.
For the first & years, 100 plants of each species were selected
along each of 6 belt transects located at random within an 80-acre
exclosure. At 5 dates spaced at 15-day intervals, 20 plants in each
transect were clipped at ground level, placed in paper sacks, and
atr dried. Thus at each clipping date, vield of each species was
based on a series of 120 plants. New transects were established
every vear so that results would not be influenced by previous
treatment.

For the last 7 years, instead of individual plants, small ecirculax
plots with a radius of 1.32 feet were used, and all plants of each
gpecies occurring on the plots were clipped. Seventy of these plots
were located each vear in each of eight l4-acre blocks previously
described, and 10 were ¢lipped at each of 7 dates spaced at 10-day
intervals throughout the growing season.

Annual Yield

Yield, ay used herein, refers to total production at the end of
the growing season. It includes weight of herbage, area covered
by herbage, height of both leaves and flower stalks, and number
of flower stalks.

Although data on herbage weight for Agropyron and Bal-
samorhiza were provided by the last elipping each year in the
seasonal development studies, more complete data on annual
weight of herbage were supnlied by estimates on 125 permanent
50-square-foot plots in 3 ungrazed exclosures (61). Estimates
were also made of percentage utilized by insects and rodents so
that herbage weight could be corrected to include this amount.
This herbage inventory was made for each species at the comple-
tion of plant growth in 13 years of the period 1936—-54. A complete
record for the entire period was prevented by persannel shortages,
especially during World War IL

Arvea of individual species was charted on 22 meter-square
quadrats in 5 ungrazed exclosures in all but 4 years between 1932
and 1954. Crown spread of shrubs and basal area of grasses and
forbs were mapped with a pantograph (59). This method of
mapping vegetal area is shown in figure 3.

Total annuval height of leaves and flower stalks was provided by
the last measurvements of the season in the seasonal development
studies previously described. A 16-vear record (31932-47) Is avail-
able for Agrepyron spicatum and Balsemorhiza sagittata, but only
a 9-year record (1932-0) for Oryzopsis liymenoides, Pou
nevadensis, P. secunda, Stipa comuate, Crepls acuminata, and
Lupyinus candatus.
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Flower =slalks were counied on Lhe gighl #pecies listed in the
proceding paragraph cach vear for the 193208 period. and num-
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RESULTS

: Seasonal Development
Phases

Rrstematie records of dates al which varions developmenial
phazes occnirred durving the T-yvewr period 190147 for T grasses,
12 forbs, and |4 shrols make iU possible Lo deseribe variations in
tovelopment of these 3 groups and {o compare individual species
within graips. Averages {or the T-vear period show (hat although
erasses hogan growlh firsl in the spring, olher phases of develop-
moent were attained earliest hy the forbs, al inlermediale dates
by grasses, and latest by sheub= (lig, J4) . Ditferences between
eronps generally inercased s the season progressed; grasses
complefed dissemination aboul o month filer than ferbs, and
shrubs an additional month later than girasses,

It shonld he noted, however, thal group averaves ave nol on-
firvely adegquade For deseribing phasie development inasmuch as a
vpass o s enide ) tw Yorbs (6 pis aesmivaln and Keige rop
caguhosasyand o shealy (Paeshin Fride platey difered nariedly
from their respoctive vronps (lable 1), Development ol Poa and
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FIGURE 4.—Average phasic development of grasses, forbs, and shrubs at the
1. 8. Sheep Experiment Station, 1041-47.

Purshia was earlier than that of the other grasses and shrubs,
respectively, whereas Crepis and Erigeron reached most of their
?ev};&lopmental phases at & considerably later date than the other
orbs.

GRASSES.—Pou secunde started to grow as soon as snow dis-
appeared, and reached maturity considerably earlier than the
other grasses. Poa nevadensis and Koeleria cristate were a few
days later in starting and were usually 10 to 15 days later in
reaching the other developmental phases. Development of
Agropyron spicetum and A. dasystachyum followed these species
at about the same interval. Stipe comate and Oryzopsis Aymenoides
also started late, and their development paralleled the Agropyrons
during the early stages; however, after the heads were fully out,
development was greatly accelerated and dissemination was com-
pleted at approximately the same time as for Poa secunda.

ForBs.—Antennarie dimorphe and Viola beckwithil developed
rapidly after snow disappeared and had completed dissemination
by early June. Corresponding phases in Balsamorhiza sagiticic,
Lupinus coudatus, and Senecio integerrimus were generally at-
tained about 20 days later. Erigeron corymbosus, Crepis acumi-'
nata, and Penstemon radicosus were very slow in developing.
These species did not bloom until mid-June and did not complete
dissemination until early August. For these three groups, a fairly
constant interval in time of reaching the various developmental
phases was maintained.

In other species, however, the patlern was less disfinet.
Lomatium mocdougali and L. macrocarpum bloomed at an early
date, but were relatively slow in ripening and disseminating seed.
Arniea fulgens, on the other hand, bloomed late but ripened and
disseminated its seed soon afterwards. Similarly, Viole nuitailii
was intermediate in reaching the first stages, but if finished
blooming fairly early and completed dissemination as early as
any of the forbs.
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TaBLE 1,—Average dates at which individual.'specz'es reached the various developmenial
phases, 1841—47 1

GRASSES

Species

Growth
sturls

Flower
stalks
Appear

Hends
fully
Bt

Flowers
in
bloom

Seed
ripa

Dissem-
{natlon
slarts

Dissem-
ination
over

Plant
arying

Agropyran desysbachyum ..
A spieatum oo ... .

Roelerin criztala__. .

Oryzopsis Aynienoides..._..

Pon necadensiz. ... ...
P, secunda_.. ..
Stipa comaln

Average

a
4fi
42
48
330
3140
41

521
/22
57

522
56

407
521
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614
L

617
(5]

55
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627
625
617
620
6%
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/22
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Hil
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il
6/26
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/8
24
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73
/30
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820
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7
8
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FORBS

Species

Growth
storis

Flower
stalks
appear

First-
bloom:

Full |Bloom
bloom | over

Dissem-
inaklom
starts | over

Dissern-| Plant
Ination | drying

Anlennaria disiorpha
Arnica fulgens
Huafsnmorhize sagittate ___
Crepis acyminald. .. ___
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SHRUBS.—Purshkia tridentate was intermediate in time of be-
ginning leaf and twig growth, but it was much earlier than the
other shrubs in reaching the other reproductive stages. It is per-
haps significant that flower buds of Purshia develop directly on
the old wood whereas those for the three other shrubs are produced
on the current year’s twigs. Although Chrysothamnus puberulus,
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Tetradymie comescens var. inermis2, and Artemisia triportite
reached the initial stages of development at approximately the
same date, Tetradymia attained the later stages about 1 month
before Chrysothamnus and 2 months before Artemisia.

Further examination of table 1 indicates that differences be-
tween species were greatest among the shrubs and least among
the grasses. This is well illustrated by the following chronology
for “first bloom” (“heads fully out” for grasses):

Mid-April—Lomatium macdougali, Viele beckiithii

Late April—Antennaria dimorphe, Lomatium mocrocarpunt

Early May.——Viela nuttallil, Lupinug caudatus, Balsamorhize

sagittata

Mid-May.— Senecio integerrimus, Poa sceundg

Late May.—Purshin tridentata, Penstenion radicosus

Early June.—Koeleria cristeta, Poa nevadensis, Arnice fulyens

Mid-June.—A gropyron spicatum, A, dasystachyuwm, Oryzepsis
hymenoides, Stipa comate, Crepis acuminata, Erigeron
corymbosus

Mid-July.-—Tetradymia canescens var. inermis

Late July.—Chrysothamnus puberulus

_ Early Sept.—Artemisia tripartite
There was more than a month between average dates at which
this phase oceurred for the grasses Poa secunde and Stipa comata,
2 months between the forbs Lomutinvm maedougali and Evigeron
corymbosus, and more than 3 months between the shrubs Purshia
tridentate and Ariemisie tripartita.

Tt is also interesting to note the spacing of this developmental
stage over a 5-month period. From mid-April to early June only
two or three species began blooming during each 10-day period,
6 species reached this stage during mid-June, and the remaining
8 shrubs bloomed in mid-July, late July, and early September,
respectively.

As shown by ranges and standard deviations, dates at which
individual species reached particular stages of development in
the various years also differed widely (table 2). Species for which
a 16.year record was available had a range of at least 20 days
and a standard deviation of at least 6. There was less variation
among some of the species whose record was for only 7 years, but
in no instance was the smaller amount of variation consistent
for all developmental stages of a particular species.

Height growth

Records of leaf and flower stalk height over the 3-year period
1932-40 are available for the 5 grasses and 3 forbs previously
mentioned. Since individual species varied widely in actual height
growth, comparisons are best made by expressing height through-
out the growing season as percentages of total height attained
and plotting these over the various dates.

GRASSES.—Average growth curves of 5 grasses for the 9-year
peried are shown in figure 5. In general, height growth followed
the commeon sigmoid pattern, being slow at the beginning and
end of the season but rapid during the intermediate period. The
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period of most rapid leaf growth, excluding Poa secunda, was be-
fween April 10 and May 25, whereas flower stalks grew most
rapidly during a shorter period, May 20 to June 15. Early leaf
growth of a particular species was usually followed by a similarly
early flower stalk growth.

Pou secunda was far ahead of the other grasses in making ifs
seasonal height growth. P. nevadensis, Agropyron spication,
Oryzopsis hymenoides, and Stipe comate followed in that order.
Height growth of both leaves and flower stalks roughly paralleled
reproductive development, as those species that made early height
growth also completed their reproductive processes ab a relatively
early date. Although growth curves in individual years had similar
form, there iwas considerable variation in time at which most of
the growth occurrved. For example, on the average Agronyron
spieatum completed about 58 percent of ils leaf height growth
by May 5, but it varied from only 19 percent of its total leat
growth on this date in 1933 to 95 percent in 1934

ATIN25% 58 - -
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PorBs.—Average height growth curves of the three forhs were
also of the familiar sigmoid type (fig. 6). Leaf growth of all
three species was similar, but flower stalk growth of Crepis
acuminale was approximately £ weeks later than the others. The
lateness of Crepis flower stalk growth is especially noticeable be-
cause leaf growth of this species was the earliest of the three
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forbs. Growth of leaves was most rapid during the first 3 weeks
of May, and most rapid growth of flower stalks, excluding Crepis,
oecurred during a period of similar length but slightly lafer. As
with the grasses, there was considerable variation between years
in time of growth. Balsumorhize sagittete, which averaged about
83 percent of its total leaf height growth by May 5, had completed
only 10 percent at this date in 1933, but 96 percent in 1334.

A comparison of height growth of the 5 grasses and 3 forbs
shows a number of differences. Height growth of grass leaves was
considerably ahead of that for forbs during all but the latter part
of the growing season. For example, grass leaves completed 50
percent of their height growth by about April 25 whereas forb
leaves did not complete half of their growth until May 10. On the
other hand, flower stalk growth of forbs was generally ahead of
grasses, the halfway point for height being reached on about May
20 and June 1, respectively.

As with individual grass species, then, height growth of grasses
and forbs agreed well with reproductive development (fig. 4);
grass leaves began growth earlier than forbs, but forbs reached the
various developmental stages first. Further comparison of figures
5 and 6 also indicates that growth rates of grass and forb flower
stalks were similar, but that leaves of forbs grew propertionately
faster than those of the grasses. The difference in rate of leaf
growth is illustrated by the fact that it required only about 20
days for forbs to increase from 30 to 80 percent (half} of their
total height growth whereas a similar increase in grasses required
approximately 30 days.

Weight growth

Records of herbage weight at various times throughout the
growing season are available over the 12-year period 193647 for
Agropyron spicatum and Bualsamorhiza sagittata. These are fairly
tvpical of grasses and forbs, respectively, and since they are two
of the most abundant species on the study area, they give a grood
picture of herbage increases through the growing season. A direct
comparison with height is possible as data on leaf height growth
for these species ave available over the same 12-vear period.

Average air-dry herbage yield ot both Agropyron and Balsamo-
rhiza followed the familiar sigmoid pattern (fig. 7). During the
early part of the season Agropyron was slightly ahead of Bal-
samorhiza in reaching a specified percentage of fotal weight vield,
but about June 1 Balsamorhiza gained the lead. Examination of
figures 5 and 6 suggests that this was the result of the more ad-
vanced growth of Balsamorhiza flower stalks at this date.

Herbage vield of both Agropyron and Balsamorhiza closely
paralleled leaf height. During most of the season, date of reaching
a specific percentage of the total was considerably later for weight
than for height. The lag of herbage weight behind leaf height was
approximately 12 and 9 days in Agropyron and Balsamorhiza, re-
spectively.
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It is interesting to examine the relation of growth of these two
species to reproductive development., This can be ‘done by a eom-
parison of figure 7 with table 1, even though slightly different
perieds are involved. On the average, Agropyron spicatum flower
stalks appeared at the time it had completed 66 percent of its
weight and 83 percent of its leaf height growth; by the time heads
were fully out, it had completed about 90 and 97 percent of its
weight and leaf height growth, respectively; and by the time
flowers were in bloom nearly all (97 percent) of its weight and all
of its height growth were completed. On the other hand, Bulsa-
morhiza sagittetn flower stalks appeared when only about 5 percent
of its weight and 15 percent of its leaf height growth were com-
pleted, and it was in full bloom when only 63 and 85 percent, re-
spectively, of its weight and leaf height growth were completed.
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Fgure 7T—Aveprage height and weight growth curves for Agropyron and
Balsamorhiza expressed as percentages of the totuls, 193647,

Annual Yield
Weight

Herbage weight of grasses, forbs, and shrubs for 18 years of
the period 1936-54 are shown in table 3. Although certain cyelic
trends in weight are evident, there is no indication of progressive
changes in yield of the three proups. During these years herbage
production fluctuated considerably; total of the highest yvear was
more than double that of the lowest. Range in production between
the highest and lowest years within the grass and forb groups was
evern greater,

Overall variability was similar to that indicated by the ranges
as coefficients of variation were 2%, 23, 20, and 20 percent for
grasses, forbs, shrubs, and total, respectively. In general, high or
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low weights of one group in particular years were associated with
similar yields of the other two; but there were a few notable ex- -
ceptions. In relation to forbs and shrubs, weight of grasses was
high in 1938 and 1939; forb weights were 1e1atively nigh in 1952
and 1953 but low ln 1937 and shrubs were high in 1942 but low
in 1941.

Tanur 3 —Air-dry herbage production per acre i ungrazed exclosures at
Hm . 8. Sheep Ir pr'mmmt Statwnj’m 18 years ojb‘ae per 1od 1936-5/,

Yoear (irasses Forhs § Shrubs } Totnl
. B v |
Forwuils Founds Poendy Pounds
T30 e i e e mm—a- 120, 2 183. 8 238. 6 542. 6
] 7 148. 3 170.8 431.2 804. 3
1938 . . e —m—— 97,10 252, 5 315. 9 1,065 4
10349, o m e mmm e ———— e 234. 3 232. 2 w7 0 863. 5
1. el _ 210. 3 237.0 468, 5 915. 8
1] L i i e mm————— 250. 8 206. 0 415 0 968. 8
B L 175. 2 247. 0 519.0 942, 1
B 128. 5 198. 0 385.9 712. 4
L T 153. 3 194. 5 403. 7 751.5
1930 . o aelan 193. 234, 4 392, 7 8121
1952 . o aea. 201. 1 3312 420, 2 932, 5
) B 1Y S 104, 2 281. 7 3704 §a54. 0
198 . oo el 102, 1 E i33. 3 ¢ 233. 5 488. 8§
AVERAZL. ecccaeenn - 189, 4 1 230.2 401.4 821, 5
i H

Similar data are available for individual species within groups;
however, consideration of a single group, grasses, appears suf-
ficient to demonstrate the variability among species. Coefficients
of variation for species were considerably higher than those for
the groups, being 39, 59, and 44 percent for production of Agro-
pyron spicatum, Koelerie cristate, and Stipa comate, respectively.
Also weights of some grasses were hirh in years when others were
low (table 4); in this respect individual species were even less
consistent than the three groups. For examnple, weight of Agro-
piyron spicatum was relatively high in 1936 and 1938 but low in
1950 and 1952; weight of Sfipe comate was relatively low in 1939
and 1940 hut high in 1949 and 1953; and weight of Koeleria cris-
teta was relatively low in 1937 and 1954, Similar differences were
apparent among species within the forb and shrub groups.

Area

Area of vegetation on 22 permanent meter-square quadrats
mapped in most years during the study is given in table 5. Area
exhibited about the same degree of variation as herbage weight.
However, in contrast to weight, forb aresa was more variable than
that of grasses or shrubs. Coefficients of variation were 23, 29, and
24 percent for grasses, forbs, and shrubs, respectively.
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v TasLe 4.—Herbage production per acre of three grasses included in the
P growp totals of table 3_ _ ®
Year Agropyron Koceleria Stipe
spicatum cristale’ comala
! Founds Paunds Popnds
1030 e . 874 3.0 9 2
[0 . 129. 5 4.7 22,6
W38 . 2099 10. 4 19, 0
I3 e 150. 7 11.3 15, 5
1040 .. a6 13. 6 15 2
104 .. 117. 4 12.5 20, 2
RS . B2 G 5.2 14. 0
YO T oo 6{. 3 0.7 17. 0
1M 69. 65 0.5 28 3
030 e 80.0 24. 8 41, 4
108 e 97. 5 15, 4 38.5
B U 110. 8 82 34. 4
BEtET N e e — e ———— o i (2. | 2.7 190 4
ANORAEO. - o . 105. 7 10. 1 j 22 7
TABLE 5.—drea of vegetalion on 22 meter-square quadrats 1n ungrazed
exclosures at the U. S. Sheep Erpariment Station, 1932-641
i
Year Grasses Forbs ! Bhrubs Toial
crit.2 cit ¢! cm.?
1982 .. 11, 349 2 2468 16, 769 3an, 356
‘ 1933 . . ... o 1, B84 2, 705 24,652 30, 341
. W34 . ... 6, 804 1,460 14, 733 23, i24
035 o e i f;, 878 2, 331 20, 960 3,175
PO36 . o G, 274 1,8 i 18 775 26, 943
V087 e e 7, 386 2,787} 24,110 34, 202
1088 L. ... 7, 780 1, GOk 26, 738 36,418
L3 e e e .o . 374 2,092 24, 570 34, 0346
L) - 8, 442 2, 632 25, 772 3G, 846
1041 ) i, 304 2, 338 26, 643 35, 575
L S Y 11 2, 332 20, 662 28, G5+
1945 . el . 8,623 2,040 | 41,037 ¢ 52,600
0. ... PV 10, 267 3, 825 28, 2G9 ¢ 38, 361
LT e . 11, 437 3, U7 21, 436 # 3G, 620
V9 8, 538 2, 447 19, 405 : 30, 300
19500 .. . L.l ... 10, 327 2 271 22, 205 1 34, 803
: LR 10, 16i) 2, (483 2, 832 33, 945
I e 12, 322 4. 150 24, a6 i 44, 6344
[ 0, 831 3, D86 28, 354 A3, 171 .
AVORREC . . 1, 009 2,641 1 23,580 45, 230
| : e
t Measurements represent basal wrea of grasses and forbs bub erown avea of
shmbs.
¥
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As with weight, the areas of all groups behaved similarly in some
years; but in others, area responses were quite different. In 1934,
for example, area of all three groups was low. In 194€ it was in-
termediate in all groups, and in 1954 it was fairly high. In 1945,
however, shrub area was extremely high, area of forbs was low,
and grass area was about average; and in 1952 grass and forb
areas were high, hut area of shrubs was close to average. It should
be recognized thut numerous personnel changes oceurred during
the study and that despite the attempted precision in mapping
vegetation with a pantograph, subjective ervors have arisen, par-
ticularly in connection with erown area of shrubs. The extremely
kigh value shown for shrubs in 1945, for example, may be partially
a result of such error.

The wide variation of individual species is indicated by a com-
parison of basal areas of four grasses (table 6). Areas in the
lowest years were only 34, 14, 17, and 22 percent of the highest
for Agropyron spicatum, Koelevie cristata, Pou secunda, and
Stipa comata, respectively; and coefficients of variation were 30,
53, 57, and 44 percent. Behavior of individual grasses was not
aniform, relatively large areas of one species often being associated
with small areas of another,

In 19382 and 1933, area of Agropyron was relatively large; but
areas of the other species were only moderate or small. Conversely,
Agropyron had but a small area in 1945, whereas area of Poa was
relatively large and that of the other two species, intermediate.

TABLE 6.—Basal areas on 22 meter-square quadrats of four of the
grasses inchuded in the group lotale of table 5

Year o Jdgropgron . Koelerin Pog - Stipa

spleafum - vristale | seenndu etmalo

cat :
6, 200,
G, -3
3,857
2712
3, 6463
4, 87F
4, 3306
4, 878
4. 078
3,078
2370

2, 5358
2,813
3, 9l

PO s 2,967
195 : 3, 520
1031 3,474
1052 .. o 4, 231

(954 o 4,616 -

Average L oL 3, G458 a2f




20 TECHNICAL BULLETIN 1180, U. 8. DEPT. OF AGRICULTURE

Relatively large areas of Koeleria and Stipa in 1952 were associ-
ated with a small area of Poa and 4 moderate area of Agropyron.
The smallest area of Poa occurred in the same year, 1954, that area
of Stipa was large and areas of Agropyron and Koeleria were in- -
termediate.

A comparison of tables 3 and 5 indicates that weight of the
vegetation was not closely related to area covered. This observa-
tion was substantiated by the small correlation coefficients between
weight on plots and area on quadrats: —.235, .008, and .115 for
grasses, forbs, and shrubs, respectively,

The periodic maps of the meter-square quadrats have a unique
value in that they provide a record of spatial relations of the plants
throughout the period of study. Although the vegetation is ap-
parently stable, close inspection of the quadrat charts indicates
continual changes that are not discernible in most other records.
On a part of one quadrat {fig. 8), the charts for a 20-vear period
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icure 8.—A part of o meter-square quadrat (PI0E1-Q1) in four different
years. A letbor symhol with no area shown indicates thal the plant covers
less than haif of a square centimeter.
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show the determratlon of a large clump of Agropyron spicatum
“and almost complete replacement by Sitipa comate and Koelerin
cristata. During the same period on another part of this quadrat,
grass (chiefly Stipa) became established on an area that was
previously barren (fig. 9).

FA L

A= Agropyron
A= FPoo

5~ Shipa
.- Seediing

Scale
£ /- B E B - £ oM
i ’ h

FicUrE 9—Another part of P10E1-Q1 showing establishment of grass on
a barren area. A letter symbol with no area mapped indicates that the
plant covers less than half of a square centimeter.

Changes on parts of the quadrat shown in figures 8 and 9 are
indicative of the changes on the entire quadrat between 1932 and
1954. During this period, coverage of Agropyron decreased from
445 to 157 square centimeters while Stipa increased from 335 to
266. On other quadrats, however, opposite changes were evident.
For example, on P1E1-Q1, Agropyron increased from 265 square
centimeters in 1932 to 588 in 1954 while Stipa remained about
constant. A part of this quadrat is shown in figure 10. In contrast
to figure 8, the upper left corner shows replacement of a large

AT01 25 n B4
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Ficure 10.—A part of P1E1-Ql showing replacement of a large clump of
Stipa with Agropyron (upper left) and grass establishment in barven
areas. A letter symbol with no area mapped indicates that the plant
covers less than half of 2 square centimeter.

bunch of Stipa by Agropyron. Despite such changes in certain
species on individual quadrats, total grass area in 1954 was almost
the same as in 1932 (table 5}.

The quadrats ave also useful in providing a record of annuals
and seedlings of perennial species. In the 19 years that the 22
meter-square quadrats were charted, the total number of annuals
varied from 0 to 5,351, and the number of seedlings from 0 to 3,664
{table 7). In general, seedling numbers of grasses, forbs, and
shrubs varied consistently and high total numbers were asscciated
with high numbers of annuals. There was a positive relation be-
tween seedling ocecurrence and the previous year’s flower stalk
producticn, but none of the correlations were strong.

Despite numerous seedlings in many years, actual establishment
was very low. This is well illustrated by a few specific examples,
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In 1936 there were 202 Agropyron spicatum seedlings on P7EI-
Quadrat 1, but fewer than 10 of these were still living in 1937.
On another quadrat (P1E1-Q1), there were 245 Crepis acuminata
seedlings in 1936, but apparently all were dead in 1937. In 1952
there were 154 Artemisia tripartite seedlings on P1-Q2, but only
3 were alive in 1954. In spite of these high mortalities during the
first year of growth, a few seedlings continually became established
both in barren areas and in others where previous occupants had
deteriorated {figs. 8, 9, 10).

Tasiy 7—=Ceedlings and annuals on 22 meler-square quadrals in wn-
grazed ex cfesw es at the {J. 8. Sheep Erperiment S!a!wn }932—5.4
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Height

Leaf and flower stalk heights of Agropyron spicatum and Bul-
samorhiza sagittate showed considerable variation during the 16-
vear period 1932-47 (table 8). Average height in the highest year
was 2 or 214 times that in the lowest. Leaf heights were less vari-
able than flower stalk heights. Coefficients of variation for Agro-
pyron and Balsamorhiza leaves were 18 and 15 percent, respee-
tively, whereas the coefficient of variation for flower stalks of both
species was 23 percent. Both leat and flower stalk heights, then,
were considerably less variable than herbage weight and area of
individual species. .

As with weight and area, in some years height of both species.
behaved similarly, but in others heights were quite different. For
example, leaves of both species were short in 1934, 1936, 1937, and
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1943, but Agropyron leaves were tallest in 1933, 1935, 1945, and
1946, whereas leaves of Balsamorhiza were tallest in 1932, 1940,
1942, and 1945. Flower stalk heights of these two species were
even less similar. Despite these differences, the correlation be-
tween leaf heights of Agropyron and Balsamorhiza was highly
significant {(r = .731).

Height was poorly correlated with herbage weight. For the 12-
year period 193647, weight of the same plants used in the height
studies was determined by clipping at the end of the growing
seagson. Correlation coefficients between average leaf height and
herbage weight were —.369 and —.024 for Agropyron and Bal-
samorhiza, respectively.

TarLE 8.—Average leaf and flower stalk height of Agropyron spicatum
and Balsamorhiza sagitiate at the end of the growing season, 1938—47

F Agropyron Balsamorhizn
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Flower stalk numbers

Flower stalk production of 5 grasses and 3 forbs is summarized
in table 9. Numbers were highly variable, some species ranging
from zero in some years to nearly 30 per plant in others. To obtain
an indieation of the relative degree of variability, a few coefficients
of variation were computed. These coefficients for the 1932-40
period were 90, 74, 132, and 110 percent for Agropyron spicalum,
all grasses, Balsamorhiza sagittate, and all forbs, respectively.

As a group, grasses were more consistent flower producers than
forbs. In 6 of the 8 vears, 1933-40, grasses produced more than 6
flower stalles per plant whereas forbs produced comparable num-
bers in only 8 years. There were also great differences between
individual species. For example, in 1933 Poq nevadensis produced
more than 18 flower stalks per plant whereas P. secunda produced
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less than 1; in 1939 Agropyron produced more than 28 ﬂower
stalks per plant and Oryzopsis, less than 1. '

TasLE 9.—Flower stallk production per plant in ungrazed exclosures -
at the U7. 8. Sheep Experiment Station, 1932—40
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It is interesting to examine the year-to-vear differences in
flower stalk production. In 1934 and 1936 production was gener-
ally poor for grasses and forbs, whereas in 1935 and 1938, it was
good for both groups. In 1933 and 1837, production of flower
stalks was fair for grasses but poor for forbs. Grass flower stalk
production was good in 1989 and 1940, but forb production was
poor and fair, respectively. Although records for the 1941-47
period are not directly comparable, they further indicate the
high variability between years and between species:

Flower stalks per plog

Dulsamorhiza
Agrapyron spicaticn ARmiftnti
{nunher} {rumber)

30 1

1 Cirenlar plots 5.5 and 8.5 square feet for Agropyron and Balsamorhiza,
respeetively,
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DISCUSSION

Although there is considerable variation in development among
individual species, forbs in this lecality generally complete their
reproductive processes at a relatively early date; development of
grasses Tollows at a fairly close interval, butf the 4 dominant shrubs
are approximately 2 months later. As a result of these differences,
certain advantages and disadvantages are evident for each group.

Early reproductive development of forbs allows them to escape
effects of summer drought, but at the same time makes them vul-
nerable to late spring frosts. Most of the shrubs escape damage
from spring frosts, but occasionally some species may be damaged
by early fall frosts. Although they must sometimes endure sum-
mer drought, their deep root systems ordinarily supply sufficient
moisture for normal development even though moisture in the
topsoil is reduced below the wilting coefficient. Intermediate de-
velopment of grasses exposes them to late spring frosts and early
summer droughts, but normally they escape both. The fact that a
shrub, A+temisic tripartite, a forb, Balsamorhiza sagittafa, and a
grass, Agropyron spicatum, are the most abundant species indi-
cates that no group has a superior pattern of development.

The three groups, then, are able to grow together in a single
community and make efficient use of available materials. As an
example, it has been demonstrated that mixtures of sagebrush and
herbaceous species produce a higher herbage yield than either
grown alone (4, 5). Apparently each is able to use some moisture
or nutrients which are not available to the other.

The wide variations between individual species in average time
of development are also of interest. Although growing in essen-
tially the same environment, they may have widely different
phenological adaptations. For the most part, reasons for these
differences are not apparent: but inherently different temperature,
day-length, or moisture requirements probably are responsible.
There are, however, certain obvious differences in plant structure
which influence development, e.g., tvpe of root system. Relatively
shallow-rooted species such as Viola and Poa secunde must com-
plete their development before exhaustion of moisture from the
surface layers of the soil, whereas deep-rooted shrubs such as
Artemisia and Tetradymia have a fairly permanent source of
moisture in the subsoil. At any rate it is apparent that many
mechanisms allow widely different plants to live successfully in a
viven environment,

Growth curves for leaf and flower stalk heights and herbage
weights of species reported herein appear to be of the logistic (58)
or autocatalytic {70) type vesulting from an accelerating com-
ponent at the beginning of plant growth and a decelerating com-
ponent as the plant matures. However, many mathematical curves
of the sigmoid type probably would fit the data equally well. Be-
eause of the limited value of such curve fitting (36, 76} and the
lack of precision in the field measurements and estimates, no at-
tempt has been made fo fit mathematical equations to growth data
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of these species. Comparisons herein are made on the basis of un-
smoothed growth curves.

As might be expected, growth patierns of grasses and forbs
vary in much the same fashion as their phasic development. Grass
leaves begin growth earlier than forbs, and the growth curves
indicate that this lead is maintained until leaf growth is practi-
cally completed. On the other hand, forbs produce flower stalks
first, and their relative height growth is generally ahead of the
grasses througheut. Flower stalk growth is well corvelated with
phasie development of individual forb species, but there are cer-
fain discrepancies among the grasses. Agropyron spicatum Is
intermediate in time of flower stalk growth but is late in eom-
pleting its developmental stages, and flower stalk growth of Ory-
zopsis and Stipa is late but reproductive processes are completed
relatively early.

Growth curves for most of the species studied have similar form,
but there is considerable variation in time at which most rapid
growth oceurs and in length of this rapid-growth period. A simi-
lar situation was observed by Jackson {85} who found a wide vari-
ation in time at which radial growth of several forest trees was
most rapid and in the length of this period. Undoubtedly, optimum
environmental conditiens for growth are not the same for all
species.

Since examination of various measures of annual yield indicates
no eumulative changes of consequence during the study, it appears
that the vegetation is in general equilibruim with its environment.
Such overall stability, however, does not indicate a static condi-
tion. Year-to-year comparisons of maps of plant cover on per-
manent quadrats show continual changes: one perennial species
is replaced by another ; areas covered by vegetation become barren,
and barren areas become occupied; annuals and seedlings of
perennials appear and disappear. Two parts of the same commu-
nity may be undergoing similar changes at the time, or what
seem to be directly opposite changes may be cccurring.

Sinee such changes in individual species or groups may balance
out on a large area or even on small plots, much of this dynamic
aspect of the plant community might pass unnoticed were it not
for quadrat charts that provide a record of year-to-year spatial
relations. Not only do these charts show that changes continually
occur, but they also show something about the manner of change.

Since environmental factors of the Upper Snake River Plains
do net allow a full vegetal cover, there are always some areas that
are barren. Although some colonization of the bare areas cecurs
from time to time, the tendency is for bare areas to remain bare
and tar areas covered by vegetation fo remain covered. Similar ob-
servations were made by Ellison {19) on the Wasatch Plateau in
Utah. As clumps of vegetation deteriorate, new plants (often
different species) become established in them and may eventually
replace the former occupants. Despite competition in such areas,
goil moisture and fertility are probably more favorable than in
areas that have remained barren for a long time.
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Another aspect of community dynamics is the variation in re-
sponse of individual species to the same environmental factors.
Since yield of one species may be hirh at the same time vield of a
similar species is low, it is readily apparent that specific condi-
tions can be favorable for one species and unfavorable for another,
This agrees with results of Arnold (3), who found that certain
grasses in Arizona attained maximum leaf heights during the
same season that heights of others were at a minimum. Seasons
sufficiently extreme to be unfavorable to all species, then, should
be rare. As a matter of fact, in only one year during the study,
1934, were all available measures of yield fairly low for all species.
In no single year were all yields high for all species.

Undoubtedly, variation and change are inherent elements of the
apparently stable vegetation. With the existing maze of environ-
mental factors, certain species on the area as a whole or all species
on certain micro-areas can be greatly changed without materially
affecting the overall structure of the community. Functioning of
ithe plant community, then, cannot be adequately described by re-
sponse of individual species or by changes on individual micro-
sites. The various components constantly supplement each other,
a}?d proper characterization of the community must consider all of
them.

In this respect, it is interesting to consider the tendency for
compensation in herbage production among individual species. As
shown by coefficients of variation, production from year to vear is
highly variable for individual grasses, intermediate for the groups
of species, and low for the total. Apparently the increased vield
of one species compensates for decreased yield of another, thereby
dampening the oscillations in total production.

Absence of a close corretation between basal area and herbage
weight of grasses and forbs indicates that variations in weight
raust be caused by variations in height or in density of individual
stems within a specified basal area. Since correlations between
height and weight of the two most abundant herbaceous species,
Agropyron spicatum and Balsamorhiza sagiftete, were poor, it
appears that density of both leaves and flower stalks within the
clump area is the factor that largely determines herbage weight.
The various measures of vield (weight, area, height, flower stalk
numbers) tend to be similar, but it is apparent that any one
measure is inadequate for describing vegetal response. Further-
more, the differences indicate that the various measures of yield
cannot be directly compared.

Recause of the temporary nature of annuals and most seedlings
of perennial species, they are, for the most part, treated in a
separate category. The positive correlation between occurrence
of annuals nn7 seedlings indicates that both are favored by the
same environmental conditions. Apparently variations in number
of seedlings of both annuals and perennials are caused by both
seed supply and weather of the current season. The failure of
most seedlings to become permanently established, however, is
probably less attributable to unfavorable weather than to a fully
stocked community that is closed to mass invasion of new plants.
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CLIMATIC FACTORS

METHODS OF STUDY

Daily records of precipitation, temperature, wind, and cloudi-
ness were maintained at the cooperative weather station on the
study area (fig. 11). Since the weather station is centrally located
with respect to the ungrazed exclosures where vegetal observations
were made and is within a mile of the most remote, its records are
considered reasonably representative.

Two standard rain gages were used to collect preecipitation, and
maximum and minimum thermometers were exposed in a standard
Weather Bureau shelter 51, feet above the soil surface to measure
temperature extremes. Wind movement was measured by a 3-cup
Friez anemometer mounted about 5 feet above the ground. Cloudi-
ness was assigned a numerical rating between 0 (no clouds) and
10 (completely overcast). Observations were made daily at 5:00
p-m. Records of precipitation and temperature arve available for
the entire 23-vear period July 1931 through June 1954. Records
of cloudiness, however, did not begin until January 1932, and
records of wind until July 1935,

In order te overcome cbvious difficulties in relating vegetal re-
sponse to weather of the calendar year, weather records have been
arranged to correspond as nearly as possible with the “growth”
or “crop’” year of the vegetation, July 1 to June 30. Since the
various species differ in time of growth and phasic development,

E- | Ti%H

Mcure 11.—The weather station at the TU. 5. Sheep Experiment Stution.
This installation is more than 200 yards from the neavest building,

T2 — 0% —-0
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choice of a suitable growth year must be rather arbitrary. How-
ever, examination of the vegetal records indicates that height and
weight inerements of grasses and forbs have ceased each year by
the end of June and that their reproductive development has been
completed, with the exception of seed ripening and dissemination
in some species. Although it probably would be preferable to start
the growth year for shrubs about a month later, this would be
less satisfactory for herbs. The growth vear here adopted is also
most suitable for relating weather to herbage yield, as weight
estimates were made each year in late June or early July.

RESULTS
Precipitation

For the 23-year study period, 1932-54, average annual precipita-
tion was 11.06 inches (table 10)}. More than one-third of this
amount fell in the spring, and the remainder was rather evenly
distributed throughout the other seasons. However, there was
considerable variation throughout in monthly, seasonal, and
annual amounts. For example, June precipitation varied from
0.06 inch in 1935 o 8.28 inches in 1944; summer (July—Septem-
ber) precipitation varied from 0.47 inch in 1934 to 5.69 inches in
1840 ; and toial, from 7.23 inches in 1933-34 to 16.13 in 1943-44.
The coefficient of variation for total annual precipation was 20
percent of the mean. The general distribution pattern was erratie,
but there was a tendency toward like amounts of precipitation in
several successgive yvears.

Temperature

Mean temperatures for the same period as preeipitation are
shown in table 11. In most years, mean temperatures were ahove
40° F. for the 7-month period April-October, inclusive. Mean
temperatures for the coldest month, January, averaged 17.6°, and
of the warmest month, July, 69.3°. Temperatures were much less
variable than precipitation, but there was a range of 24° in Janu-
ary mean temperatures, about 13° in fall and winter averages, 11°
in spring, but only 6° in summer. The 1933-34 year was the
warmest of the period with a mean temperature of 49.0°, and the
195152 year was the coldest with a mean temperature of 40.5°.
The average annual mean temperature was 43.0° and coeflicient of
variation was 4 percent.

The highest temperature recorded during the 23-year period
was 102° F. in July 1931, and the [owest was -- 28° in January
1937. The frost-free season varied from 77 to 152 days, averaging
120. The last spring frost normally oecurred in late May or early
June, and the first fall frost in September or oceasionally Oectober.

Wind

During the 19-year period for which records are available,
average hourly wind movement was 6.6 miles (table 12). Average
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wind velocities were low during November and December; uni-
formly high during the 6-month season, March through August;
and intermediate during the other 4 months.

In contrast to averapge velocities, maximum velocities oceurred
mostly in the winter months. During the 19-year period, 31 days
had a velocity greater than 20 miles per hour for the entire 24
hours. Of these 31 days, 12 occurred in January, 10 in February,
3 in March, 2 in December, 2 in October, and 1 each in April and
May. Often high winds persisted for two or three consecutive
days,

There was considerable variation between years in average
velocity in individual months. For example, average January
velocity varied from 8.7 miles per hour in 1952 to 10.5 in 1949.
However, variations in average annual velocity were slight, rang-
ing from 6.0 miles per hour in 1947-48 to 7.2 in 1936-37 and in
194243, Coefficient of variation for average annual velocity was
6 percent.
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Cloudiness

Visual estimates over the 23-year period indicate that the-
average degree of cloudiness was 4.9, or about half overcast (table
13). Skies were most clear during the summer months. Cloudiness
gradually increased during the fall to a maximum in December and
January and then diminished during late winter and spring to a
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minimzm in midsummer. Although there was considerable varia-
tion between years in average cloudiness of individual months,
variations in average annual cloudiness were relatively small.
Cloudiness rating varied from 4.0 in 1933-34 to 5.4 in three differ-
ent years, and coeflicient of variation was 8 percent.

TanLE 13.-—dverage degree of clowdiness at the U. 8. Sheep Ezperiment Siation
espressed as a numerical rating from 0 {(no clouds) to 10 (complately overcash),
January 1932 through June 1954
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COMPARISON OF FACTORS

For ease in comparing trends in climatic factors throughout the
growth year, the various measures for individual months have
been expressed as percentages of the highest month and plotted
(fig. 12). With the exception of a peak in May and June, precipita-
tion is fairly evenly distributed through the year. Its distribution
is therefore different from the other factors, which show either a
maximum or minimum in winter. As might be expected at this
latitude, mean temperature is highest in July, and gradually

. diminishes to a minimum in January, and then increases to the
July maximum.

Wind velacities follow a pattern similar to that of temperature,

but they reach their minimum a month earlier and then rise to
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Ficure 12.—Average precipitation, wind, mean temperature, and cloudiness
during the study, expressed as percentages of the highest month.

their maximum in March and remain near this level through
August., Degree of cloudiness follows a pattern directly opposite
to that of wind velocity, being low in summer and high in winter.
In general, then, cloudiest skies occur during the season when wind
and temperature are at the minima, and clearest skies occur during
the months when wind velocities and temperatures are high.

Examination of the annual values for the various climatic fae-
tors indicates that year-to-year variation was greatest in pre-
cipitation and least in mean temperature. This observation is
substantiated by the coeflicients of variation for the annual values:
20 percent for precipitation, 4 percent for temperature, 6 percent
for wind, and 8 percent for cloudiness, With the exception of
precipitation, there is much less variation between annual values
than between averages of individunal months,

Further examination of these data indicates a lack of close
correlation between any of the factors; however, there is a
tendency for precipitation to vary directly with cloudiness, and for
both precipitation and eloudiness to vary inversely with tempera-
ture. Simple correlation coefficients between annual measures of
the various factors substantiate this observation:

Precipitation—Cloudiness_.. 581** Wind—Cloudiness ... .__.. —.3156

Temperature—Clondiness.. —.482% Temperature—Wind ___.__ —274

Precipitation— Precipitation—Wind . ... .. —.260
Temperature______._.___ —381

*SBignificant at the 5-percent level.
**Bignificant at the 1-percent level.

These coefficients also suggest that wind is less closely related to
the other factors than they are fo each other.
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DEVELOPMENT AND YIELD IN RELATION TO
CLIMATIC FACTORS

The relation between seasonal development of plants and cli-
matic factors has received considerakble attention, but mostly in
connection with cultivated crops. Early investigations, particu-
larly those of European workers concerned with temperature
effects and the development of thermal constants, were summa-
rized by Abbe {1). Although numerous hypotheses were formu-
lated and tested, it was not possible to establish reliable thermai
constants for the various stages of plant development.

Bradford (7) also reviewed early work in connection with his
study of the relation of temperature to blossoming in the apple
and peach in Missouri. He found that quantity of heat above a
specified base received from January 1 to the time of blossoming
varied with both season and locality, and concluded that temper-
ature is not abways a limiting factor. Thompson (78) made an
extensive review of temperature in relation to development of
cultivated plants but was unable to arrive at definite conclusions
hecause of difference in methods of measuring response and failure
to consider other factors.

Grainger (27) found from his studies in England that flowering
in some species was hastened by temperatures higher than normal
prior to fiower bud formation, but in others by temperatures lower
than normal. Flower emergence in 13 wild plants, however, was
hastened by a temperature higher than normal for a period just
before the time of opening. Working with cereals and cotton,
Lysenke (85) found that the time required for completion of the
various developmental stages was inversely related to temperature.

Sampson (73} grew potted plants of field peas and wheat at
three elevations in the Wasatch Mountzins of Utah and found
that rate of maturation decreased directly with decrease in temper-
ature from the lowest fo the highest elevation. Maclagan (48)
found that in Scotland low temperatures during certain narrow
belts of time delayed opening of flower buds of three shrubs.
whereas high temperatures during the same periods induced earlv
flowering. Using soy beans in Maryland, McLean (49} concluded
that temperature was the limiting factor for plant growth during
the first two weeks following planting, after which moeisture con-
ditions were limiting.

Early phenological studies reviewed by Thornthwaite ' as weil
as recent studies in New Jersey indicate the importance of temper-
sture, phefoperiodism, and moisture to plant development. Laude
(39)investigated the nature of summer dormancy in 20 perennial
grasses in California and found that dormancy of 13 species was
caused by drought; but in the other 7, high temperatures and
long day-lengths caused dormancy even though adequate water
was supplied. Working with florist crops in New York, Post {67)

' Thornthwaite, C. W. Tewperwiure relations to tine of matirity of
veyelable ¢rops. Pupcr presented at T8th Ann. DMocting New Jersey Hort
Soc. 18 pp. 1952, {Typewritten.)
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found that some plants did not respond to either increased or re-
duced day-length unless temperature was within a certain range,
und conciuded that tempervature control for bud formation is equal
to day-length.

Studies of forest vegetation have shown the importance of light
quantity, particularly in seedling establishment of southern pines
in the Piedmont region (57, 88). In this case, increase in light in-
tensity allowed extensive root development so that the pine seed-
lings could compete successfully for the limited soil moisture,
Light-vegetation relation in other plant coemmunites have re-
ceived much less emphasis; however, Daubenmire (13) eites stud-
ies indicating that maximum photosynthesis in many smaller
plants occurs at light intensities of 30 percent or less of full sun-
light, and that full sunlight is often supraoptimal.

Wind has been studied mostly in connection with desiecation,
dwarfing, and deformation of trees. Dry winds, particularly dur-
ing cold weather when water-supplying power of the soil is low,
can kill leaves, twigs, and buds (68, 18). Although strong winds
from & constant direction often result in dwarfing, they may allow
near normal height growth but cause asymmetrical erowns with
hranches only on the leeward side. Such deformation is caused by
death of twigs and buds on the windward side or by the wind-
training of branches that emerge on the windward side until they
point permanently in the leeward direction (40)}.

The effect of wind on seasonal development and yield has re-
ceived only limited attention; however, Finnell (23} found that a
continuous wind of 15 miles per hour supplied by an electric fan
reduced rate of height growth of marigolds, inereased time re-
quired for maturity by about 10 days, and reduced herbage weight
by approximately 50 percent as compared to similar plants not
subjected to wind. Since wind-caused low herbage produection does
not result in a corresponding decrease in water consumption,
transpiration efficiency is greatly reduced (50},

The effect of annual variations in precipitation and temperature
on plant growth has also received considerable attention in con-
nection with radial growth of trees. Howaever, since the present
research deals mainly with production of herbage, the literature
on radial increment of stems is treated briefly. Douglass (17)
made extensive studies of the relation of climate to annual rings
of trees in several Western States and found fairly strong correla-
tions between precipitation and ring width.

In gimilar studies in the Great Basin, Antevs (2) found that
tree growth corresponded to water supply available during the
growing season in about 75 percent of the years. Diller (16}, in-
vestigating the relation of temperature and precipitation to growth
of beech in northern Indiana, found inverse correlations between
annual ring width and growing season temperatures, but direct
correlations with precipitation. He concluded that temperature
and precipitation during the period of most active growth (May,
June, July) are particularly important in determining ring width.

In New Engiand, Lyon {46, 47) found significant positive corre-
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lations between mean ring width of several species and precipita-
tion during certain periods of the year, but some species showed
no consistent agreement. There was little correlation between
growth inerements and temperatures of the growing season. Lyon
emphasized the importance of rainfall during the growing season
and concluded that water supply is the controlling factor in growth
rate. However, Hustich (38) concluded that in general the tem-
perature influence on tree growth is dominant at the higher lati-
tudes, whereas precipitation is dominant at the lower latitudes. In
an extensive review of the literature, Glock {(26) pointed out the
importance of precipitation and temperature to tree growth but
cautioned against extending interpreiation beyond the samples in-
cluded in the correlation caleulations.

Investigations of relations between herbage production and
weather are less numerous, but some work has been done on
both native and cultivated plants, The effect of precipitation has
received by far the most study, especially during drought periods.
Sarvis (74) reported that the 1984 drought weakened or killed
much of the herbaceous vegetation in experimental pastures in
North Dakota. Fllison and Woolfolk (20), studying effects of this
drought in Montana, reported that a summer rainfall only 38 per-
cent of normal acconmipanied by exceptionally high temperatures
caused a 50-percent reduction in top growth of shrubs the follow-
ing year and a reduction by approximately 70 percent in basal area
of grasses and sedges. In Nebraska, Robertson (69) found that
the hot, dry summer of 1936 continued the destruction started by
the 1984 drought and considerably meodified the native prairie
vegetation, reducing yield of perennial grasses by 22 pereent and
of perennial forbs by 10 percent.

Weaver (82) concluded that grass yield is determined by water
relations of seil and air and that other factors are merely contrib-
utory. Nelson (54) investigated the influence of precipitation on
Bouteloua eriopode and coneluded that the change in area covered
from one fall to the next is inAuenced mainly by the vigor of the
plants at the start of the current growing season as reflected by
the previous year’s precipitation and that current summer rain-
fall has no significant effect on the current change in plant cover.
In the same study, however, he concluded that rainfall during the
summer season largely determines height growth. Similarly,
Turner and Klipple (7#) found that volume of B. gracilis herbage
varied widely from year to year, depending largely upon the
amount and distribution of rainfall during the growing season.

In a study of the relation between native forage nroduction and
precipitation on the northern Great Plains, Rogler and Haas (771)
found highly significant correlations between yield and the April-
July precipitation of the same year and between yield and soil
moisture in the surface 3 feet the previons fall, Also, Hutchings
and Stewart (34) found a close correlation (r—=.944) between
herbage production on winter range in Utah and precipitation for
the preceding 12 months (Oct. 1 to Sept. 30). Studies in Arizona
demonstrated that variations in rainfall significantly influenced
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cover and height growth of three native grasses (44). Although
individual species differed considerably in their response to rain-
fall distribution, increased rainfall was generally more effective
in fall or spring than in other seasons.

From studies on the Great Plains, Chilcott (9} concluded that
annual precipitation is important in determining grain yield but
is seldom if ever the dominant factor. However, in a 30-year study
also on the Great Plains, Cole (10) reported signifieant correla-
tions between yield of spring wheat and annual precipitation for
the year ending July 81. In studies of the effeet of precipitation
on crop yield in South Dakota, Pengra (65) divided precipitation
into a preseasonal period of August 1 to March 81 and a seasonal
period of April 1 to July 31. With small grains, correlation
coefficients for preseasonal precipitation and yields were larger
than corresponding correlations of yield and seasonal precipita-
tien. Seasonal precipitation was rarely great enough to overcome
a marked deficiency in soil moisture at planting time.

Kezer and Robertson (87) concluded that time of applying
water i3 an important factor in spring wheat production. Water
applied at “jointing” increased the yield of straw and grain, but
irrigation as late as “blossoming” and *filling” had very little
effect. Results of soil-moisture experiments carried out in
potometers did not agree with those from similar experiments
under field conditions. In England, Hooker (32) computed a large
number of correlation coefficients between grain and hay yield
and precipitation and temperature, and generally found positive
correlations with precipitation of the growing season, but negative
corvelations with temperature. Furthermore, the caleunlation of
partial coefficients indicated that the negative relation between
yield and femperature existed irrespective of precipitation.

Although some of these results arve conflicting and many may
not be directly applicable to the Upper Snake River Plains, they
indicate in a general way some of the effects of climatic faetors
on plant development and yield. High temperatures hasten phasic
development and growth, but reduce yield. Although there is
considerable disagreement about period during which precipitation
iz most effective, yield generally varies directly with precipita-
tion. Day-length and temperature are important factors in the
initiation of flowering. Light quantity is probably less important
in herbaceous communities than it is in forest stands, Wind
usually is deleterious: it retards phasic development and growth
rate and reduces yield.

METHOD OF STUDY

As previously indicated, the method of studying vegetal-
climatic relations has been to eliminate as many as possible of
the environmental factors known to influence plant develapment
and yield while observing the correlation between these phenomena
and natural variations in the elimatic factors. Fires, and grazing
by demestic livestock or big-game animals, were completely ex-
cluded from the study areas. Although insects and rodents were




40 TECHNICAL BULLETIN 1190, U. S. DEPT. OF AGRICULTURE

not excluded, a record was made of all cbservable effects on the
vegetation. For the most part, populations were not large enough
to cause unusual damage, but in some cases it was necessary to
estimate the extent of herbage removal and apply corrections to
the appropriate vield data.

Topography has been eliminated as a causal agent because plant
observations were made on exactly the same site each year, For
this same reason, soil can be largely eliminated as a cause of
variations in plant development and yield. Although sizable year-
to-year variations in soil fertility may ocecur under conditions of
cropping, burning, grazing, severe erosion, ete., in the present
study it is believed that the protected areas supporting a stable
vegefation have a fairly constant soil compesition. For example,
as measured by the standard Kjeldahl methoed, total nitrogen in
the top half inch of soil on a nearby area showed almost no varia-
tion in three different years: 1932, 0.15 percent; 1934, 0.18 per-
cent; and 1948, 0.16 percent.

In using correlation analysis (77) throughout this study to
relate climatic factors to each other and to plant growth, it has
been assumed that the data possess the proper characteristics for
such analysis, i.e., normality, linear relationship of variables to
each other, and homoscedasticity. No exact statistical tests were
possible for these assumptions, but the various distributions were
examined and enocugh of them plotted to indicate that the correla-
tion coefficient is at least a fairly appropriate measure of associa-
tion of the variables concerned.

Althongh correlation is certainly not proof of causal relations
between two variables, it does suggest that causality may be in-
volved. This is particularly true in the present study because it
has already been well established that climate strongly influences
vegetation. Furthermore, the elimination in this study of many
other factors that are known to influence plant growth makes it
even more plausible that much of the variation in development
and yield 1s caused by variations in climatic factors. For these
reascns, close correlations between weather and plant response
are mostly interpreted herein as cause-effect relations.

SEASONAL DEVELOPMENT
Phases

Data for the 16-year period 1982-47 were used to ascertain the
relation between phasic development of plants and the climatic
factors, temperature, precipitation, and degree of cloudiness.
Although plant development records for these years were avail-
able for only eight species (Agropyron spicatwm, Oryzopsis
hymenoides, Poa mevadensis, P. secundu, Stipe comata, Bul-
samorhiza sagittata, Crepis acuminate, and Lupinus ceudatus),
it was thought that the 16-year peried would provide a more
reliable correlation than the 7T-vear pericd, 1941-49, with a
greater number of species. Since wind-velocity data were not
available prior to 1936, phasic development-wind corivelations are
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based on a period of cnly 12 years, 1986-47. In order {o obtain
an expression of earliness or lateness of plant development for
each year, the species were combined and the average date at
which they reached each stage was computed,

In every year, plant development earlier than average was
associated with mean temperature higher than average; similarly,
development later than average was always associated with lower
than average temperature, The correlation coefficient between
average date of the stage “flower stalks appear” for the eight
species and March-April mean temperature was —.619%, and the
correlation coefficient between “full bloom” and March—May mean
temperature was — . 937%* 5

Probably a more reliable expression of earliness or lateness of
plant development is provided by an average of several stages.
Average date at which the combined stages, “flower stalks ap-
pear” through “full bloom” occurred, and mean temperature of
the 3-month period, March—-May, were also fairly well correlated
(r=—.880%*)., Grasses and forbs were much alike in their rela-
tion to temperature; correlation coefficients for the combined de-
velopmental stages with March-May mean temperatures were
—.840%* and — .877**, respectively.

Development during the latter part of the growing season was
apparently more closely related to precipitation than temperature,
Date of “plani drying” was positively correlated with April-May
precipitation (v — .812%*}, In other words, late drying of the
plants was associated with above-average precipitation. This stage
was also negatively correlated with the April-May mean tempera-
fure, but the coefficient was lower (r — —.635*%), There was a
positive correlation (r — 718%%) between date of “seed ripe” and
April-May precipitation, but correlation with femperature of the
same period was negative and much weaker (» =— —.332).

Phasic development was also related to cloudiness. The correla-
tion coefiicient between cloudiness during April-May and date at
which the combined developmental stages occurred in grasses
and forbs was .531% and between degree of April-May cloudiness
and “full bloom"™ was .694%%. Ag a matter of fact, all of the correla-
tion coeflicients between degree of cloudiness and date of reaching
the varigus developmental stages were positive, indicating that
higher-than-average cloudiness was often associated with later-
than-average plant development.

Phasic development showed no consistent relation to wind
movement. Correlation coefficients between April-May and April-
June wind and date of reaching the various phases of development
were all small, varyving between — 106 and .315.

In general, then, early phasic development of grasses and forbs
was asseciated with high temperatures, low precipitation, and
relatively clear skies. Conversely, late development was associated
with low temperatures, high precipitation, and cloudy skies. There
was nc apparent relation between plant development and wind.

*%Qignificant at the 5-percent level (significant); **significant at the 1-
percent level {(highly significant).
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Growth

Correlation analysis was also used to show relations between
plant growth (height and weight increments through the growing
season) and climatic factors. Since leaf height records of two
species, Agropyron spicafwm and Balsamorhize segitfata, were
available from 1932 through 1947, it was possible to relate height
growth to temperature, precipitation, and degree of cloudiness
during this 16-year period. Records of herbage weight and wind,
however, were not available prior to 19386, so correlations involving
either of these variables cover a period of only 12 years.

Correlation coefficients were computed between percent of total
annual leaf height growth on May 5 and March—April mean
temperature (r — .822%%*), between height on May 15 and March—
May temperature (r = .726%%), and between percent of total
annual weight on May 20 and April-May mean temperature
{(r = .640"). In other words, there was a direct relation between
growth achieved at a particular date and temperature, high per-
centages of total annual growth being associated with high mean
temperatures, just as early phasic development was associated
with high temperature.

Growth correlations involving precipitation were generally
weaker than those between growth and temperature, and the
coefficients were negative, high precipitation tending to be as-
sociated with low percentage growth attained at a particular
date. Correlation coefficients between growth and precipitation
were: —.219 hetween May 5 leaf height and March-April precipi-
tation, —.629%* between May 15 height and April-May precipitu-
tion, and —.668% between May 20 weight and April-May pre-
cipitation.

There was also an Iinverse relation between degree of cloudiness
and growth and between wind and growth, but most of the
correlation coefficients were small. The strongest correlations
were between March—May cloudiness and herbage weight on May
20 (r = —.619*) and between March—April wind and leaf height
on May 5 {1 = —-666%). It is perhaps worthy of note that all 12
of the correlation coefficients between growth and cloudiness or
wind were negative.

As with phasic development of grasses and forbs, then, early
attainment of a particular height or weight for Agropyron and
Balsamorhiza was associated with high temperatures, low pre-
cipitation, and relatively clear skies. In addition early growth was
associated with low wind movement. However, the relation be-
iween growth and cloudiness or wind were generally very weak.

Discussion

One of the early theories to explain timing of phenological
events was that a particular stage of development depends upon
receipt of a certain quantity of heat above a specified base, but
according to Daubenmire (78) “no method of ealculating such
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heat units has yielded satisfactory correlations with plant de-
velopment.” Furthermore, Went (84) stated that because of the
numerous climatic factors and the interaction in plant response
between these factors, “the effect of climate on a plant cannot
possibly be expressed in a simple formula, like 2 heat sum.”

Nuttonson (55), however, found that date of maturity of winter
wheat in both Czechoslovakia and the Pacific Northwest was
rather closely related to day-degree summations (above a 40° F.
hase) beginning on the date of seedling emergence in the fall and
on Mareh 1. Since March 1 proved to be as satisfactory a starting
point for the summations as emergence date, he concluded that
fall and winter temperatures could be ignored when predicting
date of heading or ripening of winter wheat.

Brown (8) grew several grasses in thermoregulated growth
chambers and found that optimum temperatures for growth
varied from 70° for some species to over 100° for others. Also,
Livingston (45) concluded that elongation of maize shoots was
most rapid at temperatures of about 90°. Since temperatures on
the Upper Snake River Plains are relatively low during April and
May, much of the plant growth must occur at temperatures below
optimum. Apparently temperatures during these months seldom
rise above the optimum for plant growth. For example, during the
spring of 1934, the warmest on record, the maximum daily tem-
peratures recorded at the weather station on the study area were
g1°, 887, and 83° in April, May, and June, respectively.

Although the effect of spring temperature on the Upper Snake
River Plains is perhaps modified by other factors, it is undoubtedly
of major importance, particuarly during the early stages of plant
development. During the early part of the growing season, soil
moisture is usually abundant and plant development at this time
is controlled chiefly by temperature. Later in the season, rate of
development is hastened by reduced soil moisture and retarded
by an abundance. Actually, precipitation and femperature are
inversely related so that rapid phasic development may often be
caused by a combination of high temperatures and inadequate
moisture.

Plant growth apparently is regulated in much the same manner
as phasic development; and rapid growth and consequently early
aftainment of a certain height or weight are caused mainly by
high temperature. In spite of the inverse corralations between
seasonal growth and precipitation, high precipitation is not be-
lieved to have a deleterious effect on growth rate in this arid
climate. This conclusion is supported by results of Haynes (28),
who Tound that herbage growth of corn increased markedly with
increased soil moisture within the range from near permanent
wilting percentage to near saturation. Lewis, Work, and Aldrich
(42) also found thut comparatively small increases in soil moistiire
cansed growth rate of pear fruits to increase, even when moisture
content was well above the wilting point. The apparent effect
of high precipitation in this study, then, is probahly a result
of the lower temperatures associated with rainy weather.
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Since cloudiness is associated with both low temperature and
high precipitation, it is quite probable that the slower rate of
phasic development and growth assceiated with cloudiness is
caused by these other factors, partieularly temperature. This
appears especially plausible since the sky is relatively clear during
spring and summer on the Upper Snake River Plains, and since
other studies (13) indicate that optimum light intensity for plant
growth is often considerably less than fuli sunlight. Futhermore,
QOosting {56) states that reduced light actually favors elongation
and vegetative growth.

Although correlations between wind movement and phasic
development of plants were poor, wind undoubtegly has at least
an indirect effect through its influence on water losses from
transpiration and evaporation. As suggested by Finnell (23),
wind may actuzlly retard rate of growth, since all 8 correlation
coefficients between wind and growth were negative and 1 was
statistically significant. The poor correlaiion between wind and
the other climatic factors indicate that growth-wind correlations
are not merely the result of wind being closely correlated with
another factor that was actually causing the variation in plant
crowth.

On the basis of deviations of only 3 or 4 days from average
date of first bloom, Leopold and Jenes (42) have suggested that
development of ceriain species is governed primarily by day-
length. Inspection of individual plant development records on the
Upper Snake River Plains reveals a wide range in dates at which
the various developmental stages occuned range of variation in
average date of first bloom during a ve(u period was 11 days
for the least variable spec;es, and the average range for the 23
species was more than 8 weeks.

Although day-length is undoubtedly important in determining
general time of reproductive developmeni of some species, in-
dividual developmental stages can occur over a fairly wide range
in day-length, varying with temperature and other environmental
conditions. This is in agreement with Garner and Allard (25),
who concluded that “under field conditions variations from year
to year in date of Aowering of hoth early and late varieties of
soybeans are due chiefly to differences in temperature, while day-
length is the primary external factor responsible for the fact
Lhat one variety is always 1el‘1tively early and another late in
attaining the reproductive stage.”

Costello and Price (11} report that date of snowmelt can be
used to predict date of developmental stages of herbaceous plants
in the mountains of Utah., On the Upper Snake River Plains,
snowmelt is related to phasic development, but the correlations
are not strong enocugh to allow reliable predictions. For example,
the correlation coefficient befween dates of “snow off” and “flower
stalks appear” for the combined grasses and forbs was only .533%,

Experience has shown that ranges in this locality are ready to
graze each spring when Agropyron spicafim reaches a height of
214 inches, and attempts were made to relate the date this height
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was attained to snowmelt and temperature. Although this date,
which averaged April 25 during the 16-year period, was highly
correlated with snowmelt (+ = .710%%*), the correlation coefficients
with mean temperature of March (—.813**%) and with March-
April mean temperature (—909%*) were even stronger.

ANNUAL YIELD

Correlation analysis was again used to show the relation of
vield to precipitation, temperature, cloudiness, and wind. In order
to minimize the possibility of overlooking significant relations,
numerous correlation coefficients were computed between annual
yvield of the different plant groups and weather of the various
seasons,

Weight

Correlations involving herbage weight of grasses, forbs, and
shrubs were based on data for the 13 years shown in table 3, p. 17.
Precipitation of the 9-month period immediately preceding the
growing season was fairly well correlated with herbage weight
(table 14). Although correlation coefficients were generally
highest between weight and precipitation of the July—-March
period, exclusion of July and August or inclusion of April made
little difference. Correlation coefficients between weight and
annual precipitation for the period July 1 to June 30 were mostly
lower, undoubtedly because of the negative correlation between
spring (April-June} precipitation and weight.

Further analysis of the inverse relation between spring pre-
cipitation and herbage production indicated that precipitation
during June was primarily responsible, as all correlation co-
efficients between weight of the various vegetal groups and June
nrecipitation were nepative and considerably higher than those
for the entire spring period. Precipitation during the 3-month
period preceding June was positively correlated with weight, but
none of the correlation coefficients were statistically significant.
Precipitation during a 3-month period the previous fall was also
positively correlated with herbage production, but again, none
of the coefficients were significant,

Tants The- =Correlation corfficients beliveen precipilation of srious periods gnd
herbuge weight the following summer for 13 genrs of the peciad 1930--3.4

Jlant gronp Jnty- Sepi, - July- dnly- - Mareh - Aparil - dune Fept.
Mareh Aureh Aprtl Jure MFTY BRI Tnne Nuv,

Cirsses W Al T v * BH L4y B & 1 AL, L 30l
Forbs . LOMREAT * L T R 1 RPN L 2] i Sdn
Bhirols. "Gy R ] BT i EF AT L] N AN [1H]
Civasros aned fiehs RIA TN AT TTOTNR ST L Em) 2L PR P ]
Al At ] LT LT T R ] . AN - 25 E - AR ' LAl

R TTHITHE T
“*1Hphly sigaifiean.
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A Dbetter picture of weight-precipitation relations is probably
provided in figure 13. Here only herbage weight of the combined
grasses and forbs is considered ; but many more seasonal precipita-
tion periods are presented than in table 14. In addition to the
points already mentioned, this figure indicates that correlations
between weight and precipitation during short periods are
generally poor, It further indicates that precipitation during long
periods ending in March or April is better correlated with herbage
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Freyrg 13.—Correlation coeflicients between annual herbage weight of the
combined grasses and forbs and precipitation of the season indicated for
13 yeurs of the period 1936-54.
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weight of the growing season immediately following than is
precipitation of periods ending prior to or after March and April.
Since June precipitation was apparently not effective in increasing
current herbage produection, an attemp{ was made to relate it to
production of the following year. Correlation coefficients between
herbape weight and precipitation of periods beginning in June,
however, were not as high as these for periods beginning in July.

Although precipitation during certain seasons was rather closely
related to herbage weight of vegetation as a whole or of groups
of species, in only a few instances was it closely related to weight
of individual species. For example, correlation coefficients between
July—March precipitation and herbage production were: Agro-
pyron spicatum, 460; Stipa comata, 059 ; Balsamorhize sagittata,
T11%#; Crepis acuminata, 452 ; Artemisio tripartita, .633%; and
Purshia tridentata, .061. It is especially noticeable that poorest
correlations were with the least abundant species.

Although correlation coefficients between mean temperature
and weight were generally not statistically significant (table 15),
a number of relations may be inferred. The fact that all but one
of the correlations between weight and nmean temperature were
negative indicates that low production was often associated with
high temperature, particularly during the spring. The correlation
hetween mean annual (July-June) temperature and weight was
consistently negative but rather weak, and for the Qctober to
March period, scarcely any correlation was indicated,

TanLy 15.Cureelation coefficients betweon mean temperature of cerfuin
seasons and sibsequent herbage weight for 18 years of the period
1936- 24

Plant gronp ; Juiy— July— Qct.— .\I':‘nrcll-| April- | S
Hept.d June Mirely My I May

CIRSSOS. e e e eeen Lo ! — o2 | N7 =310
Forbs. - oooon =830 —. 257 | - 071 | — 472 ¢ —. D4 L34
Shrubs Ll G0 B8 037 ) 31 -8 . 240

= AG

Grasses and forbso_o. ] —. 244 B — 027 ) 42U ] . 338
AL Bl L2380 | —. 002 | . 413 ; 3 . 350

Vlemperature of this period correluted with weight the following summer.
Fignificant.

Sinee weight was best correlated with July—March precipitation
and April-May mean temperature, multiple correlation coefficients
were computed between weight and these two factors (table 16).
Comparison with the simple correlation coefficients hetween
herbage production and precipitation indicates that only a little
wasg gained by the inclusion of the tempervature factor. Partial
correlation coefficients were also computed in these cases to allow
examination of precipitation and temperature eflects independ-
ently of each other.
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TaBLe 16.—Simple, multiple, and partial correlation coefficients of
herbage weight with July—March precipitation and April-May mean
temperature for 18 years of the period 1936-54

Simple Partial

Preeipi- | Tempera-

Piant group Multiple tation {ure
Precipi- | Temipera- {lempoera- | (preeipi-

tation Lure ture tation

cffect cffect,

removed) | removed)

(irasses. . ____ #% TA5 —. 406 ®E 702 ¥¥ T4R —. )3

Forbs. . ... .._.__. % 787 —. 44 ** B ¥+ 811 —. 368

Shrubs_ ... - ... ... * 412 —. 397 * 675 * 506 —. 362

Grasses and forbs____ % 845 -, 496 X G ] #* 38R0 *— {i38

AN Ll =+ 308 —. 403 ** B78 % R34 *—, 87
*BIignificant,

L ighly significant,

Elimination of the effects of one factor generally resulted in a
slightly higher correlation between weight and the other, but the
relations were otherwise unaffected. In other words, July-March
precipitation was still positively eorrelated with herbage produe-
tion after the effect of April-May temperature was eliminated,
and April-May temperature was negatively correlated with
preduction after elimination of the July—March precipitation
effect. Furthermore, there was an inverse relation between April-
May temperature and herbage weight after elimination of the
influence of April-May precipitation.

Te further clarify the weight-moisture-temperature relations,
correlations were made between herbage weight and April-May
soil moisture during 8 vears of the period 1936—47. Correlation
coefficients between average soil moisture of the surface 18 inches
during these 2 months and herbage production are shown in table
17. These correlation coefficients are similar to those between
weight and July—-March precipitation {table 14),

Gorrelation coefficients were also computed between weight
and April-May mean temperature during the same 8 years (table
17} so that partial correlations could be made of weight with
April-May temperature and soil moisture. Elimination of the
temperature effect caused only slightly lower positive correlations
hetween weight and soil moisture, but elimination of the soil
moisture effect resulted in a change from negative to positive
correlations of weight of grasses and forbs with April-May
temperuture.

Herbage weight was positively correiated with cloudiness, but
negatively correlated with wind (table 18). In other words there
was a tendency for high production to be associated with cloudy
skies and, to a lesser extent, with low wind movement. It is readily
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apparent that correlation coefficients between clondiness or wind
prior to the start of the season (about April 1) and herbage
weight were as high as or higher than coefficients involving these
factors during the actual season of growth.

TanLe 17.—S8imple and partial correlation coefficients of herbage weight
with Apri—May soil moisture and mean temperature for 8 years of
the period 1936-47

April-¥ay soil

Aprit=May mean
moisinre

femperature

Plant group

! Purtial
{tempernture
! ctfect
removed)

Simple Bimple

Partial
{moisture
cffect
removd)

GIriSS08. L i ** 877
Forbs. .. ... _._ .. _.._.. . 618
Shrubs . 364
Grasses and forbs . 854
. T70

. 347
- 057
. AT2
. 2538
. 332

*Rignifiennt.
F*|hly significant.

Tanne 18.~Correlation cocfficients between cloudiness or wind of cer-
tuin seasons and subsequenl herbage weight during 18 wyears of the
period 1936-94

CLOUINNESNS

T

March— l
May

Plant zroup July -

« Muarch

July—
June

Girasses and lovbs_ .| . . : ¥, 620 ¢
Mhrabs ... : %, : . 652 M

Girasses ane forbs. ..
Shrabs. oL oo

Fsipnilicunt.

All corrvelations involving vegetal area and precipitation,
temperature, and cloudiness were bhased on data for the 19 years
indicated in tahle 5, p. 18. Wind-area correlations, however, were
based on only a 15-year period because wind records were not
available prior to 1936. Although the sudden drep in vegetal area
in 1934 apparently was caused by the severe drought of that year,
the overall correlation between precipitation and area of vegeta-
tion was poor (table 19). Crown area of shrubs exhibited a slight
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positive relation to precipitation, but there was no apparent rela-
iion between grass and forb basal area and precipitation.

Correlation of temperature with area, as with weight, was
generally negative (table 20). Although most of the eorrelation
coefficients were small, the inverse correlation of spring tempera-
ture with erown area of shrubs was significant.

Correlation coefficients between vegetal area and cloudiness or
wind were alsc small (table 21). No trends were apparant in
hehavior of the three plant groups or between relations of pre-
growing seasen and growing season weather.

TanLE 19—Correlation coefficients between vegetal area and seasonal
precipitalion for 19 years of the period 1932-54

Plant group ; July— 1 July— Sept,- March— April-
! March 1 June b Aay May June
i 1
i ' i
Cirasses. . _____: . 033 | L0100 =180 —. 810 —. 024
Forbs_ ... __.._ . 123 | 108 . —.020 . 1m —. 012
Stirubs, . ... ; L2 -433 . 376 * 515 * 409
Al L : . 202, - 308 . 273 * 474 | . 428

! Basal aren of grasses and lorbs, crown aren of shrubs.
*SBignificant.

Tavre 20.— Correlation coefficients between reyelal wrea ' wnd seasonal
temperature for 18 years of the period 1939-54

Plant group codnly= 1 Oet— April- | April.

Sept? 0 Mareh [ May T Juue
: i '
GPRSSCS. - om oo 019 - 807 — 1861 —.i72
Torbs. L — 150 0 = 33 — Q70 ~. 100
Shrabso o oo . L . 2710 —. 002 1 F 409 ¢ ¥ 576

ANl —. 240, T3 F— 505 *m 570

' Basal aren of prasses and forbs, erown area of shrubs,

2 Temperature of this period correlated with weight the following spring.
*Nignificant.

Fritighly significant.

Tanne 21 Correlation evefficients hefween vegelad area and clovdiness
or wind of certain seasons during the period {932-5

; Clougdinees : Wine 2
Plant group Ty i o
Juiy- ‘ Aprift- 5 July- | April-
Mureh i June i Mareh 1 June
‘ | ) ; i
Grasses Lo oo ... ! L A08 —. 034 - 468 171
Favtis Cmmmemmme e 28— 105 445 Hi2
Rhrubs, . __ e e ; G i L AGG - 2 —_ 225

! Rased on 19 yeara.
? Bagsed on 15 years,
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Height

Records of leaf and flower stalk height of Adgropyron spicatum
and Balsamorkize sagittata for the 16-year period 193247 (table
8, p. 24) were used to relate total height to variations in precipita-
tion, temperature, and cloudiness. Correlations invelving wind
are based on only 12 years, since records of this factor were not
available prior to 1936. Although records of several species were
available for the 1932-40 period, it was thought that the use of
only twe species for a longer period would allow a more reljiable
expression of the relations,

In general the relation of height to precipitation was not as
close as that between herbage weight and precipitation; however,
with the exception of Balsamorhiza flower stalks, correlation
coefficients between height and March-May precipitation were
fairly high (table 22)}. Mean temperatures of the April-May
peried were also well correlated with height of these two speecies,
but the correlations were negative. Apparently June temperatures
had little effect on height growth as their inclusion resulted in
iower correlations between height and mean temperature. A com-
parison of tables 15, 20, and 22 shows that height was more
closely related to mean temperature than was weight or area.

Tanun 22.—Carrelation eocfficients between height ab the end of the grow-
i secson and seasonal prectpitaiion and mean tewmperature, 1933247
i 1 3 T f

} :
! Preciphailon i Tenmperaiure
]

Spectes : H . '
! dely- 0 Juoly= | ATarch- 5 Al Aprli- 0 Apri- Aduy-
P0dnreh - Juane 1 May i May ) dame o June

JSgropyron apitatie: : i
foaves ... . L Lam ot =am | =t — —. 20
Plower sttdks ! ! AT R [ E I L —.473
indsamigrhize Ropitbado: : ; ! I
Lonves. N TH ST P Tt DIBT | Ct— GBR b Tl 30 — 8
Flower stalks) : LAES —.mi L hT L — s —.i6g

P Oada nesliubde for only 14 yeurs,
=Slpiviticeent,
iy slpnitlone.

Although leaf and flower stalk heights tended to be correlated
positively with cloudiness and negatively correlated with wind,
most of the coefficients were small (table 23}, Cloudiness during
the growing season was more sfrongly correlated with height
than was pregrowing season cloudiness, but correlations involving
wind during Aprit through June were very similar to those during
the July—Muarch period.

Flower Stalk Numbers

Comparable records of flower stalk numbers were available for
the eight apecies in fable 9 during the period 1933—40; these were
used to ascertain the relation of flower stalk production {o pre-
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- TaBLE 23 —C’orre?atwn coeﬁcwms between height at’ the end of the
growing season and cloudiness or wind of certain seasons during the
period 1932-47

i Cloudiness ! Wind
_Species

July— April- July— April-
March, June March June

Agropyron spicatum:
' . 213 . 334 —. 531
.13t * 629 —. 153

. 570 ** 660 *—, 613
. 020 - 372 .21

! Based on 16 years for teaves and 14 years for flower stalks.
2 Based on 12 years for leaves and 10 years for flower stalks,
*Significant., .

**Highly significant,

ripitation, mean temperature, and cloudiness. Correlations in-
volving wind were not attempted because of the limited number
0{’ years in which both flower stalk and wind records were avail-
able,

Flower stalk numbers in both grasseés and forbs were positively
correlated with precipitation and cloudiness, and for the most
part, negatively correlated with temperature (table 24). Flower
stalk production was more strongly correlated with weather of
the early part of the growing season than with weather of the
preceding period. Correlation coefficients between numbers and
precipitation or temperature of the previcus fall were very small.

Discussion

Examination of the various correlation coefficients between
precipitation and herbage weight indicates that precipitation
prior to the beginning of the growing season influences herbage
production more than precipitation during the growing season.
This is in essential agreement with results of studies on yield
of spring grain by Pengra (65), who found that precipitation
during the growing season was rarely great encugh to overcome
a marked deficiency in soil moisture at planting time, and by
Kezer and Robertson (37), who found that early application of
water increased yield of straw and grain whereas later irrigation
had little effect. The chief effect of precipitation prior to the
growing season, however, is probably not its influence on the
vegetation at that time, but merely assurance of soil moisture
during the period of active growth.

As might be expected, annual herbage production is apparently
influenced rather strongly by overall precipitation, but not by
that of any short period. It is evident that June (and perhaps
late May) rainfall is primarily responsible for the inverse rela-
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TasLe 24 —Clorrelation coefficionts between ?r."l;.fm'be?' of Fower stalks
and_precipitation mean temperature, or cloudiness of certasn seasons
during the 8-year period 1938-40

PRECIPITATION

Plant group July— Hept.— March—
Marceh Oct, April

* 783 . A31 * 726
. 309 . 008 ** 915

MEAN TEMPERATURE

S80S o . —. 157 —. 060
Forhs . 249 . 043

CLOCNINESS

Ciruisses . 395
. 059

*Bienifcant.
**Highly significant,

tion between herbage weight and spring precipitation. Most of
the plant growth in this locality is completed prior to June, and
the normally abundant precipitation in June has little effect on
current preduction. The negative and fairly high correlation
coefficients between June precipitation and weight do not in-
dicate an inhibiting effect of this precipitation on herbage
production, but are merely a resulc of a negative correlation
between June precipitation and that of the preceding months
(July—Mareh) during the 13 years under consideration.

The generally strong correlations of precipitation with herbage
production of vegetation as a whole and the weak correlations
with production of individual species illustrate the kind of
equilibrivin existing between vegetation and the environment,
Such factors as high insect or rodent populations, disease, and
late frosts may severely damage individual species; but when
this happens, others are often able to utilize the moisture made
available, increase their yield, and thus compensate for the
decreased yield of the injured species. Various factors, then, can
disrupt performance of individual species without seriously affect-
ing overall community-environmental relations.

Cn the Upper Snake River Plains, highest herbage weights are
associated with a cool growing season, April through June. The
effect of mean temperature, however, is much less than that of
precipitation. Since an inverse relation exists between preecipita-
tion and temperature, it might be expected that the apparent
effect of a cool growing season is actually due to increased rainfall,
hut this factor must be discounted because precipitation during
the growing season was not closely correlated with herbage
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weight and because partial correlations indicate that the inverse
effect of temperature on weight is independent of precipitation.

A possible explanation of the inverse relation between herbage
production and famperature has been suggested by two early
investigations. In studies of Bacillus ramosus, Ward (81} con-
cluded that “at the optimum it metabolizes, grows, and respires
at its best; buf at higher temperatures removed from that it may
grow for a short time move rapidly, but soon exhausts itself and
s0 prouuces a poorer crop in the end.” Lehenbauer (41) found
that for a 12-hour period optimum temperatures for growth of
- eorn shoots was 82° C., but at such high temperatures initial
growth rate was not maintained; whereas at temperatures near
the minimum (12°-14°) for shoot growth, no decrease in rate
was evident during rather prolonged periods of exposure.

Furthermore, it has been emphasized by Hildreth, Magness,
and Mitchell (30) that “the optimum temperature that produces
the highest growth rate is not necessarily the most favorable
for the general welfare of the plant. Too-rapid growth may delay
or entirely prevent Iruiting; it may produce plants that are
structurally weak, susceptible to disease or insect attacks, and
subject to damage by wind, hail, or other climatic influences.”
1t is quite possible, then, that lower than average temperatures
actually favor growth of native plants wuring the growing season
as a whole, causing a relatively high production of herbage. At
any rate, negative correlations (independent of precipitation
effect) have also been reported between temperature and yield of
numerous cultivated crops (22).

The inverse effect of temperature on herbage weight may be at
least partly due to increased moisture available to the vegetation
as a result of lowered rates of evaporation and transpiration
during cool weather, for partial correlations indicate that when
the influence of s0il meisture is removed there is a slight positive
relation between April-May temperature and weight of grasses
and forbs. Sinee correlations of weight with temperature are
generally poor, and since partial covrelation coefficients are not
consistently positive or negative, further study will be necessary
to establish the true relation of temperatuare to herbage produetion.

Although variations in herbage production of native plants on
the Upper Snake River Plains were more closely related to
precipitation than te temperature, this situation is not universal.
Heady (22) reported that at high altitudes changes in temperature
affectedd yearly growth of Agropyron spicatum more than
moisture, but the reverse was observed at low altitudes. Also,
Hustich (22) concluded that in the northern part of the temperate
zone temperature is more strongly correlated with crop yield
than precipitation is.

Since there was a fairly high correlation between cloudiness
and precipitation, it seems very probable that the cause-effect
velations are between precipitation and herbage weight, not be-
tween cloudiness and weight, Also, the fact that correlations be-
tween cloudiness prior to the growing season and herbage weight
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were as good as or betier than those involving cloudiness during
the growing season indicates that plant growth and consequently
herbage prodaction is not directly benefited by cloudy weather.
Cloudiness, of course, could have a beneficial effect on moisture
relations through reduction in evaporation and transpiration.

Correlations between wind and herbage production, like those
between wind and height, were consistently negative, but there
is no evidence that wind has a direct effect on plant growth. In
the first place, all correlation coeflicients were small; secondly,
those between wind prior to the growing season and herbage
weight or height were as large as or larger than growing season
wind-weight correlations. It is very probable, then, that the
apparent wind effect is actually an indirect one associated with
reduced moisture.

Variations in basal area of grasses and forbs apparently are
not closeiy related to any of the climatic factors under considera-
tion. The absence of close correlation of area with temperature,
cloudiness, and wind is to be expected in view of the generally
poor correlation between weight and these factors; but the poor
correlation between hasal area and precipitation is at first sur-
prising. However, it is diflicult to imagine that normal fluetuations
in precipitation in this locality would result in immediate inereases
or decreases in underground parts of the plants, a prerequisite
for fluctuations in basal area of grasses and forbs.

The fact that several investigators (20, 62), demonstrated
distinet < .creases in vepetal area in 1934 as a result of the severe
drought of that year does not necessarily indicate a good correla-
tion between annnal variations in area and precipitition. In the
frst place, many of these decreases still persisted atfter 1 or 2
favorable years:; and, secondly, the effects of severe moisture
deficiencies probably are not comparable to the usual fluctuations.

Crown area of shrubs differs in most respeets from basal area
of grasses and forbs, and its relation to precipitation and tempera-
ture is somewhat similar to that of herbage weight. Crown area,
however, is apparently only slightly affected by annual variations
in cloudiness and wind.

Examination of height-precipitation and weight-precipitation
correlatiens indicates that herbage weight is most closely related
to precipitation prior to the grewing season, whereas height is
most closely related to precipitation during the growing period.
Although these differences may not be real, they are perhaps
logical. Since weight seems chiefly dependent upon number of
shoots, conditions during the period of shoot initiation should be
more related te weight than conditions during the active period
of growth.

Height growth is apparently favored by low light intensities
associated with cloudy weather; however, this apparent effect
could be at least partly caunsed by increased precipitation and
lower temperature, or merely Improved moisture relations result-
ing from a combination of these conditions. [t is noticeable that
altheugh height and weight were both positively correlated with
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cloudiness, height was correlated best with cloudiness of the
growing season whereas weight was best correlated with cloudi-
ness prior to the growing season.

As with weight, height is inversely related to mean temperature
cf the active growing period, but the velation is much stronger.
In view of the differences in precipitation and cloudiness rela-
tionships discussed above, it appears that height growth actually
reacts differently from herbage yield to a given set of conditions.
A similar sitnation was reported by McLean (48) who found
“that the rate of elongation of plant stems is influenced by external
conditions differently from the rates of development of leaf sun-
face and of dry weight for the same plants.”

Frost, rather than other aspects of weather, may explain the
generally poor flower stalk production of forbs, the earliest of
the three groups to exsert them. It was observed that early spring
frosts following the appearance of Balsamorhiza flower heads
killed 85, 70, 73, and 66 percent of the flower stalks in 1940, 1942,
1943, and 1944, respectively. Since thess flower stalks soon dried
up and became inconspicuous, it is possible that such losses were
unnoticed in some other years.

Although individual species apparently have widely varying
requirements for optimum flower stalk production, the tendency
is for high numbers to be associated with high precipitation and
cool, cloudy weather, particularly during the early part of the
growing season. In this respect, then, flower stalk production is
related to climatic factors in more or less the same manner as
height and herbage weight. '

PRACTICAL CONSIDERATIONS

Although many results of studies reported herein are not
directly applicable to range management at present, they add to
the store of ecological information that serves as the foundation
for development of improved practices. Certain results, however,
can he put to immediate use; e.g., the relation of early plant
growth and development to temperature and the relation of
herbage yield to precipitation.

Ordinarily, experience has provided the range manager with
certain criteria that indicate the time a range may be safely
opened to grazing each season. These criferia may be based on
soil condition but more often on a particular height or stage of
development of certain species. Since it is important that the
pgrazier know the date of range readiness a few weeks in advance,
reliable methods for predicting this date are desirabie.

On the Upper Snake River Plains, date at which Agropyron
spicetwm reaches a height of 2174 inches has been Found fo be a
usable criterion for opening the grazing season, and this date
can he predicted with suitable accuracy from the mean tempera-
ture of March. The regression equuation for estimating date of
range readiness from temperature is:

Y =6586--1.39X
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in which Y is the number of days after March 31 and X is March
mean temperature. This relation is shown graphieally in figure 14.
The standard error of estimate is 5.66 indicating that in about 2
out of 3 years the actual date at which the range is ready for
grazing will be within about 6 days of the date predicted.
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FIGURE'H.—-Regressian of date of range readiness (Agropyron spicefum
2% inches high) on March mean temperature for the 16-year period
1932-47.

Range forage production is known to fluctuate widely from
yvear to year, and despite safety measures that base rates of stock-
ing on average or even below average forage production, severe
overgrazing can occur in certain subnormal years. The close
correlation between herbage weight and precipitation of the July
to March period preceding the growing season offers a method for
predicting herbage yield on the Upper Snake River Plains and an
opportunity to adjust livestock numbers prior to the opening of
the grazing season. Correlations between precipitation and
herbage production of shrubs were not especially high, but shrubs
can be ignored when predicting spring forage production beeause
they are not grazed to any appreciable extent in the spring.

The regression eguation for estimating combined grass and
forh vield from the preceding July-March precipitation is:

Y =133.40 + 38.23X

in which Y is air-dry herbage yield in pounds per acre and X is
precipitation in inches. This velation is graphically shown in
figure 15. The standard errvor of estimate is 55.2 indicating that
in abont 2 out of 8 years the actual herbage yield per acre will be
within about 50 pounds of the predicted yield.

It is interesting fo explore possibie reasons for the wide
divergence of one point (5.59, 475.8) from the regression line
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{fig. 15). In this year (1953} precipifation of the July—March
period was only 5.59 inches, but inspection of the records shows
that an additional 2.81 inches fell during the last 10 days of June
preceding this period and the first 7 days of April immediately
following. If preecipitation for this additional 17-day period is
included for that year, the total is 7.90 inches, and the plotted
point then falls well inside 1 standard error of the regression line.
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Figure 15.—Regression of grass and for herbage production on July-March
precipitation, 13 vears of the period 1936-54.

Records of phasic development for native range plants have
certain practical values in respect to seed collection for artificial
seeding of depleted ranges. By knowing when seed of the desired
species is ripe &nd how long it remains on the plant before dis-
semination, it is possible to prepare time schedules for collection
of required seed.

Knowledge of plant development and yield in relation to
climatic factors is helpful in interpretation of change in range
condifion. Since management is often based on trend in condition
under a certain degree of use, changes can be wrongly attributed
to grazing unless effects of climate on vegetation are recognized
and properly evaluated.

Results of these studies also indicate a need for a careful study
of ecological methods—especialiy the various quantitative meas-
urements of vegetation and their reiation to each other. Certain
investigators have measured plant response in ferms of area
whereas others have used height or weight, and the three measure-
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ments have been directly compared. Although some of the results
reported herein are based on estimates and may he subject to
sizable errors, they indicate that vegetal area, height, and weight
are not related to environment in exactly the same way and should
not be directly compared.

SUMMARY AND CONCLUSIONS

Studies were made of seasonal development and yield of native
plants and their relation to climatic factors, particudarly precipita-
tion and temperature, on the Upper Snake River Plains of eastern
[daho over a 23-year period, 1932--54. The study arvea is near the
headquarters of the U. 8. Sheep Experiment Station, Dubeis,
Idahe, at an elevation of 5,500 feet. As measured by herbage
nroduction, vegetation is composed roughly of 50 percent shrubs,
and 25 percent each of grasses and forbs. The most abundant
species are Arfemisia tripartita, Agropyron spicatum, and Bal-
saemorhiza segittata.

In conjunction with grazing studies at the Sheep Station,
several ungrazed exclosures were maintained as control areas.
Repeated observations of seasonal development and yield of the
vegetation within these exclosures over a 23-year period have
provided the vegetal data that form the basis of the present in-
vestigation. Seascnal development studies consisted of periodic
observations to determine dates at which various phases (stages)
were reached and to record growth (increases in height or weight)
throughout the season.

Phasic development was generally early in forbs, intermeadiate
in grasses, and late in shrubs; however, development of individual
species within a particular group was variable. Differences be-
tween species were greatest among the shrubs and least among
lhe grasses.

In general, height growth of both grasses and forbs followed
Lthe common sigmoid pattern, being relatively slow at the be-
ginning and end of the season, and rapid during the intermediate
period. Growth rates of grass and forb flower stalks were similar,
but leaves of forbs grew proportionately faster than leaves of
grasses,

Herbage weight of grasses, forbs, and shrubs was highly vari-
able between yeurs, but there was no evidence of progressive
changes during the 19-year period for which weight data were
available. With a few exceptions, high or low weights of one
group were associated with similar yields ot the other two. Weight
was not closely related to either area or height.

Vegetal area exhibited about the same variations as weight.
In some years all groups behaved similarly, but in others areal
variations were quite different. Continual changes in this ap-
parently stable community were indicated by guadrat charts that
provided a record of spatial relations of the plants. Seedling
mottality on the guadrats was very high.

Leaf and flower stalk heights of Agropyron and Balsamorhiza
showed about the same variation as weight and area. In some
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years their height variations were parallel, but in others they
were very divergent.

Flower stalk production was very erratic, numbers ranging
from zerc in some years to nearly 30 per plant in others. As a
grouy, grasses were more consistent flower producers than forbs.

Daily records of precipitation, temperatuare, wind, and cloudiness
were maintained at the weather station on the study area. Average
annual precipitation was approximately 11 inches, rather evenly
distributed throughout the year. Mean temperatures were nor-
mally above 40° F. for a 7-month period, and the frost-free period
averaged 120 days. Average hourly wind movement was 6.6 miles.
Skies were clearest during the summer and cloudiest in winter;
average cloudiness was about 50 percent. Year-to-year variations
were preatest in precipitation and least in mean temperature.
Although the various factors weve not closely correlated, precipi-
tation tended to vary directly with cloudiness, and both precipita-
tion and cloudiness tended to vary inversely with temperature,

Corvelation analysis was used fo relate plant development and
yield to climatic factors. In general, early phasic development of
grasses and forbs was associated with high temperatures, low
precipitation, and clear skies. Conversely, late development was
assoeiated with low temperatures, high precipitation, and cloudy
skies. There was no apparent relation between phasic development
and wind.

As with phasic development of grasses and forbs, early attain-

ment of a particuiar height or weight for Agropyron and Bal-
samorhiza was associated with high temperatures, low precipita-
tion, clear skies, and low wind movement. However, correlations
between growth rate and cloudiness or wind were generally very
weak. :
Precipitation prior to the growing season was fairly well cor-
related with herbage weight of the grass, forb, and shrub groups,
but not with weight of individual species. High herbage weight
tended to be associated with low temperature, particnlarly during
April and May, but correlations were weak. Herbage weight was
positively corrvelated with cloudiness and negatively correlated
with wind, but coefficients weve rather low.

Basal avea of grasses and forbs was poorly corvelated with all
four of the climatic factors. Crown area of shrubs, however, was
positively correlated with spring precipifation and negatively
correlated with spring temperatores.

With the exception of Balzsamorhiza flower stalks, height was
positively correlated with precipitation, especially that of the
Mareh-May period. Correlations of height with mean temperature
of the growing season were negative. Height was not closely
related to cloudiness or wind.

Although most of the correlation coefficients were not large,
flower stalk numbers in both grasses and forbs were positively
corvelated with precipitation and cloudiness, and for the most
part, negatively corvelated with tempervature. Flower stalk produc-
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tion was more strongly correlated with weather of the early part
of the growing season than with weather of the preceding period.

From the results of these studies, the following coneclusions are
%11‘awn with respect to plant growth en the Upper Snake River

ains:

1. Although grasses, forbs, and shrubs differ widely in time
of phasic development, none appears to have a distinetly superior
developmental pattern.

2. Height or weight growth curves of most species have similar
form, but the time at which most rapid growth occurs and the
length of this rapid-growth period vary considerably.

3. Continual changes occur in the vegetation of various miero-
site}fl, even on protected areas where the plant cover is apparently
stable.

4. Since individual species may vary greatly in their response
to the same environmental factors, specific conditions appear to
be favorable for one species but unfavorable for another. In-
creased yield of one species can compensate for decreased yield
of another, and thereby dampen oscillations in total production.

5. Of the observed climatic factors, annual precipitation is the
most and mean temperature the least variable. As might be ex-
pected, precipitation tends to vary directly with cloudiness, and
both precipitation and cloudiness tend to vary inversely with
temperature.

6. Early in the spring, phasic development of plants is con-
trolled chiefly by temperature, but later in the season temperature
becomes less important and development is hastened by a shortage
and retarded by an abundance of moisture.

7. Plant growth is apparently regulated by weather, par-
ticularly temperature, in much the same manner as phasie deveiop-
ment, early growth being caused mainly by high temperatuve.

8. Both phasic development and growth are related to date of
snowmelt, but correlations with mean temperature are stronger.

9. Precipitation is the dominant climatic factor affecting
herbage production.

10. Precipitation prior to the beginning of the growing season
influences herbape weight more than precipitation during the
growing season. The chief effect of precipitation prior to the
growing season, however, i3 probably not its influence on the
vegetation at that time, but merely assurance of soil moisture
during the period of active growth.

11. Precipitation is more closely related to total weight of the
vegetation or weights of the various groups than it is to weight of
individual species. Apparently it is the community, not the in-
dividual, that is in equilibrium with moisture supply.

12. Although temperature has only a slight influence on herbage
weight, higrhest yields are apparently associated with cool growing
sSeasons.

13. The slight beneficial effect of cloudiness on herbage produc-
tion and the adverse effect of wind arve apparently indirect and
are associated with moisture relations.
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14. Variations in basal area of grasses and forbs are not closely
related to any of the climatic factors under consideration. Crown
area of shrubs is related to precipitation and temperature in
somewhat the same manner as herbage weight.

15. Height is directly related to precipitation and inversely re-
lated te mean temperature of the growing seascn.

16. Although individual species apparently have widely varying
requirements for optimum flower stalk produection, large numbers
of flower stalks tend to be associated with high precipitation and
cool cloudy weather, particularly during the early part of the
growing season.

17. Date for opening the range to grazing each year can be
estimated from temperature using the equation: ¥ = 65.86 --1.39X
in which ¥ is the number of days after March 31 and X is March
mean temperature.

18. Yield of grasses and forbs can be estimated from the preced-
ing July-March precipitation by using the equation: ¥ = 133.40
+ 88.23X in which Y is air-dry herbage weight in pounds per
acre and X is precipitation in inches.

19. Arvea, height, and weight are not equivalent measures of
plant response fo particular environmental conditions and should
not be direetly compared.




COMMON AND SCIENTIFIC NAMES OF SPECIES
MENTIONED

GRASSES AND GRASSLIKE PLANTS

Agropyron dasystachynm (Hook.y Scribn.

A, spicafum {(Pursh) Seribn, & Smith .
Calamugrostis monlanensis Seribn__ . .. _.
Festiea idakoensis Blmer__ . __ . _ . __ ...
Koelerie eristele (L.} Pers.___ ... . .
Oryzopsis hymenpides (Roem. & Schult) Rmker _
Poa nevadensis Vasey_ ____ .. ___ ... .. _ ... .
P, gecunda Presi

Stipa columbiune Macoun

S.comate Trin, & Rupr. . .o ..

FORBS
Achillea millefolinm Lo . ____. . oo
Anlennaria dimorpha (Nutt.) Torr. & Grrly. -
A. parvifelia Nutt, _ |
Arnica fulyens Pursh
Astragelus convallaring Greene
A sfenopiigltus Torr. & Gray
Balsamorhiza sagillala 1Pursh) Nutt .. _
Comandra pallida A, DG ... .. .. .
(Crepis aenminale Nutt. . __._.. ...
Erigeron corymbasus Nutt. .. L. _.__ ... .
Eriogonitm cuespifosum Nutb. ... _. . ..
E. herecleoides Nutt, ... __
E. ovalifelinm Nutt_ . __ . .,
Lomativm macdonyali C. & R ___ .. __
L. macrocarpum (H. & a0 & E. . . ..
Lupinus caudatus Kell, .. . ... ...,
L. teucopfiytius Dougl ..
Penstewmon denstus Dougl. .
P. radicosus A. Nels . .
Fhloz hoeodii Richn -
P longifolia Nutt ... . . .-
Senceie infegerrimus Nuth ... ... ..
Viola beckwithii T. & G o oo ..
V. nnltallii Pursh

SHRUBS

Arlemisia frideniade Nutt.

A, fripartifc Rybd . _..

Afriplex nndtullii 5. Wats

Chrysothamnus puberntus 1D C. Eat.y Greenc.
Cuticrrezia sarofftrae (Purshy Britt, & Rushy
Purshia tridenfata (Pursh) DC. | .

Surcobalits vermiculatns {Hook ) Torr. .
Tetradymia canescens var, inermis (Nuth) A. Gray.

. thickspike wheatgrass
. bluebunch wheatgrass

plains reedgrass

. Idaho fescue

. prairie Junegrass
Indian ricegrass
Nevada bluegrass
Sandberg bluegrass
Columbia needlegrass

. needle-and-thread

COMMON yarrow
low pussytoes
littleleaf pussytoes

. arange arnica
. timber poisonvetch

narrowleaf milkvetch
arrowleal balsam-roct

. tommen comandra

tupertip hawksbeard
purple-daisy fleabane

. mat erlogonum

Wyeth erlogonum
vushion ericgonum
MaeDougal lamatium
higseed lomatium
talleup lupine

velvef lupine
scabland penstemon
matroot penstemon
Hoods phlox

longleaf phlox
lambstongue groundsel

. Backwith violet,

Nuttall violet

big sagebrush
threetip sagebrush
Muttall saltbush

. downy rubbitbrush

broom snakeweer!
bitterbrusgh

bluck greasewoo<
spineless gray horsebrush

63
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Juniperus osteosperma (Torr.} Little Utak juniper

J. scopulorum Sarg Rocky Mountain juniper
Pinus flexilis James limber pine

Populur spp cottonwoods; poplars
Psendotsuga menziesii {Mirb.) Franco Douglas-fir

Sl SPP e e oo e .- willows
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