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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

SUTTABILITY OF BRUSH LANDS IN THE INTER-

- "MGUNTAIN REGION FOR THE GROWTH OF

NATURAL OR PLANTED WESTERN
YELLOW PINE FORESTS

i By ¥. 8. Baxwer, formerly Forest Boaminer, Intermouniain Regrion, and Cran-
. ENCE F. KoRBTIAN, formerly Senior Stlvieuliurist, Appalachian Forest Eoperi-
P ment Blation, Forest Service
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:‘. . INTRODUCTION
¥

The considerable areas supporting brush vegetation of various
types that are found throughout the mountalnovs portions of
: northern Utah, eastern Idaho, and western Wyoming, on sites that

would normally be expected to support western yellow pine forests,
resent to the forester.many interesting problems. These areas
orm, in the main, a belt running from the Guif of California to
west-central Montana. The center of this belt is indicated by m
I broken line in Figure 1. Because of the umusual adapta;biﬂty
shown by western yellow pine in its wide latitudinal and altitudinzh
distribution, such a gap in the center of its naturs! range is diffi-
. cult to explain. These areas of brush le im:mediately below the
Douglas fir type, ab altitudes that elsewhere would be the neturalf

i habitat of western yellow pine. -

This situation raises several questions. Has some element of
cltmate or soil eliminated pine growth? TIs the absence of pioe acci-
dental or due to some ascertainable influence? Can such influence,
if it exists, be compensated or removed? The answer to these ques-
P RTUA 1, 1
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Tands to pine forests, and such a transformation wo
highly desirable.

rom 1910 to 1915 an earnest attempt was made, without previous
technical investigation, to effect an improvement in cover by plant-
ing, High mortality of the planted stock followed. The guestion
was thereby raised, whether the entire brush zone was possibly un-

tions might point to the possibility of tra,nsfomnélg these brush.

-obviously be

Ficune 1.—Map af the western United Siates showi:i'%: the distribution of western
ofY

yellow pine and the following rainfall types: {1} glern Rocky Mountaln; (2)
Routh Pl:xtcau: (3) eentral pintean; (4) north plateau; aod (3) south Pacide.
The &t 9pled arend to the west of the heavy brokeh line represent the Pacific slope
form (Finus pondeross Lawe.), and those to the east of it represent the Bocl
Mountain form {F, pondcrose sgropulorum Fopelm, or £, gocopulornm (Epgelm.
Lemmon.) {The authors nre irdebted to G. A. Teursen, E. N, Munns, apd J. A,
Larscu for <uin used in the preparation of this map.}

suitable for western yellow pine, despite the resemblance of these
sites to those typical of the species in other regions. Planting oper-
ations were suspended until a definite answer to this question could
be determined by special investigation. It was hoped that these
investigations—of which the results are reported here—would not
only settle the question of the possibility of western yellow pine
establishment but wonld also result in the discovery of means by

LTI ey




'W’.ESTERN‘ TELLOW PINE ON INTERMOUNTAIN BRUSH LANDS 3

which areas suitable for western vellow pine could be detected and
identified. _

The investigations embraced three related lines of study. It
was pecessary first to determine the characteristics of climate and
soil that occur within the pineless region and o compare these with
the conditions prevailing where western yellow pine is found grow-
ing naturally. The second line of study was an actual test of west-
ern yellow pine transplants planted under different conditions in
the brush-land areas. This test afforded s practical demonstration
of the effects of the different factors upon the survival and thrift
of the pine.

Finally, after it had been found that the establiched shrubby
vegetation, by reducing the moisture supply, had a critical bearing
upon the success of these plantations and that some of the brush-

. land species apparently resembled the pine in their response to the

environmental conditions, additionsl studies of the natural succession
of the native shrubs, their root development, and their leaf character
were made to determine whether these species could be used as
indicators of desirable planting sites for western yellow pine.

NATURAL RANGE AND OCCURRENCE OF WESTERN
YELLOW PINE

Western yellow pine is widely distributed throughout the Rocky
Mountain region of the western United States, extending from
the Canadian border to the Mexican line and from the bluffs %)order—
ing the rivers of western Nebraska to the Pacific coast in morthern
California. (Fig. 1.) Through the center of this region extends
the brush-land belt already Eescrihed. This belt can hardly be
attributed to chance distribution, for it is far too extensive, and
also there are certain differences in the silvical and taxonomic char-
acters of the species on the two sides of the belt, indicating a separa-
tion of long stunding. "The silvical differences mentioned have re:
cently been summarized by Korstian {27)* and will not be repeated
here. The exact taxonomic relationship of the two forms is still in
question, Some authorities consider them distinet species; others
regard the southenstern form as a varjety of the northwestern; still
others hold that they are merely two climatic forms of the same
species. In this bulletin the Pacific coast form will be referred to
a8 Pinus ponderosa and the Rocky Mountain as P, scopulorum,
simply as a concise means of reference. .

In Montana the gap between the two forms is narrow and can not
be located definitely, as outlying sporadic occurrences of both forms
are frequent, but through Idaho, Utah, and western Wyoming the
belt in which western yellow pine is absent is several hundred miles
in width. The pondeross form (fg. 2) extends southward and esst.
ward in Idsho to the north fork of Salmon River and the head of
the south fork of Boise River where the western yellow pine type
ends suddenly. The scopulornm form is found in extensive stands
as far north in Utah as the region around Panguitch and Widtsoe.
(Fig. 3.) Beyond this point a narrow fringe of the type extends

1 Ifslic numbers In puventheses refer to Lilernture Clted, p. 80.
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-along the east rim of Fishlake Plateau and even north to the Wasatch
Plateau near Emery. Extensive bodies are found again in the
Uinta Mountains. These are apparently an extension from the
Colorado region, since the yellow pine is more widespread toward
the east end of the range. K link of scattered botanical occurrences

Joosely connects this body with that in southern Utah, as the species
ig found skirting the southern edge of the Uinta Mountains to the
Provo River drainage, while isolated groups exist in Big Cotton-
wood Canyon (pl. 1, A

) and near the head of Parleys Canyon east
of Salt Lake City.
Thence it extends
southward in o series
of sporadic .occur-
rences on both flanks
of the Wasatch
Rangs and Platean
to the extensive
bodies of southern
Utah., These small
scattered extensions
of western yellow
pine usually occur
either upon sandy
soils or near streams
where soil moisiure
conditions are excep-
tionally good. The
trees are normal in
appearance but are
unable to reproduce
aggressively epough
to develop a type.
In Nevada where
the Rocky Mountain
form reaches its
westernmost  ocour-
rence it is alse re-
stricted to open,
porous slope soils.
Throughout its en-
: tire natural range,
Tiwuun 2.—4 typieal stund, of good quultty.lur theN It,:glwﬂ‘hl: this species occupies
%“D‘{-iitf"filﬁ, ) weytern yellow pine. {8Salmon Nationa the lower mountain
slopes. South and
east of the pineless belt, except in Wyoming, the Dakotas, and north-
ern Colorado, a pifion-juniper type (Pinus edulis, P. monophylla,
Juniperus wiahensis, and J. monosperma) lies immediately below the
western. yellow Fine type. To the north and west the yellow pine is
the lowest conifer type, bordering the open grasslands or sagebrush b
arens, except on the Pacific slope, where it lies above an open wood-
land type of oak and digger pine (P. sabiniana). Above the western
yellow pine lies a belt characterized by Dougles fir {Pseudotsuga
taxifolia)), although in many places fires have caused its temporary or

Y
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“partial replacement by lodgepole pine (Pinus contoria) or aspen
(Populus tremuloides aurea). It also may be mixed with other
species, partienlarly the true firs {Abies).

Fiouvne 3.-—Typienl stand of the Rock{ Mounteln form of western yellow ploe in
aouthern Ttnh

The altitudinal relations of the various types along o belt extend-
ing from the bodies of western yellow pine in Idaho through the
brush lands to the western yellow pine type in southern Utah (line
ABCDEF in fig. 1) is shown in Figure 4. This section passes
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plants in the region from mear Hailey, Idaho, to the Utah-Idaho
tate line and by other brush vegetation from there south to the
vicinity of Salina Canyon and Loa, Utah.

TEMPERATURE, MOISTURE, AND SOIL IN THE WESTERN
YELLOW PINE TYPE AND BRUSH LANDS

The possibility of introducing western yellow pine into the brush
lands of the so-called fpineless belt depends largely upon the prevail-
ing local conditions of climate and soil. Of these, certain ecological
factors can be changed or circumvented by planting, but others are
insuperable. If the climate is fundsmentally unsuited to its growth,
forests of this species can not be established; but biotic factors, fire,
or even minor climatic factors need not be regarded as insuperable
obstacles. A knowledge of the various conditions within the brush
lands and the surrounding pine lands, therefore, becomes of primary
importance.

It is possible, however, to study the climate of the western yellow
pine i?ylpe and the intervening brush lands in only a general way,
for little material is available except United States Weather Bureau
cooperative station records consisting mainly of monthly averages.
A number of stations are located in the western yellow pine type, but
there are very few in the corresponding brush lands. Where g rela-
tion between altitude and the climatic factors ean be determined
with any degree of certainty, it is possible to use the more numerous
valley stations below the western yellow pine and brush-land types
as indicative of conditions occurring at somewhat higher elevations.
The interpretation of the climatic and seil differences in terms of
survival and growth of western yellow pine has been facilitated by
itu‘dies by Bates (5, 6, 7) in Colorado and by Pearson (36, 87, 38) in

rizona,

TEMPERATURE

Although temperature is recognized as a very potent factor in
determining the distribution of species in mountainous regions, it
does not explain the peculiarities ¢f the distribution of western
yellow pine on both sides of the brush-land belt. The mean monthly
temperatures for a number of United States Weather Bureau sta-
tions in the western yellow pine belt, shown by rainfall types in
Figure 5, indicate a very uniform set of conditions, especially in
midsummer. The California type alone diverges notably from the
average, having temperatures somewhat higher than the remainder
of the region.

The weather records of valley stations in or near the pineless belt
indicate a climate that approaches the warmer limit for western
yellow pine as observed at various places within the range of this

species. There must therefore be a broad zome extending from N
e base of the near-by mountains to-intermediate elevations in’

which temperatures alone are not the limiting factor. Ar indica- ~

tion of the width of this zone is afforded in Table 1, which gives

the altitudes and midsummer (July) temperatures of the valley '

stations, together with the indicated altitudes corresponding to a
July mean temperature of 57.6° F, when a2 temperature gradient of
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3.3° F. per 1,600 feet is applied to the base station. July tempera-

tures were chosen as a basis because, as shown in Figure 5, they are
more uniform throughout the western yellow pine zone than are the
annual temperatures. The temperature of 57.6° F. was chosen as
the lowest mean July temperature for western yellow pine, as this
is the July mean for Elizabethtown, N. Mex., the coldest Weather
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TFigosp G.—Mureh of mean monthly temperature for erch rainfall type within the

Bureau cooperative station in the western yellow pine type.

range of western yellow pine

also that Crescent, Oreg., has a July mean of 57.6° F.)

(Note

Tanre 1—Indiceted upper altitudingl Iimits of western yellow pine in the

rineless bell ond adjocent terrvitory, corresponding to the observed Ilpwest

mean July temperature {(57.6° F.) for western yellow pine at Etizabethiown,
¥N. Mex.
JUY  trndleated| Actusl
Eleva- | pormal Trne at indigied
Station tion | temper- ‘ngé‘ ﬁ’&pﬁ upper !t
Bihre
Igaho; Feet °F. Feet Feet
Idaho City 4, 000 6. 5 6, 700 G, 800 | Spruce-Ar.
New Meadows__. 3, 808 625 , 400 5, 50 | Pioe-Dougles fir.
Ashton & 106 64.2 7,100 Lodgepole pine,
Blackfoot Dam - 6, 200 61,9 7, 500 Aspen,
Pocatello. .. . 4,483 L2 8800 f Lydgepole pina,
Orkley o s 4700 70, & 8800 [ eann Alping fir,
Wyonlng:
Afton___.__. 8, 200 61 7, 300 Lodgepols pine.
BEvensten____. 6, BGO 614 B, 000 L.
Centenninl oo .. B, 074 £0.0 BBOG . Do.
Chugwater. . . ceeenna & #4580 7, 700 o,
tah:

Lopan . oo 4, 507 7.8 2, 800 Dovglas Ar.,
[0 7 Ja 11 ORI 4,318 B0 10, 500 Spruce-fir

5,080 66.8 7,800 Donglas Br

5,515 63,2 9,100 ... Da.

5,301 [i; %4 LI PR Do.

g, 264 65.3 8, 600 8, 200 Da.

&, 700 €92 0, 207 4,000 Dao.

4, 700 aL e 9, 008 9,000 Do.
Mantienlio, - 7, 856 0o g, 610 8, 500 Do.
Park Chty e oo 7. 000 1,2 8, 100 7,000 Do,

1 Where western yeliow plne is presant,
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Table 1 indicates that, as a rule, favorable temperatures exist over
an altitndinal belt from 1,000 to 4,000 feet in width in the region
under discussion. It is evident, however, that July temperatures are
not indicative of any certain Sype, for in the pineless region at
elevations having spproximately the same femperature as Eliza-
bethtown, it is the rule to find Douglas fir or other forest types

character:stic of higher altitudes.

It is realized that mean temperature alone may not be particularly
significant. Maximum and mipimurm. temperatures and the diurnal
range in temperature frequently pley an important rdle not revealed
by mean teraperatures. Such extremes are often of local occurrence,
however, and depend largely upon local physiographic conditions,
particularly as they affect air drainage. It is inconceivable that such
extremes should occur generally throughout the various mountains
of the pineless belt and yet disapypear both to the north and the south
in the confinuation of the same mountain ranges.

Moreover, investigations of Bates and Roeser (7) have shown that
western yellow pine is not greatly affected by high air temperatures
or by the heat at the surface of the soil caused by direct insolation,
and ‘that it is, indeed, much more resistant to injury in this respect
than any of its associates. The seed is Jarger and the young geed-
Ying is sturdier and appears to have thicker tissues more able to
withstand heat than the conifers characteristic of the higher alti-
tudes. Pearson (36), working in Arizona, came to the conclusion
that western yellow pine is not limited at lower altitudes by high
temperature but by moisture deficiency, since the species is success-
fully cultivated at points far below its natural range.

Western yellow pine is, however, markedly sensitive to tempera-
ture deficiencies and its upper altitudinal limit, occurring relatively
low in the mountains, is undoubtedly determined in a measure by
temperature deficiency. How this factor operates has not been de-
termined thus far. Western yellow pine is notably resistant to
sudden extremes. (rowth is apparently not limited by occasional
extremely low temperatures or gy early or late frosts, but more
likely by a deficiency of temperature during the entire growing
season. Bates {5) has pointed out that western yellow pine ordi-
narily transpires fairly large quantities of water and suggests that
in order to maintain a suitable temperature of the leaves if needs
a hot situation to counteract the cooling caused by rapid evaporation
from the leaf surfaces.

Mean temperatures in the zone immediately below the Douglas
fir in the pineless belt differ only slightly from those of correspond-
ing altitudinal zones in which the pine occurs. High temperatures,
the heating effect of direct insolation, and unseasonable low tem-
peratures and frost can not account for the absence of western
yellow pine in the brush lands, since this species is notably insensi-
tive to these conditions, which moreover are dependent mainly upon
minor physiographic features and are rarely effective over large
configuous areas, It is evident, therefore, that temperature itself
has nto direct influence in defermining the general sbsence of west-
ern yellow pine from the brush lands of the intermountain region
and that other factors, such as those wkich influence the water rela-
tions of the plant, must be more important.

L

ey
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MOISTURE
EVAPQRATION

In the semiarid intermountain region, where the moisture rela-
tions of the plant are very important, the rate of water loss from
the leaves threugh transpiration is vital. This loss from evaporation
can not, however, be studied in detail, as data are meager and have
been collected only in & few widely scattered localities. Table 2
Presents such records as are availabie.

TanLe 2.—Mean daily evaporetion from Livingston pomua—ougnm!mmeters at
several stationg within the range of western yellow pine Qnd at the ocks
station in centrel Uiah

Station Apri) | May | June | July |August| Sep- | Qcte- Novem.
Tdaho:
Priest River, southwesterz as- | Ce. | Qe | ¢e. | €. | O Ce | O | Qe
poct, 10171 3L0 i7.2 -
Near Viola 1 Z23| 54Tz ms
Washington: Wear Colfax 1 7.0 7.0 10.6 7.0 - -
California; .
Quincy, 1616 84—
Bouthern aspect 0.5] 8.2 -
Northern aspect. ..., - X 2.2 217
Average . 34,41 20.4
Seven Oaks, 18164 ... ____. 30.9 ar.o 1.2 48.9 i1 0.8 3.3 421
Arizona: Flagstafl, 1916 - 2.4 19,1 8.6 -
Utah * (central):
QeXs statlon, 1915 - 730.0 354 | 407 199
Oaks station, W16 .. ______] - . 148, 5 §L2 30.9| VAR |ommmo | .
Averuge . 43,8 38.3 46.3 For A T R I

i Data supplied (rom Priest River Experimenta) Forest by 7, A, Larsen,
1 Data obtained by J. E. Weaver (55).

* Data from Feather River branch of the California Forest Experiment Station by E. N, Munns.

la;l d]z)s)amcr:]:_l:‘uplied by E. N, Munns from a former fleld station of the Forest Serviea near Seven Osks {Red-
» 1

¥ Data su;iplied by Q. A. Pearson from Fort Valley branch of the Southwestern Forest and Rauge
Experiment Station.

8 At Oreat Basio branch of Intermounntain Forest and Ranys Experiment Station.
T Meun of Jast 10 days.
! Mean of last 20 days,
¥ Mean of first 6 days,

Evaporation is high at the oaks station in Utah but not so high
as at Seven Oaks, near Redlands, at the lower edge of the California
western yellow pine belt, and searcely more than the average af
Quincy in the same State. In Arizona, farther south, the evapora-
tion is much more moderate. When these fizures are compared with
precipitation for the same months at the same stations, it becomes
apparent that rainfall has played a large part in determining the
degree of evaporation. The California western yellow pine belt
has very dry summers, whereas July and August in Arizona are
normally ramy. Conditions in Utah are intermediate. The per-
sistence of rainy weather has apparently affected the total monthl
evaporation so much that the influence of other factors is ohscuret{
Also Table 2 does not: indicate the intensity of evaporation when it in-
creases tosignificant proportions during hot dry periodsin each region.

The figures obtained by Weaver in Idaho and Washington appear
considerably lower than the records of precipitation in that region
would lead one to expect. Weaver (153), in commenting upon these
figures, contends that it is the relatively low evaporafion rate,
which persists even during clear hot periods marked by scant pre-
cipitation, together with the high water-holding capacity of the son,




10 TECHNICAL BULLETIN 256; U. S. DEPT. OF AGEICULTURE

which makes it possible for western yellow pine to grow In eastern
Washington an&) adjacent Edaho.

Although the sensitiveness of western yellow pine to evaporation
is litile known, and the effect of evaporation as such can not be
evaluated in a wholly satisfactory manner, yet evaporation must be
regarded as an ever-yﬂ"esent factor which may sometimes be very
effective. All through the following discussion of precipitation,
evaporation is considered by implication, since periods of heavy pre-
cipitation are usually marked by low evaporation and evaporation
and transpiration are highest during periods of drought.

MEAN ANNUAL PRECIPITATION

Table 3 shows the low total of precipitation which is sufficient for
western yellow pine. All through Colorade, for example, this species
exists where the annual precipitation isas low as 16inches. Precipita~
fion is obviously not the controlling faetor in the present problem,
since the annual total is fully as heavy on the lower mountain slepes
in the pineless belt as in many parfs o the western yellow pine region.
In the valleys of the pineless region are many stations with annual
precipitation as heavy as that which occurs at western yellow pine
stations in Montana and Colorads. Above these valley stations, in
the wide belt of favorable temperatures already mentioned, the pre-
cipitation is even greater than in the valleys. Alter (I} figures the
average annual rainfall gradient on windward slopes in this region
as about 4 inches for each 1,000 feet of rise. Since favorable temper-
atures usually extend at least 2,000 feet above the valley stations 1t is
evident that a considerable increase in rainfall is assured in the zone
which appears to be potentially suited to western vellow pine. About
90 to 24 inches of precipitation a year, an amount comparable with
that in the western yellow pine region except on the west slope of the
Sierras in California, should be expected.

" MaprE 8.—Mean annual precipitation af United States Weather Bureau stations
within the western yelloo pine type’

Maux;l Me:lgI Meggl
anny oo AR
Locatfon precipi- Tocation precipi- Location precipi-
tation tation tation
Washington: Incher || Utgh: Faches || Colorado: Inches
QGoldendale 4102 Alton e | E.5% Qecrgetown. .oee—- 14.97
Cle Ejum. . 24.47 ch .43 Checseman. .oovmmmmj 18,58
Spokane. .. 18.85 a4 1% Durmngo. oo oemee—- 18.67
Cobville_ oo e 17.62 Tdshe Spriogs....--- 16.39
: Idgho:? Wes O memmermea| 15,18
AVersge. .oo-—.--| 19.28 Bonlder Mlne._. 31.4¢
Gerdan Yalley_ 26. 87 ANETOEO. nem—| 15.08
Oregon: QOrimes Pass. .- o755
Cresoott oo cmmm e 20, 14 Igabo City ... 2L 17 | New Mexion:
McCali 2086 Clonderoft. .o --.- 23,46
4107 Now Meadows..._| 23.00 Callipas_ _._. | =525
19, 48 Coeur &' Alepe...| 2.9 Mineml HU.__.__..| 2272
18.05 Average. ... 25,81 Elizabsthtown. ... 1873
18.80 l-nontana: Roclada 2.45
2. 51 Missouls. 1573
Eallspell.. 16,04
Ekslaks . __ 3.2
26. 83 Bt, Ignatius. 16. 23
00,54 AVETAEs. o cmmemeen 15. 53
37.43 || Wyoming:
535 Centenninl o .onuno.| 18,49
.08 Chugwater... 15.43 Aversge. 7.0
AVOagE. ..neemnnn]  45.5% ATETaga o—ww-aa)  IEPOY TTTEYETTTTITTTTT

1 Frem Climatologlenl Dats, 1019, U, B, Dept. Agr., Westher Byr., sxcept as specified.
# Idaho records wers v complled.
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In the pineless region there is unfortunately only one station,
Park City, located directly in the brush-land belt. Rainfall records
at this station and at representative valley stations below the brush
belt In this region are shown in Table 4. Omitiing Park City, the
average gnnual rainfall is 16.25 inches. Here is further evidence that
deficiency in total precipitation is not the factor which limits the
distribution of western yellow pine in the intermountain region.

Tarce 4~-Afean aunual precipitation af slations in pineless region of Utah?

] oal Ei ]
: Eleva- | ann f jeva- | appuo
Biation on | precipita- Station on | precipits-
ton tion

Fed Inches Feet Inches
Governiment, Creel____ h,27T 13. 60 | Moroni - £, DD i1t
Spanish Fork ... 4,711 1740 ) Ogden_ o .. 4,310 15 G2
Laketown.. . . £, 200 15 1% {) Balt Eake City oo oo . 4,408 16,03
Logarr o .. - 4,607 16.40 4 Park Qity . ... T, 000 22057
Morgari - 50% o0 23

1

1 From Climatolpgical Data, Tish, 1919, T. 5. Dept. Agr., Weather Bur., axcept a5 specified,
* Bpecdally cotopiled. .

BEASONAL DISTRIBUTION OF PRECIPITATION

The great variation in annual precipitation found in the western
yellow pine type in different States (the range is from 15.53 inches in
Montana, where the heaviest rainfall occurs in the summer, to 45.54
inches in California, where the summers are dry) suggests that
differences in forest growth may be csused rather by the seasonal
distribution of precipitation throughout the year than by total
rainfall.

The irregularity in the distribution of precipitation throughout
the year in the western part of the United States has been noted by
many meteorclogists. Ward (50) has divided the United States into
a number of rainfall provinces, each having a typical form of rain-
fall distribution. This classification has proved very useful in
the present study, although it has been necessary to modify Ward’s
rainfall provinces to show clearly the characteristics of the transi-
tion type in the ceniral pineless belf.

The outstanding characteristics of the rainfall provinces are
shown in Figure 6, which represents average conditions at stations
within the western yellow pine type or its brush-land equivalent. In
the north plateau province precipitation is fairly heavy in winter.
It decreases slowly through April but in May rises above 2 inches
at points within the western yellow pine belf. From May it drops
slowly to a minimum in August, after which it rises again. From
May on, it conforms to the Pacific coast type of rainfall, except
that the differences between summer and winter are much less
marked. In May alone do the characteristics of the eastern Rocky
Mountain rainfall type prevail, good rains in- that month being
typical throu%hout the country east of the platean region.

Ii‘he south plateau type of rainfall, on the other hand, is somewhat
similar to the south Pacific type until July. Rainfall decreases
through the spring months to & minimum in May and June, which
season is known throughout the Southwest as the arid foresummer.
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In July a sharp rise in precipitation oecurs. This is maintained
g Anpust, and the curves conform closely to that of the eastern
Rocky Mountain region during these months and until November..
In the central plateau region rainfall in May, the first month of
the growing season, is intermediate between that in the north plateau
western yellow pine region and that to the south. In June this
region becomes practically as dry as the south plateau region, but
in July, instead of the sharp increase characteristic of the south, only
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FicUuie G.—March of menn monthly precipitatlon for each rainfall type within the
ronge of wostern yellow pine, (Cempiled from TJ. §. Weather Burean records)

g slight rise is shown in the curve. In August, the last effective
month of the prowing season, conditions are but little better. The
region has neither the favorable rainfall characteristic of May in the
north nor the favorable conditions common in July and August in
the south.

Not only does the total rainfall for May for the central plateau
region show a notable decrease over that for the north lateaun, but
also its distribution within the month changes, A stu(fy of condi-




- tions at a number of Weather Bureau stations for which mean daily -
. precipitation records are available shows that well within the north-
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western yellow pine zone, at Spokane, Wash., the crest of the spring
maximum occurs on June 16, after which the rainfall drops gradu-
ally to the summer minimum on August 10. Farther south, at Baker
City, Oreg., the crest of the spring rainfall culminates on May 27;
at Boise, Tdaho, stili nearer the brush lands, it eulminates on June 3;
at Pocatello, Ydaho, well within the brush-land region, on May 24;
and at Salt Lake City, Utah, on May 2. Furthermore, the driest
part of the summer in a 'similar manner occurs pro%'ressively earlier—.
at Spoltane on August 10, at Baker City on July 22, at Boise on
Juby 10, and ab both Pocatello and Salt Fake City on June 25. The
early May precipitation in the western yellow pine zone often falls
as snow, and the accompanying cold weather is not conducive to
rapid or complete germination of western yellow pine. Furthermore
the long, hot, cloudless days of June follow closely this period o

cold precipitation. Both conditions serve notably to intensify the
wnfavorable sitnation brought about by the natural deficiency in the
May precipitation throughout the central-plateau region. :

The nature of this transition through the central platean region
will be clearly evident from a comparative study of Figure 7, which
shows rainfall distribution during the four months of the growing
season in the central plateau region, and Figure 1, which gives the
Tange of western yel][)ow pine in the intermountain region. May
rainfall in excess of 2 inches is found in the western yellow pine type
in the platean region of southwestern Idaho, To the east and south
there 1s a very rapid decrease in the precipitation durirg that month.
June is dry throughout the entire region; the heaviest rainfall
occurs in central Idaho and northern Wyoming on the edge of the
Montana region, where there is normally ample precipitation
throughout the month, In July the situation is reversed. The
heaviest rainfall (about 8 inches) occurs in the extreme southern
part of the region in the mixed yellow pine and Douglas fir forest
on the higher parts of the Kaibab Plateau in northern Arizona. A
belt of suitable July rainfall extends northward through the higher
mountains of central Utah into the ranges of western Wyomning, but
at altitudes too high for the pine. In Augnst, similar conditions
obtain, with the heaviest precipitation again occurring in the south-
ern part of the region. The central Idaho plateau is marked by
extremely low precipitation.

The significance of the seasonal distribution of rainfall as it re-
lates to the occurrence of the western yellow pine type is brought
out even more forcibly ih Figure 8, which sEows the altitudinal
relationships of the forest types and precipitation along the section
iliustrated in Figure 4.

The western vellow gine type stops abruptly in Idaho where the
May rainfall suddenly drops below 2 inches in the proper altitudinal
belt below the Douglas fir zone. This coincides with the leeward
slopes of the Sawtooth Range and other near-by uplifts. Similarly,
in southern Utah the type fails to extend northward beyond the point
where the roinfall for July and August falls below a critical amount
{about 1.5 inches) in the altitudinal zone suited to its temperature
requirements. Only in the region of northwestern Wyoming and
adjacent Idaho (in the vicinity of point C, fig. 1) is western yellow
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ine absent from a region in which the precipitaticn is apparently
favorable. Here many conditions in the upper sngebrush type are
virtually similar to those in the pine type farther west. In June the
conditions are very similar; also no significant differences are appar-
ent in July or August. Other factors must therefore be sought to
explain the absence of western yellow pine in this locality,
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The fact that the rainfall during the months of May, June, July,
and August in the California western yellow pine zone is lower than
in these brush lands ean not be cited in refutation of the facts brought
out here. The spring temperatures in the western yellow pine type
-on the west slope of the Sierras in California, as shown in Figure 5,
are netably higher than elsewhere, and accordingly the heavy April
rainfall must play un important part in the reproduction of western
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..; ", yellow pine in that re%'icm. Thus the short critical period between

%= ‘germination and establishment of deep-feeding rootlets is evidently
passed under favorable conditions.

SOIL MOISTURE

The influence of rainfall is undoubtedly exerted ehieﬁf throngh
the moisture available in the upper soil layers at the time of germina-
tion and early growth of the seedlings. The extent to which such
variations in rainfall as are here involved actually influence soil mois-
ture has never been fully investigated. A comparison between a sta-
tion in the typical western yellow pine type o Arizona and another
in the oak brush of central Utah reveals significant Gifferences in
available moisture within the upper foot of soil, attributable to dif-
ferences in rainfall distribution during the summer months. Figure
9 shows the trend of soil moisture at these two stations.?

Like precipitation, average soil moisture can be determined only
after many years' records have been obtained. The curves in Figure
@ may therefore be open to criticism. These, however, may be sup-

. ——w  Arizona |99  ~=-~a Ephraim Canyonldi7
;: ——o Arizonaig20 ----— Ephraim Carnyoni3ig
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Figoue 9.—March of soil moisture in northern Arlzons and central Ttab

plemented, to a certain extent at least, by a study of the rainfall
records. At the Fort Valley branch of the Southwestern Forest and
Range Experiment Station the rainfall for May, June, July, and
Augnst, 1919, was 77 per cent in excess of the normal for these four
months, and for the same period in 1920 it was 39 per cent below
the normal. The excess for one year and the deficiency for the next
were fairly well distributed f&roughout the entire period. In h
Ephraim Canyon at Manti, a valle station approximately 6 miles
distant from the point where the Utah soil-moisture studies were ‘
made, the rainfall was approximately 60 per cent above normal in
1917, the year being marked by exceptionally heavy May rainfall.
Tn 1918 it was 12 per cent above normal, most of the excess coming
in July, which had approximately three times the usual fall. Both

1Phe Arizona curves of Flgure 9 represent the march of avallable soll moeleture ot a
depth of 6 inches under western veflow plue cover né the Fort Vailey btanch of the 1
Southwestern Foreat and Bange Experiment Biation (7, figa. 4 ond 6), the curve for 1919
being taken from Figure 4 and the curve for 1920 from Figure € (bns&ﬂ on the curve
derived from soll pamples token on the west eide of the treen). 'The Utal curves are based
an the pverrge of twa sets of determibations, cne ot a dgrgth of O to 6 inches, and the
other &t € to 12 inches, both under onk-brugh cover near the Great Basin brantch of the
;rt‘l)temounmn Forest and Range Expertment Station in Epbraim Canyon, Maetl Natlonal



http:raiirlall.as
http:DEP't.OF

‘WESTERN YELLOW PINE ON INTERMOUNTAIN BEUSH LANDS 17

Ttah curves are therefore high, whereas one Arizons carve is high
and the other low. The higher Utah curve and the higher Arizona
curve are comparable.

‘These facts, considered in connection with the curves in Figure 6,
show that although the brush lands have the greater amount of avail-
able soil molsture in the spring the summer rains gre msufficient to
compensate for the depletion due to evapuration and the demsands
of vegetation during the periods between storms, In Arizona, on
the otieer hand, the raing are of sufficient intensity to bring about a
notable increase of soil moisture, which holds throughout the
remainder of the growing season. Western yellow pine seedlings
resulting from germination in the early spring are notably short-lived
in Arizona (37), and obviously their ciances of survival are still
less under the oak brush of central Utah. The chances of germina-
tion and growth during July and August, the main germination
})ﬂ'iod in Arizona, are also decidedly mimimized in Utah by the much

ower soil moisture. While ne simlay comparisons of soil moisture
are possible between brush sites and western yellow pine lands in
Idgho, similar relationships doubtless exist. The accumulation of
80il moisture in the winter seems to E}Iay little or mo part, becpnse
the ecritical zone is in the upper soil layers, which dry out rapidly
sfter the snow melts in the spring.

EFFECTS OF SURFACE AND 501l MOISTURE ON SEEDLING ESTABLISHMENT

Ex%eri.ments by Bates (§) have indicated that western yellow pine,
thongh commonly considered as very drought resistant, uses a large
armount of water under average conditions. However, Pearson’s
experiments (38), while confirmimg the water-using estimates, seem
to prove that western yellow pine 1s very well adapted to the reduc-
tion of transpiration in time of drought. This faculty, added to
the seedling’s rapid development of taproot that reaches relatively
great depths in a short time, seemns fo assure successful drought
Tesistance once the seedling is well established. There is, nevertheless,
a short but very eritical period immediately following germination
‘when abundant moisture in the upper soil layers is absoﬁ:tely indis-
pensable. It is thus evident that distribution of rainfall and such
soil characteristics as relate {o the corresponding inoisture supply
may be very important in defining the range and occurrence of
western yellow pine,

The facts thus far considered strongly suggest that the distribution
of western yellow pine in the intermountain region is determined
chiefly by seasonsl precipitation. This assumption is substantiated
by conditions in western Idaho, where western yellow pine finds
favorable temperatures, sud rainfall in May is approximstely 2
inches, or ahout the minimum required for the germination and early
development of western yellow pine. The root systems of the newly
germinated plants develop downward with great rapidity and become
established before the advent of the dry period, which reaches its
maximum intensity during the latter part of July and August. Baut
on the leeward ({cast) side of the Sawtooth Range and adiacent
uplifts, May precipitation in the zone having temperatures suited to
western yellow pine suddenly drops to less than 2 inches. Under

57154°—31—2
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these conditions western yellow pine is unable to germinate and
develop & root system capable of supplying sufficient water for its
existence.

The sbsence of western yellow pine in eastern Idaho and adjacent
parts of Wyoming, where rainfall again becomes sufficient for its
development in the zone immediately below the Douglas fir (figs.
7 and 8) must be explained by factors other than May precipitation
alone. Here the extreme dryhess in June characteristic of the great
belt extending southward from the upper Snake River plains through
Tdaho and northern Utah is very trying, and, as already noted, where
germination and early development o seedlings in early May have
Been hindered by the cold, these long, hot, dry days of June prove too
severe for roots not sufficiently developed to reach the deeper soil
moisture. This is invariably the history of wester yellow pine
seedlings which spring up i.n%/[ay from seed artificially sown in this
region.

In the south plateau region May is normally dry and June exceed-
ingly dry. Here very little spring germination of western yellow
pine occurs, and none of the seedlings which occasionally starf sur-
vive this dry period. In July, however, heavy rains begin and nor-
mally continue through August. Rapid germination follows during
the warm weather, and roots are quickly developed and penetrate
deeply, making it possible for the seedlings to maintain themselves.
Farther north, more precipitation occurs in July and August than
in June, but soil moisture here, as shown in Figure 9, remains notably
snferior to that in the Southwest, The rains are less frequent and
lighter, and the seedlings which spring up are unable to %levelop a
taproot before the advent of a dry period which they are unable to
withstand. 'The heaviest summer rains in the brush-land zone usually
occur in August, whereas in Arizona July Is somewhat wetter than
August. Germination in the brush lands, therefore, occurs later
and plants from artificially sown seed, although they are occasion-
ally successful in surviving the dry periods between storms in August,
are so youn%' and tender that they invariably succumb to the frosts
which nsually occur during the first week in September. The distri-
bution of rainfall throngh the summer, as well as the foresummer,
thus plays a leading role in determining the range of western yellow
pine.

SOIL

Although rainfall distribution fixes the general limits of the west-
ern yellow pine lands, any closely deﬁneﬁ boundary between these
lands and the brush lands must be determined mainly through the
study of soil eonditions, since the critical factor, available soil mois-
ture, may be greatly modified locally by soil character. Moreover,
soil texture and structure may sccount not only for water-holding
capacity and available soil moisture but also for the degree of aera~
tion and penetrability both by soil moisture and by plant roots.
‘With the object of determining the effect of soil conditions on the

roblem at hand, a number of samples of soil, both in the pineless

olt and in the western yellow pine type, were submitted to the
laboratory tests summarized in Table 5.




Tasvre 5.—Water-holding capacity
of soils within the

wilting coefficient, lime redction,
pineless belt and the western ye

soluble humus content, hydrogen-ion concentration, origin, and classificalion.
llow pine type in Ulah, Arizona, Colorado, and Idaho

ple
No.

Locatfon

Plant association

Soll-forming materinl

Boil texture

Topsoil

Subsoil

Water-

holding

eapac-
ity

Wilt-
ing
coefli-
clent

Lime reac-
tion with
hydrochloric
acld

80
81
61,64

65, 68
L,72

Cache Natfonal Forest,
Idsho:

Mink Creek

Sagebrush.

Purshia-symphori-
CArpos,

Ceanothus-amelan-
chier.

Aspen -

Schist,
phyry,
qu?rtzite.

diorite, pot-
Yinestone,

Wasatch National For- {
est, Utah:

Beaver Creek, west-
ern aspect,

Big Cottenwood
Canyon, southern
aspect.

Big Cottonwood
Canyon, western
a.ls\g)ect.

Uinta Natiorial Forest,
Ttah:
8alt Creek.

anaaUO

Osk brush

Sage-ceanothus-oak-
aspen.

Ceanothus-oak.

Quurtzite, sandstyne. |

Limestone, granodio-
rite, quartz diorite.

do....

Q 3.

Sandstone.

ush
Oak brush

do.

M‘z}nti National Forest,
ah:
Ephralm Canyon. __

Manzanita-squaw-
apiple,
Sage flat

Oak brush

QGeologicsl clay, sand-
stone.
Limestone, sandstone_|

QGeological clay

{ Determined by the Grandeau method of extraction with ainmonia. .
1 Determined by E. F. Snyder, laboratory of soil-fertility investigations, Bureau of Chemistry and Soils, except az otherwise noted.

Dark-brown silt loam.

Brown silty very fine
sandy loam.

QGray silty very fine
sandy losm,

Gray siit lonm

Gray silty very fine
sandy loam.

Rocky silty fine sandy
oam.
Rocky fine sandy

oA,

Light-brawn _giavelly

fine sandy loam,

Very fine saudy loam

Brown fine ~ sandy
loam.

QGray silty clay loam....

Brown silty clay loam .

Brown clay loam

Gray silt loam

Compact clay

Yellow stiff, waxy,
calcareous clay.
Yellow somewhat

stony clay.

2

Per cent
52.8

58.7
67.2

4.5
55.4

490.4
62.6
624

Per cenl
1.8
13.2
13.6
10.4

9.6
124
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Tantin B.—~Water-holding capacily, wilting coefiicient, lime reaction, soluble humus content, hydrogen-ion concentration, origin, and
classification of soils 1within the pinecless belt and the western yellow pine type in Utah, Arizond, Oolorado, and Idaho—Continued

Bain-

_ﬁla
0.

Location

Plant assoclation

Manti National Forest,
Utah—Continued.
. Lower Joes Valley...

The pines station_

‘Western yellow pine..

do

Soil-forming material

Soil texture

Subsoil

‘Water-
holding
capac-
ity

Wilt-
in

coefll-
clent

Lime réac-
tion with
hydrochloric
acid

Sol-
uble
humus

| Heon

concen-
tratipn
[(2:4]

Limestone, sandstone.

Finhlnke National For-
est, Utah:
Mud Spring Hollow.
Fillmore National For-
est, Utah:
Beaver Canyon
Powtel‘l‘ ‘National Forest,
Lost Creek

Escalante Creek.__..

weedo_

Oak brush.

Western yellow pine_..

Oak brush:

‘Western yellow pina..
~do..

Bweetwater Canyon

Se{]lerhNatlonal Forest,
Red Canyon

“Daves Hollow.

Rhyolite. porphyry,
rhyolite, quartz-por-
phyry.

Andesito and guartz-
diorite porphyrles,
micaceous sand-
stone.

Limestone

Calcite, sandstone
conglomerate,
qum'tz, trachite por-

Lljx)nestone. sandstone
conglomerate.

Limestons, sandstone_

Lilmestone.

Caleareous alluvinm
of bowlders, gravel
very fine sand, an

Gravelly  very fine
sandy loam.

Brown loosely coher-

Omyish-} ellow fine
ent fine sand. and.

Black siity very fine

sandy loam.

Brown sfity and gray-
elly very fine sandy
loam.

Brownish-gray very

fine sandy loani,

Dark-gra gravelly

hmmﬂsl K;mly sandy).
Gravelly to stony very

sandy loam.

Per cent
47.3

Brown silty verf' fine
sandylonm (slightly
gravelly).

Reddish-brown grav-

elly very fine sandy
loam. )
Brown gravelly very

Gray  gravelly ve
fine saady loam, e

fine sandy loam.

Per cent

| Moderate...

Very strong..

Btrong.....-

Moderate...

N
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Dixie National Forest,
Utah:
Pine Valley

Kaibab Natfonal For-
riz.:

Jacob’s Lake

Coconlno National For~
est, Ar
South of Flagatafl.

Limestone conglomer-
ate.

P | [ IO

Nmestone_| Vi

Fort Valley.

Northeast of Flag-
stafl.

San Isabel Nutlonul For-
est, C: lo.
Cmok

QGranito.,

Pike Nstional Forest,
olo.;
Deadmans Gulch.

Pn)ette National For-
daho:
énrpentior and Poor-|
man Creeks,
Big llea Creek

Rig Pine Oreek,
southern as l;)ec
Weiser National Forest,
Idsho:
Filley Creek

Cranite..

Nevada Natlonal For-
(3
Snake Creek.

Qranite

Brown slightly grav-
oty very fine sandy
loam,

Rlack grnvollfr to stony
fine sandy loa

r?' firie sandy loam

( ightly siity) giv-
loamy toxiure.

Dnr brown siky clay

Durk ‘reddish-brown

rather friable clay,
Mixture of cinders,
fine sand, graval,
and silt,

Brown gravelly loam...

Reddish-brown loamy

Brown compact fine<
grained olay,
Red sticky clay.a.o...

Dark-brown - friable
clay,

Light-brown gravelly
clay loam.

very fine sand.

Qray gravelly loam...
Brown gravelly loam..
Gray gravelly loam,,

Dark-brown gravelly

silt loam.

Lniht -btown gravelly
1t loam,

o
o

¢ Determined by Koratlag, tsing u\e colorometric method developed by When'y.
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COMPARISGN OF WESTEEN YELLOW PINE AND BRUSH-LAND 80ILS

Light as well as heavy textured soils are found both in the western
yellow pine region and in the brush-land belt Nevertheless, those
of heavy texture seem to be more common in the pineless area. These
vary from silt loam to heavy compact waxy clay, and only occasion-
ally does & loam or a sandy Joam occur. A high lime content is
prevalent, The open-textured and porous soils that are present in
the pineless belt are found more commonly in the northern part of it.

N% consistent differences in soil texture are reflected in the mois-

ture-holding constants of the soils from the western yellow pine
lands and brush lands, although there is a marked tendency for the
wilting coefficient and water-holding capacity to be lower in the pine-
laud soils than in those from the typical brush lands. Low wilfing
coefficients a::? water-holding capacities are correlated with light
porous soils. Some of the heaviest soils supgorting pine stands %as
judged by the water-holding capacity) lie far within the western
yellow pine zones where rainfall is very favorable, as in the case of
sample No. 42, from the Weiser National Forest (Table 5) which has
the highest water-holding capacity of all soils collected. Sample No.
40, the next highest of the heavy soils, comes from the pine region of
Arizona, and other samples showing values nearly as high come from
near the limits of the western yellow pine (samples Nos. 18, 19, and
99). Tt is notable, however, that one of the lightest soils {sample
No. 37) comes from an outlymmg bedy of pine, well-within the general
brush-land region. That these points are more than mere coincidences
is clear when the resction of western yellow pine fo soil texture is
noted. .
The soluble humus present in the soil, as determined by the
Grandeau method (20) of extraction with ammonia, shows no con-
sistent difference between the western yellow pine lands and the brush
lands. It is likewise impossible to point to the hydrogen-ion concen-
tration (pH) as a vitally important factor in limiting the occurrence
of western yellow pine. The pH exponent indicates that in 2ll cases
under study in southern Utah, northern Arizona, and Colorado,
western yellow pine was found growing on either neutral or alkaline
soil. For Deadman’s Gnleh soil on the Pike National Forest in
Colorado a pH value as high as 9.1 was recorded.

Natural reproduction was less abundant and less vigorous, how-
ever, on the more alkaline soils. This condition was noted particu-
larly on the arenaceous limestone area south of Flagstaff, Ariz., in
the Coconino Natiocnal Forest, Lower Joe’s Valley in the Manti
National Forest, Sweetwater Canyon in the Sevier National Forest,
Qak Creek in the San Isabel National Forest, and Deadman’s Gulch
in the Pike National Forest.

BENSITIVENESS OF. WESTEEN YELLOW FPINE TO SOIL CONDITIGNS

In view of the close relationship already shown fo exist between
the range of western yellow pine and rainfall distribution, it is not
surprising to find this species readily affected by the factors which
influence soil moisture. The way in which it extends down stream
courses into climatic zones elsewhere too dry is & universal expression
of the need of ample soil moisture. Watson (57} has noted this par-



http:sample.No

WESTERN YRELLOW PINE ON INTERMOUNTAIN BRUSH LANDS 23

ticularly in Arizons and New Mexico and finds that soil moisture is
the primary factor involved. At the same time western yellow pine
reproduces and develops best on light soils, even where water sup-
plies are ample, and there is accordingly considerable evidence that
soil factors other than those strictly affecting moisture content exer-
cise a considerable influence upon the species. For example, in an’
experiment {2) carried out at the Great Basin Experiment Station,?
survival of seedlings was much the best on light porous soils, even
though all were watered so thoroughly and freiuently that the wilt-
ing point was never agproached and the water-holding properties of
thad isioil presumably had no influence ou the development of the
g2ee ng.

Pearson {37} also notes that pine reproduction in Arizona and New
Mexico is uniformly better on the coarser sandy and gravelly or stony
soils thun on finer soils. Since the finer soil materials are deposited

Fisrue 10.—Western yellow pine of good develonment on open, potous, gravelly
slupe rolls, glving way to _,érass il sigebrosh op heavier, Aner-textured, more com-
pact seilg of the Hats, (Sevler Plateau, SBevier Netioonl Foreat, Utalﬁ

in the valleys and flats, reproduction is usually peorer in such situa.

ticons than on slopes. The writers have repeatedly noted thaf small

ravines and depressions that usually have a silty soil support little if

any western yellow pine, though the sandy or gravelly slopes o few

yards away bear well-stocked stands. (Fig. 10.} On rocky, stony
e

goils reproduction is often excellent; the deepest and most fertile
soils, which ultimately produce the best stands, may be unfavorable
to the establishment of seedlings. A detailed study carried out on a
sample plot showed a progressive increase in the number of seedlings
to the aere with increased proportions of gravel and stone in the cle

soil. This is in a region where conditions are favorable to. the germa-

ENgw a fleld statlon of the Infermountein Forest apd Runge Experlment Station.
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" pation and growth of western yellow pine seedlings. Mzny other
investigators have noted the same tendencies.

In Washington and adjacent Idaho, Larsen (31), Piper (40), and

Weaver (53) found that western yellow pine exhibited a marked
_preference for soils of granitic ori;(giin, and that wherever such soil
is found, even if completely isolated, western yellow pine is almost
sure to oecur, whereas this species encroaches on the clayey soils with
difficulty.

Plantations in the cak-brush region show much higher survival in
light soils than in heavy ones with prevailingly better moisture con-
ditions, as will be shown later.

Detailed studies to determine the effect of lime, especiall in large
quantities, upon the growth and development of western yellow pine,
have not been carried out. It has been shown, however, that an

: extremely high lime content in ihe soil, as in certain heavy cal-
; careous Joam and clay soils* in the brush lands of central Utah, may
induce chlorosis in western yellow pine seedlings, as well as in asso-
ciatedhcc{nii;ers, through rendering the iron unavailable for plant
growth (30).

The sensitiveness of western yellow pine to lime is also noted by
Watson (57), who reportsthat in north-central New Mexico western
yellow pine is frequently replaced by Rocky Mountain red cedar
(Juniperus scopudorum) along lime-charged streams, It is clear
that mnch lime in the soil is unfavorable to western yellow pine.

The most notable instance in the entire region where qualities of
soil extend or limit the distribution of western yellow pine is in the
long strip of isolated occurrences extending northward along the
eastern edee of the Fishlake and Wasatch Plateaus. Here, upon sand-
stone cliffs, this species extends far beyond the region where it is
generally found and loosely connects with the bodies in the Uinta
Mountajns. Outside of the stream bottoms it is hardly ever found
in the brush-lands belt except on sandy soils. In the pineless area
in the upper part of the Snake River plain the western yellow pine
would apparently have sufficient rainfall, and its absence may reason.
ably be atiributed to unfavorable soil. The soil of these rolling
plains below the mountains is compact and heavy, and the mountain
conifer types, such as Douglas fir and lodgepole Eine, stop abruptly
where the heavier soil of the plain is reached. Evaporation is also
somewhat higher in this region than it is farther west, where yellow
pine is found under virtually the same rainfall conditions.

It is thus evident that n strong influence is exerted b the soil '
upon the local distribution of western yellow pine. A light, sandy, A
or rocky soil has decidedly a favorable effect, whereas a heavy close-
textured one is distinctly unfavorable and may even exclude western
yellow pine where the rainfall is only slightly unfavorable.
Although the relative importance of the presence of lime in the
soil in limiting distribution is not definitely known, lime is clearly
most effective under & light rainfall that favors its accumulation in
the upper soil layers. !

1 §yueh accumulations sre usually found in swnles where the rainiall bus bern ingefl-
clent to leach the soluble spits from the goll, Soils derived from limestone In the South-
weat do not show nearly Eo pronounced a Ilme reaction, presumably Uccause the lime Is
wazhed from the upper soll layers by the heavler rainfall,
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A SPECIFIC TEST OF THE INFLUENCE OF MOISTURE AND SOIL

The relation of western yellow pine to rainfall distribution and
soil characteristics has been further tested by the study of s specific
case, the results of which confirm the correctness of the general
investigetion by supporting the conclusion that soil, especiaily in
its moisture relations, frequently governs the local distribution of
the species. In this test a study was made of climatic factors at
two stations some 25 miles apart on the Wasatch Plateau, in Utah
one in the oak-brush belt of Ephraim Canyon on the west slope and
the other in an outlying body of western yellow pine on the east
slope of the plateau,

In the western yellow pine type a cooperative Weather Bureau
station was operated through the summer seasons of 1917, 1918,
and 1919; the oak-brush station was the transition-zone station of

TMgope 11.—The pines climatological station on the Maatl Natlonal Forest, Utuh.,
Here the ground cover i composed mainly of ghort, serubly sagebrush (Artemisal).
Much of the thin, sandy soil in the vicioity of this station, however, supports a
scettered ground cover consisting chiefly of manzanita (Arctostaphylos) and bit-
terbrusk (Purshiz)

the (then) Great Basin Experiment Station. This climatological
station was equipped with a rain gage and a standard instrument
shelter, containing a thermograph and maximum and minimum
thermometers. (Fig. 11.)

The oak-brush station is sitnated in the middle of the typical
oak-brush zone at an elevation of 7,100 feet. 'The locality is char-
acterized by an extensive slope having a generally western exposure
broken into an undulating surface % ow east and west ridges.
The station is located on a gentle southern exposure of one of these
ridges. The pines station was situated at an elevation of 8,200 feet
upon an extensive, almost level sandstone bench, the greater part of
which is covered by a puro stand of western yellow pine of some-
what inferior development.
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The soil in the oak-brush zone of Ephriam Canyon is caleareous
and heavy, much of it being silt.loam, clay loam, or clay. Tis wilt-
ing coefficient is about 15 per cent. At the pines station the soil is

_very light and very sandy, as reflccted by a wilting coeflicient of

3.3 per cent. This difference is obviously of considerable importance
in determining the suitability of the two sites for western yellow
pine.

The pines station, as might logically be expected, has much the
lower mean temperature throughout the growing season. This, how-
ever, is owing rather to abnormally low mean minima than to low
maximum temperatures. (Table 6.) These abnormal minima were
peculiar to the pines station; elsewhere in this locality temperatures
ave very similar to the higher western yellow pine type in Arizona
(36). o explanation probably lies in the poor air drainage on
the western yellow pine flat, which is tilted down slightly to the
«west toward the high mountains. The belt above the oaks stations
on the west slope of the range, which has the same temperature
characteristics as the pines station, is covered with the Douglas fir
type—aspen, white fir (Abics concolor), and Douglas fir.

Tanem 6-—Temperatures in degrees Falrenheit et the pines and ogke stations in
the Manti National Forest, ceniral Utak )

MEAN MAXIMUM TEMPERATURES

1918 1817 1818 1919
Month
TFines Caks Pines Cuka Fines Oaks Plnes Oaks
May 647 67.8
June - 7.7 81.0
Fuly. 8.5 838 1784 79.0 76.6 8.9
August T34 0.5 174,40 T0.8 ri: gl 80.4
September, 63.4 0.9 6l.5 7.8 650 720
[3 7711 31=] S — 524 529 15000,
MEAN MINIMUM TEMPERATURES
May.. 334 .0
June 33.6 20
July.. - 45.0 .3 145. 5 521 43.1 5.5
August, 40.8 40. % 401 5.1 413 521
September ... 3.6 43.2 30.3 4.0 300 480
(4101241 7.} SO A6 29, G . 1281
1 Elght days' records missing. ! 8ix days® records missing, 1 Four fdays' records missing.

The summer temperatures at the oaks station are similar to those
in the lower western yellow pine type and the upper pifion-juniper
t{-pe in Arizona. This is further evidenee that it is not temperature
that keeps western yellow pine out of the oak-brush type, although
the higher temperatures naturally tend to make moisture deficiencies
more difficult to withstand.

As already shown the total precipitation end its distribution
throughout the year are of great importance in determining the
range of western yellow pine. Because the precipitation records at
the pines station cover so short a period, data for the older Weather
Burenu stations at Emery and Manti} the two valley stations nearest

% Emery Is about 6 miles distant from the pines station and 2,000 feet lower. Mantl ig
about 8 miles distant from the Ephraim Canyon ocak-brush station and iz 1,300 feet Jower.

___i|
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to the pines and oak-brush stations, are used to show the seasonal
distribution of precipitation. (¥Fig. 12.) The distribution of rain-
fall at Emery resembles that of the south plateau type, especially
in summer. It has a single culmination in August, which rises from
a flat minimum !estm'g from November until the following June.
The precipitation at Manti is typical of that of the ceniral platean
type, having the lowest spring record in May, a secondary rise in
Szgtember, and a well-defined minimum in June. This indicates that,
while normally the pines station suffers as extreme drought as the
oak brush in June, in July it is fully a5 wet, and in August is much
betier watered. Of ali the growing season, May seems to be least
favorable at the pines station. However, because of the elevation
(8,200 feet) moisture from melting snow is abundant at the pines
station in May and early June. Given equal annual precipitation,

20 . T

LEGEND
Manti {oaks statisn) ze—x
E-,? ) Emery (pines station) o — —
x /
15 N
g 4
3 JUNEEEDES ""\..._‘_’ /L'"“"'--.. P
30 \ el 4 M
X 4
g _ — / \
g A A
=~ -~ ~
g 05 N s 7 \
SRS S o ~ -
& Y N
8]

Jen.  Feb. Mar  Apr May June July  Auvg. Sept Ock Nov ‘Dec.

Fiaonp 12.—March of mean menthly precipitation ot Maptl nesr the oaks station
gnd n. Emery near the pines stntion on the Wosatuh Platesu, The means for
Manti cover the peried from 1802 to 1920, while those for Emery are, for the
pettod rzom 1001 to 1920

the type of rainfall at Emery is obviously more efficient than that
at Manti.

The true explanation of the presence of western yellow pine in oné
place and its absence in the other apparently lies in the combined
mfluences of the following factors that favor the pine over the oak
at the pines station and have opposite effects ot the oaks station.

At the pines station the low minimum temperatures in the spring;
coupled with moderate muxima, tend to delay snow melting and yet -
allow growth to proceed in frost-resistant species like western yellow
pine. These low spring temperatures and the late frosts apparently
prevent normal fruiting of the cak brush.

The July precipitation probably results in no great deficit in the
western yellow pine type, at least not to the extent that it does in the
oak brush. In August the pines area receives considerably more rain
than the oak-brush station.

The sandy soil at the pines station is more snitable to the germina-
tion and early growth of western yellow pine than the heuvy cal-
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permit a very -complete absorption of rainfa
"Phe sandy <oil Joses water by evaporation more slowly than the

eareous suil of the oak brush belt; also its -]]:-i)rosity and fiat surface

" heavier clay loam.

The underlying iron-cemented sandstone layer at the pines station
g nearly horizontal and full of pits and hollows, hindering complete
" guibterranean -drainage, whereas the subsoil in the osk-brush type is
;permeable and extends very far down.

" At the pines station, western yellow pine has little competition
from other conifers or from large shrubs for the scanty water sup-

plies of the upper soil. Sagebrush or other smaller vegetation will

Tot grow luxuriantly on the relatively infertile, thin, sandy soil.

RESULTS OF PLANTINGS

The more important conclusions of the study of climatic and soil
conditions at the pines and oaks stations on the Manti National
Forest and on other western yellow pine lands and brush lands were
tested further by a special investigation of the possibility of foresta-
tion within the brush zone. Experience in these and in other foresta-
tion studies has shown that planted stands often develep normally
in regions where natural regeneration is impossible. The fact that
the brush lands are not natural western yellow pine sites, therefore,
would not necessarily preclude suceessful planting. Indeed, the im-
portance of the factor found to be chiefly respousible for the absence
of western yellow pine in the brush lands—insnfficient soil moisture
in the upper soil layers during a short critical period immediately
following germination—may in some cases be very greatly reduced
in planting.

Althougﬁl early field plantations had yielded surprisingly poor
tesults—a heavy loss almost invariably occurring during the first
few years (29)—experimental plantings were made on - numbet-
of different sites within the brush belt to confirm these rsults and
to determine what sites were most suitable for the introduction of
western yellow pine.

EXPERIMENTAL PLANTATIONS

Plantations were established in the oak-brush belt in Ephraim
Canyon on the Manti National Forest in central Utah, in the oak-
‘brush belt on the Beaver Creek watershed at the west end of the.
Uinta range, and on various brush areas in Big Cottonwood Canyon
in the Wasatch Mountains in northern Utah, as well as on the Mink
Creek watershed abont 10 miles southwest of Pocatello on the Cache:
. Nationz! Forest in southern Idaho. The Ephraim Canyon water-
shed was studied most intensively, but sufficient work was doune on
the other areas to serve as a check on the major study and in some.
ways to supplement it.

EPHBAIM CANYON WATERSHED, SIANTI NATIONAL FOREET, CENTEAL UTAH

PROCEDURE

A compact ares st an elevetion of approximately 7,200 feet in the
middle of the oak-brush type was selected on the Ephraim Canyon
watershed. The mean amnual temperature here is approximately
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42° F., and the climate during the growing season resembles that of
the lower western yellow pine or upper pifion-juniper type of north-
ern Arizona. The mean ennual recipitation is 17.81 1nches (1914~
1919). The greater part of this ?alls during the winter in the foyrm
of snow. The site usually becomes free of snow about April 15
after which occasional snows and rains occur until the middle of
May. After this comes a period of drought ususlly lasting until
the latter part of July or early August. During this period cloud-
less weather prevails, although occasional light showers may occur,
ially in late May and esrly July.

%a've‘ main sites were selected in 1917 for this experiment, and
unother was added the following year. These sites are located in
& swsll basin having e generally western exposure, (PL1,B.) The
saridstone and residual clay «f the ridge bounding the basin on the
north give rise to a very shallow, infertile, light-colored soil having &
relatively small admixture of humus., To the south the bounding
ridge is of nearly pure limestone and has a darker soil containing
more clay. The sites selected were as follows

(1) On the top of the ridge to the north of the basin, in 2 low
cover of manzanita (drctostaphylos pungens) not over 18 inches in
height; between the clumps of brush, extensive open spaces prac-
tically without vegetation.

{2} Immediately south of the preceding site on the slope of the
ridge, where squaw-apple, locally known as wild apple {Peraphyl-
lum remosissimum) and common mountain-msahogany {Cercocar-
pus montanus) predominate; considerable areas of bare ground be-
tween the clumps. On both this and the preceding site scattered
‘pifion pine znd %tah juniper are found.

(8) A sagebrush (drtemisia tridentata) flat in the bottom of the
basin, having a deep black clay loam soil which becomes very hard
and dry in summer. (PL 2, A.) The cover is moderately dense
sagebrush, 2 to 214 feet tall.

(4) A site similar to the third but from which the sagebrush and
all other vegetation was removed with g grubbing hoe.

- (5) A short slope with western aspect covered with thrifty oak
3 brush (Quercus utahensis) from 6 to 10 feet tall; soil of limestone
; origin and well supplied with humus, particularly in the immediate
, vicinity of the onk clumps.

i (6) An osk-brush site on the steep norti-facing slope of the ridee
9 bounding the basin on the south. Sites similar to this commonly
r bear seattered Douglas fir, white fir, and Rocky Mountain red cedar,

although none occur on the particular ares planted.

On each of the first five sites one hundred 9-1 western yellow pine
transplants® were planted in the spring of 1917; the same number
was planted on all six sites in the spring of 1918, A 2-year record
of evaporstion on these sites was obtained by means of Shive’s (47)
improved form of the Livingston standardized rain-correcting porous-
- cup atmometer (33). Soil samples were taken often enough to show
g the march of soil moisture during the growing season.

The results of these plantin , expressed in survivel, vigor, and
growth rate, sre given in Table%s. They indieate considerable differ-

* Beedllngs grown two yehra in the seed bed and one year in the transplant bed,
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ence in the suitability of these brush-land sites for the planting of
western yellow pine. Taking into account all the combined evidence
on survival, vigor, and growth rate, the best results were obtained
on the cleared sage site. Here the survival was highest, growth most
rapid, and the increase in vigor most marked between the third year
and the time of the last examination. Where the sage was not cleared
ithers was a heavy mortality, but the transplants which survived, as
evidenced by the increase in vigor and growth rate, lLcecame well
rooted and capable of competing successfully with the sagebrush.

TABLE T.—Survival, vigor, and rolte of height growth in plantaiione of woesters
yergf pine on otk-zone siles in Ephraim Ounyon, Manii Nationel Forest,
Ut

Propuortion
of vigorous
Burvival trees to Avernpe annnal height growth
musher of
vors
ﬂita - = ™ E
= = g - = - - o -
s 12 B 2|5 lBlsls |28 2%
- e = = - = = =
s, 8|lz12i2121Z2| 4 g 7 T b
e 8|21 218|S1g 128|288 |7
[ @ 3 f A 3 wl R @ H 1 ]
Pod|Pd |Pe |Pe P |P e | P d | Inches | Fachex| Inches| Fnches | Fnchex
{1) Mganzanita. __....{ 02 54 50 47 32 o8 45| 40| 0.50] M6l @30 ¢ 50
g Bouoaw-apple._._..| T2 50 44 44 1% 44 5 -] 26 .45 .50 .80
Bagebrlmg_---_--_ 571 48| 42| 2f| 18| e5)] 98] .18 B} .46] .83| 243
4} Cleared sagebrush.{ 68 58 Al 40 39 M ik oLt L47| 250| 10.19
5) Oak (west aspect}.| 77 A2 30 = 15 B5 b .22 65 R LB5 .62
{6) Oak {narth aspect) o2 ki i 25 43 40 .62 44 9B L0

1 Ons hended trans&]ants were planied on each of the sites in May, 1018, on each of the sltes except
ke oak (north mspect) n May, 1017, and on the manzanita site alone in April, 1816
1 The last examination of a1l the sites was in the satomn of 1634, seven Frowing sessons after the last

plauting,

Reduction in vigor, accompanied by very slow growth, is to be
noted in the manzanita and west-aspect oak-brush plantations. The
latter, together with the wild apple and uncleared sage sites, shows a
very low survival.

Facrors INFLuevcine RESULTS

The usually heavier mortality during the first year, shown in Table
7, suggested that certain factors were especially influential during
that period and that perhaps there was a difference between the causes
of initial mortality and those leading to later losses. A study was
accordingly made of several of these—soil moisture, evaporation, soil
texture, light, and damage by snowshoe rabbits—to determine their
influence upon the survival and development of the planted pine. In
general, so1l moisture was found to be the most important at all times
and particularly during the first year. Evaporation and soil texture,
also, were more effective the first year than later; rabbit injury and
light became more important later on.

BOTL MOIBTUIERE

The moisture availeble for plant growth, rather than the total
moisture present in the soil, has been taken as the signifiecant index
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in this work. The wilting coefficient of ali the soils was determined
in the biophysical laboratory of the Bureau of Plant Industry, United
States Department of Agricnlture, by the Briggs and Shantz cen-
trifugal method (g& The available moisture at a depth of 6 to 12
inches is considered of the greatest importance becanse the trans-
plants have no feeding roots in the upper 6 inches of soil (26). The
seasonal march of available soil moisture at a depth of 6 to 12 inches
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FIoree 12.—Mareh of avnilabie soll moisture af depth of 6 to 12 inches and dslly
preeipitation, onX-brush zone, Epbralm Canyon waterTshed, Mont! Natione! Forest,
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on the several sites, together with the daily precipitation for the
growing seasons of 1917 and 1918, is shown graphically in ¥igures
13 and 14, respectively, and the curved averages for those sites in the
oak-brush zone which have two or more season’s record are shown in
Figure 15. The mean total soil moisture and wilting coefficients at
the 6 to 12 inch depth for the growing seasons of 1917 and 1918, and
a summary of the evaporation data for the seasons of 1917, 1918, and
1819, are given in Table 8.




32 TECHNICAL BULLETIN 256, U. S. DEPT. OF AGRICULTURE

Taprr 8—Summary of evil-moisture and evaporetion doie on ezperimental
planting arcas, Bphraim Cangon watershed, Manti National Forest, Ttah,
growing seasons of 1917, 1918, and 1918

Mmmmnaléu ts;}hsoi% M daf} ti
mo] at deptt 0 BATL ¥ evapoeration
B 10 12 inches Y:oi‘laglnu £
site cloat of 7 4
; - Aver- | %0 Aver-
. 1815 1518 Il age 1017 1918 1018 age
Per cm!'fPer cent Ce. | Ce. | Ce | Coo
1L 128 121 a.4| 37.88 43.2| 28.15) - 294
1B .5 36.6 | 35T .6 36.99 280
18.5 1.7 27,1 | 2567 25, 48 1.38
21.8 12,1 331 3H |eaeee—- a2, 47 1.°50
22.0 15.7 28] 286 23.51 2239 1.0
.8 15.7 \ooeaee| 1B.48 iR.8 | 18.70 .

' b
i s
J i

1 Determined in the Blophysical 1sbaratery, Bureau of Plant Industry, U, 8. Department of Agrlcultare
by the Briggs and Shantz cantriogal method.
s Mean doily evaporation divided by the mean seasonal totnl moisture content of the soll at & depth of

& to 12 inghes. -
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Figures 13 and 14 clearly show the meaperness of the rainfall and
the resnltant effect upon soil moisture. It is very apparent that the d
. west-aspect oak site has generally the most available soil. moistuxe,
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except late in the growing season, when the heavy leaf canopy and
the t]iuck layer of sbsorptive duff prevent the addition of much water
to the 6 to 12 inch soil layer. At this season also the activity of the
osk roots is probably at its maximum. The cleared sagebrush area
réceives considerable water at this time, which in a measure com-
pensates for the,more rapid losses by evaporation from the unpro-
tected soil earlier in the seasom. These losses, however, are much
less than those from the sagebrush itself, where, slthough the soil is
generally shaded, the water is drawn rapidly from the upper soil .
layers by the widespreading roots of the sagebrush. Soil moisture
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is thereby so depleted that, although the summer raing are ahsorbed
as readily as on the cleared area, the resulting available moisture is
considerably less,
Both the manzanita and the squsw-apple areas show 2 low soil-
moisture content earlier in the season and a rapid loss throughout the
period, the available moisture in the 6 to 12 inch layer being
exhausted I’)y early July. Both these soils are loose and absorbent
and contain very few feeding rootlets in the 6 to 12 inch layer. The
low moisture must be ascribed to rapid percolation and high evap-
oration in these hot, unprotected sites (26). A given amount of rain
would penetrate more deeply in the light than in the heavier soil,

57154*—31~—38
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and the portion which reaches the lower strats is less subject to
evaporation. As long as the showers are light, there probably is not
much difference; but a rainfall sufficient to penetrate 6 inches in the
heavier soil would probably reach below a foot in the light soil, and
a considerable proportion of this sheuld still be available after it has
all evaporated from the heavier soil. The greater permeability of the
manzanita and squaw-apple soils would ordinarily sug lower
s;i.ltjng coefficients 7 and more susteined survival than the records
show.

A study of soil moisture in relation to survival at the end of the
first year indicated fairly consistently that heavy losses the first year
are occasioned by deficiencies in soil moisture, especially early in the
segson. Western yellow pine develops a root system that penetrates
downward rapidly; and if it can keep pace with the falling moisture
level the plant's survival is assured. Soil-moisture conditions at
6 to 12 inches are therefore of most importance during the period
immediately after planting. From this time up to the last examina-
tion no pronounced correlation was apparent.

The excellent initial survival of the plantation on the west-aspect
oak site (Table 7), and the still better survival on the one on the
north aspect where, according to a single year’s comparison, soil
moisture is even more Elentiful, is obviously correlated with the high
moisture content of the soil. The relatively high survival on the
squaw-apple site apparenily is an exception. It should be noted,
however, that there was cousiderable divergence in the first-year
results as between the 1917 and 1918 plantations on this site. The
lieavy initial losses on the cleared sage and sagebrush areas the first
year are difficult to justify on the basis of soil moisture zlone, but
losses on the manzanita site are obviously due to soil-moisture
deficiency.

EVAPORATION

Early in the study evaporation was believed to have considerable
influence upon the behavior of these plantations. In Figures 16 and
17 the march of evaporation for the sites under study is shown
graphically for the seasons of 1917 and 1918. The mean daily
evaporation for the same seasons is shown in Table 8, from which 1t
is evident that evaporation alone fails to clarify the problem. For
example, there is high survival on the manzanita site, where evapora-
tion 1s very high, and the losses in the sagebrush are much heavier
than in the cleared sage area, which is open to the full intensity of the
sunlight and the full sweep of the wind. Caldwell (76}, Shive and
Livingston (48), Livingston (32), and others, have shown that per-
manent wilting of succulent plants occurs with varying amounts of
moisture in the soil, depending on the evaporation. In many of the
conifers, however, permanent wilting is such a protracted process
that extremely high evaporation for a few hours 2t a time does not
appreciably affect the results. When the moisture in the soil ap-

T The dfficulty of obinining representative snmlﬂes for nnalysls accoants, in part, for
thia ul:parem: anomaly, Then, too, in the centrifugal method of determining molstore

niveient (from which the wllt!n{ coeficlent is computed) all stones over 2 mm. in
diameter are screened out before the noll is.rua throush the centrifuge. Therefore
wliiting coeffclent nlene, for a mofl having conslderable gravel, ia not a particularly 300&
index of permeability. The stmple tests described on pli). B8 nnd 37 sbow the solls on the
mminnitﬁa. allt:d squaw-apple sites to be very permeable In comparison with the soll of the
sagebrueh slte,
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proaches the wilting coefficient, transpirstion is reduced to almost
nothing, and western yellow pine seedlings may stand for weeks
before they finally succumb.

A satisfactory expression of the moisture relations of the site ac-
cording to Fuller {18) and Shreve (49) may be obtained through the

expression ¢ evaporation divided by soil moisture,” expressed as BE;];{

{Tsble 8.) In the present study this coefficient shows little correla-
tion with the success of the plantations, the factor E alone serving to
confuse rather than clarify. The poor correlation between survival
and evaporation is, in part at least, explained by the fact already
mentioned, that if the western yellow pine roots are functioning
properly this species can withstand prolonged and intense evapora-
tion with only a smell margin of soil moisture above the wilting
coefficient. If is unreasonsble, however, to conclude that high evap-
oration is not effective in reducing the survival of newly planted
trees, for on otherwise similar sites the greatest loss would undoubt-
edly be found where evaporation was highest. In these particular
cases variations in soil moisture serve in general to neutralize the
effects of the variations in evaporation intensity. Where soil mois-
ture fails to explain survival there seem to be other, rather ill-defined
factors, apparently in the soil, which are of greater importance than
evaporation and which further serve to obscure the effects of evapora-
tion.
EOIL TEXTURE

From the results of the study of soil conditions in the western
yellow pine type and the brush lands one would naturally expect
that soil texture would influence the survival and vigor of western
vellow pine on these sites, aside from its effect upon the water rela-
tions, and that light porous soils would be much more favorable than
heavy clay soils. However, it is difficult to conclude from Table 1
that ‘survival and viger during the first 5 to 10 years after planting
are materially better on the light soils than on the heavier ones. No
special study of the porosity and structure of these soils was made,
althongh when digging the holes for planting the trees it was plainly
evident that there were great differences, the sagebrush and-osk-
brush soils being dark, compact, and without visible gravel, whereas
the manzanita and squaw-apple soils were much lighter in texture,
the squaw-apgle in 1g)m"ti-cular being stony. As shown in Table 5, the
sagebrush and oak-brush soils both have a water-holding capacity of
betsween 62 and 63 per cent and the reanzanite and squaw-apple soils
of only 49.4 per cent.

These differences are also reflected in the results of a simple test
which may be considered indicative of the permesbility of the soil.
In this test, cylindrical holes, 1.5 inches deep and 1.5 inches in
dizmeter, were made in the soil. Water was run into these holes
from 8 50 eubic centimeter burette until the hole was full. Then
water was added to keep the hole full until all of the 50 cubic centi-
meters was used. The time was noted from the start of filling the
hole until 50 cubic centimeters had been run in and had been com-
pletely absorbed. The results were as follows: Ouk-brush soil, 47
secongs; manzanita soil, 71 seconds; sqnaw-:}pple soil, 64 seconds;
and sagebrush soil, 190 seconds. The point of particular interest in
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this test is the rate of absorption in the manzanita and squaw-apple
soils as compared with that in the sagebrush soil. The extreme
rapidity of absorption in the oak-brush seil was due mainly to the
humus 1n the surface layer. On the other sites the topsoil 1s virtn-
ally homogeneous. The manzanita and squaw-apple soils are much
lighter and more permeabls than the sagebrush and oak-brush soils,
and this probably explains, in part at %east, the disparity between
survival on these sites and the results of the soil moisture and evapo-
ration studies on the same sites. As already pointed out, a perme-
able soil favors conservation of moisture by allowing deep penetra-
tion. In a deep-rooted species such as western yellow pine this
should be an important asset. Doubtless aeration and lime content
are mlso impertant,

Soil texture largely determines soil aeration. According to
Cannon and Free (72) different species of plants may differ mark-
edly in their response to variations in the composition of the soil
atmosphere, either through a decrease of oxXygen or an increase in
carbon dioxide content, and bence to changes In soil seration. Soil
aeration is frequently a factor of no less importance than seil
molsture and a¢ %'reater depths even affects the moisture content.

In a porous soil, other things being equal, the lime content is less,
because deep penetration of moisture prevents concentration of the
lime in the major root zone. The high lime content of the compact,
heavy, poorly aerated clays and clay %oams found in-swales and flats
in the oak-brush zone is doubtless a coniributing factor to the poor
survival and growth on these sites. As has already been noted, west-
ern yellow pine planted in such places is subject to chlorosis, a
trouble that Ens been clearly correlated with an excessive lime contant
in the soil (30).

Inadequate soil aeration and a high lime content therefore offer
gossible explanations of the effect that soil texture has upon the
evelopment of western yellow pine.

ENOWHHOE RAPBITS

The damage from snowshoe rabbits was considerable, but was con-
fined to plantations located in tall brush, since the rabbits are too
timid to venture far from the protection of the high bushes into the
relatively open sagebrush and manzanita areas (3). Although the
small trees whose tops are cut off repeatedly persist in sending aut
new shoots they have little chance to regain their lost vigor and to
increase their height growth. Injury from rabbits has been respon-
sible for a reduction m the vigor and growth of the plantations on
the oak and squaw-apple sites, and poor growth and development on
the brushy plots may be ascribed in part at least to the rabbits; but
other studies have revealed the fact that even repeated damage of this
kind on sites suitable to the planted trees causes little mortality.
The continued mortality on these sites can not apparently be charged
directly to the rabbits.

LIGHT

Much of the lack of vigor and the continued mortality on the
denser brushy sites iz probably due to insufficient H%ﬁzsmw western
yellow pine is intolerant of shade and attains its development
in full Yight,




P
k

48 TECHNICAL BULLETIN 238, C. 5. DEPT. OF AGBIGULTURE

The difference in vigor between the trees on the oak-brush areas
end those on the other plantations is very striking, and is even more
marked than the figures in Table 7 indicate. On the sagebrush and
cleared sagebrush areas in_particular the trees are vigorous an
ocky. On the other hand, in the oak brush the new growth is
spindling, and the trees which show the most rapid height growth
are unable to stand erect. The leaves are few, short, and li ht green,
whereas the pines in the open have many long, stiff, deep-green
leaves, The high initial survival, due to ample soil moisture and
low evaporation in the oak brush, has been offset by too much shade,
which will probably wipe out the plantations in a Tew years.

RELATIVE SIGNIFICANCE 0Y FACTORS

The survival, growth, and vigor of the plantations on the different
sites in Ephraim Canyon can not be fully explained by the study of
sife factors on these areas alone. The indications presented are,
however, sufficient for the formulation of the following conclusions:

Initiaj survival is highest upon the sites having a high moisture
content, especially in the early spring. This gives the p anted trees
a chance to become established and to develop roots in the ‘deeper soil
layers before extreme dryness occurs. Low evaporation also favors
initial survival

Qurvival after the first year is largely determined by factors
influencing the development of the roof system and by those affect-
ing photosynthesis. Variations in soil moisture, as indicated by
the content of the 6 to 12 inch layer, are much less significant after
the first year, whereas soil texture becomes more important—light
porous soils especially favering the growth and development of
western yellow pine. _

The effect of shade becomes apparent after the first year, espe-
cially in the oak brush. A very dense cover prevents normal growth
and so weakens the trees as to make them very sensitive to other
unfavorable factors, such as unfavorable soil conditions and damage
from rodents.

In the oak-brush areas high soil moisture and low evaporation
make possible good initial survival, but in the second year losses
from & deficiency of light bt;lgin. It is significant that trees in the
center of the oak clumps die first of 2ll, while those situated in open-
ings between the bushes persist the longest and often succee in
becoming established. Trees in the dense brush can less often sur-
vive severe Tabbif-damage, since in their weakened condition they
ave unable to develop new vigorous shoots.

In hot, dry situations, such as the manzanits and squaw-apple
sites, which are characterized by infertile porous soil, heavy initial
losses are to be expected, to be followed by a lower mortality. Site
coaditions, however, are severe, and the infertile soil prevents rapid
growth. The trees remain small; and in spite of a favorable soil
fexture moderate losses will probably eontinue. : o

In the sagebrush areas, also, heavy initial losses are to be expected, -
owing to tﬁe rapid drying out of the surface layers throu root
competifion. e tress which survive, however, will make gcod
growth because of the rich soil characteristic of these areas.
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" . When the sagebrush. is cleared off. the planting site, soil moisture

is increased through the removal of the root competition of the sage-
brush, even though evaporation is somewhat accelerated. As a result
lower initial losses are to be expected, and, lacking the keen compe-
tition of the sagebrush, the plants become vigorous slmost at once
and grow rapidly. : X ,

- These conclusions, derived from the experimental plantations in
the ogk-brush zone in Ephraim Canyon, have been checked by the
results obfained at other points in the region where less intensive
studies were made. : o

BIG COTTONWOOD GANYON._ WASATCH NATIONAL FOREST

The results of plantations on the Big Cottonwood watershed of
the Wasatch National Forest in northern Utah were in many re-
%ects slmost es significant as those obtained in Ef)hraim Canyon.

ere western yellow pine was planted experimentally on sagebrush-
spowbrush-oak-aspen and snowbrush-oak areas in 1913, 1915, 1916,
1918, 1919, and 1920, with the results shown in Table 9.  Most of the
p{lﬁntations comprised 100 trees each, although a few of the plots had
200 treey, .

Tame 8.—Record of experimental plantations of 2-1 stestern yellow pine on the
Weaalch Nuational Forest, Uteh
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In Big Cottonwood Canyon the average rainfall for 11 vears in
the vicinity of the plantations for the period from May lyto De-
cember 31 was 11.47 inches; June and July with less than 1 inch each,
have the lowest monthly averages; August has 137 inches. Killing
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frosts :Erei};leniqu oceur -as late as June 15 and as early as September
"1, and light frosts may oceur throughout the entire summer. The
soils ave of limestone, granodiorite, and quartz diorite -;(_)r‘i]-gl"il.n and
- range in texture from a gravelly or sandy loam to a loam. They are
riot rexcessively calcareous. The greater suitebility of these sites for
western yellow pine is further indicated by the presence of more
mesophytic shrobs than are common in the -brush type in
Ephraim ‘Cenyon. : '
he oak brush on this watershed is scattered and much more
sernbby than in Ephraim Canyon and is ‘associated with big sage-
brush -(Artemisia tridentate), snowbrush (Ceanothus wvelubinus),
scattered aspen (Populus tremuloides), common serviceberry (Amel-
anchier alnifolia), black chokecherry (Prunus melanocarpa), blue-
berry -elder (Sambucus caerulea), and other shrubs. (Pl 2, B)
'On this sagebrush-snowbrush-osk-aspen gite the scattered aspen and
the elder and chokecherry on the lower part of the site indicate
a fairly good supply of soil moisture, robably derived from sub-
{erranean seepage within 3 feet of t]l::e surface. This, together
~with the light texture of the soil, shonld be favorable for western
yellow pine. A few scattered Douglas fir and white fir are also found
on the lower portion of the slope, although the greater part of the
aren appears to be potentially brush land.

On the snowbrush-oak site, which has a western aspect, choke-
cherry, serviceberry, mountain snowberry (Symphoricarpos oreo-
phils), snd mallow ninebark (Opulaster malvaceus) are the chief
fssociates of the oak and snowbrush. (PL 2, G.). This area is
clearly a potential Douglas fir site, burned over after logging many
wears ago, as is indicated by the large stumps of this species found
on the area. )

The march of available soil moisture at a depth of 6 to 12 inches
and that of daily precipitation on these two sites for the seasons
of 1919 and 1920 are shown in Figure 18. Evaporation for the
‘same seasons and soil temperature at a depth of 1 foot for the sea-
con of 1920 are shown in Figure 19. The soil moisture and evapora-
tion data for these years are summarized in Table 10.

mame 10 —Summaeries of soil moigiure and evaparglion deig on ezperimental
planting areas, Big Cottomeood welershed, Wesatck National Forest, Utah,
growing seesons of 1818 and 1980

Heasgnal averages of Mean daily eva)
Dopt | oA 560 mowme | it ton T
Bite af con&l- E>

pampile AVED clemt
o Aver
1019 | i3 ge ofsolil| 1910 1420 agp

) Incher |Per cent\Per cent|Per cend|Percent) Ce, | Coa | Ol
Western sspect, Enow- { Oto 6 7.4 10.1 S.B] 10.0| 33.46] 18.65| 26.08 288

brsb-08k - . acmceen-a|l 81012 8B 0.4 4.1
Averaga &1 .8 2.0
Boutbern ~aspect, = sa }Dt.o o| e8| 94| 81
brush - nowbnash - eak- i 124 | 38,270 2000 | 20.58 27
atpen 6toiz| &6{ ILT| 10.0 }
Avarogs B2 0.4 fd

- 1 Daterminsd in the blophysicel Iaboratory, Burean of Plant Industry, U. 8. Depertment of Agriculiure,

Yy the Briggs and Boantr centrifugal method, .

i Lﬁ‘z‘ﬁmm" evapotation divided Try the mean sensonal total moisture content of the sofl ot & depth ot
28,
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As compared with that in Ephraim Canyon, the average content

>of available moisture in the upper layer of soil in Big Cottonwood

Cenyon is somewhat less during the growing season; in 1919 the
evaporation was virtually the same, and the ratio ‘% is therefore

higher for the Big Cottonwood area. On the latter the vegetation
3s on the whole much denser than on the Ephraim Canyon watershed,
which may explain the lower moisture content of the soil; this is
especially true of the upper soil layer on the south aspect, where
the sagebrush is sufficiently abundant to eshaust quite effectively
the supply of available soil moisture. Although soil moisture is
somewhat lower in Big Cottonwood Canyon than in Ephraim
‘Canyon,.the soil is more fertile, better aerated, and of much lighter
texture; it is undoubtedly suitable in texture for western yellow pine.

Survival on the Big Cottonwood Canyon sites is somewhat better
than that on the Ephraim Canyon watershed, although the irregu-
larity of the results on the former areas prevents any sharp com-
parison. The first plantation established in Big Cottonwood Can-
yon, in the fall of 1913, was remarkably successful, but the others,
such as that of the fall of 1919, were very poor. Spring plantings
with 2-1 western yellow pine, however, survived about as well as
those obtained on the Ephraim Canyon squaw-apple site; in Big
Cottonwood Canyon sazgebrush-snowbrush-oak-aspen an average of
71 per cent of the trees was alive after one year, and the survival
on the Ephraim Canyon squaw-apple site was 72 per cent,

In rate of growth and percentage of vigorous irees, as well as in
survival, the results in Big Cottonwood Canyon are satisfactory,
considering the damage by snowshoe rabbits to which the planta-
tions have been subjected (3). The oldest plot for whieh records
of both survival and height growth are available was planted in the
fall of 1913 on the south-facing slope. In 1918 this plot showed a
survival of 66 per cent, and the trees averaged 13 inches in height.
A 7-acre plantation (not shown in Table 9) made at the same time
on 1 similar but less rocky site on the same southern slope had about
the same survival, but the plants attained an average height of
slightly more than 22 inches in 1918 and were growing at an
average rate of 3.5 inches a year.

From the height growth of the trees in the older plantations that
are free from snowshoe-rabbit injury, it is evident that the growth
of the Big Cottonwood plantations after they have become estab-
Yehed will exceed the Tate of height growth of the Ephraim Canyon
plantations. This is doubtless due to the light texture, the open and
%omus structure, and the greater fertility of the Big Cottonwood

anyon soil, together with better soil moisture at greater depths?
as indicated by the presence of aspen and mesophytic shrubs on
the greas.

The western-aspect brush site planted in Big Cottonwood Canyon
had = lower average survival than the seuthern-aspect gite. The
physical characteristics of the two sites are similar; available soil

10isture, taking both years of observation into consideration, is al-

8 The weatern yellow pine transplante an these sites have, no doubt, been able to obtain

1 olsture from below the 12-ineh level. This tends to explein thelir wurvival doring toe

wracted dry perfod in 1919 when the aveilable molstare in the @ to 12 inch layer was
hausted early in the summer. Higure 18.
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most identical ; but on the site with western aspect evaporation is less
intense than on that with southern. The real cause for the apparentl
poorer showing on this site is that there is 1o exceptionally good
plantation, like that of the fall of 1913 on the southern-aspect site,
to raise the average. Comparing results obiained the same year, it
is seen that the western-aspect site has shown beiter results three
times, poorer results once, and the two sites have shown virtually
the same resuifs three thmes, indicating that the site with western
aspect is really slightly better than that with southern. This is
probably due to lower evaporation and to a coarser, more favorable
soil, as shown by the lower wilting coefficient.

‘The heavier precipitation in Big Cottonwood Canyon than in
Ephraim Canyon should not be overloocked. The plots planted in
1919 and 1920 show very plainly that the suceess o? western yellow

ine planting on either of the Big Cottonwood Canyon sites depends
argely on the depth of rainfall during the first growing season fol-
lowing planting. The season of 1919 was unusually dry, and conse-
quently the mortality of the trees planted that spring ranged from
47 to 88 per cent. the other hand, the season of 1920 was more
favorable in moisture supply, and on the four plots planted that
spring the mortality ranged only from 8 to 15 per cent.

BEAVER CEEEE WATERSHED, WASATCH NATIONAL FOREST

As in Bip Cottonwood Canyon, the survival of the pine on the
Beaver Creek watershed was also somewhat better than in Ephraim
Canyon. As indicated by the type of vegetation, this was due to a
cooler climate and greater soil moisture, and to a somewhat more
porons and less calcareous soil—a rocky silty fine sandy loam.

The results of plantations on this watershed are given in Table 9.
As might be expected under these circumstances, the difference be-
tween the cleared and uncleared sagebrush plots was not quite so
striking as on the Ephraim Canyon watersged, although still de-
cisively in £ivor of the cleared aress. As with the Ephraim Canyon
results, the difference is undoubtedl{ attributable to the root com-
petition bet'veen the sagebrush and the pine for the supply of avail-
zble soil moisture, which reaches a2 minirmunm during the active grow-
ing season.

MINKE CREEK WATERSHED, CACHE NATIONAL FOREST, IDAHO

As a further check on the Utah results, those obtained on the
Mink Creek watershed of the Cache National Forest in southern
Idsho are of interest. On this watershed four different sites were
Elant,ed with western yellow pine in 1917, as follows: (1) A sage-

rush ares, burned over in the fall of 1815, on which sage was coming
in quite vigorously and on which a rank growth of sticky geranium
(Geranium viscosisgsimum) had eome up; (2) a site with a south-
western aspect on which sagebrush and spineless horsebrush (Z'etra-
dymia canescens inermis) were dominant; (8) a site with north-
eagtern sspect on whieh bitterbrush (Purshia fridentata) and snow-

*One of the most northern patum! cccurrences of Pinue seopulerum o Utah ia found
quo the Beaver Creek watershed neat the %mnting area, and lodgepole pine oceurs bag-
urally in this locallty. The onk hrush oo tils watershed Is not a0 dense and tall as Jt i§
en the Manti Nationa] Forest,
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berry dominated, but which was burned over in 1915 and was again
sprouting up to the same species; and (4) an unburned brush
northeastern-aspect site on which snowbrush, servieeberry, myrtle
boxleaf (Pachistima myrsinites), bitterbrush, chokecherry, wild rose
(Rosa oreophila), and snowberry are associated in 2 vergedense
stand—an impenetrable thicket in places. These areas lie between
5,500 and 6,000 feet in elevation. The sagebrush area, also, was

lanted in 1916 and in the sprin%1 of 1915 an aspen area was planted

ut was burned over the same fzll. The records of these plantations
are summarized in Table 11,

Tapre 11.—Record of experimental plantations of 2-1 western yellow pine on
the Mink Creel walershed, Cache Nutional Forest, Idaho

Burvival Viger-
o713
trees
lnst
gite Date aram-
plasted | First {Second | Third [Fourth | 'fotion
year year year FEAr | oent of
total
number
Per cend| Per eent|Per cent| Per ¢end Per cont
Bagebrush flat. . oo Apr. 24,1918 8L 5 [ S — A5
Do._.... emmmmm o s aasaa Apr. 27,1916 34 0.5 - .. 11.0 2
M e ceimeeac—ammmeasmremcem———— do 8 i O T 25 5 7
Do.. do. 5.5 40,5 145 2
PO e mmmaeamaa—a- de, ] i | N (R—— ] 2
5 . Apr, 26,1916 58 26 - o
M e e i ama e mmm————ma e May 13,1917 0 o
DO e smnmmmammmmam—r e st mmmmn] = [+ 7, TR T e [ (I I li]
Do May 18, 1917 18 L} 0
To a a5 1 18 I 1]
Boothwesiern aspect, sagebrush-horsebrush.__ | May 17,1917 S P b 20 IR 0
Io. do 61 . ) (— L]
Northeastern nspect {(brushy, burned over) do .7 1 1
Da do [ v A b P 2
Aspen cove {very gentle slope to north)...__...| Apr. 15105 &7 | £ O SR 14
Northeastern ospect (brusty, anboyoed).. ... May 16,1917 A& Bl 178 68
Do May 21, 1917 |3 J — Bl 178 "
Do Apr, 26,1018 | __.__ ] | s G 56

! Burped over antuzmn of 1915,

t Averega height growth last year observed 1,3 Inches,
3 Avernge helght prowth Inst year obeerved 1.2 inches.
+ Average helght growth last year observed 1.8 inches.

These areas receive about 12 inches of rainfall during the growin
geason. The days are warm, and the nights are cool, only two ung
a half months being free from killing frosts. The soil on the plant-
ing areas is derived from schist, diorite porphyry, limestone, and
quarizite, and ranges from a rather heavy brown silt loam on the
saﬁebrush site to a gray to black silty very fine sandy loam on the
other areas. It is not excessively caleareous.

The march of soil moisture and evaporation was determined for
the season of 1917, the former being shown in Figure 20 and the
latter in Figure 21, The average total moisture content of the soil
and the average evaporation intensities for the season are given in
Table 12. The moisture content of the upper soil layer is below the
wilting coefficient on these sites during the most critical part of the
growing season, and even the seasonal averages fall below the wiltin
coefficients. The evaporation rate of the southwestern aspect exceeds

that on any of the Ephraim Canyon sites under investigation in 1917,
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but the unburned brush-covered northeastern aspect had s much
Jower evaporation intensity than any of the other sites planted on
this or any of the other watersheds.

Tanre 12 —SKoil-moisture end evaporation daie on experimentdl planting areas,
Mink Creek watershed, Cache Nationel Forest, Idaho, growing geason of
1817 .

Segsonal -
o vongr| T | T | Y |
mosturs] = 1V
Inches | Per cent | Per cent [o 'R
Ssgebrust, fat : f ok sl st A 278
A 9.5
Southwestern aspeet, sagebrush—horsebrush__ . e ol n4! wa 887
Aversoo . b8 -
Northeastern aspect, brishy {burned over)..omo-.. { s Bsh w2l am 3,09
Averagp .. 10.4 mremefrrm————
Aspen cove (very gentleslope tonorth) . L] { g ttg lg }%g } 10.4 15 45 131
A b 32 S I
Northeastern aspect, brushy (unburmed).........f{ $10.81 281 1l 1 125
AVOIDEE oo 12.0 ; :
¥ Determined in the bipphysieal laberatory, B of Plant Industry, U, S. Depsrtment of Agricl-

ture, by the Brigys and Sbantz centrifugal method.,
1 Evapotation divided by the mean seaSonal total moisture content of the sei] at & depth of 6 to 12 inches,

The planting resulted in almost complete failure on sll the sites
except the aspen site and the brush site with northesstern aspect.
No examination was made of the plantation on the aspen site affer
the first year. On the other site the plantations were very successful.
{Table 11.) Two of these plantations made in 1917 each had 78
per cent alive at the end of the fourth growing season, of which 68
and T4 per cent, respectively, of the total number planted were vig-
orous. Much higher survivals were obtained with western vyellow
pine on this site than on any other area in the entire intermountain
region.

his brushy northeastern slope is regarded as being a potential
Douglas fir site and, in fact, Douglas fir planted here made a good
showing both as to survival sndbheight. -growth. Snowshoe rabbit
injury, to which the Ephraim Canyon and Big Cottonwood planta-
tions are subject, does not occur on the Mink Creek watershed., As
compared with the other Mink Creek sites, soil moisture is relatively
high on this sife, the wilting coefficient is highest, and evaporation

and Eﬁ—[ are lowest. Although this site is covered with a very dense

stand of brush, all the species, with the exception of snowberry,
are deep rooted, so that root competition is probably not keen.
The area is also well supplied, during the early part of the growing
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season, with both surface water and seepage from snowdrifts lying
to the leeward of the crest of the ridgeags;ebove the planting ares.
These drifts remain for some time after the snow has disappesred
from the other slopes. The supply of moisture in the upper layer of
soil, however, reaches the wilting coefficient during the middle of
the growing season, but even then, on account of the protection which
the site receives, the evaporation rafe is very low, favoring higher
survival,

The fact that the soil moisture on all the Mink Creek sites is below
the wilting coefficient for a considerable -period is further evidence
that western yellow pine, although using considerable water wher
water is available, apparently reduces transpiration to almost noth-
ing during time of drought.
n%:‘he other sites on the Mink Cueek watershed are much less favor-
able, being potential brush lands in whick sagebrush and other
drought-resistant shrubs occupy a prominent place. The topography
of these sites is rolling, and the majority of them are therefore
exposed to the full sweep of the prevaili.r:ig winds, which come from
the desert lying to the southwest. The dense growth of sagebrush
makes heavy demands on the upper layer of soil for the liftle mois-
ture it contains. As the moisture supply of the surface layer becomes
exhausted and the native vegetation begins to draw its supply from
lower levels, the pine trees, whose roots rarely reach a depth greater
than 12 inches during the first growing sesson after plantin%:
succumb, It is evident that on sites similar to these, on whie
sagebrush occurs as a dominant species, planting will result success-
fu%ley only when moisture is plentiful, owing te unusually heavy
rainfall during the first two or three years following planting.
Seasons of scanty rainfall are disastrous on such sites. On the other
hand, the planting of western yellow pine proves suceessful on

rotected sites or temporary brush-land areas similar to the potential
ouglas fir site mentioned above, upon which the deep-rooted species
predominate.

MORE EXTENSIVE PLANTATIONS

The results on the experimental plantations have been further
substantiated by those on s number of more extensive plantations
also made by the Forest Service, United States Department of Agri-
culture (29). Among these may be mentioned the Salt Creek plan-
tation on the Nebo division of the Uinta National Forest. Here
western yellow pine planted in sagebrush and oak brush has sue-
ceeded very well on account of the favorable soil—a loose very fine
sandy loam derived from sandstone—and a June and July rainfall
considerably above normal in 1814, the year of establishment. In
the sagebrush, where fhe soil is verly-'l fertile and light is of almost
full intensity, the trees were 13.4 inches fall in 1918, and the current

rowth of the year was 3.8 inches. In the ouk brush the height of
the trees averaged 11.4 inches and they grew 2.6 inches in 1918; but
the survival was obviously very much better.

Another successful plantation was made the same year in Ephraim
Canyon in the lower oak-brush type, characterized by scattered
clumps of low oak brush interspersed with mountain-mshogany.
The heavy early summer rainfall was probably the chief factor in
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" msking this plantation a success, while many plan ings made in

similar situations in other years were failures. In the fall of 1920
these trees averaged 12.4 inches in height and made a current growth
of 1.8 inches. ?fgey showed considerably poorer development than
trees in the Salt Creek plantation, owing to the less favorable site,
ag reflected by the invasion of pifion pine.

Another successful plantation was made in oak brush and sage-
brush in Oak Creek Canyon on the Fillmore National Forest* in
1915. Here, as on the Salt Creek watershed, the sagebrush site shows
the best growth, the trees attaining a height of 16.0 inches in 1920,
whereas in the oak brush the height was %ub 10.6 inches. The soil,
a sandy loam derived from quarizite, has doubtless had a great bear-
ing on the success of the plantation.

CONCLUSIONS FROM STUDY OF PLANTATIONS

The results of all the plantations on the Ephraim Canyon, Big
Cottonwood Canyon, Beaver Creek, and Mink Creelt watersheds
and elsewhere point to & lack of available soil moisture during the
first, season as the chief cause of the early failure of the plantations.
This deficiency is characteristic wherever the brush types are per-
manent, and plantations will not be successful unless moisture is
conserved by clearing off the established shallow-rooted vegetation
that monopolizes the scanty water supplies upon which the newly
Elanted trees must depend. As an alternative the plantation maK

e made under a moderately light cover of deep-rooted brush whic
by its partial shade reduces evaporation and transpiration and be-
cause of the absence of roots in the upper layers of soil affects sur-
face moisture but little. Even under these conditions wholly satis-
factory results are limited tc years of exceptionally heavy suminer
rainfall,

Toward the upper limits of a brush-land zone areas of temporary
brush occur. Their temporary nature is indicated by tree stumps,
evidences of fire, or the presence of conifer types on areas obviously
similar. In these places planting is much more successful. The
moisture content of the soil in such places is much higher, and the
species making up the brush are more mesophytic. Even in such
places, however, the presence of shallow-rooted brush is a factor
which clearly reduces success. -

Although soil moisture is the chief factor controlling survival,
it is evident that soil texture is also important, since a light porous
soil increases the survival of the pine. Growth and vigor are like-
wise stimulated by the texture and fertility of the soil. Evapora-
tion, because of its influence on availuble soil moisture and trans-
piration, is also a factor which influences survival.

The foregoing diseussion applies chiefly to first-year losses. After
the first year the surviving trees are not limited to the moisture
supply at a depth of € to 12 inches and consequently are less sus-
ceptible to injury from drought in June and July. Although
further mortality will take place, this will usualiy be at a diminis%l-
ing rate, and each additional year will tend to establish the sur-
vivors more firmly.

1 Now o part of the Fishlnke Nntonal Farest.

-
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After the first year, shade may become a factor inducinf hiih
mortality in plantations originally showing excellent survival. The
shade cast by a solid canopy of oak is disastrous, as is the shade of
dense aspen or chokecherry. Where ocak brush grows in isolated
clumps, western yellow pines planted in the spaces between the
clumps or on the north edge bave a good survival and growth.
Manzanita, sagebrush, snowbrush, low oak brush up to 8 feet in
height, and other shrubs which do not form a closed canopy do not
appreciably affect the development of western yellow pine by shad-
il}g. Their root characteristics, which influence the rate of depletion
of soil moisture, are much more significant.

The practical conclusion from these plantations is that pine planted
in the obviously temporary brush types, particularly those char-
acterized by a deep-rooted mesophytic vegetation, is most successfnl
oand that these lands should be planted first. Of the permanent brush
sites considered in this study, areas cleared of sagebrush offer the
best planting sites, especially if soil moisture is normally good, if
evaporation is low, and if shallow-rooted herbs do not immediately
invade the area.

The other brush-land sites have so many complex factors involved,
such as soil moisture, evaporation, and shade, all of which are intri-
cately interrelated, that simple rules for the selection of planting
sites ean not be formulated. ere are, however, certain fundamental
facts involving the moisture relations of the sites which can be de-
termined by a study of the indicator significance of the native vege-
tation on the ground. An understanding of these clarifies the whole
problem of the choice of planting sites in the permanent brush lands.

NATIVE VEGETATION AS AN INDICATION OF THE SUIT-
ABILITY OF PLANTING SITES

In the preceding discussion it was shown that, of the various fac-
tors effecting the success or failure of planted western yellow pine,
the competition of shallow-rooted vegetation is one of tﬁe most im-
portant. After the shock of transplanting, the drying out of the
soil through transpiration of comfpeting brush growth imposes a tax
upon the recuperative powers of the youn pine transplants that
may result in heavy losses. The success or %mlure- of plantations is
evidently determined in large measure by the character of the root
systems possessed by the competing vegetation. It should therefore
be possiblé, from a knowledge of the water relations of the native
plants and of their root systems in relation to different soil layers,
to determine the conditions of vegetation under which the pine can
be planted successfully. This suggests a more detailed study of the
native vegetation to determine its significance as indieating the suit-
ability of the brush-land sites for forest planting,

The use of plant indicators, or a method of assessing the growth
value of certain lands by means of the natural growth found thereon,
hasg been a factor in the settlement and development of new regions
and is doubtless almost as old s agriculture itself. When the pio-
neers settled the great Ohio Valley, some of them selected land cov-
ered with sugar maple and beech. These were more prosperous than

b7154°—31—4
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these who settled-on onk and pine lands. Likewise in the Great Salt
Take Desert, those lands which were covered with a tfall, tuxuriant
growth of sagebrush yielded the best agricultural crops when put
under irrigation. While herbacecus plants have been used much
less in judging the fertility and character of agricultural soil, man
of them are quite as characteristic as the trees. Hilgard (22) mad}i;
one of ihe first suceessful attempts to organize a system of indieator
plants snd thus to recognize a relationship of plants to soil based
npon the résponse of the plant to its environment.

Shantz (46) has pointed out that the character of the native plant
cover can bo used as a reliable indicator of the capacity of land for
the production of farm crops in the short-grass region of Cotorado,
provided the relation between the vegetation and the environment is
correctly interpreted. Kearney and others (23) have gone still fur-
ther in the scientific study of native vegetation in the '%ooele Valley,
Utah. They have shown that the character of the native vegetation
affords a reliable index of the conditions favorable or unfavorable to
the production of farm crops and have incidentally established cor-
relations between the native plant cover and the available moisture
and the physical and chemical properties of the soil.

Sampson (44) has studied the relationship between the native vege-
tation and the carrying capacity of range lands and has developed
the praectical application of these principles to a point where they are
of great importance in the judicious management of the range lands
in the western United States.

Clements (6) has treated extefisively the fundamental concept of
agricultural, grazing, and forest indieators in their broader ecological

aspects.

%?uropean foresters, among whom Ratzeburg (42) and Ramann
(4I) may be mentioned, have long recognized the significance of
characteristic indigenous forms of the lesser vegetation as indica-
tors of site quality. Cajander (9) has recently treated the native
vegetation of central and eastern Europe as indicators of site uality
in the demarestion of forest types, and Frombling (17) and Rubner
(43) have still more recently emphasized the use of the lower forms
of plant life in the forest as indicators in solving many of the dif-
ficult silvicultural problems of natural regeneration, thinnings, and
methods of cutfing.

In the United gtates no equally comprehensive studies have been
made of plant indicators for forest production, although, scattered
through the forestry literature, brief notes are foun suggesting
the possibility of & relation between natural vegetation and forest
productivity.

As early as 1808, Peters (99}, as a result of observations made in
Northampton County, Pa. called attention to the faet that hem-
jock, white pine, and pitcil pine are likely to be found on deep,
fertile loams as well s on the thinnest, sterile sandy soils, and that
therefore timber alone is not always an invariable indicator of the
capabilities of the land. Some of the recent literature on the use of
the native vegetation as indicators of forest sites bas been reviewed
by Korstian (24, 25).

Every site is a complex of climatic and soil characteristics having
& determining influence upon the character of the vegetation. There-
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fore, in the determination of site quality s, detailed consideration of
the individual causal factors is not essential if it can be assumed
that their combined effect will be evident in the composition and
vigor of the vegetetion. 'The native plants, in their response to the
site factors, presumably show the effect of the snmmation of these
factors. Every plant may, therefore, be regarded as a criterion of
the environment in which it grows and, moreover, an indicator of
the behavior on the same site of other species whose requirements
ure known.

Studies of the natural suceessional relations of the native shrubby
species, their root development, the relative size, structure, and
mojsture content of the leaf, sap density, and relative transpiration
‘were therefore undertaken to determine, as far as possible, the sig-
nificance of the native vegetation on the various sites,

FAILURE OF SUCCESSIONAL STAGE AS AN INDICATOR

In the first of these studies an attempt was made to test o hy-
pothesis, which, if confirmed, would simplify the choice of plantin
sites through the use of native vegetation.  Since the lenting 0%
pine in the brush type appears to be merely the artiﬁciaFforcing of
a plant succession which takes place naturally under conditions not
greatly dissimilar, a working hypothesis was built up upon this
basis, using principles of plant succession already worked out for
the general ﬁoc Mountain region, largely by Clements (15).

It is evident that where it occurs naturally in southern Utah
and central Idaho western yellow pine is the climax forest. In
both these regions, after fires or other aceidents kiil ouf, the Ppine,
a plant succession is started in which shrub associations similar to
those characteristic of the intervening pineless belt occupy the areas
until western yellow pine seeds in and again becomes dominant.
Consequently the different associations wit.Ein the brush-land zone
would naturally appear to be favorable to western yellow pine in
the order of their successional sequence. An attempt was there-
fore made to work out these successional relations as typified in
the oak-brush zone in Ephraim Canyon.

The details of the earlier stages of the succession on wet lands
are Immaterial to this study, as swamps and bogs are not consid-
ered as planting sites for western yellow pine. these areas d
up, however, they can be considered. According to the authors’
ogservations, the bogs develop directly into typical sagebrush flats
m which sedges (Carex spp.) may persist for some time. The
sagebrush is aggressive and the change appears to occur rapidly
and to be generally extensive. The nest change, to oak brush,
appears to be very slow, sometimes involving a temporary inter-
mediate stage characterized by serviceberry. Acorns falling upon
bare grounf are killed by drgmg out or the alternate freezing and
thawing to which they are subjected in the autumn, When covered
by » layer of oak or serviceberry leaves they doubtless remain
viable and many sprout and teke root before the winter snows cover
them. Hence in some cases the serviceberry favors the invasion
of the vak. Once the oak brush gains a foothold it has no difficulty
in shading out the sagebrush and in persisting as thz climax type
of vegetation, i i )
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The succession on dry lands is less easily followed than that on the
wet lands on the opposite side of the oak-brush climax. Rocky
ridges bear an open stand of shrub ecies that may consist of com-
mon mountain-mahogany, bitterbrush, squaw-apple, or manzanit
or mixtnres of these species together with sporadic oceurrences o
gerviceberry, winter ?;t, and possibly other shribs. Manzanita
tends to grow in pure stands more commonly than the others, ocour-
ring typically on the poorest soil, usually of sandstone origin.
perhaps should be placed one stage lower in successional sequence
than its associates. cept on these rocky, thin-soiled ridge tops, the
oak brush at onee comes in, at first Jow in stature but clearly domi-
nating the site as the climax type of vegetation.

Fire in the oak brush, as will be shown in the following gection,
causes only a very temporary change, since the brush spIrt{l}uts vigor-
ously the next year and soon regains its dominance, the sage-
brush, however, the effect of fire is mors lasting and may lead to a
prolonged occupation of ‘the site by grasses and herbs, dependin
somewhat upon the size of the burn. ggg small burns the sagebrus
will again be in full possession of the aren within three years.

As soon as the main stages in the Jocal plant succession were deter- -
mined, as shown above, it was realized that the successional relations
of the native vegetation offered no clue to the suitahilitTybof the differ-
ent sites for the planting of western yellow pine. e experience
with forest Eanting in the intermountain Tegion has shown the
validity of this conclusion. The ckief reason sppears to be that
western yellow pine—as well as other species of pine—possesses meny
of the characteristics of plants growing in waste places. Open bare
soil best fulfills its requirements for initial stages of growth, for
there the pine finds the most favorable soil moisture as well as tem-
perature. While it is probably true that as the succession progresses
the soils themselves become increasinggf favorable, yet the pine can
not take full advantage of the changed site conditions so long as a
natural vegetation, adapted to the minimum soil moisture for western
yellow pine, remains on the ground to compete with the pine for the
scanty water supplies. :

Furthermore, root development in the upper soil layers, which is
so important in determining soil moisture and the initial survival
of western yellow pine plantations, does not vary regularly with
the successional stages. The successional stage of the vegetation,
therefore, can not be used as a means of determining the suttability
of the site for the planting, so long as the trees are placed in com-
petition with native vegetation. equally drought enduring or more 5o,
If the ground were cleared, as in agriculture, the results would cb-
viously be very different, and use could probably be made of the
successionel stage as a general indicator of the suitability of the
cleared site for western yellow pine.

In contradiction of the above conclusion that the so-called perma-
pent brush lands have, for the most part, reached their climax type,
it has been claimed that these brush lands represent a zone of suc-
cessional immaturity caused by a retrogression following repeated
fires in times prior to the advent of the white man. ile this
hypothesis js hardly tenable in view of the evidence already presented
in regard to the essential climatic differences between the brush-land
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zone:and the pinelands to the north and the south, nevertheless it
may be well to point vut briefly some of the other evidence that in
part invalidates this contention.

“Were this hypothesis true, dynamic successional chenges would be
general thronghout the brush-land region, since it is no longer sub-
Lact to repeated fires. A careful study of successional relations in the

rush zone reveals that the major formations are now static, each
occupying its own peeuliar soil type. Sagebrush is a possible excep-
tion, as it seems to be open to extremely slow invasions of oak brush
and aspen through extension by root suckers. Furthermore, while
there is a. scattering of conifers—Douglas fir and white fir—~in most
of the oak-brush zone, a careful study on the Ephraim Canyon water-
shed indicates that the effect is not cumulative. Scattered seedlings
gain a foothold only about as fast as the mature trees die, so that
there is no transformation of types but mevely an wncertain, fluc-
tuating, seattered oceurrence of various conifers within the oak brush.
Table 18 shows this clearly, Were a successful invasion oceurring
at the present time, seedlings and saplings would greatly outnumber
the mature trees. The various scattered occurrences of western
yellow pine well info the general pineless zone show no activity in
extending themselves beyond present boundaries and merely main-
tain a precarious existence upon areas where particularly favorable
soil and moisture conditions are found. There is accordingly mo
evidence that the brush lands herc are maintained by fires zlone.

Tampe 13—8cuttered occurrence of oconifer seedlings on norih and south
ezposures in Ephralm Uanyon, in irees per acrel

Seedlings | Saplings Bmi\l;lopglu Large

3 feat
B under 3 [es & to
Aspeet and tres species et in h[igl‘;h I‘; 4| a2 | B Lnches
beight | PP ]| abh [ abh
North slope: Number | Number | Number | Number
Douglas fir o L7 &3 i % |
. White fir. LT 8.7 20 W7
Alpine fir.. —— .3
Rocky Mountain red codar ... ... 43 &7 LO[rmmraminnn
Taotal. .. 6.0 44 8.3 14
Sonth glops:
Pifion LG N ] [N P
TFtah inniper. 210 16 L.
07 a5 4.0 ') I

1 Dats obieined by a strip survey; po trees larger than 12 inches {n dimester were present.

Furthermore, where fires have run, as in perts of the Douil‘:f fir
and spruce zones, the conifers become limited to areas mar by
rocky. outcrops and cliffs, where the ground cover is so broken that
the light fires characteristic of the region can not spread. In the
brush-iand zone the sporadie occurrences of western yellow pine are
confined to sandy soil or stream bottoms and are not f]:*ee from forvest

res,
The hypothesis that fire alone is responsible for the brush lands
therefore ﬁas no basis. Moreover, there is no evidenee in support of
the hypothesis that the brush lands constitute a zone of successional
immaturity resulting from repeated fires in the past.
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 INDICATOR SIGNIFICANCE OF BRUSH-LAND ‘SHRUBS BASED ON
i . ROOT. DEVELOPMENT -

Root, competition has already been referred to as one of the reasons
why the establishment of western yellow pine within the brush lands
is. iﬂicult . A direct study of root devel%pment for the purpose of
throwing additional light on the suitability of the brush-land sites
for forest planting was therefore desirable. Investigations in Utah
%235;) and in the short-grass regions of Colorado (46} have proved

is to be a fertile field for determining the potentialities of agricul-
tural lands. _ '

" “Excavation of root systems of western shrubs bas also been carried
on by Canmnon (17), Markle (35), and Weaver {42, §4), but they did

_not make specific application of their results to any particular
forestry problem. Weaver (54, 55), however, has shown that root
position clearly reflects soil moisture, especially when interprefed in
its habitat relations, and that a study of root habit greatly ?t)lci]itates
the determination of the value of various species in indicating the
potential productivity of agricultural and forestland. These studies,
however, contain few data dirvectly applicable to the present investi-
gation, since entirely different species are treated. Moreover, the

- forester’s t]flroble__m is differeni from that of the farmer, since in forest
planting the trees are placed in direct competition with the roots of
the native vegetation, whereas in agriculture the ground is first pre-
pared by plowing and all vegetation is removed. Thus the different
types of root systems may have generally opposite indications in the
two lines of investigation, .

Roots extending to moderate depths indicate that the layers of
goil that would be used by crop pllaints are periodically moist, and
thus they are favorable indicators to the farmer who plows that
vegetation under and plants his crop in the moist soil. To the for-
ester, shallow roots indicate a maximum of root competition. The

: . question at once arises whether a dry site free from shallow roots is
3 inferior to = moist site crowded with shallow roots. The conclusion
' to be drawn from these studies of root systems, coupled with soil-
moisture determinations and the results of plantations is that shal-
low-root competition, at least during the first year, is actually worse
thar 2 naturslly dry site. A deep-soiled, moist flat covered with
sagebrush having a very extensively developed superficial root sys-
tem actually produced a lower initial survival of western yellow pine
than the squaw-apple association on a hot, barren south slope where
I all the native vegetation draws its moisture from deep soil layers.
I It is probable that in every associstion, except on some of the
{ wettest sites such as mnarshes and stream banks, the native vegeta-
tion uses practically all’the available water and that at the time
of the summer minimum there is little water available anywhere,
The best forest-planting sites would naturally be moist areas eovered
with deep-rooted vegetation. But these sites are equally suited to
the invasion of shallow-rooted plants, and accordingly such ideal
. sites are rarely found. For example, what appeared to be a fairly
moist slope occupied by common mountain-mshogany and service-
berry, both deep-rosted species, was planted to western yellow pine,
with very poor results, Further study of the site revealed great
quantities of snowberry of small size growing about the bases of the
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brush clumps, the well-developed, widespreading, shallow root sys-
tems undoubtedly making the area a poor planting site. A deli-
cate relationship must, therefore, exist between the natural moisture
of the site and the completeness of its removal by the vegetation upon
it. Root habit can be used in only a broad way, with the main fact
in mind that shallow-rooted vegetation is very unfavorable. .
On the other hand, when this vegetation is removed by fire, over-
grazing, or even plowing, pine can be planted with much better
results, since it must then compete only with seattered or chance
carly invaders of the site rather than with a completely established
ground cover of shallow-rooted species. Heavy grazing may help to
produce favorsble conditions by bringing about the destruction of
shellow-rooted grasses and herbs, in much the same way in which
it raidia n)af:ural' xéproduction of western yellow pine in the South-
west {87}, :
To determine the root characteristics of the typical brush-land:
. shrubs, a large number of root systems were excavated in Ephraim,
Canyon and at the pines station, an area within the natural western
yellow pine type of the Manti National Forest, and in Big Cotton--
wood Canyon in the Wasatch National Forest, all in Utah. In most
of the root systems excavated in this study, more attention was given
to the general form of growth and development and the presence of
feeding rootlets in the upper soil luyers than to the greatest depth
to which the roots penetrated. This wus partly becavse the maxi-anm
depth of penetration was not pertinent to the study and wartly
because the heavy clay soil, which becomes dry and compact in mid-
summer, makes 1t exceedingly difficult to excavate root systems to
any great depth without bresking off the small, brittle rootlets.

CLAZSIFICATION OF BROOT SYSTEMS AND THEIR SIGNIFICANCE

The root systems studied may be eonvenienily divided into four
classes, each reacting upon the upper soil layer to a different degree,
&s follows: (1) Dee]iasystems consisting mostly of taproots which
spread in the lower layers of soil and have practically no feeding
roots in the upper layers; (2} systems with widespreading rhizomes
comsisting of a shallow network of roots which are largely rhizomes
and have only a few short feeding rootlets, coupled with a deep-
feeding root system; (3) generalized systems consisting of many
spreading roots feeding in upper and lower soil lavers; (4) 2-storied
systems consisting of shallow-feeding roots in the upper soil layers
coupled with a very deep feeding root system, with practically no
feeders in the intermediate soil layers.

Derr-RoOTED SPEOIES -

To the first of these four classes belong the squaw-apple, rubber
rabbit brush (fig. 22}, bitterbrush (fig. 23}, joint fir or Mormon tea
yiig. 24), serviceberry (ﬁg. 25), common mountain-mahogany {(fig.
22), and sticky currant (fig. 26).

Of these, the rubber rabbit brush presents the most striking ex-
ample of a deep-feeding root system. Each plant has one or a few
long unbranched taproots supplied with only a few short hairlike
rootlets for the entire length. No specimen was excavated to a,
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sufficient depth to find where branching occurred, although one system,
was traced to a depth of 7 feet.

Bitterbrush has
somewhat the same
type of root system: but
branches within a foot
or two of the surface
of the ground. The
larger roots are covered
with a dry stringy
bark similar to that of
cedar.  Squaw-apple,
joint fir, common
mountain - mshogany,
and serviceberry have
systems which are very
similar. There may =«
one or several taproots
from the base of a

" medium -sized bush.
Theseh extend a.]mo:*it
Fioong 22.—Typleal root pystems of rubber rabbit brush straig t dowpﬂ spread-
l(:g’!"l?g?l:;a?s‘el:’:omrpns maant:rx:u)' in oak-b?no:hntgg; ing only s]jghtly and
subdividing at inter-
vals into somewhsat smaller roots. All of the absorbing rootlets,
however, lie at great depths in the soil, and practically none were
found in these investigations.

Rasbit
Bruth

3

Fiovee 23.—RBitterbrush (Purahia tridenicte} showing typlenl root development {4)
in heavy ciay 60il on Epbraim Canyon waterabed and (B) iuw light saudy soll near
the pines station

Sticky currant (fig. 26). had very few feeding rootlets on any
portion of the system excavated. The plant which was dug up had
& root system 18 to 24 inches in lateral extension and between 3 and
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4 feet deep. The relatively few branches on this system were quite

long and had a few fibrous rootlets.

Serviceberry probably feeds at
the shallowest depth of all the
deep-rooted species, but even in
this species the root system les
from 3 to 6 feet below the surface
of the ground and naturally hss
very little eflect upon planted
western yellow pine. This type
of root system obviously indicates
highly sf‘gvorable conditions for
planting, as practically all root
competition is absent. The pres-
ence of deep-rooted shrubs can in
no way smeliorate a site that is
already hot, dry, and consequently
severe; their significance 1s that
they do not render a good site
unsuitable. Nearly all these
shrubs zre quite drought resistant
and are characteristically found
ofnt severe sites. Bitterbrush and
common m ountain-mahogany,
however, sometimes extend to

o

7

SCALE OF FRET

-8

Fiatne 24 —Typlegl oot system of
oint fir {(Ephedrg viridiz}, often
own a8 Mormon tem, in oak-brush

Tone

sites that are only moderately severe, and common serviceberry and
sticky currant are frequently found on mesophytic sites, the latter
often in the temporary brush types on potential Douglas fir sites.

seudpr ek

Tsrre 23.—Typical root system of common serviceberry {Amelanchicr alnffolia) In
oak-brush xgne

Squaw-apple, rubber rabbit brush, and joint fir (Mormon tea)
are almost ajways limited to such severe het, dry sites that plan-
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tations on these sites will not succeed even if root competition is
eliminated. :

SYSTEMS WITH VWIDESPREADING REIZOMES

In the second class of root systems are found those of cak brush
{fig. 27, A), black chokecherry (fig. 28), Fendler rose (fig. 29),
creeping hollygrape, winter fat {fig. 30), myrile boxleaf (fig. 27, B},
mallow ninebark {fig. 81), western thimbleberry (fig. 32), and bear-
berry heneysuckle (Hg. 83).

All these species are characterized by the presence of rhizomes, glen-
erally bearing scanty feeding rootlets coupled with a more or less
deep-feeding root system. It is obvious that the value of these plants
as Indicators is somewhat variable, depending upon the extent to
which shallow-feeding rootlets are developed upon the rhizome.

Ficune 26.—Typlesl root system of sticky currant {Rébes viacosigaimum). (12-Inch
squares ju perspective}

The oak brush has a thick mat of superficial roots which spread
widely from the clumps of brush. At intervals a feeding root ex-
tends vertically downward from these surface roots aud usually does
not subdivide until it has reached a depth of 4 or 5 feet. Most of the
absorption takes place at an even greater depth. The superficial root
system, although very highly developed, consists mostly of rhizomes,
and there are few feeding rootlets in the upper foot of soil. The
rhizomes make planting difficult in dense oak brush, as they interfere
with digging the planting holes and with packing the soil firmly
around the planted trees. Their interference with planting is prob-
ably mora objectionable than the withdrawal of meisture from the
soil after the tree is planted. While the oak-brush roots do not

reatly impair the value of a planting site, in some places the brush
1s so Juxuriant that good sites are unsuitable for pine because of the
deficiency of light.

Black chokecherry has a root system similar fo that of the oak but

with fewer surface roots and less thizome branching, Each.bush has,

¥

L4
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a few rhizomes extending in various directions, from which feeding
roots extend straight downward for long distances, without branch-

PR
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Fravee 27.—4, Typical root systems of osk brush (Quercus ujdhemsin) in Ephraim
Canyon; &, Typical root systems of myrile boxleaf {Pachistima myrsinitce) in
Ephraim Canyen

ing. Black chokecherry is confined to mesophytic sites, and since its
root system is favorable, i is an indicator of high value und at its

upper elevations may even indicate Douglas fir sites.

SCALE OF FEFT

f’

Fiovug 28.—Dlick chokecherry {Prunus mclanccarpe) showing typleal farm of root
dystemn 1n opk-brush zone

"The creeping hollyzrape (Qdaosteman repens) root system is some-
what similar to that of the black chokecherry. About a foot below

the soil surface a single rhizome genersally occurs from which vertical
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feeding roots and shoots are sent out at intervals. The rhizomes are
- provided with a number of small feeding rootlets, but they are all
very short and can with-
draw water from limited
areas of soil only. This
species seldom dominates
an arez and usually must
be considered in conjunc-
tion with other shrubs.
It is frequently found om
severe sites.

Winter fat oceurs on
dry sites which are gener-
ally unsuitable for plant-
ing, The root system is
essentially deep feeding,
consisting of main roots,
running downward to
great depths, that start at
irregular intervals from a
long rhizome 4 to 5 inches
I" below the surface. This

rhizome bears a few seat-

SedLE pr FEEY

FiooeR 20.—Fendler rose (Rosa fendleri) showing tered roots which draw
typical root gystem In onk-hrush zone

small gquantities of water

{
2 4

L
—

Ficun 30.—Typical root Eystem of winter fat
{Rurotig !opota} lo ocak-brush Zooe

from the upper soil, but the plant absorbs most
of its moisture through the deep terminals of the
main roots.

Myrtle boxleaf rhizomes are close to the surface
and are very numerous and small. The greater
part of the root system consists of very much con-
torted roots which subdivide and spread to some
extent in the upper 2 feet of soil but which have
most of their sbsorbing rootlets at greater depths.
This species is almost always found under the
shade of aspen, oak, and other brush and is there-
fore not of primary importance as zn indicator, although sometimes g
it occupies old Douglas fir burns to the exclusion of almost all other
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Fiavee 31.—Typieal rhizomes and root system of mmilow bloebark
tucend). (13-ipch equires In perspective)

Fraupe 82, —Typleal rhizomes and root systems of woesiern thimlleberry (Rulivs parvd
flarue), (12-ineh bgusres 1n perspective)
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vegetation. Its presence in associstion with other species in no way
de%reciabes the indicator value of the major species.
he Fendler rose sends a taproot downward early in its life and
Iater develops a more spreading root system, although at a consider-
able depth in the soil. Few %eeding rootlets are found above the
depth of 3 feet, except in young piants and on moist soils. After
this root system 1s developed, the plants send out a few rhizomes in
all directions, and these may in turn send down feeding roofs to
deeper levels and from time to tiune these rhizomes give rise to new
rose plants along their lengths, Fendler rose occupies fairly well
watered sites and consequently is an indicator of favorable sites;
however, it rarely dominates an area, and its indicator value may
have to be discounted because of less favorable associates.
Mallow pinebark has a rhizome running through the upper 12 to
18 inches of soil with a few small rootlets extending to a depth of 30

|

FiguRE 33.—Bhizomes and root eystems of bearberry honeysuckle
{(Lenicera involucrota). (12-Inch squates in perspectlve)}

to 36 inches below the surface. It has many absorbing rootlets along
the rhizome between planis. This species is not commeon in the
brush zone but in Utah is more characteristic of temporary brush
areas in the Douglas fir zone. However, in central Idaho it is fre-
quently found on potential western yehow pine sites. The root

stem probably draws more heavily upon surface moisture than in
the preceding species, but as it is generally found on moister sites the
unfavorableness of the root system is largely offset. Mallow nine-
bark may therefore be regarded as an indicator of fair conditions
for planting western yellow pine, either upon Douglas fir burns or
permanent %rush sites.

Western thimbleberry has a long rhizome running paralle} to the
surface of the ground at a depth of approximateﬁr 12 inches for
2 or 3 feet and then extending downward to a depth of 6 or more feet.
Practically all the sbsorbing rootlets are found along the main root
running parallel to the surface of the ground. This root system js of
a still more unfavorable type. The plant is characteristic of moist

.
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* Donglas fir sites in Utah and is rarely found on the drier sites which
would generally be chosen for pine plantings, Moreover, if planted
on sites where thimbleberry occurs in dense stands, the hesvy cover
formed by the broad leaves of this shrub soon shades out the pine.

The bearberry honeysuckle has a root system composed of com-
pact bunches of roots developed at close intervals, on a running
rootstock. Each plant has a lateral extension of about 12 inches
and a downward extension of 12 to 18 inches. There is a mass of fine
fibrous roots a short distance below the surface. This species is
characteristic of very moist sites in the Douglas fir zonesgut may
sometintes ocenpy similar sites in the permanent brush zone.

GERERALIZED Spreeinive SysrEus

The third class of root systems contains those of the following
plants: White fir, western yellow pine {fig. 84, B}, pointleaf man-

A

Ficran 24—A, Mountaln enowbe Spmphoricarpos  greophilud) showlng  develop-
ment of root system lo young and old planfe In osk-brgsh zone; B, western Jellow
pine {Hinug scopuicrum) showing development of root system on Hght aandy soil
near the pinea steticn

zanita {fig. 35), mountain snowberry (fig. 34, Ag snowbrush {fig.
36}, russet buffaloberry (Lepar é,/rea C‘Gﬂﬂé&ﬂsi&) ﬂg. 37}, and clem-
atis {Clematis Higuaticifolia) (g . 88). A peneralized root system
is characteristic of all these species, Feeding roots are found in both
the upper and lower soil layers, so that the moisture of the upper
strata is very largely depleted by the activities of these plants, The
white fir and western yellow pine are very similar in general form of
root system. In both species a faproot is first formed. This later
Gevelops into a generalized spreading root system, which draws
moisture from successively lower lag-ers as the tree becomes older.
There is generally some absorption from relatively shallow soil lay-
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ers, Earticular}y in white fir. In western yellow pine, however, most
of the ahsorption occurs at depths greater than 2 feet. Surface roots
are largely absent from the western yellow pine studied on the

: Wasatch Plateau in
Utah. This may be
due to the light sum-
mer rains,

Pointleaf manza-
nita is distinctly
generalized in its
root system, and nu-
merous roots sprea
from the base of the
plant in all direc-
tions. Some of these
roots are large and
extend considerable
distances before de-
veloping feeders, but
there are always so
many small feeding
roots mingled with
them that moisture is
drawn from a large
volume of soil, much
of it near the surface
and ususlly close to
the base of the plant.
This species is not
very significant as
an indicator. It is
most commonly
found on severe sites,
but because it usu-
ally occurs in open
stands it does not re-
duce the soil mois-
ture as much as the
root system would
indicate.

Sndwberry also
has a distinctly gen-
eralized root system.
;‘; fewhm{:ts exft.etliild
Frounp 35.—Poln oatg, . om the base o e
oo (306, Dy Ta tgnt sandy #08] Deat t‘ﬁ%osia‘::‘ﬁ?uﬁ rections at & depth

of only a few inches
below the surface of the soil. At distances of a few inches to about a
foot, they curve downward and run almost vertically until, at o depth
of about 2 feet, they divide into feeding roots which extend to con-
siderable depths. Desides these prominent roots, many smail feeding
roots extend into the surface layers of soil near the buse of the plant.

SCALE OF FEET
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The soil within a radius of 2 feet of the lant has the upper foot
fairly well filled with abserbing rootlets. ‘This species is a common
associate of oak brush, serviceberry, chokecherry, and many other

plants with deep-feeding root systems and does much to render un-
suitable otherwise

excellent sites.
When well developed
it is 2 very serious
competitor of west-
ern yellow pine.
Snowbrush has an
extensive root sys-
tem spreading out-
ward and downward.
A 3-year-old plant
growing in good soil
in the Cottonood
nursery on the Wa-
satch National For-
est was found to
have lateral Teeders FIEnE 36 enient fn .
all along the main mL?fns higul“‘iri:u(:lli. J‘ﬁ‘{i’f‘i—gi?l g!jlunntngs! iin?;é'gﬁﬁchti\ftsea"o‘
roots to a depth of
26 inches. An older specimen from the adjacent slope had the same
general character of root system, exeept that it extended to depths
of 6 to 8 feet.

_/

/

- e S ; -5
FrovnE 27.—Ront #¥slom of russef buftaloberry {Lepurgyrea cantdenais), (1Z2-jueh
siunres I'n perspeetive)

; . Russet buffaloberry has a compact, bunched root system with very

little tendency to develop a taproot. The root systems studied ex-
tended down about 3 feet, Lut the greater part of the absorbing sur-
face was situated in the upper 18 to 24 inches of soil. The lateral
3 extension amounted to 18 to 24 inches,

GTlEde—31— 3
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Clematis has a rhizome running through the upper 12 inches of
soil, but the absorbing rootlets are shallow and closely massed below
the plant. The absorbing surface of the roots and rootlets is almost
wholly in the upper 12 to 18 inches of soil.

In Utah, the last three species are more characteristic of the tem-
porary brush type of the Douglas fir zone than of the permanent
brush lands, and since they occur on more moist areas, the shallow
roots are less injurious to conifer transplants than if they were in
drier situations. However, snowbrush occurs on more severe sites in
central Idaho, in association with the ponderosa form of western
vellow pine. Snowbrush has the least superficial root system of all
three species. Both russet buffaleberry and clematis are charac-

Ficrour 38.—Typical rant rystems of clemutis {Cfomotfs liguaticd
fotins.  (12-inch squunres in perspeetive)

teristic of cool, moist sites not often considered as planting sites for
western yellow pine.
Two-STORIED KYSTEMS

To the fourth class of root systems belong those of sagebrush (fig.
39) and Fendler soapbloom (fig. 40). Of these the sagebrush pre-
sents a much more typical 2-storied root system than the Fendler
soapbloom. The prominent sagebrush taproot sends cut great num-
bers of small feeding rootlets, Yonger near the surface and successively
shorfer, until at a cﬁapth of about 2 feet they almost completely dis-
appear. Below this the taproot scon divides, but without developing
feeding rootlets until great depths are reached. If is very difficult
tc locate the final feeﬁing rootlets of the sagebrush on account of
their brittleness and the great depths to which they penetrate,

Fendler soapbloom has a root system similar to that of the sage-
brush. It has a number of very shallow rootlets extending out from
the base of the plant. The taproot extends downward orﬁy about a
foot before branching and rapidly produces small feeding rootlets.
A surface feeding system is developed, as in sagebrush, but the
secondary deep-feeding system lies in much shallower soil.

This type of root system, on account of the excessive development
of surface rootlets, is very effective in exhausting moisture in the
upper soil layers and causing failure of plantations on sites occupied
by these two species, Sagebrush is the greater offender of the two,
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because it normally occupies drier sites, forms denser stands, and
bas a more extensive development of superficial roots,

CoxpartsoN op SrTes

In general, when plants
are considered in associa-
tion, it may be said that
those associations oceupy-
ing the dry ridge tops and
south slopes have root sys-
tems which feed wholly at
great depths, The inter-
mediate classes occupy
north slopes and less severe
sites, and the shrubs with
the best-developed shallow
root systems occupy sites
which have the best mois-
ture conditions, at least
during a part of the grow-
ing season, The form of
ool oystem  varies some-
what within a species and
is ‘affected only slightly
by soil conditions. oot
systems of bitterbrush (fig.
23), manzanita (fig.
35;’ and sagebrush (ﬁg' Fictne 39—Sapebruosh [Arfomiste trideniala)

" showing developmoent of root system {A} in
39) from the hght s&ndy hervy clay soil on the Ephraim Chuyen water-
soils of the pines station pines station

-f;;wf,‘_‘:

sied and {B} iz light saudy soil near the

LT

F*  show the same general

:  form as those growing on the heavy clay soils of Ephraim
-~ Canyon.

s The root system of any plant will naturally vary somewhat with
. the moisture conditions under which it grows. A plant will de-
P
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Fioene 40.—-Typleal root systema ¢f Fendler scapbloom {Ccenolfing fendlerd}
. In enkbrush zope
k

velop but few roots in » horizon which is habitually dry. On the
r other hand, if the topsoil layer on any site is reasonably moist some

o T
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plant will take advantage of the available water. It follows then
thet a predominance of characteristicaily deep-rooted plants indi-
cates a site on which the upper layers of soil are naturally dry be-
cause of deficient rainfall, rapid percolation, or high evaporation.
In a year of favorable moisture, planting should succeed, but the
planted trees would probably suffer before their roots reached per-
manent moisture.

After deep-rooted plants become established on a site having a
dry surface soil, conditions should gradually improve through the
acenmnlation of a surface mulch and the formation of a humus
layer; and, as has already been shown, shade should aid perceptibly
i the initial establishment of planted stock. After a site has been
improved in this way by deep-rooted pioneers, the native vegeta-
tion will be likely to take advantage of the increased moisture in
the upper soil layers. The original plants may develop lateral ab-

sorbing roots near the surface or may give way to other shallow-

rooted species that require surface moisture.

Trees planted on such sites are not likely to make rapid growth
unless soil conditions are such that they can develop active absorb-
ing roots fairly near the surface where the organic matter occurs and
where the soil aerution, already shown to be necessary, is best. These
relations are strongly reflected in the superior height growth of
western yellow pine planted on the sagebrush sites. (T able 7.)

The results of planting on sites occupied by the various shrubs
common to the brush lands show very conclusively that the soil
layers occupied by the absorbing roots become extremely dry—
much drier than soil containing no roocts at the same depth. That is,
the presence of shallow-rooted species feeding near the surface indi-
cates that the trees must be placed in direct competition with the na-
tive vegctation and that the site is therefore unsuitable for plant-
ing. The best results can be obtained with plantations on sites where
absorbing roots of the native vegetation are found at depths below
3 feet and where the trees can safely be placed close to the north side
of the bushes where the shade will serve to reduce evaporation and
transpiration. Such sites are likely to be naturally severe, as deep-
feeding shrubs tend to occupy dry sites. Therefore, in most cases
such sites should be selected for forest plantations only when they
are otherwise naturally suifable.

If the native vegetation can be removed before planting, sites
which originally supported a vegetation composed of shallow-rooted
species will prove the most satisfactory, since the presence of such
plants indicates that rvelatively large amounts of soil moisture exist
in the upper soil layers during the growing season. This, of course,
g{:plies to long-lived annuals or perennials and not to the ephemeral

rallow-rooted vegetation that springs up after rains on the deserts.

LEAF CHARACTERS AS AN INDICATION OF SOIL MOISTURE

Tt has elready been shown that a careful observation of the prevail-
ing vegetation as to root development will facilitate the selection of
favorable planting sites. Areas made unsuitable by shallow-rooted
vegetation may thus be avoided. At the same time deep-rooted vege-
tatlon itself clearly does mot guarantee a favorable degree of soil
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moisture. The site may be naturally dry or well watered. The
moist site is of course the better. In general, the vegetation accupy-
ing the moist site has leaf characteristics indicating that the plants
use water liberally and that the water is plentifully supplied by the
roots. A study of leaf characters, including size, structure, moisture
content, relative transpiration, and sap density, was made, with the
purpose of extending the usefulness of native plants as indicators by
showing which deep-rooted species, as heavy users of water, may
indicate areas where there is plenty of available water for western
vellow pine. The particulars are summarized in Table 14.

TABLE 14— Atverage size, waler content, relative transpiration indices, and sap
density of represeniative legres of species contmon in the ogk-Drush belt on
the Ephraim Canyon watershed, 1918

Water | Time of transpiration test Mal
Meap |conient Trans- m .
. of Jeal pira- nm
Species end aspect grag of L H osmotie
leaf Onrlgﬂ_sxs D - i t&nn b
ol dry oy our index !
weight ol sap ?
Almog-
Rocky Mountain white onk: Sg. mm.|Per cent pherer
Northern_ ... 4,2 133.4 | Bept. 9 0. B4y 2.1
restern . 2,740 | 124.6 | Sept. 12 470 |-
Senthern_____________. -] 1,287 | 100.8 | Sept. 9§ 6 20.7
Monpotain snowberry:
Northero. __ R - &6 ISD L b _do.___ 794 243
Western_ 408 1585 | Sept. 7 850 4 -
Sonthern. .. .- a7 95.2 | Sept. 4§ 103 I3
Elack chekech |
Northern_____.__.. 21000 |.__dp___. L8780 | 18.¢
Trestern. _ 2018 | Bept. T = O
Fender rose:
©150.8 | Sept. 9 .35 ir.2
' -| Sopt. ¥ 312 -
f .
i 150,3 | Sept. 9 . 558 i 0
o124 | Sept. 7 2320 .
.................. M. 8.9 Sept. § .110 27
Bigtooth maple: ;
Northern. oo . 2,966 1371} . .do..__ a. ] 16.6
Hollygrapo: | ;
Ni 868 1291 | __do-._.} 11308, oo . 319 16.7
604 1 1281 Sept. 7 | 200 p.m L 310
ard | 1344 { Sept. § | I50p. m______ . 100 20.8
35 #1)_do__ | 120p. m_-----_.! 3 15.8
‘Western fi2| 130.6 | Sept. 7 [i0.30a. m | 300 -
Southern. it 60.01 Sept. 8| 530 p, - .y 8.7
Myrtla boxlesf: I
Northern, Bept. 12 | 250 . m J277 )
Sonthern__ 45 1100 | Sept. 8 | 380p.m________. .10 13.5
Fendier soapbl : I
SOUENern. .. i © 63| D46 |do...d20p.om... . T 17.8
Squaw-apple: | H
o TEN 2150 R S 118 607 |—do ___| 210 p, meen. L L 140 25.0
Manzanita: f !
BOUENG D, eeiaa o e . 880 )oodoo | 130D I 108 13.0
Common sagebrusi: :
WWesbBIT e 80 174,2 | Sept. 710304 mo_.__..° .054 16.8
Southern______ ... _______I_11777C 2 TOB| Bept. Y| 240p. m_ . .03 0.2
Winter lat:
Southern____ .. .o .. 17 S8 . do.___ 500D, m_ L0642 0.7
Douglas fir:
Norlhern_ __ . 1330 1191 P S —— 18.8
White tir.
Northern. _ S 00 s - 18.0
Western.________.__ .. 3OO0 1288 e e e
on: !
Southern......o oL LY U ¥ Y O [P 0.4

! Based on An average of 16 tesis far each species on cach site, The determination end use of this index
ara pxplained on page 74,

*Fromn Korstion (28§},

¥ The areas of conifer leaves were determined by the fermula: A=L{rf£+4+2R), in which L=length
and F=hall the average diameter of leal,
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BIZE

1t is a common cbservation that, among the various adjustments
of the plant to its environment, a reduction in leaf size often takes
place on those sites adverse to plant growth.

The average size of leaf of a number of species native to the three
most important aspects in the Ephraim Canyon oak brush were de-
termined?* The largest leaves are found on the northern aspect,
the smallest on the southern, and the intermediate ones on the
western aspect, on which environmental conditions are neither so
favorable to plant growth as on the northern aspect nor so unfavor-
able as on the southern aspect.

The climatic factors of the emvironment can therefore be inter-
preted in terms of leaf size, at least to the extent that leaf size
varies inversely with the severity of the site. The study of leaf struc-
ture considered in the following section emphasizes another phase of
leaf reaction to environmental factors.

STRUCTURE

The structure, as well as the external form, of most plants varies
with the site and even with the fluctuating environmental factors of
_the same site. Some of the most pronounced structural modifica-
fions are those of the leaf. As the principal seat of wafer loss or
transpiration, it shows significant differences in the position and de-
velopment of the palisaccle and sponge tissues, which ‘are directly
traceable fo the light and water relations of the plant.

Clements {14), in studying about 300 species, found a very pro-
nounced correlation between leaf structure and such physical fac-
tors as the moisture content of the soil, light, humidity, and tempera-
fure in the Colorado foothills and in the vicinity of Pikes Peak in
the Rocky Mountains. Hanson (qu correlated the structure of
leaves from the outside (south periphery) and center of the same
tree with light intensity, evaporation, air temperature, humidity,
wind veloeity, and the transpiration of excised twigs in the same
positions. He found that the differences in thickness between leaves
on the south side and the center of the same tree are usually greater
than the average differences heretofore reported for the leaves of
moist and dry site forms of the same species. The leaves from the
couth side were found to have more palisade tissue, & more compact
structure, and thicker epidermis and cuticle than the leaves from
within the crown. The water content of the leaves, from the center
of the tree was always higher than that of the leaves from the
periphery.

Sampson and Allen (45) have shown that leaves grown in the full
sunlight transpired from two to four times as much as the leaves of
the same species grown in the shade, whether placed in the sun or
shade. They explained this largely on the basis of the greater num-
ber (20 to 60 per cent) of stomata in the leaf grown in full sunlight.

In the present investigation a limited study was made of leaf struc-
ture on the opposite northern and southern aspects in the brush belt
at an elevation of 7,500 feet on the Ephraim Canyon and Big Cotton-

11'Phe render may be interested to review Raunkiner's (1) system of lea{-aren classes
in this connection.
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_wood Canyon watersheds. As far as possible mature leaves were
y collected from typical species at or near the period of maximum
development. The leaves were at once plunge(f’ into a killing solu-
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Figrre 41 —Cross seelions of ok beush, serviceberry, hollyprape, and snowbrush
leaves grown oil sonthern and nerthern aspeets: A, Ouk brush, southern aspect;
I3, ok brush, northern aspeet; (), serviceberry, southeru aspect; D, serviceberry,
northern nspect; E, hollyprape, southern aspect : F, hollygsipe, northern aypect ;
&, suowhrush on Ig Coffonwood watershed, southern aspect; and 10, suowbrush
on Big Coltonwood watershed, northernt aspect

tion and kept there until they were sectioned. Permanent micro- -
. scopic mounts were made by the parafiin precess. Camera lucida
. drawings were made of the most typical parts of these sections to
facilitate subsequent detailed study. (Figs. 41 and 42.)
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The results of this study of leaf structure show that the leaves of
the species common on.the southern aspects are not only smaller and
more compéact but also that they have 2 more highly cutinized and
thicker epidermal wall, more palisade tissue, less sponge tissue, and
more closely crowded stomata than those on the northern aspects.

Fiorra 42,—Cross sectlons of leaves of sputhern-zspect shrubs: A, Common moun-
tnlp-mabogany 3 B, eorl-deaf mountaimmabopnny; O, mwuutnin snowberry; D,
myrile boxleaf; E, big sagebrush: aond ¥, Fendler soepbloom

Most of these adaptations tend to reduce transpiration and enable the
plant to exist on smaller water supplies.

The western yellow pine leaf (fig. 48) also has & structure similar
in many respects to that of the brush-land shrubs but possibly of a
somewhat less xerophytic type. On the other hand it has a& more
highly cutinized and thicker epidermis 4nd much more pronounced
and thicker palisade tissue than are usually found in the firs and

ow
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spruces. Most of these characteristics of western yeliow pine leaf
structure tend to reduce water loss. Although it has already heen
shown that this species may reduce transpiration in times of water
4 stress and that it competes successfully with the native vegetation in
the western yellow pine type, it is naturally handicapped in compet-
ing with xerophytes ai the lower limit or entirely below its limit of
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Figrue 48.—{ross sections of (A} western yellow pine (flnug scopeiorim
. form) and (E) white fir leaves from seattered frees seeurring on shinilar sites
in the brage-Inm! belt

moisture conditions. These considerations sugmest studies of the
water relations of the leaves, especially of the brush-land species.

MOISTURE COKTENT

The variation in the water content of the leaves should throw
some light on the relative ability of plants to absorb water from the
soil and to transport it to the leaf. To determine this variation, the
relative moisture contents of the leaves of the various species in the
Ephraim Canyon oak-brush zone were obtained. These are sum-
d marized in Table 14. All the leaf samples were collected under
similar conditions and as nearly as possible at the same time, since,
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as shown by Livingston and Brown {34} and by Clark (13), a gen-
eral increase in water content occurs by might and a general
decrease by day, and om dry sites the water content is greater
during cloudy than clear weather. Water content, like leaf size,
indicates that slopes having a southern aspect constitute the most
adverse sites. The highest moisture content is found in leaves on
north slopes, The water content of leaves on western aspects oceu-
pies an intermediate position,

It is evident from Table 14 not only that a definite relation exists
between site and moisture content of the leaf but also that the rela-
tive rate of water intake and water loss in different plants on the
same site and in the same plants on different sites is involved.

RELATIVE TRANSPIRATION

The relative transpiration of the leaves of plants —their relative
capacity for giving off moisture to the surrounding air—is often an
important factor in studies of the water relations of plants on semi-
arid sites. Transpiration, furthermore, portrays a summation of the
conditions within the leaf which affect water loss,

Following Livingston’s (2} suggestion that the capacity of a
plant to lose water 1s an index of its ability to resist water loss, the
mean indices of the relative transpiration of representative leaves
were defermined for the shrubs commeon in the cak-brush belt of
central Utal. Average indices based on 16 tests?? for each species
on southern, western, and northern aspeets at an elevation of 7,500
fect in Ephraim Canyon are given in Table 14,

Following the suggestion of Bakke {4) that all plants with indices
below 0.30 be considered xerophytes (drought-resistant plants) and
all with indices above 0.70 mesophytes {moisture-loving plants), it
will be seen that most of the species 1n Table 14, especially winter fat,
big sagebrush, pointieaf manzanita, squaw-apple, Fendler soapbloom,
and common mountain-mahogany are typical drought-resistant
plants, Some of the species, especially those near the top of the
table, lie in the Infermediate group. Irom these tests, therefore, it
may be concluded that the relative transgpiration of leaves provides a
criterion by which the relative drought resistance of plants may be
compared. Furthermore, by the same criterion, many of the shrubby
species of the brush lands ave typically adapted to withstand drought
conditions of probably greater intensity than those which western
vellow pine can withstund.

SAFY DENSITY

Another means of interpreting the water relations of the site
throngh the characteristics of the native vegetation is by the density
of cell sap in the leaves. When two solufions are separated by u
semipermeable membrane—such as a cell wall—a constant How of

2 Tn these tests made September 7 fo 12, 1018, sssentially the snme method wik sed
ps that dogeribed by Liviopston, Nmnll slips of thin Mier paper, impreppated with
cobalt cliloride, were dried for a1 fow pevnnds over & {Ivin metitl piste, heated by n alco-
finl Jnmp, gnd Immediately applied by menns of glaks cilps to the snorfiee of the leaf to
be tested. The time veguired for the ehonge fo coler {from Mue to pink) wes determined
with a stop watel, The guotienl of the time reguired for the color chunge over the
giendard evnporating sncfuce 8t the supe adr femperatare, divided by tie Hme required
for the enlor chupge op the jeaf, {8 the jadex of relative traospiratlen af the leaf sur-
face. This jndex exprossesd the rvelntjve eapacity of the leaf surfnee to pive off water
Yapur #8 compitred wiltl: a stepdnrd evaporativg surface blanketed Ly a milllmeter of air.
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water passes from the weaker to the denser solution until they attain
an equilibrium. While there are other contributing forces, this force
or osmotic pressure, in conjunction with the tensile sirength of water,
is considered by the writers to be the chief means by which the supply
of water and solutes constantly being absorbed from the soil by the
root hairs of all green land plants 1s passed upward through the
plans to the leaves to be given off into the air as water vapor. An
indispensable stream is thus maintained chiefly through the osmotic
properties of the cell sap of the leaves, which may be regarded as
developing the suction force necessary to absorb the moisture from
the soil and to 1ift it up through the roots and stems to the leaf cells.
The leaf, by maintaining a ceil sap which is more concentrated than
the soil solution, insures o constant stream of water and solutes pass-
ing up to it. This stream never succeeds in greatly diluting the cell
sap in the leaves because the moisture brought up from the soil con-
stantly diffuses into the air. The large number of plant ceils m-
volved and the substances in solution complicate the absorption of
water and its passage through the plant, but although millions of
cells may intervene a direct osmotic gradient exists between the top-
most leaf of the tallest tree and the soil solution at its root tips.

The measure of osmotic pressure is thus somewhat of 2 measure of
the plant’s ability to overcome those most significant of environ-
mental factors—the forces with which the soil withholds and the air
withdraws water from the plant. JVWhen moisture is plentiful in the
soil, as in the spring or after heavy rains, the force required to pull it
up to the leaves is not great, and accordingly a relatively dilute cell
sap is sufficient to maintain the stream. With the advent of summer
and the drying out of the soil, the leaves must esert a progressively
greater pull to obtain the requisite amount of moisture from the
soil ; the cell sap becomes more concentrated and therefore the osmotic
pressure inereases,

The concentration of the cell sap in the leaves does not depend
entirely upon soil moisture, however, for under the same soil con-
ditions concentration is higher in woody plants than in herbs and
higher in trees than in shrubs. Apparently greater force is required
to draw the moisture up through long woody stems than through
short succulent tissues, The concentration also varies with the tume
of day and with the weather; a hot, dry day may bring about such
rapid transpiration that a notable increase 1n sap concentration oc-
curs before the moisture lost from the leaves can be replaced. In
spite of all these minor variations, sap density is a convenient meas-
ure of the difficulty encountered by the plant in obtaining moisture
from the soil. In the critical period of midswmmer this factor be-
comes an excellent measure of the severity of the site, especially in
terms of the soil moisture at the level of the absorbing roots. The
leaf-sap concentration can mot incremse indefinitely in response to
drying of the soil, for every plant bas a limit beyond which the sap
concentration can not go. If this point is passed the plant wilts and
dies from plasmolysis. Therefore the maximum osmotic pressures
observed in the hot, dry part of the summer enable the grouping of
plants in the order of their ability to withstand dryness.

Sap density in relation to envirenmental conditions in this region
has been made the subject of a special study by Korstian (28), and
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only the material pertinent fo the present study will be repeated
here. Table 14 gives osmotic pressures for a number of species dur-
ing the latter part of July. Planted western yellow pine on the
same sites showed an osmotic pressure varying from 19.8 atmospheres
in the pondercsa form to 28 atmospheres in the scopulorum form at
the same time. On the basis of these figures, western yellow pine
appears physinlogically able to extract water from soils almost as
dry as most of those typical of the brush lands. However, this
species planted on south-facing slopes in the brush belt often has
lower sap concentrations than many of the more common shrubs
native to these sites. This sugpests that the range in sap concen.
tration of western yellow pine is after all lower than that of the
brush-land species. Moreover, planted western yellow pine has a
deficient root system the first year, due to transplanting; and though
the sap concentration may rise very high, the plant is not always
able to absorb water fast enough through the few living rootlets,
Accordingly, it may wilt and die in a fairly moist soil. With a less
extensive root system than a neighboring shrub, pine may yet exhaust
the available soil moisture immediately around its rootlets muach
faster than does the shrub.

Sap density alone, therefore, may not invariably indicate the be-
havior of a species planted on a given site under conditions of ex-
treme dryness, but taken in connection with other factors it aids
greatly in the interpretation of site quality in terms of the native
vegetation, The study of sap density shows that it is unwise to
plant a species on any site the native vegetation of which possesses
uniformly higher sap densities than those generally maintained by
this species during the dry season.

RELATIVE SIGKIFICANCE OF LEAF CHARACTERS

It is obvious from the preceding discussion of leaf characters that
large, thin leaves having a high water content and high rate of
transpiration coupled with & low osmotic pressure indicate favorable
moisture conditions, whereas the opposite faciors denote unfaver-
able meisture conditions. The vegetation rarely shows a uniform
correlation of all these characters with site. Ifor example, snow-
Lerry on north slopes has relatively large leaves, o high moisture con-
tent, and a high rate of transpiration. The osmotic pressure, how-
ever, is notably high. On the other hand, manzanita has the contra-
dictory factors of large leaves, low osmotic pressure, low mois-
ture content, and a low transpiration rate. There 1s no satis-
factory way of summarizing all these factors so that their resultant
effect is evident, for their relative importance is still largely un-
known. If, however, the values given in the various columns of
Table 14 are divided into three equal groups—high, medinum, and
low—and arbitrary numerical values, 1, 2, and 3, are assigned to
them, a rough sumunstion of the four factors—leaf area, water con-
tent, transpiration rate, and sap density—shown in Table 14 can
be obtained.

On this basis the species fall in the following order, progressing
from those indicating the best moisture conditions to those indicut-
ing the poorest. Species under the same number have equal stand-
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ing, and the letters N, 8, and W indicate north, south, and west
aspect.
Pl; Black chokecherry (N); mountain snowberry (N).

2) Rocky Mountain white oak (N); Fendler rose (N); creep-
ing hollygrape (N).

%3) Rocky Mountain white oak (S); common serviceberry (N);
bigtooth maple (N); big sagebrush (W). -

%'io) Creeping hollygrape (8); common mountain-mahogany (S);
mgrtle boxleaf (8); Fendler soapbloom (8); pointleat manzanita

) Common serviceberry (S).
}6 Bitterbrush (8); big sagebrush (8S).
(7) Mountain snowberry (S); squaw-apple (8); winter fat (8).

The relationships indicated by this grouping agree closely with the
results of the plantations on sités occupied by these shrubs.. The best
soil conditions are found on sites occupied by species standing high
in the list, although the failure of plantations due to insufficient light
is assured under oak-brush, chokecherry, or maple cover. Shallow-
rooted species appearing low in the list (snowberry and sagebrush)
indicate especially poor sites, for they offer keen root competition at
critical times and are also very drought resistant, so that the planted
trees have very poor chances of survival. Open oak brush, the north
sides of clumps of serviceberry (when the clump is not surrounded
by snowberry), and north slopes with scattered low rose bushes ap-
pear to be the most favorable planting sites, when all factors, includ-
Ing shade, ave considered.

The plants studied do not comprise all the species of the dominant
assoclations in the brush-land belt. Their indicator value is given,
therefore, not with the expectation of classifying all the sites in the
brush-land region but to show the feasibility of determining the value
of the sites for planting by studying the characteristics of the native
vegetation growing upon them.

SUMMARY AND CONCLUSIONS

Western yellow pine, which is otherwise rather generally distrib-
uted throughout the western United States, is absent in a belt extend-
ing from the Gulf of California northeastward into +west-central
Montana. In northern Utah and southeastern Idaho, where this belt
15 several hundred miles wide, the elevations at which the pine is com-
monly found in other parts of the West are oceupied by brush-land
shrubs. A comparison of this brush-land belt with the natural pine
zone reveals both similarities and differences in elimatic and soil
conditions. It is among the differences in these conditions that the
factors which make the brush lands unsuitable for the germination
and carly development of the yellow pine scedlings are to be found.

A\ comparison of conditions in the western yellow pine zones to the
north and south with those of the intervening brush lands brings out
the following facts.

Although no significant differences in temperature exist and there
are no notable differences in total annua} precipitation, the distribu-
tion of rainfall during the summer months in the brush lands is
notably different from that either to the north or the south. In the
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north, May precipitation within the temperature zone suited to
western yellow pine is ample for the reproduction of this species.
In the pinelands to the south, the July and August precipitation,
which greatly exceeds that in the brush lands, is ample for the re-
production of western yellow pine. In the intervening brush lands
the light character and brief duration of May rain, coupled with
the extremely dry June that quickly follows, prevents the establish-
ment of the reproduction in the early spring. Deficiencies in July
and August precipitation, combined with the fact that the rainfall
usually culminated in August shortly before the early autumn frosts
occur, make it impossible for the species to reproduce.

The importance of evaporation can not be readily ascertained,
owing to insuficieni, data, although its indirect effect upon seil mois-
ture and transpiration is doubtless important.

The generally calcareous, heavy, fine-grained soils of the brush
lands are prevailingly unsuited for western yellow pine. While the
distribution of rainfall primarily defermines the pineless belt, the
details of its boundaries are chiefly the results of Iocal soil differences,
the pine spreading far from the main bodies on sandy soils and along
streams. Certain areas characterized by heavy, fine-grained soils
aud @ flat topography, as the upper Snake River plains, are without
western yellow pine, although ramnfall and other climatie factors are
favorable.

Variations in the combination of factors which infiuence soil mois-
ture directly or indirectly, as temperature, soil texture, physiography,
and the presence of competing vegetation, also explain many of the
causes underlying the failure of the species to develop in the brush
Jands.

The effectiveness of these climatic factors in preventing the estab-
lishment of western yellow pine in the permanent brush lands is
confirmed by the failure of many plants most commonly associated
with this species to become established there.

The western yellow pine type is the only extensive western forest
type which exhibits this characteristic of a range broken by a Iarge
and practically blank arca near its center. Neither the Douglas fir
nor the pifion-juniper type shows any such separation. This might
be construed as evidence against the theory that a real barrier exists
which divides the western yellow pine type. In the Douglas fir and
pifion-juniper f]ypes, the continuily of range is easily explained on
physical grounds. In the Douglas fir zone the total annual precipi-
tation is greafer, snow melting is later (at a warmer season), and the
dry period in June is thereby shortened, making conditions notably
less unfavorable. Douglas fir can apparently grow on as dry sites
as western yellow pine 1f they do not Lecome too hot. Hence 2 con-
tinuous range is possible in this and the higher zones.

The pifion-juniper type, characteristically below the western yel-
low pine type, extends through most of the region of the pineless
belt nearly to the Ttah-Idaho State line, which is its northern limit.
Reproduction here is not so much affected by May climatic condi-
tions as by those in April and even earlier, which give a longer
early spring wet period than in the oak-brush zone lying above this

type. Furthermore, the pifion and juniper are undoubtedly better

adapted for germination and development on dry sites.
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It is clear that western yellow pine can not naturally invade the
ermanent brush lands and that there is little possibility of arti-
cial stands reproducing themselves naturally even at maturity.

Furthermore, the establishment of artificial stands by planting,
though by no means impossible, is rendered difficult by the same
rainfall factors that operate so powerfully against the natural repro-
duction of this species. Success in planting generally occurs onty
on sites with moisture conditions above the average, and conspicuous
success has been attained only in seasons of exceptionally heavy
spring rainfall. Suitable sites are not easily selected in average
vears, for they generally bear such luxuriant brush cover that failure
due to shade is almost certain.

It is %euerally advisalble, therefore, either to remove the cover
hefore planting or to select essentially poorer sites with less complete
cover. Sites with shallow-rooted vegetation, such as sagebrush,
should be avoided, as the root competition involved generally results
in failure, Successful planting has been done on areas from which
a shallow-rooted vegetation has been removed, as well as in stands of
deep-rooted shrubs with light foliage, where the soil is naturally
moilst and sheltered (north and east exposures). WWhere the site is
not thus sheltered, planting has been somewhat less successful even
when the natural shrubby vegetation consists of the deep-rooted
species. Least suitable of all are excessively shaded sifes or those
baving a predominantly shallow-rooted vegetation. Survival is pri-
marily determined by spil moisture, and to a lesser extent by seil
textury, light soils being mest suitable. TLosses after the second year
are usnally the result of too dense shade,

Soil moisture, root competition, and degree of shade must be con-
sidered in selecting planting sites. A study of the vegetation on the
ground enables all three factors to be evaluated with fair accuracy.
The root characters of the vegetation and the leaf characteristics,
including size, moisture content, transpiration rate. and sap density
at the critical period in midsummer, give an insight into the funda-
mental water relations of the site, while observations on crown
density reveal the intensity of shade. With the aid of these criteria
it is possible to select the most suitable sifes in the brush lands.
A species should not be planted on any site the native vegetation
of which possesses uniformly higher sap densities than those gen-
erally maintained by this species during the dry season,

The present study has shown that. contrary to an earlier belief,
the brush lands are fundamentully unsuited to the natural reproduc-
tion of western yellow pine and that its absence is not caused by
mere accident or the agency of repeated fires. Moreover, there is no
evidence that stands artificially established will maintain themselves
or spread naturally as originally expected. The growth of western
yellow pine on these sites 1s slow, and the trees promise to be short,
limby, and of poor quality at maturity.

Furthermore, only a portion of the brush lands can be classed
as suitable planting sites, and the best sites, covered with deep-
rooted, thin-foliaged shrubs on northern exposures, ave rare. The
next best group of sites—cleared or burned sagebrush areas—may
show fair success. The remainder of the sites are inferior.

It is evident, therefore, that extensive planting operations in the
permanent brush lands of the intermountain region are not justified.




'R0 TECHNICAL BULLETIN 258, U. 5. DEPT. OF AGRICULTURE

LITERATURE CITED

(1) Avrer, J. C.

1910, NORMATL PRECIPITATION IN UrAH., U. 8. Mo, Weatber Rev, 4T:

(33-636, ilins.
(2) BAxEeR, F. 8.

1995, CHARACTER OF THE 80IL IN RELATION TO THE REPROPUCTION OF WEST-

ERN YELLOW PINE Jour, Forestry 23: 630634
(83} —— KogsTiax., C. F. and Feraeuworr, N, T

1921, SXOWSHCE RABRITS AND COXNIFERS IN 'THE WABATCH MOUNTAINS OF

rTaH. Ecology 2: 304310, illus.
{4) Barxrxe A. L.

1914, STGDIES ON THE TRANSPIBING POWER OF PLANTS AS INDICATED BY THE
AETHOL OF STANDARDIZED HYGROMETRIC Parex. Jour. Heol. 2:
145-178.

{5} Bates, C. .

1923, PHYSIOLOGICAL REQUIREMENTS OF ROCKY MOUNTAIN TREES, Jour.

Agr, Resenreh 24: 97104, illus.
(6) ———
1924, FOREST TYPES IN THE CENTRAL BOCKY MOUNTAINS AS AFFECTED BY
CLIMATE AXD 507L. 17, &, Dept, Agr, Bul 1243, 152 p., illus.
(7) ——— and Roesen. J., I&

19%4. RELATIVE RESISTANCE OF TREE SEEDLINGS TO EXCESSIVE HEAT. U. 8.

Dept. Aprr. Bul, 1268, 16 p.
{8} Bricos, L. J., ned Smaxtz, H. L.

1412, PHE WILTING COEFFICIEX'T FOR DIFFERENT PLANTS AND ITS INDIRECT
DETERMINATION, L. 8. Dept. Agr., Bur. Plant Iadus. Bul. 230,
&3 p., illns,

(3) CaraxpER, A K.
1900, veser warhTyrPEN., FFennia 28, no. 2, 175 p.
(10} Caspwsrr, J. S.

1913, THE RELATION OF EXAVTRONMENTAL CONDITIONS TO THE PHEXNQMENDN
OF PERMANENT WILTING I35 PLANTS. Physiol. Reseurches 1 1-36,
illus.

{11} Caxxox, W, A.

1911, THE ROCT DADITS OF DESERT PLANTS. 98 p., illus. Wushington, D. C.

{Carnezie Inst, Wash, Pab 131)
{12) ——— and Fuee, E. E.

1017, THE ECOLOGICAL SIGNIFIGANCE OF SOIL AERATION. Science {n. 8.}

451 TTe-18
(13} Crarx, A. W,

1019, SEASONAL VARIATION IN WATFR CONTENT ANP IN TRANSIIRATION OF
LEAVES OF FAGUS AMERICANA, HAMAMELISE VIRGINIANA, AND QUER-
€us ALba.  Denn, Usiv. Bot. Lab. Contrib. 41 105-143, illns.

(14) CremexTts, B, 8.

1805, THE RELATION OF LEAF STRUCTURE TO PHYSICAL FACTORY, Amer.

Micros, Soe. Trans. 26: 19-102, illas,
{153) CiemEeExTts, I I,

1016, PLANT SUCCESSION : AN ANALYSIS OF THE DEVELOPMENT OF VEGETA-
Tigw., 512 1., illns. Wnshington, D. €. (Carnegie Inst. Wash,
TPub, 242.)

{10} ———
1H20, PLANT INBICATORS | THE RELATION OF PLANT COMMUNITIES TO PUONCESS
AND PRACTHE. 388 p., Blus. Washington, . C. (Carnegie Inst,
Wash. Dub. 200.)
{17) Faiwmprixe, O

1919, ACHTEr BER NIEDEUEN PFLANZENWRLT. Zischr, Forst u. Jagdw.

N1 8537
(18} Fruren, (. I

1914, EVAPORATION AND &ML MOISTTER IN RELATION T0O 'THE SUCCESSION OF

PLANT ASSOCIATIONS. ot oz, 580 300204, iilus.
{19} —— nntl Bawre AL L,

1918, RAUNKIAER'S *" LIFE FORAMS," “* LEVF-FIZE CLASHES,” AND STATISTICAL

smerions.  Plant Workld 21 2387, 57-G3.
{20} {iraxpeav, L.
ISTT. TRAITE DANALYSE DES MATIERES AGRICOLES. 487 D, illus. Paris,

e
il

> »

«

F



http:D'"\:NAI.YS

; 21
{(22)

(23)

E (24)
(25)
(26)

(27}

(30}
(31)

(82)

{33)
-
4 {34)
[

{35)
k (36)

(37}

(38)
r (39)
»

(40)

WESTERN YELLOW PINE ON INTERMOUNTAIN BRUSH LANDS S1

Haxsox, H C.
1917, LEAF-STRUCTURE AS BELATED TO ENVIRONMENT, Amer. Jour. Bot
4: 333560, illns,
Hugarp, E. W,
1860, XEFORT 0N THE GEOLOGY AND AGRICULTURE OF THE BTATE OF M13-
sI188TPYL. 391 p., illus, Jacksen, Miss,
Ersersey, T. K., Bmiecs, L. ¥, SHaxtz, I L., McLaxg, J. W., and
PreyErseL, R Lo
1914, INDICATOR SIGNIFICANCE OF VEGETATION IS TOOELE VALIEY, UTAH.
Jour, Agr. Hesearch 1: 365-417, {llns,
KoesTiax, C. F.
191%7. THE INDICATOR SIGNIFTCANCE OF NATIVE VEGETATION IN THE DETER-
MIFATION OF FOREST sT1ES. Plant World 20: 267-287.

1919. XATIVE VEGETATION AS A CRITERIONS OF SiTe  Plant World 22:
233-261.

1921, EVAPORATION AND SOIT MOISTURE IN EELATION TO FOBEST PLANTING.
Ttah Acad. Sei. Trans. {1918/21) 2: 116-117.

1924, A SILYICAL COMPARIBON OF THE PACIFIC COAST AND ROCKT MOUNTATN
FORMS OF WESTERN TELLOW PINE. Amer Jour, Bot. 11: 318324,
ilins,

1924, DLNSITY OF CELL SAP IN BELATION TO ENVIRONMENTAL CONDITIONS IN
- THE WABATCH MOUNTMINS OF TIaH. Jour. Agr. Research 28:
B45-907.
and Bakee F. 8.
1925. FOREST PLANTING IN THE INTERMOUNTALN REGION, U. 5. Dept. Agr.
Bul 1264, 57 p., illus.
HagtLEY, C., Warrs, I. F.,, and Hanx, G. G.
1921, & CHIOEOSIA OF CONIFERS CORBECTED EY SPEAYING WITH FEREOUS
SULPHATE. Jour. Agr. Research 21(3): 158-171, illus.
Larsew, J. A
1923, AQEOCIATIONS OF TREES. BHREUBS, AND OTHER VEGETATION IN THE
NORTHERN IDAHO FORESTS. Ecology 4: 63-87.
Livingemow, B. E,
1913, THE RBESISTANCE CFFERED BY LEATYES TC TRANSPIRATIONAL WATER
Loss. Plant World 16: 1-35, illus.

1915. ATMOMETEY AND THE POBOTS (TP ATMOMETFR Plant World 18:
21-30, 51-74, 95111, 143-149, illus.
and Browx, W. H.

1912 RETATION OF THE DAILY MARCH OF TRANSPIBATION TO VARIATIONS
IN THE WATER COSTENT OF FOLTAGE LEAVES. Bot. Gaz. 53 : 300-330,
illms.

Mamkre M. 8.
1917. kOOT SYSTEMS OF CEETAIS DESERT PLANTS. BRot. Gaz 64:177-205,

illus.

Pearson, G. A

1920. FACTORS CONTROLLING THE DISTRIRUTION OF FOREST TYPES. Ecrlogy
1: 139159, 289-308, ilius.

1923, XATURAL EEPRODUCTION OF WESTERN TELLOW PINE IN THE SOTTH-
wEST. T1 8. Dept. Agr. Bul. 1105, 144 p., illus.

1924. STUDIES IN TRANEPIRATION OF CONIFEROUS TREE SEEDLINGS, Ecology
9 340347, ilus
PeTERS, R,
1B08. DEPARTURE OF THE SOUTHERN PINE TIMBER, A FROOF OF THE TENDENCY
IN NATURE TO A CHANGE OF PRODUCTS ON THE SAME SOIL.  Mem.
Philadeiphia Soe. for Promating Agr. 11 2740,
Prrex, C. V.
1808, FLORA OF THE STATE OF WaABHINGTON., U, 8. Natl. Mus. Contrib.
T, 8. Natl, Herbariom 11: 1-837, itlus.

87154°-—31——4




82  TECHNICAL BULLETIN 256, U. S. DEPT. OF AGRICULTURE

{41) Raxaxw, B. .

1803, FORSTLICHE RODEREUNDE DND STANDORTSIEHBRE #7090 1., iHms.
Berlin. -

{42) Barzmsora, J. T. C.

1850, DI9 STANDORTSCEWACHSE UND UNERATUTER DEUTSCRLANDS UND DER
SOEWEIZ IN ITHREN BEZIEHUNGEN 2ZU FOEST-, GARTEN-, UND
LANDWIRTECHAFT UND ZU ANDEREN FACEFRN. 487 p., illus
Berlin,

{43) RUENER, K.

. 1920, FORSTLICHE STANDORTSGEWACHSE I3 WESTLICHEN MURANENGEBIRT
BATERNS, Forstwiss, Centbl. 42: 135144,

{44} Sampmon, A, W,

1919, PLANT SUCCESSION IN RELATION TO RANGE MARAGEMENT. U. 8. Dept.
Agr. Bul. 791, 76 1., illus.

(43) and ArzeEw, L. M.

1609, INFLUENCE OF PHYSICAL FACTORS ON TRANSPIRATION. Minn, Bol.

Studies 4:33-59.
{48) SmanTz, H. L.

1813, KATURAL VYEGETATION A8 AN INDICATOR OF THE CAPABILITIES OF LAND
FOR CROP PRODUCTION IN THE GREAT PLAINS AREa. U, B. Dept.
Agr., Bur. Plant Indus. Bul. 201, 100 p,, illus.

{47) SmEmvE, J. W.
. 1915. AKX IMPROVED NONABSORBING POROUS CUP ATMOMETER Plapt World
18: 7-10, illus.
(48) and LiviNestow, B. E.

1914, THR RELATION OF ATMOBPHERIC EVAPOBATING POWER TQ SOIT. MOTSTURE
CORTENT AT PERMANENT WILTING IN PLaNTs, Plant World 17:
#1121, itias.

(49) Sp=Eve, F.

1915, THRE VEGETATION OF A DESERT MOUNTAIW BANGE AS CONDITIONED BY
OLIMATIQ FACTORE. 112 p., illas. Washington, D. C. (Carnegie
Inst. Wash. Pub. 217.}

t50) Wazp, B. DpC.
1017, BAIKFATI, TY?ES OF THE UNITED STATES. Geogr. Rev. 4:131-14d,

iltug,

{51) Watsow, J. R.

1912, PLANT GEQGRAPHEY OF NORTH CENTBAL NBEW MEXICO. Bot. Gaz. B4:
194-217, ilus.

{52) Weaver, J. E.

1915, A BTUDY OF THE RCOT SYSTEMS OF PRAIRIE FLANTS OF SQUTHEASTERN

WASHINGTON, Plant World 18:227-248, 273202, illus.
(53)

191%7. 4 STUDY OF THE VEGETATION OF SOUTHEASTERN WASHINGTOR ARD

ADTACENT IpaHe. Nebr. Univ. Studies v, 17, no. 1, 131 p.. ilius.
(54)

1919. THE ECOLOGICAL RELATIONS OF BooTs. 128 p., illus. Washington,

D. . {(Carnegie Inst. Wash. Pub. 286.)
(55}

1920, RHOT DEVELOPMENT IN THE GRASSLAND FORMATION, A CORBELATION
oF THE ROOT SYSTEMS OF NATIVE VEGETATION AND CBOF PLANTS.
151 p., ilius. Washington, D. €. {(Carnegic Inst, Wush. Pub.
292.)




ORGANIZATION OF THE UNITED STATES DEPARTMENT OF AGRICULTURE
WHEN THIS PUBLICATION WAS LAST PRINTED

Secrstary of Agriculture ApTHUR M. HYDE,
Assistent Becretary. R. W. Donrap.
Director of Beientific Work A. F. Woops.
Director of Regulatory Work._______________ W. G. CAMPERELL.
Director of Brtension Work_____.__________ O. W. WARBURTON,

Director of Personnel and Business Adminis- W. W. BToCKsERGER,
fration.

Director of Information. M. 5. EissENEOWEE,

Solicitor b e B L, MARSTALTL,

Weather Bureau. CHarces F, Magvin, (hief.

Bureow of Animal Industryy.._____________ Jor~ R. MomLER, Chief.

Burean of Dairy Industry. 0. E. ReEp, Chief.

Bureaw of Plant Industry WILLTax A. Taviok, Chief.

Forest Service. R. Y. STUART, Chief.

Burean of Chemisiry and Soila_____________ H. G. KnicHT, Chief.

Bureau of Brtomology. C. I.. MARLATT, Chief.

Bureau of Riological Survey Pavr G. ReEpiveron, Ohief.

Burean of Public Roads THOoMAS H. MacDoNALD, Chief.

Biureaw of Agriculiural Engineering.____.___ 8. H. McCrory, Chief.

Bureaw of Agricultural Bconomics._________. NILs AL OLaeN, Ohief.

Bureau of Home Boonomics_________________ Loutse BTaNIEY, Chicf.

Plant Quarantine and Control Administration.. Tem A, Srroxe, Chief.

Grein FPuivres Administralion.______________ J. W.T. Dover, Chief.

Food end Driug Administration_____________ WAaLTER G. Cameprrr, Director of
Reguletory Work, in Oharge.

Office of Experiment Stations______________ , Chief,

Office of Cocperative Brtension Work-.______ C. B. BaoTH, Chicf.

Libdrary . Crarmer R. BarNerT, Librarign.

Thig bulletin is a contribution from

Forest Service R. Y. 810ART, Clief.
Branch of R (o1 Barry H. Crave, Assistant For-
ester, i charge,
Division of Silvies E. N. Muxns, in Charge.

83

U, 3, GOVCRNMENT PRINTING OFFICE: 133}

For aale by the Superintendent of Doctinen t&, Wiahington, D, . - - - - - - Price 25 cents







