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AESTRACT
Comparative Autecological Studies of Eurctia
lanata and Atriplex confertifolia
by

Juan M, ﬂau'r.E, Doetor of Philosophy

Utah Btate University, 1969

Major Professori Dr. Nelil E. West
Interdepartmental Curriculum: Ecology

Some comparaiive ecological studies of Eyrctiia lapata and

Atriplex confert 18 were conducted at Curlew Valley, Utah, and
in the greenhouse and growth chamber at Utah State University.
Factors contrelling seed production were examined and the
impertant ones wers found o be gharacteristic of the site and
stand, wtilization history, and yesrly weather variations. A.
confertifelis showed less variable seed preducticn than E. lanata.
Seed germination was tested in the growth chamber on surface
(0-2,5 cm) and subsurface scil samples taken from the following
centigucus plant communities at Curlew Valley: pure E. lanata, A.
confertifolia, AMriplex nuttallii, Artemisiz trideotats, and the
mixed stand of E. laneta and A. coofertifclia. 3eed germinstion
percentage was larger in the surface s0il samples. There was no
sagnifsicant difference in seed germination in the different soils.

Eurgtia lapata and Atraplex confertifolia seedlings grew

patisfactorily in the growth chamber in all the above soils, indi-
cating that the restricted distribution of these species is not

regulated directly by the scil., The spil itself would permit 2




broader distribution of both species.

Seedling emergence ocourred mostly during late March and early
April, The pure stand of A, confertifolia and the mixed stand were
most unfaverable for seedling emergence and survival. The ecotone
was the most faveorable environment for maintaining 4 large seedling
density. Seedling density was higher on the gragzed areas than in-
side the exclosure while mortality was greater on the ungrazed
Aresas,

Differentizl mortality related to the sige of the sesdlings
pocurred sarly in the growing season. The seadlings surviving the
lonzest were larger than those dying younger. The largest cohort
density shrinkage ocourred during the first growing season, The
rate of mortality of the surviving population during the second
growing season was slightly reduced and largely reduced during the
third year. During the fourth and fifth year, the cohort shrinkage
wWas n?zligibla.

Most plant growth and development ocourred when the soll mois.
ture matric potential was low, usually nedar or below -1500 Joules
per kilogram, During March and April the soil moisture matrie
potential of the upper layer where most of the roots are concentrated
Wi h:E_gh and the potential evapotranspiration was low.

The greatest variability in soil meisture content throughout
the year ocourred at the 30 om depth, decreased at the &0 and 90 em
depths, and was minimal at the 90 to 150 om depths. Soil moisture
matric potential of the deeper layers was usually greater than that
of the surface seil. In the surface layers, the matric potential for
the pure shadscale associated spil was always less than that found




under the other stands.

A. vonfertifolls and E. lansta ars physiologically capable of
living under the physicel envirenment where other species or eco-
types in the surrcunding stands naturally live. Thelr range of
tolerance i3 beyound the magnitude of the environmental factors
found in the area.

The intra- and inter-specific interference of E. lanata and
A. confertifolia, as modified by environment, iz probably responsible
for the presence or Ebssnce of the species in & partioular lpocation

through its infloence in the rate of population growths

1293 pages)




INTROTUCTION

The significance of plants as indicators of the general characte.
ristiss of the envirpnment whera they grow has long been emphasized.
It has been shown in many places under the most varied conditions that
there is & close relationship betwesn the wverices facters which con-
stitute the physical componants of the envircnment and the organlsms

ich can successfully live, grow, and reproducze under those condi.
ticas, These organisms, which by mere cbsarvatioo or by experimenta-
tion &nd research have been found to most faithfully indicate &
certain kind of snvironment or scmetimes a single Tacter of that
spvironment are known as ®"indicators®,

Plant indicators are of great concern o eccloglsts since ecology
is the scisnce that studies the mutual relations betwesn organisms
and snvircnmant., Esology, then, starts from the premise that the in.
dividual organisms, the population, and the community which paturally
develops in & certain place is not & random gecourrence., Plant indi.
cators are & consequence of & long series of natural and complax proe-
cesses. Only a4 certain corganism or grovp of organisms could develop
undar specifiz conditions.

IO this premise is trus, there 1s then, 3 causs-.effect relation-
ship beiween environment as & whols and the organisms which ocoupy it.
The crganisms themselves, living H‘Lugathnr as an organized group and
acting as & whole, and with all their attributes, are an e=ffect of
the snvironment over 4 long period of time.

The presence of pure stands of shadscale {(Atriplex confertifolia




2
Torr. and Frem.) and of winterfat (Eurctia lanata(Pursh) Mog.) or of
mixed stands of both species has to be related to the environment,
These stands are indicators of the environment acting upon the plant
comunity. Thus, the main objective in this study is the search for
a satisfactory explanation for the presence of these particular plant
commnities which are so often found in the salt desert shrub type of
North America. The question arises as to what are the mechanisms
which cause the presence of pure stands of E. lanata and A, confarti.
folia or the mixed stand of both species in spme places and not in
others? The answer to this question is of primary importance to eco-
logists because of simple scientific curiosity, and to range scient-
ists because it could eventually lead toward better use of the ranga.

More complete knowledge of the interrelationships of these plant
commanities to thelir environment would permit the range sclientist to
manipulate plants and environment. Thus, it would induce compositio-
ral and structural changes in the community leading toward increased
primary productivity; hence increased utilization by livestock and
wildlife. At the present time, an inorease in the area of winterfat
at the expense of shadscale would be of extreme economic significance.
The former constitutes a valuable forage respurce for livestock, while
the latter is only of limited value and mach lower productivity.

The environment, however, cannot be manipulated blindly. As dis-
dstrous results indicate, simple experiments of sesason and intensity
ef grazing, and exclosures per se are not the answer. There are pro-
bably more basic explanations to aid management declsions. If there
is a real desire to understand and manipulate plants and environmant
in order to replace gne of these communities by another, more intensive

study should be conducted.



The removal of less desirable species and thelr replacement by
others can be more economically and permanently accomplished by in-
ducing plant sucecesslons in the desired direction. This would lead
toward 2 more productive disclimax of more favorable botanical com-
position. The induction of succession in a certain direction and at
a relatively fast rate requires the knowledge of the factors respon-
sible for the vegetational changes, These causes are not clearly un-
derstood at the present time,

During the past few ysars several attempts have been mede for
this purposs, At first it was believed that the presence of indi-
viduals of one species was simply the consequence of & single factor
in the soil acting independently upon the vegetation. After prelimi-
nary studies it was found that the simple effects of salinity con-
centrations in the soil solution was not the complete explanation of
the distribution of these two specles. Later, other ressarch was
conducted to explore the relationships which could tie certain phy-
sical and chemical characteristics of the soil with the species dis-
tribution in the area, Both sets of researchers finally reached the
conclusion that of the mejor edaphic characteristics studied, none
acting alone was the real cause of the presence of these species.

There could ba, however, minor characteristies of the soll, not
yet studied, which could explain the distritution of these species in
the area. One of the main objectives of the present research has been
to study this possibility from an empirical aspprosch. The testing
of the hypothesis, that there is & limiting [actor, in Liebig's senss,
is then the main objective in this part of the study. The two species,
if grown alone under laboratory conditions in soils where these and

other plant communities naturally develop, constitute a test to prove



the edaphic influences independent of the climatic variations. If
both species can successfully grow and reproduce in soils from any one
of these plant commnities, this would mean & rejection of the idea
that there is an inherent characteristic of the s0il which is the
overriding facter of plant distribution., This could lead to accep-
tance or rejection of the hypothesis that there is 2 single soil char-
acteristic which would be the real and overriding cause of the dis-
tribution of these species.

Another part of this study inecludes examination of water rela-
tions, a facet of the plant-environment relationship not previously
investigated., It is thought that a difference in the water use might
be a real contribtution to the explanation of the differential dis-
tribution of the communities examined,

The previpus individualistie studies of plant indicators con-
ducted on the area have not shown & satisfactory relationship between
plants and environment. Another possible line of explanation to this
phenomenon could be based on the principles of population ecology.
This study includes considerations of population dyamies which could
be closely related to & more complete answer to the patterns found.
The main interest here is focused on the reproduction of the population
and community and not on the individual 4itself. Perhaps the real
answer to this cause-effect relatlonship is found in the effect of
soil and other plant specles which naturally occur and act together on
the reproduction characteristics of the population as a whole. This
¥iew opposes the current approach which implicitly considers the
growth of the individuals acting independently. This approach has been
greatly emphasized in this research, especially where related to seed

production, germination, seedling establishment, and growth.




Eurotia lanata is one of the most important species growing in
pure stands and covering large areas of comparatively highly produc-
tive salt desert range lands. However, many of the lands which could
be potentially covered by this specles are now covered by shadscale or
by shadscale dominsted communities, This considerably reduces the
potential production of the site. Perhaps some of the studies includ.
ed in this research would help in the understanding of these mechan-

isms and so contribute to an increase in production of these lands.




REVIEW OF LITERATURE

The indicator value of plants as a consequence of the general in-
fluence of the environment has long been recognized, Clements (1920,
1928) concluded that every plant by its responses to the envircnment
furnishes valuable criteris which can be used a3 an indicator. The
consideration of this concept can be based upon five criterias:
species and genera, life-forms, habitat-fer=s, growth-forms, and com.
minitias, He did pot include the concept of ecotype as an indicator
but censidered the species 45 a good snd reliable one. However, both
he and Tansley and Chipp (1926) agresd that the community is & better
integrater of the environmental conditicns under which it develops.
Communities are more delicate indicators of certain habitats and
hatdtat factors because they integrate complex conditions. However,
they also consider that certain species are excellent indicators of
particular conditions,

Sampson (1930) stated that plants ars the most relisbls measore.
ments of surroundings, since the plant indicator concept is based on
a cauge-affest relationship, where the plant is taksn as the effect
¢f tha snvironment. However, his explanation is not clear when stat.
ing that any plant species may bhe to some extent, an indicstor but
only 4 few are sufficisntly restricted by growth conditicns. This
could be interpreted in two ways. One iz that the limits of tolerance
(Shelford, 1937) to the environmental factors of certain specles are
too broad, or that there is not a very clear cause.affect relationship
for those species., Both explanations could lsad the interpreter to
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opposed and divergent conclusions.

Perhaps some of the disagreement on this subject could be better
understopd if Oerard's (1955) ideas are taken into consideration. Be-
fore interpretation of the environment-plant relationships is made,
and the measurements of the vegetation can be meaningful, they must be
directed to the right thing. Thus, in order to achieve meaningful
results in scientific research dealing with the study of this relation-
ship, entitatlion is more important than quantitation. Following this
same line of resasoning, MeIntosh (1967) has concluded that the vege-
tation measurementa give valuable information only when the entity for
which they are made is meaningful,

There is & general &greement that the community inm a striet sta-
tistical sense 1s not homogeneous. Some defined limits of hetero-
geneity must be delimited instead of ignoring the error involved and
accepting the existing heterogensity as a fidueial limit of unifor.
mity (MeIntosh, 19467).

Some of these idess perhaps are involved to a relative degres in
the paper of Gates, Stoddart, and Cook (1956). In their conclusions,
it seems that there was not a clear distinction between the alpha apd
the gamma indexes of diversity. The first one as indicated by McIntosh
(1967} is the diversity of a single stand or community, while the other
shows the diversity of & number of samples of a community taken Irom
a range of different environments.

The interpretation and understanding of the environment-plant
relationship may not be as good as if discussed from information taken
from a wide range of environments. This is mostly because the genetic
constitution of the species under such varied conditions may be dif.

ferent and so a large and non-accounted part of the data obtained




would simply indicate gamma heterogeneity. It seems important when
studying the cause-effect relationship to make a clear distinction
between both sources of heterogeneity, btut to start working with the
alphe diversity first since it is more likely to provide clearer ini-
tial information.

In an absolute sense, the community apd stands are heterogeneocus,
and thus if there is & clear cause-effect relationship, the environ-
ment &lspo has to be heterppenepus, Each environmental factor  acts
independently or holocoenotically on the community influencing and
modifying the plant community (Allee and Park, 1939: Billings, 1952).
Most of the work conducted on shadseale and winterfat has been done
with the assumption that the distribution of both specles can be
thoroughly explained with a single factor or by the law of Factorial
Approach of Villar (1929)., Most of the studies which include salinity
concentration (Kesrney et al., 1914; Shantz &nd Piemeisel, 1940;
Stewart, Cottam, and Hutehings, 1940; Shantz, 19738), sodium exchange
capacity, one-third atmosphere percentapge sasturation extract conduc-
tivity, soluble sodium (Gates, Stoddart, and Cook, 1956) and those that
inelude tulk density, particle size distribution, compressibility
{Mitchell, West, and Miller, 19%6), are ir this category.

With all this information, there i= probably enough evidence to
belisve that the single factor approach is not satisfactory to explain
the distribution of these two species., Tlms, it is logical that a more
holocoenotic consideration of the influence of the envircnment on or-
ganisms is probably needed. The possibility shouldn't be discarded,
however, that one factor may exert & relatively greater influence than
the others.

The distribution of the individuals in & plant community is rarely



random in a statistical sense (Ashby, 1908: Goodall, 1952:; West and
Baagher, 1968), Using Liebig's ideas (Liebig, 1B55; Browne, 1942) it
could then be thought that there is & minimum or & limiting factor in
the sense later given by Wollny (1891) and Billings (1964) which in-
cludes both maximum and minimum effects. Some research infpormation
has indicated that certain environmental factors are present in such
amounts a8 to restrict the communities to certain values between cer-
tain limits. Such is the case of the results presented by Gates,
Stoddart, and Cook (1956) in which there are five main soil character-
istics for which a different mean and deviation =xist for the spils
rooting shadscale and winterfat. Their results can now be analysed
in the 1ight of later research as indicating that part of the vari.
ability is due to ecotyplc variation as it has been demonstrated by
several pieces of research (McMillan, 1960; Billings, 1952; and Tis-
dale, 1962) and specifically for winterfat by Workman (1967) and
Workman and West (19567, in press), Clarke and West (in press), and
Plummer, Christense, and Monson (1968)., Germination of seeds from four
locations at different spdium chloride levels resulted in significant
differences in germinating percentages between the seeds collected at
several sites in Utah., DMfferent ecotypes were also demonstrated by
reciprocal transplants, The seedlings from each of the four locations
were better adapted to their own soil than the seedlings from the other
three locations. This variability is then due to the gamma hetero-
geneity as was so well predicted by Gates, Stoddart, and Cook (1956).

R smaller scale study of ecotypic wvariation in Eurptia lanata was

zade by Clarke and West (in press). Studies of seed germination from
three sources, collected from three different stands in the same gen-

eéral area of the present research in Curlew Valley, show that germina.
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tion percentages differ significantly bstween sesd source. They con.
eluded that highly localised genetic differences within the species
may snable some strains to germinate more readily than cthers &t higher
salinity levels.

Thera is not any information avallable indicating that the alpha
heterogenedty, or varigbility within the stand, could alsc be due to
ecotypie variation. However, the work of Clarke and West first men-
tioned could be indicative that some ecotypic variations within the
stand is possible because of & limited effective pollination distance.
On the other hapd, there bas not besn gecgraphic isclavion &nd the
environmental conditions are quite wniform. If this is the case, the
differences in range found for esch particular soil characteristic has
to be explained on encther basis. This could be done using Rifbel's
{1935) ideas in relation to the replaceability of ecologlcal facters.
If this is the case, & second factor influences the vegetation and so
there would be a difference in the tolerance range between 4 minimum
and maximum where the species can be found,

A biological phencmena is depsndent, according to Hooker (1917),
not on & single variable, but on & constellation of factors. This
line of explanation fits perfectly with hia definition of the Law of
Minimum, Hs has stated it as whaen & gquantity is depéndent on & pum.
bar of variable factors and most be a funotion of one of them, the
guantity 48 that function which gives the minimim valus, In this way,
a eertain factor could be the limiting one for 4 certain species, eoto-
type or biotype with various gquantitative valuss, if there are cthsr
factors which would modify, compensate, or replace the action of that
on the crganism, or if it would modify the reaction of the organism it-
salf,
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Liebgher's (1895) Law of Optimum also gives a satisfactory ex-
planation to this variability in the edaphic limiting values found
for the same species in different areass and samples, According to
this law, the plant is capable of utilicing & growth factor cccurring
in limiting amounts in proportion to the other growth factors occur-
ring at the optimum value for the plant. Thus, as the other factors
of the soil vary, the limiting walues wvary.

All of this rationale is based on the premise that the vegeta-
Tlon is in equilibrium with the environment. However, il there is no
equilibrium, it does not necessarily have to be the cause-effect
relationship in the way already discussed. If this is the case,
winterfat and shadscale stands could simply represent different seral
stages towird equilibrium, representing the same sere, This possibi-
lity has already been proposed by Oates, Stoddart, and Cook (1956),
but even now, and with all the additional information that exists,
it seems very improbable. The main reason is that it has been re-
peatedly reported that there are many environmental differences asso-
ciated with both species and stands, even though 2 general apd satis.
factory explanation has not yet been found,

One of the most frequently utilized tools to discover environmen-

tal differences between sites where Eurciis lanats snd Atriplex confer-

tifolia oodur has been the use of transects and soil trenches across
ecotones and alternes such a3 those utilized by Mitchell (1965) and
Mitchell , West, and Miller (1966). Daspite the obwious advantages
of such studies in searching for probable sharp environmental differ.
ences, there &re also some negative arguments which could induce wrong
conclusions. OCain and Castro (1959) and Nytzenko (1948) have indi-

cated that when vegetation is poor in species, it is frequently found
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that single speciss in a synusia dominate large areas. Under these
gircumstances, there iz not effective competiticn from other specles
and thus the same species dominates larger areas than if a more varied
flora exsts, and many clesely related species are competing for the
zame habitat, However, since the balance 1s so delicate, even slignt
environmefitel changes in the compléx 1ead often %o a new constant dom-
inant, different from the former and atwrupily delimited. In other
words, this indicates that abrupt chianges in vegstation could beth be
caused by considerable and sharp differences in the environment,
mostly the substrate as indicated by Whittsker (1953), Hull and Mar.
tin (1939), Mason (1Gu8), and Raven (1964), or simply by wvery gradual
and slight environmental differsnces, Because of the simplicity of
community composition, gradual and minute changes in the environment
break the ejuilibrium and cause sbrupt changea to other synusia
(Nitzenko, 1948; Hanson and Churehill, 1961). The results reported
by Mitehell, West,and Miller (1958) seem to fit this line of reasoning.

Thare ig also ancther ergument against the use of transects
acrass alternes and is based on the edge.effect (Odum, 1959). The
edge, ecotons, or alterne, constitutes per se a different stand in
wnich the species compositicn and abundance differs from both adjacent
gtands, This; this intermediate sone is pot-a pradual transition be.
tween these stands or communities, tut e differsnt one, strocturally,
poppositionally, and &£lso functicnallys

Besides 411 this. the location of the alterna itself, could lsad
to wrong conclusiens, since it may be displaced for a shart er longer
distance if dissemination agents are acting differentially over one
of the tuo contiguous stands.

This line of thought makes one ponder the possibility that a
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different interpretation could perhapa be given to some of the ecotone
gtudies as well &3 those relating to the enviroomental characteristics
of the ervironment, especially from measurements taken near the ocon.
tiguous stand.

Theoretically, there 13 & simultaneous succsssicn of soil and
vegetation, no matter what the parent material, Vegetation is part of
the edaphiz environment and soil is 2 functicn of 4t besides of other
environmental factors. Thus climax vegstation can only be found when
there is & ciimax sodl (Billings, 1561). The speciss that can grow
in any scil and seral stage are those in which the magnitude of sach
of the environmental factors lie betwesn the ranges of telerance for
the gpecies, Billings (1546) has also indlested in this respect that
the matrix comminity of the shadseals desert cccurs om zonal scils of
mixsd minerclogical composition and that seme of the species that
compos®s it are characterized by having & wide tolerance 1imit, such
a5 Atriplex confertifolia. Those species which have a narrewer range
of tolerance make the interzonal vegetatlen of the edaphie islands in.

side the general matrix, as is the cass of Eurctlia lanata.

Most of the plant ecologiecal ressarch copducted in the desert
shrub types of the Great Basin has beésan dirsctsd toward soil relation.
ships, espscially thosge desling with salinity apd cther chemical pro.
perties. However, nct much emphasis has been placed on other aspects
of this problem, Carrcdus and Specht (1963), in Scuth Australia, found
that the distritution of Atriplex vesicaris and Koghia sedifolia is
esually ocorrelited with the depth to which the soil is welied by normal
rainfall. Ons of the differences between both specles is that the
first can rsduce the percentage of moisture to 2 significantly lower
level than K. sedifolia. Besides this, the depth of penetration of
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water wis thres times desper under the Atriplex than under the Xochia,

Some of the disagreements found in the results of studies on the
two species considered in the pressnt investigation may arise from the
method of sampling. Roberts (1950) end Fireman and Hayward (1952) hawve
indicated that the influence of the vegetation on the spil is very
important. 1In this respect, the last twe authors found that the solu.
ble salt eontent and the percentage of exchangeabls sodium in the scil
under shadscale shrub crowns was much bigher than in the adjacent bars
areas, This heterogenecus distribution of salts under shadscale could
also be a logical explanation for the spatial disiribution of the in-
dividual plants and for the presence of ceriain species in certain
Bcils.

Harper (1961) has esphasized the importance of the microenvir-
enmental characteristies of the soil surface in relation to sead
garmination. Thus the limiting factor mey be the amount of germina.
ticn sites svailable for the seedlings. Baasher (1961) and West and
Baasher (1968) have demonstirated that winterfat tends to have 2 moTe
random dispersicn pattern under heavy grazing, whereas i1 becomess mere
regular &3 range conditions improve. This could be of great influence
on the germination site awvellability and thus on the perpetustion and
stability of a particular community. Dale (1964) has alsc confirmed
the fact that the influence of the germinatlion site is reflected on
the germination percentage, establishment of the sesdling, and even
later, in the weight of plants and size of the root system,

The soils which support Burctia lansta apd Atriplex confertifolia

can be sasily sltered by the action of vegetation., Kinsinger and Ek-
art (1961), in one experiment conducted under greenhouse conditions,
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reported that Halogeton glomeratus mulch leacheate considerably re.

duces germination of certain grasses and forbs., Its effects are great-
er as the concentration incregsed. Since the yield of vegetation from
these two species is well correlated with ground cover (Kinsinger and
Strickler, 1961) and since the leacheate production should be also
proportional to the ground cover amd yield, it seems logical that the
environment-vegetation relationship should be studied with the miecre-
environmental influences of the vegetation in mind. Oeneral averages
of soil samples taken at different depths, but without considering
their location in relation to the existing vegetation, could give re-
gults which would easily lead toward wrong conclusions,

Hall {1962) seeded and grew E. lapata and A. confertifplia in the
greenhouse in soils taken from shadsecale and sagebrush commnities.
The seedlings grew well in cans with soil from the two locations.
Nevertheless, no seedling, not even those of shadscale, emerged from
solls taken at a depth of 5.1B inches and 18.36 inches from the shad-
gcale soils. Only slight differences were found on the percentage
emergence of both species in both kinds of so0il. This suggests that
there is not a direct relationship between species and germination in
the partieular soil where the community grows naturally. Seed ger-
mination could also be directly related with the presence of these two
species under various environmental conditions.

Workman (1967) and Workman and West (1967, in press) have re-
ported that there are significant variations in the germination of
Eurgtia lsnata seeds under different levels of salinity. For all tha
seed sources studied, the percentages decreased as the sodium chloride

varied slightly but significantly for each of the four different
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sources of seed. Germination percentages of seeds from the four
sources wers nearly equal at 3.0 and L. percent concentration, and
also showed severe restriction of germinaticn. Hilten (1540, 19u1)
found thst the highest germination of Eurctls lanata cccurred when
seads ware placed in a 0,5 percent NaCl solution and was slightly
lower in distilled water, It slso gradually declined, up to 1.5 per.
gent and abruptly for higher concentrationz.

Hossain (1966) found in this research that most shadscale seeds
germinated with sero percent salt content and a few of them at a
soncentration of one percent, but pe germipation at all was found at
two, three, or four percent, Twitchell {1955) coneluded that ¢nly a
short pariod of scaking wes required to remove the chloridss, and
so resulted in 2 higher percentage of germination of fourwing séit.
bush (Afriplex canescens). According te him, the higher germination
after the treatment is an indisator thet the ahloride inhiblts ger-
mination. However, Springfield (196L4) has repcrted that scaking the
fourwing =altbush seeds to remove the chlorides or any other inbibdtor
is not RecespaAry.

Beadle (1952),weriing with several species of Atriplex in Austra.
1ia, and Mayer and Poljakoff.Mayber (1963) with the same group of
planta in Isrsel also have reporfted a decrsase in germination with an
increase in the salinity concentration. They related these results
10 sesds with various concentrations of salts in the solutlon sur.
rounding them, as well as with those covered by tractecles and without

an addition of saltas

The low and high temperature regimes used by Workman (1967), Work-

man and West (1967, in press) and Springfield {1968a, 1968b) to study

PR
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the germination of winterfat prove that thare is slight influence of
temperature. Although the seed source by temparature interaction
sppears important, the results were not significant. Springfield
(1968b) studied water potemtial and tempersture in relation to ger-
mination. FHe found that the germination of this species was decreased
and delayed as moisture potential decreased. However, these desreases
were proporticnately less at lower temperstures. This means that
soil drying may not be as detrimental to germination during cool
weather, Temperature of germination alse interacted with seed source.
Statler (1967) and Eckert (1954 ) alsc menticned the importance
of temperaturs on the germination of this plant. The U. 3. Forest
Service (1948) indicates that this species germinates at 50 F nicto-
temperature and 77 F phototemperature, while Hilton (1941} reportis
that the maxisum germination and seedling production ocours at a
{airly constant mean temparature of 70 F, Howevar, the most remark.
able resolt in his study was the finding of a wide thermal telsrance
gince no marked dacrease was found at £2 F por at 72 F for 18 hours
gnd 86 F for £ hours, Temperaturss above 86 F resulied in reduced
germination and higher mortality of seedlings. Continuous tempera-
ture nedr freszing silghtly retarded germinstion,; howewsr, and seed-
iing growth was temperarily reduced until the tsmpersture was raised
AEalN.

The temperdture requirements for germination of several species
of Australisn Atriplex also pointed to a wide range of tolerance (Bur.
bridgs, 1945). The germination of A. confertifolia at 65.85 F was
69,1 percent, while only 0.9 percent at 35.65 F (Hussain, 1966).
Springfieldfs (1966) studies with fourwing saltbush seeds have
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mggested that moisture stress can affect germination to a different
degres according to the temperature, Theses results are in agreement
with those found by the same authcr (19681) for winterfat.

The germination of E, lanaia seeds is, in general, very high
wnder normal conditicns. Asay (1959) found that the peeds treated by
machanical mesns germinated better than those treated with acid, but
both had lower germination than the unfreated ohes.

Great variability in the germination of winterfat has been indi.
cated by Wilson {1931), who reported valuss ranging from 5 to 88 per.
cent from szeeds collected gt several dates and places,

Winterfat seeds were visble after twe snd one helf years of sto-
rage (Bradley, 1942). There is, however, & lcss of viability of zeeds
after the first full year (Wilson, 1931; Springfield, 1968a). Seseds
of the harvest year had a 97 percent garmination, while those of the
previous year ghowed 87 percent and thoze of two years before were
only 23.5 pereent, After three and four years. the germinstion per-
ceptage is negligible (Hilten, 1940, 1941). Mot only the period of
storage bot alsc the time of collection is important. Seeds collected
in Ociober showsd less germination than those collected inm November
with germinstion increasling after itwo months storage.

Springfisld (19682) concluded that one and two yeir old sesds
garminated better than older peeds. However, he 2lso indicated that
seetls 4.5 and © ysars old produced greater germinstlon values, B5-
pecially at temperatures of 6.1 € and 13.9 €. Retention of viability
depends largsly upcon the year of collecticn ap well as on certain
undefined physiological characteristics of the =eeds.

For shadscale, the germination percentage was higher in seeds
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collected during November as compared to those collected during Sep-
tember, This variation may ba due to the fact that embryos are not
fully mature at the earliest date and need more time in the plant to
develop full viability (Hussain, 1968).

The differences in germinition percentages reported for these
species may also be due to the individual plant differemnces (Vest,
1952; Vest and Cottam, 1953; Workmen and West, 1967). Riedl et z2l.,
{1954) reported significant differences in germination of sesds from
different plants, even when collected on the same date. These indi.
widual differences between plants were also measursd later from the
vigor of the seedlings from these seads.

The mechaniesm of permination in the soil could also be affectad
by germinetion inhibitors, Ewvenari (1919) has defined them as sub.
stances produced by plants or substances of related structures not
found in plants which inhibit or delay the germination of seeds of the
same or other species. The fallure of germinetion or & redection of
it may be dus to inhibiter substances, snd not to conditions such as
lack of oxygen, high temperature, ete.{Knipe and Herbel, 1966; Mayer
and Poljakoffl.-Mayber, 1963; McCalla and Haskins, 1964: Martin, 1851).
Reid, Verstraten and Wilkie (1963) have reported antibictic sffects
af sapgebrush in Wyoming. These substances, especislly if water sol-
uble, cculd be important in the symchronizatlon of permination with
s0il moisture conditions (Went, 1989: Koller, 1957).

Muller and Muller {1956) have reported that in some desert
plants the production of a toxdiec materisl does not constitute any
compatitive advantage under natural cenditions. The ineffectiveness
of toxieity under natursl conditions may be due to microbiasl activity,
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soil ecolloids, or insctivation by xeric conditions, This can be re-
ferred to as an ecological effect which modifies and sp differs from
the physiological affect of one plant over the other under laboratory
cenditions.

Vest {1952) and Vest and Cottam {1953) reached the conclusion that
the mechanical durability of the bracteoles of shadscale fruits lasts
longar than the chemical inhibitor in affecting the germination of the
seads. The fruits remain on the ground for several yesrs befors the

germination starts. It only occurs when the bractecles show symp-

caused by & fungus,
The most commen method used to study the presence of inhibiters

|
I
toms of disintegration. Breakdown of bractecles was proved to be |
|
|

is to germinate seeds in petrl dishes with the addition of the solu-
tion to be tested (Stout and Tolman, 1560, 1%4l). Vest (1952) made an
extract of A. confertifolia bracteoles by grinding them and scaking
the meal in water [ive times its welght for 20 hours: This extract
was later diluted to wvarious proportions. Vest (1952) and Vest and
Cottam (1953) found that the bractecles contain a water soluble sob-
stance which inhibits germination, and the water extract of these
bractecles completely inhibits the exised seeds. The dilution of this
extraet, howevar, reducas its inhibitory action and the percentage of
germination inecreasss 48 the concentration decreases., Strickler (1958)
has indicated that under field conditicns, E. lanata fruits germinated
under [ive other vegetation types but did not become established. He
did not indicate any conclusive explanation for these results but
postulated that it may be related with plant exmdates affecting the

seedlings. The zbsence of winterfat sesdlings observed by Strickler
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(1956) on an ecotone with A, confertifolia could be indicative of this
influence. However, there are also many other possible explanations.

Al-Rabbat (1963), after conducting seeding experiments with
winterfat; resched the conclusion that the depth of seeding was im-
portant in the germination and establishment of this species. An in-
crease in the depth had adverse effects; while the best resulis were
pobtained at 1.2 cm or less. Soil compaction before planting also had
positive results on seedling emergence. Oood results from shallow
plantings wera also obtained by Riedl et al. (1964) and Bridzes
(1961), Wilson (1931) and Hilton (1940, 1941) also concluded that it
should not be seeded deeper than 1.2 om, and the first author also
reports that it could aven germinate without covering if the weather
conditions are faverable. Statler (1965, 1967) reperts that the bast
seeding depth in Wyoming wes 0.6 cm, while he pointed out the im-
portance of the date of seeding, of which the best was May 17. At
that date, there was sufficient moisture and the 501l was warm enough
for germination. After conducting several seeding studies, Brown
(1962) reached the conclusion that there is very little chance of
guocassful establishment of many of them. Plowing and drilling proved
to give good results, with a density of 4,.) plants per sguare meter
being established after one complete growing sesson. Brown (1962)
found that from the seedlings emerging in the spring, only 2.1 to 30.6
percent survived until the spring of the following year. Bridges
{1941) reported better results at deeper depths than 1.2 cm for shad.
scale, which was the worst treatment for this species.

The success of reseeding native range with these two shrubs hes

been reported by Plummer (1%66). E. lanata and A. confertifolia and




other shrubs at the Desert Range Experiment Staticon in Utah were
still persisting and comprised even larger perceniages in the botani-
cal somposition than on the nearby native renge, tweniy-Tive years
after seeding. Tusller (1966) studied ths factors influsncing the
estabiishment of winterfat in different vegstation apnd scil types and
repcrted that all seeding attempts during three years were failures.
In sach case the sstablishment was less than (.25 plants per foot of
row and survival was negligible. Howsver, if these young plants
succeeded in surviving beyond the seedling staps, they would be de-
finitely estsblished,

Mrect seedings of both introduced and native speciss, in the
shadseale zone are low, contrasted with those in the sagsbrush zons.
Many preblems were cutlined by Bleak et al. (1965), but perhaps the
most important appears to be the arid climate. Springfield (1963)
in New Mexico reached the conclusion that seedbed preparation is
necessary for good stands.

Seed size varied between 13,500 seeds per pound when grown under
irrigaticn, while 27,500 and 34,500 seeds per pound when grown 2t two
other range locslities (Tueller, 1966), Wilson (1931) gives a wvalue
of 91,000 seeds per pound, while Plummer, Christen, and Monsen (1968)
indicate an sverage of 112,275 seeds per pound for winterfat and
64,920 for shadscale. Sinoe there is such & variatility in the ssed
sizs, it could be thought that it is important in relation to seedling
devalopment, However, the first suthor reachad the conclusion that
even large vigercus seeds, twice as large as those found in the field
under natural conditieons, did not increases the success of seading.
Simdlar results are reported by Nelson (1062).
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If conditions for growth of winterfst are favorable, seed pro-
duction ecould bte large. Wilson (1931) has reported values as high as
70 and 80 pounds of sesd per acre under irrigated conditions in New
Mexico. No information has been found for seed production under
range conditions. Winterfat and shadscale seedlings were found by
Harper (1959) to be more abundant on grazed arsas than on non-grazed
contrel plots. West and Stoddart (1964) found that the number of
seeds per plant of winterfat in Curlew Valley, Utah, &8s well 25 in
other locations, was greater for grazed than non-pgrazed plants. Pro-
tection, in general, resulted in an increase in viger, and higher
yields were obtained inside the exclosure than cutside. This would
geem to indicate that the lower reproductive capacity of the pro.
tected plants of winterfat is due to & loss of individual plant vigor.

It is possible that sesdling production could be influenced to &
large degree by the seed production of the population., The amount of
seedlings could be affected by temperaturs, since it has been found
by Telwar (1961) that a -23 C temperature killed winterfst plants al-
though they grew better at L.b C nictotemperatures. Orasing is one of
the most important factors in seed and seadling production and es-
tablishment of this species (May, 1963),

Halogeton planta start to appear in closely clipped plots but not
on those moderdately and lightly utilized., The increased abundance of
this plant is a consequence of the weakening of E, lanata {Tueller,
1968). The increase of halogeton or any other annual could have con-
siderable effect in the soil suck as has been reported by Bckert and
Einsinger (1960). This effect in soil could finally affect seedling
establisment.
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Inter. and intra.specific seedling competiticn could alsc be im.
portant in the understanding of the synecologloal relaticnships of
these two spescies. Ferguson (1562), who studied methods of estab.
Lishing Purshia tridentata, reached the conclusion that from the stand.

point of seedling survival, planting more than one seed per spot ap-
pears to be advantageous, thus finding a positive interference on their
seedlings. Later, Ferguson and Basile (1967) concluded that the
chance of any seedling surviving until the end of the growing sesison
increaged as the number of seedlings emerged per spet also inereased,
This could be explained on the basis of the creation of a beneficial
anvironment, which is created where several sesdlinzs srow together,
thus increasing the survival rate. One of the negative consequenTss
of this grouping is speeding the date of emergence, thus incrsasing

the chances of frost damage.

With annual plants there is & negative effect cn bitterbrush
seedlings, In chsatgrass stands, Holmgren (1956) has indicated that
only a few bitterbtrush sesdlings were capable of surviwval the first
semmer becaiuse of interference of the annual, However, the sams ssed.
lings were more able to compete with broad.leavsd annual weeds than
with the gragsses. Those seedlings that grow during the [irst s=asen
fres of competition are more vigorous &nd subsequent competition didn't
affect them,

Heady (1956), working with natural mulches on an anmual grassland,
fgund that the ameunt of litter present on the s0il surface direstly
affacted the vegetation. The increase in muleh inoreased the herbage
produstion as well as induced changes in the botanical composition and

size of the plants. Under natural conditions, the slow changes in the
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ampunt of natural mulch present cn the soil surface may faclilitate,
under certain circumstances, the introduction of new species during
successions (Olson, 1963). The alteration in the mulech productivity
parameter with the rate of decomposition medifies litter and soil
conditions, Thus, 4 modified microenvirconment may further alter, in
tiurn, the successional pattern and climax, The ampunt of litter on
the surface could be greatly influenced by the utilizetion. It is
usually larger on the ungrazed areas than on the grazed ones (Evanko
and Peterson, 1955), and thus may influence the amount of water in-
filtration on the soll or the availabllity of germination sites.

The most evident differences between graged and ungrazed areas
is usually the density &nd botanical composition of the range (Cos-
tello and Turner, 1941). West (1966) has reported that in Curlew
Yalley, Utah, after ten years of comparing exclosured with grazed ve.
getation, the most important change was the loss of density and areal
extent of winterfat and perennisl grasses in heavily grazed situations.
E. lanata, when heavily graced by livestock rodents, and lagomorphs
loses ground to shadscale and big sagebrush. The utilization of 20
percent of ihe gurrent years growth of E. lanata during the summer
prevented gead production, while a winter clipping up to 95 percent
of the gurrent growth allowed &% leasti aome viable seeds to be pro-
duced (Bekert, 195:), Ants and gther seed esters cguld also have im.
portant consequences on the reproduction of the community (Bohart
and Enowlton, 1953 Wight and Niekols, 196&8), Range utilization is
perhaps the facter which hes the grestest influence in the reproductlon
of these species populations.

Begides those aspects related with reproduction of the plants at
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gaed production, germination, emsrgence and establishment, other
properties of the population are alsc important. Longevity of the
plants, which his barely bean studied, is alsoc of considerable im-
portance. Asay (1959) reported the 1ife span of winterfat plants to
be from 17 to Vi years with & mean of 3 years. The season of use is
extremely important in relation te mortality of these two species.
Copk and Steoddart (1963) have ipdicated that desert plants can be
graged in late spring only if herbage remgval is 30 percent or less,
The degert ranges ars best adapted to winter grarzing and when used in
thiz season, thers 1s less mortality of plants,

Moast rezearchera whe have dealt with sait dessrt shrub vegetation
have tried to explain the distritution and presence of one species on
2 certain ares, solely based on cae envircnmental characteristic and
that is soil, especially certain factors such as soll salinity
(Shantz, 1925%; Shantz and Pismsisel, 1940; Kearney et al., 191b4; Bil-
lings, 19:3). Other workers (Gates, Stoddart, and Cook, 1956; and
Mitchell, West,and Miller, 195€) have also included some other edaphic
characteristics,

Went, Juhren, and Juhren (1952) presented & more general dis.
casalon on all the possible wechanisms which may be responsible for
the preasnce or absence of one species in a certain area. They are
grouped inte the following cstegories: distribution and presence of
seed, differential permination, competiticon, scil differsnces, c£li-=
metic differences, pest and diseases, and differential survival, Hows
ever, they also indicate that in most plant communities these mecha-
nisms are mixed and it ir impossible to isolate them. The inherent
unity of the stand rests upon the fact that it is not merely the

S




27
response to & particular environment but it is st the same time, the
expression and indlcation of it. The vislble continuity and the ses-
sile nature of the plant community are peculiarly helpful in indiecat-
ing the environmental limits under which the community develops. Thus,
it provides the fullest possible intagration of all physical factoers
{Clements, 19.9).

There is, however, an indirest affect of the environment acting
in relation to competition. Litav, Kupernik, and Onshan (1963)
have demonstrated the high mortality of the seedlings of a low shrub
species is due to the presence of annual plants which exert their
influences, even after completing their life cycle., The same soed-
lings are succesafully established and the rate of mortality greatly
reduced when they are grown free of competition. In this case, the
environment acts directly upon the annual plants, and the anmuals are
the ones that limit the sstablishment of the peremnial plant seed-
lings. This svidence goes even further when they improved the en-
virenment for growth by addipg irrigation and fertilizers. The nega-
tive affect on the seadlings was due to the grester increase in the
growth and developmental rets of the annual, and &0 greater compe-
tition. This antaponistic effect could be explsined on the basis of
negative influences induced By roots or plants exudates, as has bean
suggested by Woods (1961).

In order to have & clearer pleture of the scological relations
of the aresx, 2 dynamic unaerstanding is also necessary. Olements
{1940) has indicated thet the badlands of the sagebrush disclimax are
characterized in initial stages by coleonies of annual halophytes,

while the first stage of importance is formed by low psrennial species
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of Atriplex nuttallii, A. corrugata and cothers. These ere followed
by A. copfertifolia, while the final stage comes after the invasion
by Artemisia iridentata. Hutchings and Stewart (1953), MehArdle and
Costallc (1973), snd Weaver and Clements (1938) have indicated that
winterfat on certain soils represents the climax stags,

Shadscale and winterfat are often found on extensive areas form-
ing pure stands., However, they can mlso be found as components in
soma other communities (Allred, Beck, and Jorgenson, 1963) indicating
a different and breader range of anvironmentil tolerance. Hranson,
Miller, and MoQueen (1957) concluded that soll moisture relationships
are the primary cause governing the preserce of different plant com-
munities in the salt desert shrub vegetation type. Quantities of
soil salts also appeared to be important as a cause of community
differsnces. The major effect is in the csmotic potential contributicn
to total soil moisture stresas. This is the explanation why the so
called halophytic species are not always found under saline conditlons.
Harris and Young (1936) demonstrated that alkalinity rather than sa.
linity 4is important as a determining factor of the distribution of
thess desert species, This is an effect of the soll on the vegetation,
since from the evidence they obtained these plants play a miner role,
if mny; in bringing about chemical changes in tha soll that might
influenca the type of vegstation a habitat may witimately carry.

The moigtire regime in the spil under different stands may dif-
ferantizlly affect the wvepgetation, thus directly influencing the
botanical composition of the community. Since on the averags, the
amount of precipitstion received on continucus stands should be simi.

lar, the differences in water balances should then arise from
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differential water use, movement, and evapotranspiration.

A large number of empirical or seml-empirical equaticns have besn
derived to estimste the potential evapotranspiration of an area, using
climstological data such as Blansy and Criddle (1930), Pemman (1952),
and Thornweite (1948). Some of these formulas, in addition, include
a vegetational factor. Tanner (1950) considered that the energy bal.
ance method which measeres the radiation exchange at the surfacs is
a reasonable method for daily estimates, Taylor and Haddock (1956)
also conoluded that the amount of water remcved I[rom the soll is
largely determined by weather factors and is quite insensitive te the
water potential of the scil, and the aveilability of water depemds
on the rate the energy is used by the plant in removing water at a
rejuired rate.

Mest of these formulas, bhowever, hive been developed for irrl.
gated crops and are only useful between the limits of the available
moisture in the seil, that is cne-third and fifteen atmospheres of
moisture tension. Because of the difficulties of direct soll mois.
ture measurements, a large number of the empirieal formulas which have
been developed for estimating the evapotranspiration uses readily
available olimstic data such as temperasture, humidity, and wind speed.
Other formulas 3also include net radistion and soil heat flux (Halsted
and Covay, 1957).

Many papers have presented information which leads to the con-
clusion that energy availability is not the only impertant facter
influencing evepotranspiration. Mukking and Van Heemst (195%) demon.
strated that the real evapotranspiration falls below the potential one

when the soil is drying. The rate of reduction depends on the moisture
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tension of the soll and on the intensity of the potential evapotrans-
piration. Biertuizen (1958) demonstrated under laberatory conditions
that the rate of transpiration increases with the increase in avail.
able mpisture content from the wilting point and becomes nearly cone
stant at higher weter potentials.

Lemmon, Olasen, and Satterwhite (1957) went even further and
concluded that evapotranspiration is a function of soil, plant, and
meteorological factors. In summary, they concluded that evapotrans-
piration cannot be predicted strictly on the basis of meterclogical
variables, and that the s0il water potential is not the enly factor
governing water loss, The plant itself is impeortant on the system
of water transfer,

The moisture condition in the soll may be the main factor
governing the distribution of the shrubby vegetation (Branson, Miller,
and McQueen, 1967). The capaclity of these plants to tolerate a low
water potential in the soil may be a better indication than the salt
content alone. In this respect, the total water potential is a
better measurement of this factor than the csmotic potential alone.

Rickard (1367) found that in two adjacent stends of greasewood
and sagebrush, the soil moisture acoumilated during fall and winter
appears to be a consequence of decressed evaporation losses and lack
of transpiration from shrubby species, which are leafless during winter
and early spring. These results are also confirmed by Rickard and
Murdock (1963) who found that the soil moisture was nearly meximum in
early March and became steadily depleted after this time. They also
confirsed the hypothesis that A. confertifolia was found on areas with
more restriected moisture than other nearby comsunities and the
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parmanent wilting percentage of the surfacs seil of the Burctia -
Atriplex commnity was unduly high with regards to Lts molsture equiv.

alent value,
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[ESCRIPTION OF STUTY AREA

The fisld studies described in this chapter were conducted in
Curlew Vallsy, Box Elder County, Utah. In addition to the work carried
en directly under field conditions, & part of this research was done
in tha greenhouse and growth chamber at Logan.

Curlew Valley is located in the northwestsrn part of Utah. Tke
Ilpeation of the area corresponds approximatsly to the ccordimates L2°
15" north latitude amd 113" 5" west longitude. The immedlate study
grea is in a lacustrine valley located at 1350 meters (4430 feel)
sbove mesan ses lavel and 10 kilometers (€ miles) north of Kelton
{(Mitchell, 1965). The area h&s been used by the Colleze of Natural
Rescurces of Utah State University for many yvears and constitutes the
main center of research for the salt desert shrub vegetation in the
northwestern part of ah.

Besides the climateological influsnce of the elevation on the
vegetation itsell, there is also the historico-edephic influvence. The
301ls wers formed under & lacustrine influence by the direct genetic
crigin of the prehistoric Lake Bonnewille. The influence of the lake
is sven more significant sinoe it has bedn indicated (Bardley, Cwvos-
detsky and Marszell, 1957), that the slevation of this ares corresponds
approxipately with that of the shore 1ine at the Stansbury stage.

The sans suthors have indicated that the average elevation wis around
1363 meters betwsen 23,000 to 13,900 years age. However, the shore
line slevailon fluctuated between 1356 to 1365 meters. This wariation

in elevatlion of the shore line and the location of the experimental
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areas expiains te & great degrees some of the sell variabilities found
in the area both in relstion to thelr parent meterial as well as in
their physiographic charactaristics,

The shore lines, as well 2s other influences of Lake Bonnevills,
are at present time almost unmodified (Gilbert, 18G0). There ars,
however, some intersecting streams which have interrupted their con-
tinuity on small areas, but the embankments, beaches, and bars are
almost as parfect as the day wnen the lake began lowering its level.

The differsnces in the sAter levsl of thia prehistoric lake were
influenced mostly by temperature and precipitation changes which
occurred during the lste Plelstocens (Wright, 1896; Flint, 1957).
There ware two main high water levels interrupted by a lower lavel
caused by an &rid climate. Thess variations in weter level caused a
whole series of changes on the perent material of the soll where the
study was conducted.

The effects of wave action from lake watsrs are now clesarly
understood, and a characteristis profile of equilibrium has been deve-
loped (0illuly, Waters, and Woodford, 1953). The water movement along
shere lines influences the erosion,deposition, and transpert of ma.
terials, thus developing the chardcteristie profile, This profile is
infivenced mostly by size and shaps of particlss and by the charact.
aristics of the wave zotion. Thus & diffserent physicgraphic aspeot
may indieate also different soil characteristics, Gvesdetsky and
Hawkes (1953) kave shown that there is & strong sonation of the soils
it the Stansbury level, &nd that this zonation could also be the cause
of the pattern of distribution of the plant communities which now

COVars the area,



The water level and the location of the shore line was also
influsnced by the littoral vegetation which developed around Lake
Bonneville, The beach composition and mobility is influenced by the
gharacteristics of the vegetation which developed under the environ-
mental conditions which existed when the lake was formed (Scott, 1963;
Perkins, 1963),

The physical characteristics of the soils where the study was
ponducted has been described by Mitchell (1965) and by Mitchell, West,
and Miller (1966). They reached the conclusicn that the acil profils
under the pure E. lanata, A. confertifelia, and that of the mixed
stand and the ecotone of both species are egsantially ildentical., The
anly differences between them was & slight increase in root conoen.
tration and in the hardness of the C

A
wintarfat toward the shadscale community. The same fraction of the

morizon going from the pure

soils from thesas three locations was completely uniform in composi-
tion. These resulis; as well a5 the X-ray analysis,also zorrcborate
the findings that there were no basic diffsrences in the physical or
morphological composition of the soil between these two pure communi-
ties, Espacially noticeabls is the fact that the seil texturs, bulk
density, and compressibility of the upper two horiens are axtresely
pomogenectus. They contluded that not any obvious evidence of the in-
Fluences on the vegetation by solls exists, and vegetation does not
aeem to induce seil changes.

The role of some 504l chemical and physical fuctors in the dis.
tribution of these two species in the salt desert shrub vegetation
type was studied by OGates (1956, 1958) and by Gates, Stoddart, and

Cook (1956). The only five significant differences between thess
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communities, including some in Curlew VYalley, were for total soluble
salts;, saturation extract conductivity, exchangeable sodium,; one-
third atmosphers percentage and soluble sodium. Shadscale wes found
on areas with 0.53 percent salt, while winterfat was found on areas
with 0.3 percent. The exchangesble sedium was also greater for
shadscale, 3.7 m.e. per 100 grams of scil, while for the other species,
it was only 2.5 m.e. The field capacity for soil moisture was also
greater for shadscale. They concluded that the density of the plants
had little correlation with these spil characteristics., Since they
found a comparatively wide tolerance range for these species, they
suggested the possibility of ecotyplie variation.

Billings (1945) has described the cold desert vegetation of the
Western Great Basin in relation to soil characteristics, He indicated
that the subscil of those areas where shadscale paturally develops
is usvally saline, but gquesticned the universal asspciation of ghed .
gcale with this characteristie, He obzarved a tendency to find shad.
scale cn areas with saline subsoil, but judged it not to be & re.
quirement of the plant., Evans (1926) referring to the Salt Lake
Valley also indicated the close asscciation of this plant with a high
content of salinity in the soil.

Shantz and Zon (1924) also resched ihe conclusion that A. conferti-
folia is a salt tolerant plant, but there is not & universal associa-
tion between them. It can otcur in areas where the salt concentra.
tion of the subsoil 1ls &3 great as 1.1% percent or even higher, btut it
thrives best where the concentration 1s much lower, around 0.09 per-
cent, In later papers, Shantz (1925) and Shantz and Piemeisel (1940)

have restated the same conclusion.
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The general characteristics of the scil in relation to the hori-
gontal arrapgement of the species in the =21t desert shrub vegetation
type has been described by Kearney et al., (1914). They indicated
that sagetrush ccecurs chiefly on coarse textured scils with low salt
content, wnile shadscale pecurs in the center of the valley on scils
with & high salt content bslow the depth of 1 or 2 feet. Fine tex-
turea, high salinity and a midsummer molsture deficit are the main
characteristica of the habitats where shadscale naturally grows.
Howaver, they alsc indicate, that in other areas shadscale is &lso
present where there is not & highly saline pubgoil, apd where the soil
is too dry and gravelly for sagebrush. Thus, from this presentation,
it is clear that A. confertifelia naturally socurs in areis of vari.
sble sdaphic characteristies. To relate it with a singls, simple fac.
tor or explanation is not adequate in understanding its behawigur,
Winterfat also occurs in ereas where there is some salinity in the
subsoil but suoh values are generally lower (Shantsz, 1938). Shante
reports that it is a dominant of climax wegetation on certain soils in
that regicon. However, the edaphic er elimatic reasons which restrict
winterfat to certain snvironments and not to others are not clearly
explained or understood.

Thera are, then, some dafinite sodil characteristics asscciated with
sites where shadscale and winterfat naturally grow forming pure com-
munities {Shants and Piemeisel, 1940). Shadscale usually grows where
salt content on the surface ia low but in the subsoil at 2 or 3 fast
depth, the percentage of salinity rises above 2 or 2.5 percent. Win.
terfat, however, grows in soils of fine texture with low salt con-
tent in the upper 2 feet, but with only up to 1 percent in the subsoil,



and has higher water requirements.

The communities studied ars: one of pure shadscale, another of
pare winterfat and a third, & mixture of both species. The winterfat
community appears monpspecific, There are, however, some pccasional
seattered snrubs of A, tridentata growing alene or in groups of a few
individualas, There are also some rare, isolated plants of Sitanion
hystrix. In the open spaces in this community, there is often found
during the wetter growing seasons veriable ampunts of anmual plants,
among which the most outstanding for its abundance is Halpgeton
glomeratus. There are alse some other cccasicnal annuals which repre-
sent a very small percentage in the botanical composition (Figures 1
and 2).

The botanical composition of the pure shadscale communities 1s
almost one hundred percent A. confertifolia. There ars, however,
some occasional individuals of Sitanion hystrix. Among the annuals
Halogeton gplomeratus represents mest of the cover by this group of in.
vaders, Occasionally there dare alsc some individuals or groups of
Bromas tectorum (Figure 3).

In betwesn these twe areas there 1s & third community represented
by & mixture of Atriplex confertifolia and Burciis lanata. Besides
these two perennials there i3 the grass, 3. hysirix, which is uniformly
present in &1l thias area and constitutes & large percentage of the

botanical compesition., Ameng the anruals, Bromus tectorum is the most

important. Halogeten is also conspicucus, but econtributes a smaller
percentage. Other annuals are only occasionally represented (Figure
b).

The pure stands of both species are divided by a fence into two




Figure 1. 0Oeneral view of the graged E, lapata stand. The isolated

taller shrubs are Artemisia tridentata. The Wildcat Hills
are in the bankgmuna.

3 I ey R At iy "'
Figure 2, Close up of a sector of the ungrazed E. lanata stand. Soil
g <, eracks, surface litter and microreliel are the main char-

goteristics of the microhabitat, A dime 4s used for size
comparison,



Figure }. Oeneral view of the grazed stand of A. confertifolia. Maost
of the small plants are seedlings of Halogeton glomeratus.

Figure L. Oeneral aspect of the mixed stand of A. confertifplia - E.
= lanate. The ennuals in between the shrubs sre mostly
Fromus tectorum,
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sonditions. One of them corresponds to the axclosdires in which beth
livestock and rabbits have been deprived of its utilization. The
exclosures ware constructed in 1955 and have been mainteined up to
the present date, Both sxelosures now have, approximately, & similar
botanical compesition, with a slight difference in tho percentage of
perennial grasses, which is higher in the ungrazed area. However,
the density in the excluded areas wes larger than in the grased stands
(West and Stoddart, 1964).

There is, finally, another type of vegetation which in this paper
has been called the E. lanata - A, confertifolia ecotons. It cor.
responds to an area mostly covered by winterfat but which nas seat.
tered shrubs of A. confertifelia, and it is located around O to 30
maters from the pure B, lanata stapd, These ecctones are present Lo
the winterfat area, both in the grased as in the ungrazed portion
{(Figura 5).

The vegetation of the &rea is Kmown with the genaral name, the
s3]t desart ghrub vegetation type. This type is particularly import-
ant in Utah since it covers dpproximately L9 thousand square kilo.
meters (12 million seres). This is about 22 percent of the land ares
¢f the state. Curlew Valley is part of the "West Desert" or tha
Great Basin side of the Wesateh Mountains (West, 1366), The ares r'a
praaganted by this type ol vegetation in the whole United Statas is
approximately 15.4 million hectarss (38 million acres) (Branson, Miller
and MoQueen, 1967: Xuchler, 196L).

The potential natural vegetation for the whole area ocorresponds,
according to Klichler (1964), to the Salttush-greasewood type, which is
physiognomically characterized by open st.andu.u.t low and dwerf shrubs,
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Figure 5. Fence line pontrast of an area inside and outside the E,
lanata exclosure. At left the exclosure and at right, The
constrasting grazed area. In the front part is the eco-
tenal E. lanata - A, confertifeolia while in the back 1s the

Eurotia lanata stand.

and half shrubs. The main cominants in this type are A, confertiicliz

and Sarccbatus vermiculatus, while other important components are

Artemisla spinescens, Atriplex spp., Eurotle lanats, Kochla amerdicana,
Oraya spinpsa, and several pthers, Shreve's map {1942) is more speci-
fic and indicates the extent of the shedscsle compunity and that of
the winterfat. Flowers (1934) has deseribed this same vegetation in
a similar way and with approximately the same subdominants. However,
he named it the shadscale association.

The most conspicuous primary consumers of the vegetation are ths
blacktalled jack rabbdt (Lepus califernicus, Gray). Becausa of their
abuncance, size and amount of forage consumed, they are one of the

most important herbivores (Wagner, 1964; Currie and Goodwin, 1965).
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This whole srea is moderately grazed most yeara by sheep. The
season of use is during the latter part of winter and early spring,
while the rest of the ysar it remains unused, Daring the 1968 and
1967 seasons, the area was not grazed at all by domestic livestock
while during the previcus sesson, it was intensively utiliszed,

Another important primary consumer is the harvester ant LF_n_E-
nomyrmex owyheei, Cole), which probably is nct as important in energy
flow in the ecosystem as they are in some other ecologieal relaticns
of the plant community such as the reprodocticn and mortality of
the perennial shrubs (Sharp and Barr, 1960).

Climstological data, mainly temperatura and precipitation, hdve
bean recorded since 1956. Appendix table 13 and figurs 6 indicats
the mean monthly precipitation for the tenyear pericd betwsen 195c
and 1965, as wall as the absolute maximum and minimum for that same
period (Fears, 1968), Besides this, the monthly values for the
years 1966 to 1968 are also indicated (Cock and Stoddart, 1955, 1957).
Appandix table 14 indicatea the long term monthly temperatures, ss
well as the mean mixima and minima. A general description of ths
study arsa and the location of the plots and exclosures is indicated
in Figare 7.

Fon— e L
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Figure 7.

Aerial photograph of the study area in Curlew Valley. (&)
E. lanata exclosure, (b) A. nuttallii exclosure, (¢) pure
A. confertifolia exclosure, EH? pure A. confertifplia, gra-
u.'I inf grazed mixed stand, (f) grased pure E. lanata
stand, (g,h) location of ecotonal studies in Hituhnﬂl
{19-'5-5} study.
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MATERIALS AND METHOIS

The maln ohjeative of this stody was the ssarch for environmental
factors, in addition to greging pressure, Which may cause changes in
the relative importance and distrilution of Atriplex confertifolia

and Burctia lanata in the Oreat Basin Desgert, The study as & whole
was divided into seven parts to accomplish these objeciives.

The first part of this study concerns phenclogy. Phenologleal
development was determined throughout the year. During the early and
mcet active part of the growing season, determinations were made once
a week, while later in the season readings were made only avery Two
waeks or onge & month during the winter.

The phenologioal development of twenty permanently marked, matwre
plants were studied in sach experimsntal area, The areas included the
pure stands of Atriplex confertifolia and Eurotia lapats, both in the
graged area as well as in the ungrazed ares, The diata provided in
this study setuslly only represent ungrazed plants since the arsa wes
not utilized by livestock at all during 1967 and 1968,

A phenclogleal scoring system was used, Scores were as Tollowsi
1. Winter dormancy, 2. Aplecal buds swelling, J. Twigs slongating,
b, Floral buds devaloping, 5. Flowers opeming, &. Fruit developing,
7. Frult d4isseminating, 8. Fall dormancy, 9. Fall bud mwelling,

10, Fall twlg elongation, 1l1. Fall floral buds developing, L2. Fall
flower opening, Each individusl plant was scored at each reading to
the closest 10 percent by estimation of preportion of plant parts
involved,
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Sead production of these two specles was studied in pure stands
as wall as in 2 mixed stand of beth species. The influsnce of gras-
ing on the amount of geed production was alsc included a&s part of
this ressarch. In doing this, comparisons wers made of seed produce
tion in adjacent areas, one of which hes not been grazed by livestock,
small rodsnts or lagomorphs since 1955, while the other has been
graged almost every year excepting the 1967 and 1968 seasons. The
first area is referred to as "exclosure" or "ungrazed” while the
other is the "grazed arsa® or "outsids the sxclosure”. The compari.
sons of the grewing effect on seed production were only made on the
pure stands of both species,

Twenty plants bearing fruits were randomly chosen in sach loca-
tion, and of each species. For pure stands, both graged apd ungrazed
conditions were svaluated while 4n the mixed stand of both species,
no control over graging was exercised becauss of lack of an mcelosuras,
Plants were coversd on the third week of August, 1987 and in 1968 with
nylen net bags such as suggested for bitterbrush by Seegrist, Neal,
and Hubbard, 1966, Bagping the plants permitted & complete count of
winterfat and shadscals fruits and seeds. The nets were removed in
Decamber of the same ysar the plants were bageed (Figure 9, page 62).

The fruits collected in the [Feid were brougnt to the laboratory
whare they were counted., However, for those collected in the 1968 sea.
son, only a4 sample was taken and weighed and thus an estimation of the
total frult and seed production per plant was made.

In this study a fruilt was considered a mature ovary with the ac.
cessory structures surrounding and protecting the seed. However,
eften no seed was found inside the external structure., A sesd was da.
fined as a visible embryo and would presumably develop into & new plant
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AT sown.

The parcentage of fruits filled with fully developed seeds was
alsp ealevlated, Daring the first seaspn, the calenlatlons were made
separately for sach plant, while the following year cnly the mean of
all plants &% each location was determined, A sample of one hundred
fruits per plant was analysed for seed fill, if the plant produced as
many or more seed; while if the plant produced less, all the fruits
were analysed. On the other hand, during the sscond season, only &
general sampls of 300 fraits was taken from each of the five sampling
areas, &nd the percentage of the filled ones was calculated, The
product of the number of fruits per plant times the percentage filled
gave the rumber of seeds per plant.

Mean percentage of frults filled was caleulated in two differant
wiys during the 1967 season. The first methed inwolved adding the
percentage filled on each plant and dividing by the mumber of plants.
The other value is & welghted mean in which those plants with larger
mumbars of fruit contribute to the mman in a larger propertion. It
wiz caleulatad by dividing the total number of seeds produced by sl
Lhe plants of the seme species in each ared;, by the total mamber of
fruits of all plants of the same species.

The weight of 1000 fruits was arithmetically caleulated for tha
1967 geasen for ssch plant and arss ufter determining the pumber of
fruits and seeds and their respective welights. For the 1968 ssason,
the wailght of 1000 fruits was caleculated by welghing 200 fruits from
sach area and specles &nd multiplying by five, The sead weight -ar

plant was calculated arithmetically using the values previcusly calew.

lated from the walght of 1000 seeds and the number of seeds per plant.
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The transformation of individual plant values into area values
required the calculation of the plant density of each species in each
area. The total density and the dansity of plants with and without
fruits was determined. The product of the mumber of individuals
bearing fruits per unit of area times the mean value per individual
gives as a result the value exprassed on 2 surface baslis. Results
were expressed per tem squire meters, zince often the seed and zeed.
ling production densities were so small that only a fraction of a
seedling would have been represented in fractional drea units.

The density of A. confertifolis wes determined in the fisld by
using ten rectangular plots of L.50 sjuare meters, that 1= 0.75 by
6.00 meters. The winterfat density was determined oy using 20 eir.
cular plots of 0.89 square meters. For E. lanata, this caloulationm
wis arbitrary since it 1s not always possible to distinguish in the
field cne individual plant from another. The criteria was to consi-
der a5 one individual plant a group of stems 1iving together &t an
averaps distance of less than 5 to 7 em from sach other and separated
7 o 20 om o more from other pgrovps of steme. In any case, this

gives 3 general impression of 2 group or unit. Whether or not this

represants the actual number of plants per unit of area, it is not
¥nown, but the important thing is that the criteris used for deter-
mining density and bagging for the seed production study were the sime.
Wo analysis of germination was made from the seeds collected in
the nylon net bags. The reason is that since the bagged plants prob-
ably underwent some substantial medification in the microenvironment
under which the seeds were formed and developed, this could have in-
fluenced thelr germination and introduced unknown effects. Slnce the
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main objective of this part of the study was to determine the smount
ef viable seeds per plant and per unit area, and gince previcus re.
sults have shown some contradictory results and extrems wariability,
only hypothetical salculations of germination were mada., Percent.
ages of germination reported by seme of the previcus werkers on these
two species under the most varied conditions were uged and combined
with the actual values of seed production gbtained in this research.

The third part of this study consisted of the analysis of the
germinatien characteristics of these two speciss under controlled
environmental conditicns. The study was conducted in & growth cham.
bar under 8 13-hour light period and 1l-hour dark peried with 15.0 ©
and 4.5 C temperaturea reapectively; no control of the relative
humidity of the air was possible,

Seed germination was conducted on soil samples taken from Curlew
Valley from five sites of close proximity rooting pure winterfat,
puras shadscale, mixed winterfat.shadscale, pure nuttall saltbush

(Atriplex puttallil) and pure big ssgebrush (Artemisia tridentatsl.
This study was conducted to determine if there are any inherent char.

acteristics of the scil, physical, chemical or biclegical, which
would induce an entagonistic effect on the permination of seeds from
thess twe specles: Such effects could reduce or inoresse the germin-
atlon percentagze; or oven completely prohibit gperminsticon on- a4 gif-
ferent soil.

The scil samples were taken from Curlew Valley, on the sscond
week of June, 1967. Samples were taken at rasdom from ten different

spots at each site. Two sets of samples were taken,one which carre.

sponds approximately to the upper 2.5 om of soil or soil crust which
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naturally forms in some solls. The other set represents the soil
found from 2.5 to 25.0 cm depth. The resson they were split inte
two sets of samples is because the deeper sample more typlically re-
presents the upper 25 om of scil without & concentrated effect of the
vazetation, while the surface sample may possess a much greater af -
fect of vegetation on soil. The latter design probably gives more
of an indication of soil on vegatation while the former one better
repragants the effect of vegetatiun on soil.

These soils were thoroughly mixed in the laboratory and later
uged both for the germination study and the evaluation of seedling
growth and development.

Samples of these ten solls wers placed in small square pots of
1 cm per side and 7 cm deep. The scll samples used in all the ger-
mination snd seedling studies were rot sterilized or otherwise treated,

Twenty-five well developed seeds of A. confertifolia were buried
about 0.6 cm deep in the soil of sach pot. They wers covered with a
thin and transparent polyethylene shield, in order to protect them
from excessive evaporation, Pots wers watered avery day with dis-
tilled water,

A second germinsticn @nalysis was condusted in petri dishes.
This test employed the same ten selils, but ibis time twenty-five
peeds sach of shadssale and winterfat were placed on the surface of
the soil, 4inside the patri dishes, Moisture percentage was kept a.
round saturation.

The shadscale seeds used were collected in Rush Valley, Utah,
thirty-two menths before and stored st room temperature, Those of
the other specias were oollentsd mg;tr months sariier. near la Sal,
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The reason two etz of zermination analysis were mads, one with
buried seeds and the other on the surface,was Lo try to detect if
there was any difference between them and so distinguish betwesn
possible chemical and physical causes, The germination on upper and
desper soil was made to evaluate possible biologleal soil influence
on germination.

Continuing with this line of research conducted under homocli-
matic conditions and absence of interspscific competition, &n &x.
periment was conducted to test the influence of seil on seedling
growth., The same ten sources of soll were used, but this tims they
wers placed in pots filled with three kilograms of spil.

Seeds of both species were germinated in petri dishes on a peat
moss substrate. Onoce they germinated and the semingl root was ap-
proximately 1.0 to L.5 om for E. lansia or 0.5 to 1.0 om for A, con-
fartifolia then they were carefully transplanted to the pots, wheare
they were irrigated with distilled water, The soll was continucusly
kept arcund field capacity,

S5ix seedlings of E, lanata were planted in each pet wheress two

or sometimes three seedlings per pot of A. confertifelis were es-

tiblished, On the 25th day after transplantation, the pots werse
thinned with only the three tallest seedlings of E. lanata being kept
whille only the two tallest of A. confertifolia were allowed to deve.
lop further. The small number of plants in this last spsuies was dus
only to the difficulties in obtaining them. They remained in the
growth chamber 55 days and then were moved to the greenhouse be-.
causa thay started to etiolate.
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Msasurements of the shsdscals plants were made after 30, 50, and
75 diys, whersas measurements of winterfat were mads at L0, 70 snd
110 days after they were seeded., The measurements taken were; total
maximum height of the plant, the mumber of lsaves and ths dry weight
¢f the top. The number of leaves refers to those longer than 0.3
cm for the first species and 0.5 cm for the second,

Later the same experiment with only E. lanais was repsated in
the greenhouse. Measurements wers made at B0 apd 125 days after
seeding. Total masdimum height, number of leaves and dry weight of
the plants were measured the same as desoribed stove. In addition,
the total stem length and the percentage of plante in flower warse
also caleulated, The first of these values represent the sum of all
the stem length of the plamts, while the other, the proporiicn of
plants which have at least one flower.

The soils in which these germination and sesdling growth stu.
dies were conducted were analysed for cation exchange capacity, or-
ganic matter, texturs, moisture percentage at -33 and 1500 Joules/
kg, total salinity, total nitrogen and pH.

Angther part of this research dealt with seedling emsrgsncs,
thelr survival and growth, under field conditions in Curlew Valley.
A zeriea of transects of 0.15 by 25.0 meters were sstablished before
the 1966 season, Two transects were located on the grazed ares of

pure Burgilsa lapata and three on the ungrazed ares, ancther on ths

ungrazed scctons, and two on the grazed ecotone. Finally, ancther

was esteblished on the miwed stand of the two species and one on the
pure stand of shadscale, Later in 1968, the number in those last two
stands was increased to & total of three transects in each location.
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The degignation "ecotons" for some of these transects is in

some respects erbitrary. They &re located in areas predominantly

with E. lanate but with ococasional plants of A. confertifolia, The
area, in general hes been denominated for 2 long time as pure winter-
fat stand, in the center of which is & laerge exclosure. Four of the
transects sare located inside 4he ungraced area, and angther four
are located near each of them but on the gragzed area, The results
from the grased and ungraged transects are, in many respects, Com.
pirable thus providing information for the study of the effect of
graging on seedlings.

Each seedling was ldentified with a large plastic turkey leg
band and a numbered metallic tag, secured to the soll surfece with
bobby pins. After the seedling germinated and emerged, it was tas.
ged for later identification. The date when & seedling was first
tagged is an indication of the approximate date of emergence. The
location of each seedling was also recorded in respect to distance
from other adult plants of the same or different species and to
other seedlings. The nature of the ground cover where the seedling
was found, in relation to litter, was alss recorded,

Pericdic measurements of seedling development and growth were
also made. The height of the plant, the mumber of slongated lesves
and the product of both, elong with the date of mortality and
circumstances under which the plant died ware determined,

A sixth part of this research consisted of the study of weter
raiztions in these stands. The solil moisture content below 15 om
and its variability throughout the yesr was measured by the neatron

scattering method, The principles on which this method is based and
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its description has been made by Taylor, Evans, and Kemper (1G61).

Ten plotas were established in the grazed stands of E. lanata
and A, confertifolia, as well as in the mixed stand of both species,
The plots were located st random along & I-meter transect. Esch
plot consisted of an aluminum tube introduced into the seil profile
85 desp a3 1.60 matars while 14 eom were left above ground. Measurs.
ments were made at variable time intervals, according to the time of
year, Measurements were more frequent during April through Juns,
ugually at weekly lntervals, while during the last part of June and
July at bl-weskly intervals, and Lthe rest of the year at monthly
intarvals or occasionally.

Measurements of soil moisture by volums were made at 30, &0,
90, 120, and 150 cm depth. The curve which expresses the ralation.
ship beiwesn moisture percentage and scil matric potential was de
terminad for each stand and at each depth. Four soil samples were
randemly taken and analyzed in the pressure plate membrane at .33,
67, =100, «300, =500, .1000, and 1500 Joules per kilogram. Later
the valie caleulated by this method was transformed into moisture
percentage by volume using the bulk depsities caleulated,

¥Molsture percentage by welght in the uppar 2.5 om was assessed
in the same 3 areas, Twenty soil samples were taken at random from
2 trapsecty of 30 meters each. Each sample was placed in 2 sepa-
rité tin can and sealed with & plastie tape. Their moisture per-
cantage was later caleulated gravimetrically after determining the
wal weizht and the oven dry weight of the spil sample. The soil
ganples were dried in the oven at 105 C for b8 hours or longer.

The location of the sample in relation to the nearest adult plant was
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also recorded.

In a similar way, 10 samples were taken on each area at a depth
ef 5,0 om, that is between 2.5 and 7.5 em, Another group of samples
was taken from the same areas but from 0.0 to 15.0 cm depth, and
the moisture content determined in the same way,

The root biomass was determined in the threes locations, and at
the szme depths at which the meisture determinations with the neu.
tron probe were made. Only the dry weight of the finer reots, thoge
of less than 1.5 mm diameteéer, was included in this study. The soil
samples from where the roots were taken, were obtained with & soll
auger of 7.8 om diameter. The procedure waed in its determinaticn
was &5 described by Shuurman and Goedewsagen (19£5). Thay ware
separated from the soil by immersing the whole sample in & container
full of water and later removing the floating particles. After
carefully washing of the roots in water, the thicker rocts were re.
moved &5 well &5 the soil particles, Finally all roots extracted
were oven dried and weighed.

The last part of this research included the study of soil sa-
lipity and reaction on the upper surface of soil and its variation
throeughout the year,

Tne salinity determination as well a&s the soll reaction ware
made in the laboratory using the same soil samples taken for the de.
termination of soil moisture percentage on the upper surface of soil
at three depths from 0 to 15 ¢m. The wheatstone bridge was used wiin
the saturation paste, &s described by Richards (19%4). The pH of the

samples was also determined on the paste with an sleetronic indicator.




RESULTS AND DISCUSSION

heno

The results of this study indicate that during the years studied
plants interrupted their dormancy and started to grow during the se.
cond half of March or early April, At this time of the year there
was abondant molsture in the surface layers of s0il, where most of
the roots are concentrated. Molsture acoumulates in the soil during
+ha winter, when the water loszes are reduced becauses of thoe low
temperatures and thus reduced evapoiranspliration.

During the 1967 sesson, the apical buds of E. lanata were still
dormant by March 22, as indiecated from a phenological index of 1.0.
Those of A. confertifolia were slready swelling at that date and had
& phernolegical index of 1.6, Some plants were still dormant and
their index was 1.0 while others had one hundred percent of the buds
sucllen and thus their index was 2.0,

One week lster, on March 29, the mean phenclogical index of E.
2anaii was 1.7 end most of the plants hed at least some buds swollen.
On April 12, most of the plants had all their apical buds alrsady
swgllen and thus their mean index was 2.0. A. confertifolis had also
en index of 2,0 and most of the buds were already swelling but there
Wiz no twig elongation.

During the second half of April twigs of both speclies started to
slongate. On April 26, the phenclogical index of E. lanata was 2.8
and 2.7 for A. confertifolia. This weans that on the average 50
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and 70 parcent of the twigs, regpectively, were elongating. By May
10 and 17, the twig elongation inoreased and an average of 100 per-
cent of the twipgs were already alonpatad,

By the end of May, the phenologicsl index of the individuzl
plants of E. lanats was sround & mean ef 3.3 and had a range of 3.0
to 3.9, This means that & mean ¢f 30 parcent of the twigs had floral
uds developing. On shadscale the mean was L.0 and the range was
3.0 to 4,8, indicating that while some plants were still elongating
thelr twigs, others already had 80 percent of thelr flowers opened.

On June 5, the mean index for E. lanata was }.0 while the range
wag from 3.0 to 5.0. In othsr words, while some plants were still
in the twig elongation stage, others already had all their flowers
opened. A. confertifelia was mcre developed at this time of the
year, &nd the mean index was L. 2 with a range of 3.0 to 5.0, Field
measurements on June 14 showed that the range ol variability of the
index for both species indicated twig elongation to flower opening
was poourring but the mean index was slightly higher,

By this time of tha year the mean index of all the individual
plants stodied was not & geod indleator of the developmental stage
of the population. There were seme individual plants which never
produced flower buds or filowers, and thus the mean was lower, and did
not adequatsly reprasent the cverall phenclogleal stage of the popu.
lation.

The phenologlical determinations conducted at the end of June
indicate thet most of the plants had an index betwsen 5.0 and 6.0
while about one-third of the plants had an inpdex of 3.0. The latter

half of June was when fruits developed and soms flowers were still
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apening.

The data of July 19 indicate that the plants were in two dif.
ferent phencloglcal stages at this time of the year. Most of them
were developing thelr frults and had an index of bL.0 while others
had an index of 3.0. Ho flowers were found at thisz time of the year.
This situation continued until the first part of August.

Seed dissemination was initially observed on August 13. Plants
at this time of the year had only twe different indexss, 7.0 which
means fruit dissemination or 3.0, DMassemination was most intensive
during September and October but continued during the winter season.
Dormancy of tha plants was recorded on September 185 when leaves were
actively falling.

The beginning of the 1968 season was similar to the previous cne.
The total annual precipitation recorded for the area was similar but
the distribution throughout the year was different (Table 13). Dare
ing 1967 intemsive rains cccurred from March to July, with a maxi.
maim of 1lb.7 millimeters in June, However from August To November
less than thres mililimeters per month were received. The early rains
explain why there was such & large proportion of the plants develop.
ing flowsrs apd fruits, and the late drought explains why the dormancy
started earlier in Sepiember,

The 1958 season was dry during the first part of the year with
enly 15.1 millimeters in March, 12.4 in April and 33.0 millimsters in
May. Only 8.2 millimeters were recorded in July. This explains why
the plants and seadlings wers starting thelr dormancy by the end of
July. The precipitation data from the rein gauge was &lso corro-
borated with actual seil moisturs determinations in the field, Soil
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moisture content was very low when plants started their dormancy.

The intensive rains which cocourred in August, which added up to
88,0 millineters, broke the dormancy and activated the plants and
ssadlings. Plants grew again and dormancy was reentered during the
first wesk of QOctober,

The drought which cocourred during the firat part of the season
was probably responsible for the total lack of fruit production on
the plants of E, lanata studied, Sesd production on_A. confertifolia
was less affected by the drought than those of winterfat.

The early growth of these two species was lesz affected by
variations in presipitation sinece it depends mostly on moisture ac-
eumilation during the ecold part of the year. The moisture storage
capacity of the soll is larger than the moisture demands for the
initial growth of E, lanata and A. confertifplia. Thus bud swelling
always started and no desth of plants was recorded at this time of
the year, Later in the season when there was not enough moisture in

the soll, dormancy ensusd,

Seed Production

On an individusl plant basis, during the 1967 seasgn, a larger
nanber of froits per plant was formed on the mixed stand of both
species (Table 1, Figure 8). Bhadscale produced 220L fruits per
plant while winterfat produced 299: These values are much greater
than those for the respective pure communities. This is perhaps the
most obvious and interesting of sll the results concerning seed pro-
duction Figure 9).

it i3 &lso interesting to note that the ungrazed stands of both
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Atriplex confertifolia Eurotia lanata
Figure B. Fruit and seed production of E. lanata and A. conferti-
folia growm in pure and in mixed stands during Lthe 1967

ueﬂ.mn.

Figure 9. MNylon net bag covering an ungrazed A. confertifplia plant,

for the seed production studies.
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species have the least mumber of fruits per plant, that is 715 for
the shadscale and 55 for winterfat. On the other hand, the number of
fruits per plant is considerably greater in the grazed stand. The
difference between graged and ungraged is, however, by far leass than
that between the pure and mixed stands.

On an area basis, the numerical proportion of seed produced
under the three conditions in which each species was growing was
slightly changed, tut the order remsined thne sam=, The number of
fruits par hectare or por 10 square meters in both species was high.
ast in the mixed stand, intermediate in the zrazed ones and the low.
est in the exclosures.

The fruit production on a weight basis could &lso be indicative
of the effect that these three different contexts have on both spec-
ies. The Bureotia lanaia plants in the mixed stand produced about
five times more fruits than those in the exclosure, while only three
times more than those on the graged area., Shadscéle plants pro-
duced approximately two and a half times as many fruits in the mixed
stand than in any of the other two situations, where seed production
was very much alike. MNevertheless, the grazed plants produced
slightly more geeds than the ungrazed cnes,

The waight of cne thousand fruits of winterfat wes very similar
under the three conditicns of growth. The variability found between
plants by far exceeds any possible difference between the stand
means. Shadseale also showed some differences in weight. The low.
est mean corresponds to those plants growing on the mixed stand, while
the largest %o those growlng in the exclosure. However, [or this

species, the differsnces in stand means wera alspo small in relation
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to their total wariability.

The yield of frults on an area basis also holds a similar re.
lationship to that of the weight per plant. In the mixed stand, the
yields of both specles are much larger than cn the pure stands. For
shadscale there is practically no difference betwsen the grazed and
ungrazed areas, while for the other species, the yield was almost
two and a half times largsr on the grezed area than in the exclosure,

The number of fruits and seeds is perhaps a good indicator of
the capacity of the plant to produce new seedlings later. Larger
numbers of seed per plant indicate that the individuals which pro-
duced them are physiologically well fitted to develop fruits amd
saads, However, this physiological resction is not the causs by it-
self and is & consequence o the combination of all the environmentul
factors acting upon the plant, as well as the internal reactions of
the organisms.

The environmental factors include all the edaphic and elimatic
influences, The adaphic infinences include level of fertility,
texture, water retention, structure, organic matter, infiltration,
etc, The climatic factors include the relative humidity, tempera.
ture, frost during seed formation, availability of precipitation
during this process, etoc. The biological factors are important, and
among those deserving specisl attention are the ones related with the
sffects of organisms upen enviromment as well as inter. and intra.
specific competition.

On an area basis, the rumber of seeds and fruits are important
too, representing the capacity of the populztion te produce new

seedlings. The population reaction is also a good integrator of the
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environmental factors 2cting upon it. Summarizing, it seems clear
that a better understanding of the reproduction in 3 commapity would
came only after knowing the individual plant behavipur as well asz
their group reaction when in the population.

The weight of the Iruits and seeds produced is not es good an
indicator of the reproductive capacity as numbers per unit area, It
really represents only the amount of energy invested by the plant,
on an individual basis, or by the population on &n area basis., A
better indication of the reproductive capacity comes perhaps from the
size of fruits and seeds expressed by weight. 3Seed size could later
be an important factor in the development and survival of seedlings
since larger seeds have more chance to survive vigorous conditions
(Salisbury, 1943).

The number of seeds per plant and per unit area, 3s well as
their weight, keeps the same basic relationship which has already
been expressed in the previous paragraphs. The larger values are
those found in the mixed stand, while the smallest are those on the
ungraged, pure stands.

All of this previous information reported here could be summari-
zed in one sentenca, That is, the largest reproductive capacity
interpreted in terms of seed and frult production was found on the
mixed stand of both species, while the lowest on the unutilized areas.

The percentage of fruits filled with seeds reflects how favor.
able the conditions were after the flowers were pollinated. This
could be related with the moisture availability during the post.
pollination peried, with avallability of nutrients to the plant from

the soil and to the seed from the plant, to the temperature durlng
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this peried, or to any other facter.

The mean percentage of fruit filled for all the plants of winter.
fat sampled was 15.5 percent on the mixed stand, 17.3 in the ex-
closure and 21.0 percent in the grazed area, These resulis demon-
gtrate that the best conditions for seed fill ccourrad in the grarzed
stand of E, lanata, while the least favorable occurred in the mixed
stand,

The large differsnces consistently found betwesn the grazed and
ungrazed stands seems very logicasl after consldering the intensity
of grazing of this highly preferred species by all kinds of live.
stock and rabbits. For shadscale, the differences are small. This
is understendable since the plants are usually only slightly utili.
zed or not utilized at all.

The mixed stand of shadscale and winterfat shows the largesi
differances in most results. There is, in the firsi place, a com-
pletaly different inter. and intra-specific interference. Ths plant
densities of sach species in this mixed community ere less and thus
the utilization of the plants could also be different from that on
thes pure stands, Winterfat uswally grows protected by large and
spinny plants of shadscale. Its plasticity is clearly manifested
through & different growth habit. Plants are taller, &nd tne basal
ground covar is proportionally reduced with sesd acd fruit preduc-
tion being greater,

The grazed and ungrazed stands of winterfat look very simllar
in meny respects. There are of course, differences in sise and den.
zity of adult plants but they are minimal in comparison with those
of the mixed stand. The guestion that now arises is1 do those
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plants in the mixed stand really represent the same scotype or under
different environmental conditions is plasticity all that is invelved?

It has been demonstrated by Workman and West (1987, in press)
that different ecotypes of winterfat exist. Lirge genstic differen.
cas have been found for different areas where considerable diastances,
geographic barriers, and enviropmental differences are invelved.

Hera the situation is different in that only a short distance and to
a partain degree, relatively similar envircamental ecnditions are
involved, Data presented by Clarke and West (in press) however, in.
dicate that the E. lanata plants from a mixed stand and pure stand
in Curlew Valley actually possess different ecotypes in terms of

at least salinity tolerance at germinstion. However, ths plants of
winterfat found inside and outside the swxclosura should correspond

to the same ecotype since the excleosure has only been established for
12 years and the 1ife expectancy is estimated from 17 to 7i years
with an average of 36 (Asay, 1959).

The percentage of filled fruits on an area basis is more import-
ant fur the population than the mean values calculated par indivi.
dusal, If there is no correlation between the mnumber of fruits per
plant and the parcentags filled, both the indlvidual and population
means should be identical. This is not the case, however.

Fruit filied on the pure stand of shadscale everage 18.2 per.
cant for the grazed area, and 18.4 percent for the ungrazed, while
25,1 perzent in the mixed stand, Thess values are slightly higher
than those obtained on an individeal basis, In Lthe mixed stand of E.
lanata as well as on the gragzed pure community, fill is less than

the percentages found for fruits harvested inside the axclosare. The
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winterfat plants from inside the exclosure had a smaller percentage
of fruits filled per plant than fruits filled per area. This dif.
ference in the mean value of fruits filled leads to the conclusion
that there could be a correlatlon between size of the seed yield per
plant and the persentage fill,

It is important to define the above because it has been obser-
ved in the field that, in general, the plants which are found on
areas with a lower density of the population and community such as
near ant hills, roads, or other open spaces usually have larger num.
bers of fruits per plant. If this could be demonstrated quantitat-
ively in the field, it would indicate that there is a density de.
pendent factor for fruit production. If it could now be demonstrated
that there is also a density dependent factor for percentage fill,
these two would be additive and the number of seeds would increase
because of a larger number of fruits as well as a larger percentage
rill.

The wvalue which better integrates all the information presented
in this section is perhaps the production of viable seeds, on an
area basis. The calculation invelves knowledge of two values, the
seed production on an area basis and the percent of germinaticn.

Sead production was caleulated in this study and the values are
presented in table 1. The percent of sesd germination of both specles
was not calculated,

Seed germination could have been determined under standard lab-
oratory conditions. However, since the main objective in this study
was to learn about their ecclogical relstions, it would have been

meaningless work. Seed germination in the laboratory has no
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ecological significance unless there is a clear imowledge of its
variability in relation to the envircnmental funections which ocould
influence it. These relations are not thoroughly understood at the
present time.

The main cbjective of this part of the study was the determina.
tion of availability of wviable seeds per unit area, in order te latsr
relate this value with seedling production.

The availability of viable seeds per uniti ared was caleulated
by uging the seed production results from thiz study plus the re.
sults of the germination studies reported by ssveral authors (Work-
man and West, 1967: Springfield, 19658; Vest, 1952).

Sesd preduction of winterfat wes 155 seeds per ten square me.
ters in the mixed stand with 898 seeds per ten square meters on the
grazed stand and only 491 seeds per ten sjuare meters in the un-
grased stand., The production of viable seads per unit area, calou.
lated by combining the results reported in the previous paragraph
with those of Workman and West (1967) varied a great deal., This
variation was induced by three main factors: Sesd BoUrcs, CUNCEN.
tration of the sodium chloride sgluticn uaed to moisten the sesds,
and temperature (Appendix, table 15).

The greatest influsnce was that of the concentration eof the
solution. The seeds from the La S&l1 spurce, at the low temperature
regime showed 98 percent germination &t 0.0 concentration, 94 percent
at 1.0 while only 47 at 2.0 parcent concentration, 5 at 3.0 parcent,
and ne germination at all at L.0 ceoncentration,. This means that the
number of viable seeds produced per ten square meters when the con-

centration of sodium chloride is 0.0 corresponds to 1522 on the mixed
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stand, 880 in the grazed and L8] in the ungrazed stand. At one per-
cent ¥aCl concentration, these values are respectively 1h:61, Bk,
and L&l viable seeds per ten square meters. Even at a concentration
as high as 3.0 percent, the number of viable seeds produced per ten
square meters would have been 78 in the mixed stand, k5 in the
grazed stand, and 25 in the exclosurs.

The values of the salinity deteérmination on the upper 2.5 ocm
of s0il as well as those from 2.5 te 7.5 and those of the upper 15.0
cm are low (Table 12, page 205and appendix tables 48 and 49). This
demonstrates that a high number of viable seeds could be produced.
Computations indicate that seed germination likely would exceed by
several times the number of seedlings emerged, as indicated in
appendix tables 26, 31, and 36 and figures 20 and 21 on page 10%
figure 29 on page 118, figure 42 on page 130, and figure 45 on
page 13z.

Salinity is obviocusly the most inflivencial factor in seed ger-
mination studied by these suthors. However, despite the fact that
on certain areas it could be extremely high, under patural conditions,
winterfat is restricted tec areas with a much lower concentration
(Gates, Stoddart, and Cook, 1956). Soms of the plant communities,
which usually develop on the surrcunding areas where winterfat cce
curs, have salinity concentrations below the absolute limit deter-
mined by Workman and West {1967). They are batwesn 3.0 and 4.0
parcent concentration of sodium chloride, or under certain circum-
stances of temperature and seed source greater than four.

The general area of distribution where winterfat is usually
found, has no limitation based on viable seed production in relation
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to salinity which could sxplain, by itself, the natural limits of
this szpecies. The Law of Limiting Factors in relstion to viable
seeds 15 not the explanation.

Mfferences in temperaturs are thought alse to influence the
total amount of viatle sesds produced, In general, the high tem.
perature regime produced slight increases of germination affecting the
number of visble seeds produced. At 0.0 percent concentration of
salinity apd high temperature, there would be 2 99 percent germina.
tion instead of 98 at low temperature. At 1,0 percent HaCl con-
centration and high temperatura regime, the germination wis &2 per-
cent instead of 94 ai low temperature. At 3.0 percent Nall, the
same 5 percent germination level occeurred at high and low tempera-
ture regimes, At 4.0 percent Nall concentrations, the germinaticn was
1 percent instead of none for lew temperatures.

The high temperature regime would mean a hypothetical produc.
tien of 1270 viable geeds per ten sjuars meters in the mixed stand,
73 wviable seeds under the grazed conditions and 402 wizble seeds
on the exelosurs, Despite the decreass in ampunt, in relation to
the low temperature treatments, the differences should not ba af.
fectual in mature.

The difference in seed soures is alse small ip relation to the
total variability. Both seed scurces reacted differently to the
concentration of sodium chloride, Cisco seed spurce germination
wasg depressed more &8 the concentration increased, than seed from the
othar spurce, Thus, at 1.0 percent concentriation of sodium chleride
and low temperature only a U0 percent germination was found., Exira.
pelating these results would mean a viable seed production of 622
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per ten square meters on the mixed svand, 359 on the graged and 196
on the exclesure; at 2.0 percent concentratien of sodium chloride
653, 377, and 206 viable sesds per ten sjuire meters, respectively,
while at 3.0 percemt of sodium chiorids concentration, 31, 18, and
10 viable seeds would be produced per ten square meters.

The water potentisl has also been found to be important in in.
fluencing the number of viable seeds. Appendix table 16 combines
Springfield's (1968) results with those of seed production actually
cbtained in this study, Seed source, temperature at germination,
and moisture stress are analyzed in relation to visble ssed produc-
tien.

The number of viable seeds of winterfat decreased as the mois-
ture stress increased, Thus at 0.0 atmespheres, and at 2,3 C,
Springfield's Horse Springs ssed source gave BD percent germination.
This would mean 1247 viablie sseds per ten square meters in the purs
stand, 718 in the grazed sres, while cnly 397 viable seeds would
goour in the exolosurs., This valus would decrease slightly at 3.0
atmospheres to 1103, 637, and 349 wiable geeds per ten square meters,
respectively, while at 15 stmospheres, it would allew enly 497, 287,
and 157 viable sesds par ten sguurs meters,

The decrease in the number of viable sesds would be smaller at
low temparatures and lirger &t high temperatures, At the highest
temperature tested, the percentage of germinaticn decreased from 59
percent at 0.0 atmospherss to 11 percent at 15.0 atmospharss, while
at the low temparature, it was reduced from BO percent at 0.0 atmos-
pheres to 32 percent at 15.0 atmospheres., This means that the
number that could be produced in this last case would be only 171
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viable sesds per ten square meters in tne mixed stand, 99 in the
grazed area and 56 on the ungrased area.

Sesd source has qnly slight influence in the production of via-
ble seeds, The influence of meisture stress and temperature is
gimilar, regardless of where the zseeds were collected,

The low temperatures in the early spring and the high moisture
present on the seil surface at that time of year are the mechanisms
which allow the plant to have the highest number of viable seeds
under the environmentsl conditions where it naturally srows, Barly
germindtion in Marech and April, when the conditions are mere faver-
able, means a larger rumber of wviable sseds produced. Tn this res.
pect the germination studles previcusly conducted and the seed pro.
duction results reported here clearly indicate that the winterfat
commuinities have developed 3 mechanism wnich permits them to have
high efficisncy in viable seed production. Early in the spring the
number of yilable sseds found is greater than at any time of the year,
Begides this, the enwironmental conditions are alsc more favorable
for seedling development and sstablishment.

Shadscale has shown considerable variabdlity on the productien
of viable seeda (Vest, 1952: Busssin, 1966). The results of appendix
table 17 show that the number of vyiable aseds is sero when the brac-
taoles sre covaring the seed no mattsr now largs the sesd production
of the populaiion, Since this cannot be sustalned if the species
is toe thrive, there has to be scmes mechanism which transforms some
of these originally unviahls seeds into viable ones. Thls mecha.
nism is based on two facters., One is the washing away of the in-
hibitery substances sccisting in the brastecles by the action of
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precipitation and seil water movement. There is alsc 4 mechanieal
impedance of the bractecles themselves on the germination and growth
of the seeds contained inside them, Thus, these bractecles have te
be destroyed in the soil by soms agent. This is done by the action
of soil microorganisms, especiaily fungus (Vest, 1952).

The process of maiing thess seeds viable requires variable
amounts of time acecording to t£he misrpenvironment where the seed
resains in the spil. There are alsc variable microhabitat condi-
tions which eould have differential influences because of differ-
ences in soil moisture and becguse of micrc-organismal activity.

The incresse in germinaticon as the concentration of the bractes
ole extract, as well as & dilution of 153 and 1:5, showed no pro-
duction of wiable seeds, However, & greater dilution such as 1110
would mean a hypothetical production of L&L viatls gesads per ten
square meters cn the mixad stand, 157 on the grazed area, and 143
in the sxclosure, Now if the dilution increases to 1320, the pro-
duction also increases to 671, 227, snd 206 respectively, while on
digtilled water, it was even larger with 774, 262, and 237 viable
seeds per ten squars meters,

The date of harvest ls also impertant in the viability of seeds,
The largest values ara thoge determined for the sample of seeds har.
vested on December 16 in which are 155 visble seeds per ten suare
meters on the mixed stand, 52 on the graged sres, and L7 on the
exclosure. High numbhars are also projected for those sseds harvested
on April 1 with the same values as before; while those harvested on
April 15 would yield 310, 105, and 95 viable seads per ten square
meters respectively.
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There are two main possible causss involved. One of them iz &
prehable plant-seed relationship in relation to the date of separa.
tion from the mother plant which could affect later the physiocleogy
and viability of the seed when seeded in the soil. The other is the
elimatis and other environmental influences on the seeds during the
post-harvest paricd. If this is the case, the influences of the
general epvironment could be mest variable since thers are go many
possible micrchabitats in the soil which could differantially influ.
ence the hydrie, thermic, blological, and other factors on the ssed,

In general it could be concluded that beth species have dif.
ferent seed production per unit srea and in relation te the community
they inhabit. BDBesidea this, the germinaticn percentages which char.
acterize both species are extremely different, as well as the factors
involved in their germination. Becsuse of this, the mimber of wviable
seads produced by both species is different in each case, and the
factors which influence them produced changes of different magnitude
in shsdscaie and winterfat dominated communities.

The factors which influence winterfat are oriented toward the
production of the largest germination early in the spring when the
conditions are more favorsble. Seeds of E. lanata germinate early in
the spring whenevar the environmental conditicris, mostly soil moisture
and temperature, are faverable for it, The seeds or their pericarp
does not rajuire any chemical or physical modification produced by
external asgents to be wisbls.

The sschanism involved in shadscale regenaration is differant,
It is oriented toward the production of viabvility at a non-uniform

time, that is5, a spacing in production of viable seeds. This means
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shadscale seeds are produced whensver ths environmental ¢onditions
gre faverable for the parent plant, but these seeds are not viable,
Viability of seeds is influenced by completely different mechaniams
than producticn.

Atriplex confertifelis initially produces non.viable seeds, The
percentage of viable sesds determined by Vest (1952) is tero when the

environmental facters have not yet produced the necessary changes to
modify the same chemical and physical properties of the seed coat
structure. Lesching of the inhibitory substances inm the bractecles
as well &5 softening them requires time and the acticn of several en-
virommental factors surrcunding the fruit.

The 1968 season wes in many respects different from the previous
one. The main differepce was the reducstion in fruit and seed pro.
doctien both om an individual plant basis, as well as per unit
area (Table 2).

The percentage of E. lanata plants with fruits was 9.0 in the
mixed stand, 0.5 percent cn the ungrazed stand and 0.2 percent on
the grazed cne., However, in ths pure stends of winterfat in areas
where the ncrmal denzity of plants cocurred, the percentage of plants
with fruits was C.0. Mo plant with freit was found under tThose con-
ditions, The only individuals bearing fruitis were located &t the
edges of ant hille, roads, or cpenings where some plants were lacking.
Thus, during this ssason, the producticn of winterfat frults and aesds
was only local,

The yearly variations in weather affected the fruit and seed pro-
duction of winterfat in twe ways. The pesrcentage of plants bearing

fruits was reduced, as well as the number of fruits per plant. From
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the results obtained during the 1967 semson, as= well as those deter-
mined during the previcus one, it is clesr that seed preoducticn par
plant, as well as the chance for plants to bear frults, is a dengity
dependent factor. However, no mathematicsl relations were determined
in this respect.

The mixed stand of winterfst snd shadscale showed a better pro-
duction of seeds both on an individual plant basis as well as per
unit area., Besides, since plants were more spaced in the fieid and
their density was lower, sesd production was grester and not lcsall.
ged arcund natural cpenings in the vegetation or bare ground.

The largest seed producticn of winterfat per unit area was found
in the mixed stand, the sime as the previcus zsason, The lowest sgesd
production was in the exclosure,

The ysarly variabllity of A. confertifolis ssed and fruit pre-
dugtion was less than for E. lansta. On the average, the percentage
of shadszeale plants with fruits was similar for the two ssasons,
while for winterfat, the plants in 1968 had only a fraction of the
friuits of the 1967 sesson. Basides this, the sumber of seeds pro.
dused per ten sjuare msters of shadscale community wss prepertionally
less reduced than that of winterfai.

Tha percentage of fi¥led frults of shadscale w2g similar during
the two yesrs the gtudy was conducted while for winterfat, much lar.
ger values were found in 1988,

Seed production was showm to be highly varisble, The maln fac.
ters influencing it ars the stand where they grow, utiliszation, plant
density, and the weather variations from year to yssr. 4. conferti.
folis showed a lowsr varisbility than B, lansta in relatlion to thsase

[~ ¥ S
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factors as was determined from actual data of fruit and sesd produc-
tion per plant as well &s per unit area, weight of 1000 frults, per-
centage of filled fruits, and percentage of plants bearing fruits.

Seed producticn of E. lanata kept the same basic relaticnship in
the 1968 season, However, the production of seeds and fruits was
leas than the previous year.

Germindtiot

The differences in environmental characteristics which affeot
those communities forming pure stands of E. lanata, A. confertifciis,
or the mixad community of both species have tsually besn reiated to
some soil factor. Howsver, until the present time no single =daphic
factor has bespn found to perfectly delimit the distribution of either
Ep&Cias:

Results of the soll-community relationship studies have not
besn clearly interpreted. If a certain factor is found to be re=
lated gquasntitatively with the species, it is indicated as such, How-
ever, explanstions are not clear in stating if the presence of the
species is dus te the capability of the adult plant te grow and sur-
viva under those cenditions, or if the seedlings srs capsable ef
establishment, or aven Af the sesds are oapable or unabls to germinsts.

864l analysis of the most varied kindg could be run on theaszs
scils, such as major elsments, as well as secondary and minor ele.
ments,; salinity, plant exudates, microorganisms, etc, ALl of thess
would provide indireect information in relation te these problems.
There is alwsays the possibility that the wrong factor is being sns-

lyzed and thus the Jack of correlation is due to "entitation® of the
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faetor ehosen and not to a pessible explanation invelving the quan.
titation of the real factor.

If thers is any factor of the scil, which per se is responsible
for the germination or lack of 1%, it would be best found by the
analysis of seed germination on the soil itself. If the germination
values determined for these two species on different soils show some
effect of limiting factors, then the physical, chemicsl, and bigle-
Eical snalysis of the soil ahould determine which is the factor.

The purpose of this part of the study was to analyze the ger..
mination of shadscale and winterfat on seil samples taken from five
differspnt sites supporting plant commnities whick nsturally develop
in the surroundings of the two spesies in question.

The results of the analysis of emergence of A. confertifolia
seeds, seeded in pots under uniform climstie conditions in the
growth chamber, could help interpret this problem (Appendix table 1B,
Figure 10).

The twc check treatments show, in general; slightly higher ger-
mination percentages than the other soil treatménis. When the sseds
were pidced over filter paper, germination occurred faster. Since
the zeeds were not bturied, permination wis detected ‘mmediately.
Besides this, the germinition conditions were alse differeant, since
the seeds received 1ight and the atmosphere surrcunding them was that
of the peiri dish and not that of the substratum,

Peitt moss dlsp behaved in a4 similar way, That is, the smergence
percentages werd high from the beginning., A higher germination per.
centape was shown for this medium than any of the seil treatments;

{rom the fourth to the last day after seeding. Another important




*ysdap
WO Gz 04 %7 U} WOJJ LeNE) TTOF WOIY ST JEMOT UL ATTHA "seTdwes YOS wo €7 0% g
Jeddn eyy uT someiiawe eyl s(uesaJdex udesd Jaddn Syl *AoxE LI[eanieu ET[0J11587U00

.l_..—_ ‘ETEUR] *T JO DUEIS poNTE Sul pus ‘ITTIE3INU °Y "E}RIUSPTIL Y 'ETIOJTISaTUOD Y
"EYEUET '§ JO SRTITUMINOD TENGEU SJBUM SERJE WIIJ URHEL BISA serdwes 708 ayl *TI08
LoTTEA meT4no yta =30d uT popess sBugiipess T1TO. Juss ¥ jo exus@roue wfequsotag QT eandtg

8T T mﬁ 2T T TIPS IN3JE .mﬂ h. 9 5 1

= B e B e e e B B RS @B

N
b

\

\

=
o S .ll.nl...nh...|._-|-...1..1
||_.1|.|111..|| o H_n.u."!.._l....._ln-l ﬂ
—_— e~ —w Ermas o £y S 1
o
]
2
8
&
(: ]
¢ A
o . -v\\\\- ..._...1-1 -~ m
- III|......-.1I11 o T e ...-........ ....-_...
e g - 4 et ot .
e WP o = P
ot .._....... ..............1: L _n.ﬁ.u.l...m
P T 1Y
. = o o imegue ¥ T
e p—— |-l||l.-...1 .ﬂﬂ.ﬁ-ﬁ.ﬂ.ﬂ-ﬂﬂ: l.‘ rrmmE s
e e .-..HE.‘H .-H _— e L .ﬂﬂ.




B2
feature is that the germination incraased until the tenth day and af.
ter that no more germination cocurred, Something similar pccurred
on the filter paper. Most of the seeds emerged during the first
eleven days. Peat moss differs from the soils used in this emergence
study in that it is looser, it has larger air spaces, the permea.
bility is greater, and the mechanical resistance to growth apd emer.
gence of the seedling is lass,

The analysis of emergence from s0ils sssociszted with the five
differsnt plant communities showed & very strildng result. The per.
centapes of emergence of the shadscalse seeds were greater on those
soils eriginally taken from the surface O to 2.5 em, on any of the
five stands studied. The lowest emergsnce wias obtainsd cn the scils
from the deeper layasr, that is from 2.5 to 25 om, no meatter from
under which comminity the soll was taken.

The total emergence of A. confertifelia 15 deys after seeding
was greatest In tha surface soil from the E, lapata stand, 15 per-
cent; 14 percent for the mimed stand of shadscals and winterfat, 173
parcent for the Artemisia tridentata stend, while only 10 percent for
soil taken from the Atriplex nuttallil and on the A. confertifolia

communities, This means that the lowsst percentsge smergence was
found on scils where stands of the very same species was growing.

The total emergence of the seedlings on the deepér soll samples
was smeller than on thoza from the surface layer, Howsver in this
case,; the higher percentéges were found on the shadeosle snd sagebrush
s0dl, 7 percent:; the mixed stand, & percent, while the lowest smer.
gence was found in the winterfat and rnuttall saltbush seils, 3 and

Z percent, respectivaly.
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The scil analyses conducted on thess substrata show some strik.
ing differsnces (Appendix table 19). The percentage of organic mat.
tar found was in all cases greater on the surfacs samples. This
could have directly influenced the percentage of emergence, or it
eould be a factor indirectly reiated with others which directly ine
fluence cther soil properties. 1In this category could be included
so0il structure, porosity, fertility, filtration, parmeability,
water retention,; gaseous exchange,; medulus of rapture, etcs Whether
some of these factors or the organic matter is directly related with
the increage 1n germipation perceptage 15 nNot KNoWT.

The cation exchange capacity showed small wvarisbility from one
scil to the other, and from the surface to the deeper soil layer.
The only large difference was found for the A. sonfertifolia seil.
This could be easily understocd considering the greater percentage
of elay in this seil. In any case, it would sesm completely un-
satisfactory to try to explain the differences in emergence based on
this soil characteristic.

In all the soils, with the exception of that from the shadscala
stand, the clay percentage of the surface layer was less than that of

tne deepar layer., The sand percentage was graatsr on the surface

lsyse than on the deeper ones. The cnly exception to this was Atri.
plax nuttallii, Despite the fact that there ars ceriain constant
relaticnships betwean the soils from the surface layer in relation
to those of the desper one, it seems that in & quantitative and di.
rect way, the texture itsell cannct sxplain the differences in ger-
minaticn.

The pH of the surface layer was usually 7.8 while the deeper la.

yar shows values of 8.0 or B.1. The only exception to this is tha




8is
soils from the shadscale community where both values were 8.0. The
difference in value is, in the first place, too small to be medning.
ful. Besides this, it could not explain the differences on germini.
tion in the soils from different stands.

The salinity concentration as measured by the electrical resis-
tance method indicstes smaller values for the upper surface of seil.
The only exception is the shadscale soil where eleciric resistance
and salinity were less in the surface layer than the deeper stratum.

The germination of A. confertifolia when seeded in petri dishes
on the surface of the smbstrata is different than the results ob-
tainad when buried in scil as described previcusly (Appendix table
20, Figure 11).

The largest percentage germination at the eénd of the ten-day
pericgd was 34 percent. The germination on filter paper was much
leags than that on the differant asils,

There was also a slight tendency to hiave 4 higher percentage
germination on the soils from the upper layer than in those from the
desper layer. The percentage of sseds germinated in the soil from
the surface layer of the shadscale stand was 19 percent, while only
15 parcent in that from the deeper. 1In the A. tridentata scil, the
germination percentage was 24 and 21 percent, while in the Atriplex
nattailil soil, it was 22 and 1L percent. In the mixed stand the
parcent germination was higher in the surface layer, 235 percent,
while in the deepsr scil sample it was only 16 percent., There was one
axception where the germinstion was higher on the soil sample fraom the
deeper layer, and this was the seil from the . lanata stand.

The soils used in this experiment were not sterilized. The
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reason was to test the pessible affest of the existing miercorgan.
isms as well as the existence of plant exudates on the soll and
their effect on the germinatlien. The high temperature nacessary for
sterilizaticn could have destroyed these possible affects, Perhaps
contamination of the dishes is what inoresses the variability of the
results, Despite this, scme conrlusions cin be reached.

The difference in germinaticn in the spils from the upper and
the lower surface layers is very clear. There are certain soll
characteristios that induce higher perceptages of germination undar
the soil from the surface layer than in the deeper one. The dif.
ference in emergence percentages cbtained in the previous study whare
the seeds were buried were much jarger. This is an indication that
the edaphic effect could be largely infiunenced by physical propertia
of the soil, However, in the germination analysis conduected in
petri dishes, when the sseda were placed on the surface of the soil,
they were mostly under the influence of the chemdcsl characteristics
ef the scil, The physical influence wss less important since they
were only touching the surface part and the soils inside the peuri
dishes were saturated or nearly so.

Bal'ore starting germinstion and emergence analyais; it was
thought that if there is any influence from exudates produced from
ths plants, they would be mora conpoentrated and obwTious in the upper
lgyer of soil where there is a larger concentration of organie mat.
ter, However, the results clearly show Lthat the conditions for
germination were better in soils from the surface layer.

The resulvs of these two germination analyses also show that

there is not any specificity of shadscals seed germination and
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emergence, for soil where the stands naturally develop. Shadsecale
seeds germinated and emerged well in the soils from under all five
plant communities studied. The percentages of germination were
smallar in their own seil than in those from ether plant comminities.
Thus ths presence of shadscale stands in certain arsas cannot be
explained on direct diffsrentias] germination of the species on tha
particular sgil. If this wAs the case, shadzcale would have less
chiance To form stands in the places where 1t naturally grows than on
tha soils where other communities develop.

The subsirata where the seetis germinate are of greay importance
in affeecting ihe germination percentages. Because of thils, the
germination site should be of extrems impurtence in determining the
distribution of this species. This result was later corroborated
in other parts of this study. Seedling production under patursl cof.
ditions was largely affected by germination site. Seedlings were not
produced at random but ccncentrated on certain microhabitats or
germination sites (Tabi= 7 on page 1L1),

Winterfat germinstion was less influencsd by the substrate. The
parcentagzé of gearmination in petri dishss, when seedad on the sur.
face pf the substrate, shows 1ittle or no differszce between tTeal-
ments (Appendix table 21),

The ger=mination over psat moss wss 96 percent. This means that
it was about a3 high as on the pther substreta. There wers, however,
slight differsnces in the germination percentages between soil sub.
strates, put not any clear tendency to have larger values in the
surface scils,

The affects of the substrata when seaded on the surface show
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mostly the influence of the chemicsl characteristics rather than the
physical, Winterfat did not show significant differences on the
varipus scils., However, the physical influences of the edaphic fac.
tora could be of importance such &s has been previcusly demonstrated
by Springfisld (1968). If thls is the case, germination site should
be important in regulating plant distribution, rather than the soil
itself. Winterfat shows similar percenteges of germination on gll
of the five soils tested no matter whether they come from the area
where they naturally grow forming pure stands, or if they coms from
under other communities.

The soil itself and fts influence on the germination and emer.
gence of E. lanata does not explain any possivle interrelationships
which could restrict the area of distribution of this species. Win.
terfat seeds did not have higher permination percentages in its own
spil, than imn any other,

The hypothesis that there is some limiting edaphiec character-
istic which restricts the germinaticn of E. lapata or A. conferti.
f¢lisa only to the solls where they naturally grow should be re.
jacted, Under the cenditions where the expéerimenis were conducted,
it was demonstrated that under uniform climatic conditicns in the
growth chamber, seeds perminated in al. these soils. The limits of

germingtiion tolerance for both species are much brosder than the

magnitude of the sdaphie facter variability, both for thelr own soiis

as well a8 those reoting the other surrounding plant communities.
The lack of speciflicity in germipation conditions ia out.
standing. E. lanata and A, confertifelia seeds did not germinate

hetter in thelr own scil than in those vhere other stands naturally
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develop. GOerminatlon site could be important in regulating the
gaed garmination 4and establishment. Tha vegetation present on the
grea infivences the amount &nd availability of germicsation sites,
If this is the cese then the influsnce of vegetation on soll; 83—
pecially on the microhébitat, is more important than the influence
af the soll itselfl on tha germination,

In a quantitative way, & cembinaticn of the edaphic Linflusnces
on seed production, germination, emergence, and seedling growth
snd estiblishment could be influencing the disiribution of the
spacies on the area, The soil has a large apd direct influsnce on
the growth of the vegetation and on the seed preduction, Besidaa
this, germination site plus differsntial sesd p. sduction, resulis
in a difTermmtial garmination rate. A permication rate too low,
lower then the mortality rate, would finally result in the absenca
of the speclisas ITom those solils where the germiration rita 1ls not

anough to replace the dedd plantas.

hudl:.ng Growth in Controllsd Envireamenta

Rasponses of Atriplex sonfertifciis in the growth chamber and

grepnbcvss shows the influsnce of scil under uniform climatis 2ofi-
diticns., The results of this study indicate that thars ia o dif.
farantisl scil efTect on the prowith of the z4edlings ¢f this spec-
i8s (Appendix table 22, Flgurss 12, 1), and 1i),

The mumber of leaves is5 a good indicator of the sise of ths
plants, Plants had the largest number of leaves when grown in pots

contéining soil samples taken from the upper 2.5 em of soil from
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under any of the five plant communities. The smaller plants wore
alwiys those growing on solls [rom the despar layer,

The greatest numbsr of leaves was preduced when these planits
were grown in the surface scil from the E, lanata, A. zonfertifolia,
and Artemisia ﬂﬂu‘tl comsunities where &n aversge of 70, &5, and
61 lesves per plant wers produced, respectively, after 50 days of
growth, From the soll of ithe mixed stand there were on the aver.
age, only 51 leaves and 49 Lleaves per plant on the soil from upnder
the pure stand of A. nuttallid.

The seadlings of pghadpcals produced less .saves when growling
in seils from the lower layer., Under these ciroumstances, the
largest number wis produced when growing in Yhe sedil from undsr the
E, lanata snd A. confertifciia stands. Urowing plants in the soo.=
from under the A. nuttsllii, Artemisia tridentsats, and the mixsd
stands produced a progressively lower numbs- of leaves.

The influence of scll on sa&sd ing growth Odn perhaps be betier
svaluated by comparing the final dry weignt of the plants. After
75 days the plants with larger sites wers ihcse growing in the top

soil frem the Artemlsis tridentata, Atriplex confertifelin, and

tia lapata stands. The mixed stapd and the Atriplex nuttallii
soll induced lesas growth of the seadlings.

Whah growing in scils from the deepér layer, shadscale plapts
preduced larger amoints of dry matter on the winterfat soil, and
progressively reduced production of biomass on the Atriplex conferti.
folia, sagebrush, nuttall saltbush, and mixed stend solls.

The height of the sesdlings wis not a3 good indicator sincs it
only raflests a small proportion of the diffsrent number of leaves

and dry weight, Plants often had a similar height such &s the




93
ssedlings growlng in the E, lansts soll where the average helght
st 50 days was 8.3 and E.7 cm on the soll from the surface and deepar
laywr, respectively. Howevar, the mimber of lsaves per plant wes
70 and L5, while the weight per plant measured a few days later
wis 0.3 grams apd 0,191 respectively. Similar results ocourred
in many of the gther treatments.

The resulta of this study show that there is a clear influenca
of so0il in the growth of these plants. Different soils ipduce
Atriplex confertifolia sesdlings to grow at a different rate. 3Since
the soil and the plants were placed under uniform condltiona, the
differsnce in seedling growth can be attribuced to the sdaphic ine
fluence.

Shadscale seedlings grew well in all the soils studied, This
is proof that there: is not any limiting factor im the soll which
causes the plant to be excluded from certain areas only because oI
the particular soil. None of the sulls studied proved to have any
factor in quantities beyond that of the tolerance limits of the
species. The seedlings of shadscale could grow perfectly well and
develop on the puttall saltbush so0ll, in the winterfat, or in the
sagebrush soil of the surrounding communities when interspecific
competition was eliminated,

Thera has to be another explanation for the absence of this
spacies. This explanation cannot be bawsed on &4 simple applicatlon
of the Law of Limiting Factors or in the Law of Tolerance on the
individual plants of shadscale.

It is also obvious that there is possibly a4 large effect of

the vegetation on soil and of spil on the vegetation. The upper £.5
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em of sodl hep strikingly different characteristics than the lower
layer. The difference betwesn these two layers of soll in sach
plant community is by far larger than the differences in soil frem
one stand 1o the other, This can be proved comparing the intesrated
valum of #%0il as meazured by the growth of shadscals. The best in.
teprator of the envircnmant is the vesstation itself (Clements,
1920, 1928: Sampscn, 1939 Tansley and Chipp, 1926).

The surface layer of soil in all of these [ive stands iz eie
tremely wvariable, It can oe obaerved, e=Ven with the naked eye, thiat
there are large differences in micrerelief, even in a fow deci.
meteérs of distance from litter cover, orzanic matter, soil struecture,
compaction, amount of sairface cracks:; etss This heterogeneity
within the stand, or alpha heterogeneity which 1s mostly induced Ly
the vegetation itsell, could be evan more imporisnt than the hetaro-
geneity between nearby stands dominated by different species.

The spil by itselfl capnot be used o3 the sole expléapation of
the distribution of the species in the sall desert shrub vegetation
typs. Besides this, Atriplex confertifolia grew better on soils
other than in its own. The seedlings ¢f this plant could germinats
perfactly woll and grow on other seils from nesarby communities.
Their absence is not indoced by the zcll slope in &8 limiting faotor
S0RE8.

Ancther study was sade with E. lapata ssedlings, The same soils
and environmental conditicns were used (Appendix table 23, Figures
15 on page 91, 16 on page 95, and 17 on page G§5).

Tne height of the plants wes a good indicstor of their size.

The same basic differences in the size of the plants were observed
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at B0, #0, and 110 days. Hewewer, at later daves their differences
wars larger and showad more clearly the effect of seil over & longer
pecliod of Time.

Winterfat plents reached & taller he'‘ght when growing in the
peis with solls from the upper layers, no matier from what stand
ths szmpls was taken, Thus the most impertant factor 4s from what
part of the scil profiie the sample was taxen and not from under
what plant sommunity. The largest s'te was reached when growing
on B, lanats scil and the lowest on the mixed stand,

Tne growth ¢n solla from the deapsr Leyer waas Isss than en the
gurfiace ones, The largest valuss were oboteinsd on those soilas
whare Lhe sene species grew. The diiferences between stands are,
however, very smajl.

Tks .umter of leaves grown per podnt indiosstes also that seed.
lings grew betier on the top soil, At 110 days of age thare were an
averdge of 20 leavea par sesdling growing on the fop sell, Tha
Largsal valua was in E. laneta sclla with 22 lsaves, and the loweat
in the mived stend scoil with 18, The other sesdlings all had 20
or £i leaves par plant. On the lewsr layer suils, tne seadlings
had oply an 2verage of 12 Geaves, and o rengae frem io 1o 10 leaves
per poatit. The sesdlings growing ¢n the Artemisia tridentata scil
had the Jowest pumber ef isaves, whils those growing on E, lapats snd
s copferiifolis soll had the largsat.

The weigtt per plant kepl the pame bezic reiatiocnablp, thex is;
lafger valuea on Lhe apper a0iis thsn on the lower onés. The lar-
gas weighta were found for those sesdlings growlng in the surfacs
soil from under E. lanata and A, puttailid, Im the lowest fer
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those in A, trideptata and the mixed stand soils.

The dry weight of the sesdlings growing in the deeper soll sam-
ples was between one-half and one-fourth of those feund from plants
growing in the soil from the same stand, but from the surface layer.
Thus, the influence of vegetation and environment on soil 18 of
considerable importance for later growth of the plants themselves.

The influence of solls on seedling growth and development aof
winterfat is similar to that of shadscale, Plants grew well in all
the spils no matter what stand or the depth from where the samples
wara taken, Thus for this plant, there is not &4 limitation of the
soil per se which could restrict its distribution to certain areds
in the salt desert shrub vegetation type. The distribution of this
species is not restricted by edaphic tolerances under the actual
s0il conditions existing in the area where the soil samples were
taken.

The soll 1l important in interpreting the distribution of the
species,; bul obviously it is not the only ernvironmental factor in-
Fleencing the vegatation. Il soil was the only econtrolling facter,
the species would be more sbundantly found in an area larger than
it is astually found, The plant grew as well, or even better, in
other spils than in the one that is astually found, Interference
and competition are also important and parhaps are the causes which
in & direct way have & greater influsnes in the distribution of
the spacies in the salt desert shrub vegetation typa.

In appendix table 24, the resmlts of a similar experiment on
E. lanata are reported, It is simply a repetition of the previous

experimant in order to check some of the resulis and to better under.
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stand the influence of soil on the vegetation itself. The values
reported show basically similar results, and thus the conclusicns
which can be drawn are the same, Thers iz, however, cne meaguremsnt
which was done heres and not in the previous study; this is tha per-
centage of plants in flower. 3Since the previous axpariment was
ghorter, the plants did not reach the flowering stage.

In this study, the influence of soil on the rate of growth and
development was demonstrated. Most of the plants growing in pots
from the upper soil from &1l of the five communities studied were
in flower at 125 days. However, none of the plants growing in the
deeper soll flowered in this period.

Speed of growth could be one of the limitations in the estab.
lishment of the individual. Under desert conditions the growth
season is short, The seedlings dis if they do not find favorable
conditions during the limited growing season. This limitation means
time, However, since the length n:f.' the growing season is fixed by
the climatic characteristics of the environment where they liva,
it ean only be slightly modified by the vegetation. Thus, the main
mechanism to counteract the limited length of the growing season is
the developmental rate of the seedlings. The seedlings which develop
faster can reach the beginning of the unfavorable seascn at a4 more
advanced stage of development, and thus have a greater chance of
survival,

Basides the probable effect on the survival of the individuals
themselves, there is also an effsct on ithe reproduction of the popu-
lation. The production of flowers and sseds at an earlier age is
dlsp related with a larger germination rate of the population. A
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larger permination rate, il the other factors remain constant, means
a greater survival value for the population.

Congidering the results of seedling development of both species
together, soms general conclusions can be reached. The first and
most obvicus is that the nature of the substrate has {mportant in.
fluences in seedling development. Both seedlings were directly
affected in their growth when different soils were used, The dif.
fersnces were shown in the height of the plants, number of leaves,
total length of stems, dry welght, age of flowering, and rate of
development.,

Despite the fact that seedlings reacted differently to differ.
ent soils; the results by no means can be used as an indication that
the restricted distribution of the species in the area is regulated
directly by the soil. If the plant is used as the best indicator of
the integrated effect of the environment acting holocoenotically
upon 1t; the scil would not be the cause of the restricted distri-
bution of seedlings.

The soll inflvence itselfl; as it was shown here, would permit
a2 mich broader distribution of both species. If thelr distribution
is broader, the potential area ocoupled by each specles would be
larger and in many places overlapping., Under these circumstences,
since the same area cannot be otcoupied by pure stands of two dif.
ferent species, by competition, one of the species has to eliminate
the other,

This ix what really happens. The soil infliuences sghadscale or
winterfat in two different ways, because both species are different

genetically, morphologically, and ecologically. Since aoccording to
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Gause’s Hule, no two species can cocupy exactly the same nicha,
and in most of the area the niohe that both species could ocoupy is
the sgame, then one species has to exelude the other,

If wth spacies can puccessfully survive as individual plants
in the zrea in dispute, competitlicn has to be at the populaticn
level. Ths population of shadscale or that of winterfat which can
most sucosssfully ocoupy the area when subtmitted to the interferancs
of the other speciss is the one which weuld remain permapantly in
the area.

The answer te the question of why one apecies 15 found In one
area and not in the other cannct be based in the edaphic differencs
nor in the general climete of the ared; which are both beitwaen the
limits of tolerance for both species., Scmetimes, the speciés is nit
even found rooted in the scil which is more favorable for it, but
in ¢thers less fawrable. The znswer bh2s to be found in interfersnce.

The diract influsace of Boil in the distribution of the species
is on the competitive abllity under the dstermined edaphie condi-
tions, The ability of the specisa to compete is directly influsncea
by soil, as well as other environmental factora such as ecotyps,
treading syestem, seison and intensity of use, and many others. Thns
to find & simple snd direct explapation based exclusively on soll
seems now incomplete and unsatisfactory. Lataer in this chapler A
mora detailesd sxplanstion of an bhypothesis erxplaining the causes of
the distribution of the species in the srea will be made.
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Sesdling Growth and Production
Under Hatural Conditions

The total density of seedlings alive at particular times of the
yaar when the determinations weres made is an indication of how
favorable environmental conditions were, During the 1966 seascn, the
sean density of seedlings of &ll the shrubby species alive in all
the stands increased as the geason advansed, Thi=z incrsase reachsed
the maxinum value during the pericd of May 7 to L4 when mean dsp.
sity was 29,8 seedlings per ten square meters (Table 3, Figures 13
and 19), This value prograssively decreased as the geason advin-
eed, being cnly 10.4 seedlings per ten square meters one menth later
on June 15 and 6.4 two months later, on August 19,

The mean of all the trensects and its variability threughout
the growing season raflects, bstter than amy cther measurement, the
influence of climatic conditiens on the germnation and mortallity
of zeadlings under conditions such as are present in nature, To
understand the differences in soils and microenvironment, in gensral,
the differences in density of seediinga in the various stands inclu.
ded in thias study would be more helplful.

Iln:inr. the sama growing ssason, in 1906, no seadliings wers
found at any date in the ungrezed stand of Eurotla lanats, a5 well
as in the mixed stand of E. lanata « A. confertifolia, or in the
pure stand of this last speclies.

The grazed stand of winterfat showsd a density of searc plantis
per ten square msters prior te April 23, while at that date ths
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Figure 19. Mean density of seedlings of all shrubby species alive

during the 1966 season at different dates, outside and
inside the sxclosure.
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density was 4, and increased up to 6.7 plants per ten sguare meters
on May 21. By the end of the growing season, when the plints be-
came dormant, only 4.0 seedlings per unit ares were still aliwve.

By far the largest number of seedlings ccourred in the ecotones,
both grazged and ungrazed., The graged ecotone bed as many as 57.3
seedlings per ten equare meters on May 7 &nd 1, while the density
on the ungrazed ecotonal area was only 45.3. Density gradually de.
creaged until the end of the growing season in August when they
entered the dormant peried. The values recorded are 10,7 seedlings
per ten square meters on the graged area and 2k.0 on the ungrazed
scotone,

The influence of grazing on the density of seedlings remaining
alive can best be analyzed by comparison of the results from the
transects located inside the exclosure with the equivalents located
outside. The results presented in the table indicate that the
maximun density of live seedlings was larger on tha grazed area both
in the first half of May when it reached the largest value, as well
as at the end ¢f the growing season. On the grazed area at the
beginning of the dormant seascon in August, the density was 14.0
seedlings per ten sgquare meters while on the exclosure, density was
only Sele

The density of living seedlings is really a component to two
factors. The first is the number of seedlings germinated and emerged
and the other, the rumber of seedlings dead, The difference between
these two components represents the number of sesdlings alive at any
date during the zrowing season.

The number of seedlings which emerged in relation to the
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location and time of year is presented in appendix tables 25 and 20,
and Figures 20 and 21. The mean value of all locations and dates
indicetes that no seedlings emerged befors April 0.

An average of £,9 seedlings per ten square meters were germina-
ted before April 4, while 8.0 new seedlings per ten squars meters
wore found between that date and April 23, The maximum appearance
of new seedlings occcurred inm the last week of April when 10.4
seedlings per ten aquare meters were germinated. Later only cocas-
icnal new sesdlings wers observed, whilie during June, July, and the
other remsining months of the year, no smergence 2t 6l was chesrved,

The effect of prior prazing was of large positive influence for
ceedlings. The graged area produced 2s many as 28.6 new =zeedi‘ngs
per ten square meters during the last wesk of April, and 18.6 frem
April L %o April 23, while the exclosure produced only 5.3 and 2.6
per ten square meters for these datez, respectively. However, beafore
April L, the average production of new sesdlings was 6.0 per ten
sguare metars outside the exclosure and 1L.6 inside.

Mest of the seedlings were produced in the ecctonas, The gra.
ted ecotone produced the largest number 12.0, 33.3, and 54,6 per
ten squars msters on April 4, 23, and W respectively, whils the
ungrased scctone produced only £9.J, 10.7, and 5.3 seedlings per
ten square meters. Later in the sesason, the production of new sesd.
iingas was very small or nil., The gracsd stand of pure E, lanats
alsy produced some seaedlings but fow in comparison to thée stcotones.
The ¢ther areas, that is the ungrazed stand of pure E. lanata, *he
mized stand of the two species and the grazed stapd of pure A. cofi-
fertifolia, did not produce any seadlings in the plots observed.
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The death of seedlines oceurred mostly between May 21 and June
9. Very few seedlings were reported dead before that date while
larger amcunis disappeared during the later part of the growing
season (Appendix tables 27 and 28, Figures 22 and 23). The largest
pumber of deaths occurred on the grazed ecotone, while slightly
fewsr deaths pecurred on the ungrazed scotone, However, the pro-
portion of seesdling deaths in relation to the total amount germinated
was larger in the ungrazed escotone.

The largest number dead occurred on the area located outside
the exclosure, while slightly smaller numbers cocurred inside. How.
ever, on the grased ares the amount germinating was much larger.

The results of the 1966 sesson clearly indicate that the con-
ditions fer seed germination and emergence wers faverable only
during .t.hu first part of the growing season, that is during the
month ¢f April or earlier. At that time, the temparature of the
air iu.lnw, thus, there is not an excessive amount of evapotrans.
piration. Soil moisture content is higher than at other times of
the year becauss of its accumulation in the soil during the winter
months and because of low evapolranspiration and occasional rains.

Moisture conditions are generally better for prowth, as well
as for germination and emergence early in the growing sesson. Be-
canse of this, seedling deaths were alsc less. Most of the seedlings
which emérged during the 19466 growing seison survived during the
first part of the growing season. The mortality was highest at the
beginning of the dry season in June and end of May, and slightly re-
duced after that date,

The single most important value is the density of live gseadlings.
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It integrates the varicus environmental influences studied on the
seadlings and its variability throughout the year, The results,
in general, clearly point out that certain stands or environments
were more faverable to sustain a larger density of seedlings. Thesea
are tha ecotonas. The pure stand of shadscale and the mixed stand
of the two species showed completely unfavorable conditions for
seedling emergence during that season.

The 1966 season was better for A. cenfertifpolia than for E.
lanata seedling emergence if the total number of seedlings of each
species is compared (Appendix table 29, Figures 2h and 25). However
if the density of seedlings surviving a2t the end of the growing
season is compared, it was almost as good for winterfat as for the
other, The density at the beginning of the dormant season was 0L.7
seedlings per ten square meters for winterfat, while only 5.3 for
shadscale,

The slight difference in final density was achieved after a
large difference in density throughout the earlier part of the grow.
ing season, Shadscale had as many as 23.5 seedlings per ten square
meters during the first half of May. However, because of their large
mortality during the gecond half of May and all of June, the daen-
sity decreased rapidly., Winterfat, on the other hand, had a low
density during May and thereafter, The highest value achieved wia
5.9 gesdlings per ten square meters on April 30 throogh May 14,
After that, surviving seedling density gradually decreaged until the
end of the growing season,

Shadscale had a larger production of seedlings during the sed.

gson bat this was also compensated for with more deaths. Winterfat
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had proporticnately a much smaller production of seedlings, but
their death was insignificant in proportion to the other species.
Thus; the final value, that of the density of seedlings alive at
the end of the growing season, was about the same for both species.

Winterfat seedlings produced a different kind of reaction than
shadscale to the climatic, edaphic, and vegetational environment.
Both species gave a differential magnitude of response to the
various environments. This could be useful in interpreting the
causes of their distribution in restricted areas within the =alt
desert shrub vegetation type.

The 1967 season was in mnay respects different than the previous
one. The main distinction is perhaps that during this yvesr only two
seedlings of E. lansta were recorded in all the transects, &nd one
of them sirvived only ocne week wWhile the other survived until the
end of the season (Table L and Figures 26 and 27),

The first part of the season was closely similar to the cli-
matic average. Seedling emergence was concentrated mostly during
the month of April or before &and until the beginning of May. Then
strikingly different environmental conditions occurred. The rains
were intensive and a record germination period occurred, thus in-
credaging the seedling density.

The mean seedling density of all the stands was 0.0 seedlings
per ten square meters by March 25, increased to 1.8 by April 7 and
15, and lowered to 0.2 seedlings per ten square meters by April 2Z.
After that density increased rapidly to 2.4 by May 3, and to the
highest point by May 10 on which 6.3 seedlings per ten sguare meters

were pbserved, After this, there was a gepneral decrease during most
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of the remaining growing season until the end of observations on
August 18 when there remained only 3.7 sesadlings per ten square
metars.

The density of seedlings remaining alive during the 1967 season
was lower than both the previous years and the following one. In
the average for all the stands, the maximum density was arpund May
10, 1967 and was only one-fifth of the 1965 and one-ninth of the
following year, which was 57.0 seedlings alive per ten square meters.
Howewver; by the end of the season the differences were lergely re-
duced in proportion. The density during the 1967 season was only
two-thirds of the density of the previous year, and one-fourth of
the following one, Thus, the final values for the thres consecu-
tive years were 6.4, 3.7, and 11.7 seedlings per ten square meters,
These differences are slight in comparison to what pccurred during
the most faverable part of the growing seasen. This seems to indi.
cate that despite the large climatological differences gocurring
from year to year, which induce large variability in the seed ger-
mination and seedling emergence from year to year, there are other
influences which counteract, at least in part, some of these
variabilities.

In pood seasons when there was & large density of seedlings
because of large germination ocourring at the beglnning of the
geason wntil the first half of May, the mortality was grester. The
opposite occurred in bad years when the density of germinants was
low, and thelir mortality during the last part of the season was also
lower and the final densities of the year did not differ much from

year to year,
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The ungrazed stand of E. lanata produced the only seedling of
this species which remained alive during the active growing season.
However it died later during its apparent dormancy. ©Seedling pro-
duction was extremely low under these conditions. This seedling
emerged under special microhabitat conditions; a protective en-
vironment formed by a small cavity where the temperature and moist-
ure relations, as well as seed dissemination and germination could
have been more favorable than in other microhabitats (Appendix tab.
les 30 and 31, Figures 28 and 29).

The grazed stand of E. lanata also was not very prolifie in
seedling emergence in 1967. Only one seedling of this species
emerged in the plots and it survived less than a week,

The ungrazed ecotone had the highest density of seedlings through-
out most of the season. At the beginning of April 7, a density
of 8,0 seedlings per ten sgquare meters was recorded, while on March
25 none was present. This density remained constant during most of
the season. On May 2b, it increased to 13.3 seedlings per ten
square meters and remained as such until the beginning of the dor-
mant period.

The density on the graced ecotone was smaller than in the ex-
closure but reached as much &5 5.7 seedlings per ten square meters
during the month of May, and later gradually reduced until the end
of the growing season when density was 2,7 seesdlings per ten square
meters. No seedlings emerged in the mixed stand transects during
the 1967 season (Appendix tables 31 and 32, Figures 30 and 31),

The greatest difference betwesen the 1967 season and the othar
two years occurred in the grazed stand of A. confertifolia. Until
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the beginning of May, the density was zero. However, on May 10,
after a larpge increase in the amount of reinfall received, an in-
crease in seedling density was recorded. By May 10, the density
was 20,7 per ten square meters but rapidly decreased to 10.7 cne
weeak later, and to 5.3 per ten square meters by the snd of the
SBA30N,

The 1967 season was excellent for A. confertifolia seedlings
in this loecstdon for it was the only season when sesdlings survived
ag well as germinated, Germination ooourred in twe completely dif..
ferent germinstion sites. One was in some soil oracks character.
istic of the surface soll on this stand, The other wes in places
whare thers was no crack but some slight influence of dead organie
matter from other adult plants of the same species was noted, Here
the surface soil presented & better structure. The seedlings which
emerged from the soil cracks started to die immedistely aftar the
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surface soll molsture was depleted, and at the end of the growing
geason were all dead, The only live seedlings at the end of the
season were those which smerged on the other kind of microhabitat
(Figures 38 on page 126, L3 on page 131, and &b on page 131).

The reproductive value of oracks as an influence on the germine
ation and emergence rate of the population of shadscale is now dubi-
ous. Cracks are perhaps important because they act mostly as traps
and thus the seed concentration and the possibilities of germination
are groater, However, the environmental conditions for seedling
growth and survival ere unfavorable and sp reduce their effective
reproductive value.

The influence of grazing during this sefson resilted in a lower
density of seedlings than inside the exclosure, The main reison is
that the ecotone inside the exclosure produced large numbers of
seedlings and thus, the general average of the exclosure was reised,
Howaver it does not sesm proper to generalize a positive influence
of the exclosure (Figures 32 and 33).

The species comparison during the 1567 sesson does not add very
much new information to what has slresdy been said. Since the pro-
duction of winterfat seedlings wes almost nil, all what has been
said epplies mostly to shadscale (Appendix table 3, Figures 3 and
35).

The germination and emergence of shadscale ocourred during two
distinet pericds. The first corresponded to the normal period, that
is during the latter part of March and early April. A second ger-
mination period occurred during the first half of May. This is

probebly not common &nd was, a5 4 matter of fact, the only time that
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Figure 32. OGrazed E. lanat.a {snuth]' transeét. The taller shrubs
are A, tridentata.

Fipure 33, Elnsa ?iw of the grazed E. lana*t.a Lsuuth]- trﬂnsecl'.n.
The adult plants ars winterfat while the rings indicate
the location of two A. tridentata seedlings and one of
E. lapata.
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something like this oceurred during the study period,

The abundant germination and emergence of A, confertilolia seed.

lings can be essily related with the supranormel rains which ocourred
at thet time. This extra molsture could be related with the re-
search results previously reported by Vest (1952). He found that
the sesds of this species don't germinate because of a large con-
centration of & germination inhibitor in the bracteocles. The sub.
sience, which is water soluble, could be washed away by abundant
precipitation.

The removal of the inhibitor by the excesszive rains and the
favorable environmental conditions for mermination and smergence
induced the large increase in density wnich occurred at this time
of the year, The surface soil was moist and temperatures were mo-
derate,; ithus the chince for germination was greater il there were
snouph sesds in the soil resdy %o germinate in an oninhibited cob-
ditions.

Winterfat seeds do not have this inhibitory mechanism which

has bean reported for A, confertifplia. The germination of winmter.

fat seads occurs whenever the environmental conditions surrcunding
the sesds are favorable for germinaticn, The =3ain controlling
factors are water potential, temperature, and salinlty (Springfield,
1968; Workman and West, 1967, in press).

Tha environmental conditions for germination of wintarfat wara
faverable during the first part of the 1947 sesson until the middle
of May. The reason there was no germination then has to be blamed
upon the lack of seed. This explanation cannot ba supported with

experimental results from the field, btut general observatlions on
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seed production during the previcus season indicated that it was
extremaly low or none ocourred at all.,

The reduced germination of E. lanata was caused by the short-
aga of seed and not by unfavorable germination conditions. Seed-
ling production could be influenced more by seed production from
the previous year than by the conditions existing for germination
itgelf (Figures 36, 37, 38, 39, b0, and K1),

The 1958 season was good for seedling production (Table 5,
Figures 42, 43, bh, and 45)., Tha mean density of live sesdlings
caloulsted from information of all the stands studied indicates
that the largest valuas ococurred at the beginning of the growing
season on March 19, On that date the mean density was 57.0 seed-
lings per ten sjuare meters.

The emergence of seedlings during this growing season began in
early March (Appendix tables 35 and 36). Howsver, they were not
individualized and tagged because their radicles wera not yet
atteched to the s0il. This season had two main differences from the
others., One is the maximum seedling density during the season, as
well a5 the actual density at the end of the growing season, was
larger than those of the previous vears. The other difference is
the maximum density which ococurred in the middle of March or even
perhips earlier, while in the previous years, it ocecurred in the
first half of May.

The mean density in all stands at the end of March was reduced
frem 57.0 to 52.1 seedlings per ten square metars, The gradual re-
duction in density ccourred during the rest of the growing season.
By the end of April, it was only %.9 seedlings per ten square
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Figure 38. A. confertifpolia seedling growing in the grazed stand of
the same gpecies. The seedling is in the second growlng
S8A 50N,

<) Figure 39. E. lanata seedling growing in the ungrazed ecotone. The
saadling is in its fourth growiog sesason.
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Fipure 40, Location of a A, confertifolia seedling on the second

season of growth, in a transect located in the grazed
stand of the same species.

NaRernlly ot Vo NE '
SS R IR
Figure 0]1. Close view of sector of the grazed A. confertifolia
seedling transect. The rings indicZte the location of

some of the seedlings born in 1967. The seedlings shown
in the picture are of Halogeton glomeratus.
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Figure 43, Mean density of live seedlings of all shrubby species

ingide and putside the exclosure at several dates dur-
ing the 1968 season.
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Figure U4, Mean accumulative emerged seedlings of all shrubby speciss
in every stand at several dates during the 1968 season.
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Figure 45, Mean ascumulative emerged seedlings of all shrubby spe-
cies inside and outszide the exclosurs at several datea

during the 1968 sesason.
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Figure bb, Mean accumulative seedlings of all shrubby species desad
in evary stand at several dstes during the 1968 ssason.
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meters, 0.0 st the end of May, 25.7 at the end of June, and 19.5
geedlings per ten sguare meters one month later. On August 29 the
density was 12.0, while one month later it was 11.7 seedlings per
ten square meters, A very small reducticn cccurred at the end of
the growing season (Appendix tables 37 and 38, Figures L& and L7).

The number of seedlings alive at a particular date is a con-
sequence of two processes acting indspendently and in opposite
directions. One is the rate of germination and emergence and the
other is the rate of mortality. In the 1967 season thess twe pro.-
cesses reached their optimum value in May. The reason for this is
there was some mortality during that time of the year, but in gen-
eral it was minimal and emergence rate surpassed it until after the
first half of that month. After that time, the rate of mortality
of seedlings did not increase appreciably but the rate of emergence
sharply reduced to Zero or near so.

During the last ssason the two processes also operated in a
similar way, but the dates were different. Seedling emergence oc.
curred mostly during the month of March, After that the amounts
were Almost negligible until April 20 when the last recorded sesd.
ling emerged, The rest of the yesr no new seedlings appeared, Seed.
iing deaths were highest during late March and early April. The
rest of the vear did not vary too much swxcept at the end of tha
prowing season from July to September when it inoreased to some de.
gree, On & monthly basis the lowest absolute mortality ccocurred
during the month of June, while the highest oocurred in March, April.
July, and August,

Considaring the results of seedling production in relation to
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the stand, the results show that during the 1968 season the bast
conditions occurred on the grazed ecotone. The density of seedlings
alive on March 19 was 118,7 per ten square meters, This is the
highest value recorded for all the seasons and locations. By the
end of the season the density was 33.3 seedlings per ten squars
meters, This means slightly less than one of every three seedlings
survived during the year.

The ungrazed ecotone also produced a large density of seedlings
at the beginning of the season. From & maximom value of 69.3 per
ten square meters, the density of seedlings gradually decreased
until the end of the season when it reached a low of 2.7 seedlings
per ten square meters. This means that one of every 26 seedlings
survived. The conditions for germination &nd emergeénce were fava
orable if the maximum density and the number of seedlings emerged
per unit area are considered. However, the survival conditions were
unfaverable il the rate of mortality is considered.

The grazed stand of E. lanata provided satisfactory conditlons
for seedling emergence. The maximum density of seedlings was high,
70,7 per ten sguare meters on March 19. The danraaéﬁ in density
during the growing season was small, September was reached with only
a reduction of slightly less thap pne-third of the seedling popu=
lation. Twenty-two and six-tenths seesdlings per ten square meters
is more than enpugh to maintain the density of the populatien of E.
lanata in egquilibriuva (Figures Lbi on page 131, and LS on page 132).

The ungraged stand of E. lanata produced lower maximum densities
of sesdlings at the beginning of the growing sesson. The data indi-

cate that the density of seedlings was appreciably smaller than on
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the grazed stand. Besides this, the seedling survival was also
proportionally smaller than in the grazed stand. Only one of every
8 seedlings alive at the beginning of the season survived (Figurass
46 on page 132 and 47 on page 13).

Two striking differences occurred between the grazed and un-
grazed areas., The maximum density of seedlings was always higher
on the graged area than in the ungrazed. The other difference was
that the rate of reduction of the density throughout the growing
geadson was larger on the excluded ares than in the graced one.
Thus, grazing induced beneficial resulis in seedling production by
inersasing the seedling density and reducing mortality. The
axclosure was probably a closed community.

The grazed stand of A, confertifolia did pot produce seedlings
during the 1968 season. The mixed stand of the two species had a
maximum density of 40 seedlings per ten sguare meters. This wes the
first time that seedlings were recorded in this area. Despite ths
fact that some seedlings emerged, the reduction in density was tre-
mendpus because of mortality so high that at the end of the growing
season, only & few were still alive. The results reported from
this area are harder to analyze because this is the only stand of
perennial shrubs which also have a large density of early germinating

annuals comprised mostly of Bromus tectorum. Seed production, ger-

mination, and mortality of the shrubby specles could be mostly af-
fected by the annuals and not by their own populations. Because

of the design of the study itself, there is insufficient information
on the annuals and their effects on the perennial shrub seedlings
{Figures 19 and 50).
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From the information provided by this study, it is obwious
that the interspecific competition between these seedlings and the
annuéls is mainly responsible for the reduction in density of the
perennials as it has alsp been reported by Holmgren (1956).

Seedling emergence ocourred only during the very first part of
the growing season. If molsture is the main regulator of germina-
tion, these results are explainable according to Springfield's study
(1956b) . Greater germination of seeds should be found when the
soll moisture content is higher. This is what actually occurred.
Conditions for germination were favorable earlier when the water
potential wae greater. Thus, all the seeds that were ready to
garminate did so in March or early April. Later in April and May
there were alsg favorable envircnmental conditions for germination
but the viable seeds had already germinated, Because of lack of
seeds later in the season, and not because of inadequate eaviron-
mental conditions, no germination cccurred at that time of year.

Winterfat seeds which don't have any inherent mechanism to de-
lay germipation have to germinate when the first cppertuniiy of
favorable environmental conditions presents itself. Shadscale seeds
glsc perminate when the environmental conditions are favorable, pro-
vided that the internal cause inhibiting seed germination has been
rempved. 3ince this process is caussd by a physical factor which
dissolves and moves away the substance responsible for it, time is
required until new seeds are ready to germinate,

If this line of reasoning &pplies to what actually occurs under
natural econditions, then winterfat should have gearmination cons

centrated on certain dates when the environmental surreundings for
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the seeds are more favorable. Germination in groups on certain
dates occurs with large varisbility from year to year since seed
production also varies annually.

Shadscale has a more sophlisticated mechenism to regulate ger-
mination and so it should have less variability from year to year,
Since seed inhibition may last for several years, no matter what the
seed production the previcus season, there should be empugh of a
supply of seeds produced in previous years that can germinate. How-
aever since most of the wetting and rempval of the inhibitor cccurs
during the early and not inactive part of the year, seed germination
of A, confertifolia is alsc concentrated during the early part of
the season, The most important influence of the inhibitory mechans
ism for delaying germination is its influence in providing wviable
seeds for germination every year, and thus reducing the anmal
variability in seedling production. If it were not fer this mechan.
igm seedling density variability from vear to year would be much
greater.

The 1958 season was, in general, characterized by high pro-
duction of E. lanata seedlings. Following the same line of resson-
ing, it should be expected that during the previpus season large
numbers of seeds of this species were produced. This, & larce num=
ber of seedlings should appear later in the next season (Table 1 on
page &0 , Figure B on page &2 ).

The maximum density of winterfat for all the stands was 65.7
seedlings per ten square meters. This figure contrasts to the seed
production which was 155 seeds per the same unit of area in the

mixed stand, 868 4in the grazed stend, and B9l in the exclosure.

ol



O

1h0
This is &an average of 991 seeds for the three aress; thus, for every
15 seeds only one produced a seedling.

A zimilar comparison could be made using the seed production
during the previous season and the pnumber of seedlings surviving at
the end of the followlng growing season. Under these circumstances,
for every 6 seedlings produced, only one survived at the end of the
following season. The difference between seed production and sur-
vivel is due to two factors. One indicates what proportion of the
geeds produced per unit area is later going to germinate amd emerge,
while the other indicates of those that germinated, what proportion
survived,

The germination of seeds &nd the emergence and survival of
seedlings is not only & function of thelr physiolegy, but it is re.
lated to the characteristics of the physical environment where they
live, There are also other important ecological influences such
as the predator-prey relationship which could ocour both at the
seed or at the seedling stage of development.

Argund the few scettered plants of big sagebrush, in the pure
stand of winterfat, there were large densities of seedlings of this
species (Table £). This was observed in many places in the pure
winterfat stand where isclated planis or groups of plants of A,
tridentata were growing. However, this phenomenon was recorded in
cnly one transect dominated by winterfat but with & few individuals
of big sagebrush around it, which produced large amounts of seeds
the previpus year. The seedlings of this species differed from those
of winterfat in their emergence date. Most of them were recorded
gt a later date, that is around April 20, whereas they began dying
by May L. The rate of death wes low but incressed &s the sedson
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advanced, Mortality was greatest during the month of August.

The death rate of winterfat was high during April and until
the early part of May. After that it remained at a fairly constant
rate until the end of the season, Shadscale, because of the small
number of seedlings, did pnot show & clear pattern of mortality.
However, mortality ocourred only during the first pert of the grow-
ing season in April, After that the density was zero.

Besides the variabllity in seedling production from year to year
and throughout the growing season, there is alsp the heterogeneity
of the horizontal distribution of the seedlings. Table 7 and Figurse
51 present some results in this respect.

The upper part of the table indicates the percentages of ground
eovered by litter. In the grazed Eurotia lanata stand, & percent of
the surface was covered by thick litter. Considering that only &
small percentage of ground was covered by this category of litter,
if the distribution of seedlings is at random, a similar percentage
of seedlings should oceur in this mid¢rphabitat., Hevertheless, this
is not the case because 0.9 percent of the seedlings were “ound
there, Twelve percent of the land was scovered by abundant litter;
however, 28.5 percent of the seedlings were found under that kind of
cover (Figures 53, 54, and 53),

The percentage of land covered by & falr amount of litter was
12 percent, while 23.83 of the seedlings cccurred there, while the
percentages covered by little, very little, traces of litter, and
bare ground were larger than the percentages of seedlings emerged
under those conditions. The respective values of seedlings emerged

ander these conditions were 9.5, 7.1, 0.0, and 0.0 parcent.
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Table 7. Percentage of ground cover by litter density classes in
six different stands, &nd location of seadlings in the
stand according to the litter density.

1ad

Litter Cover
Stand Fra-
Thick Abundant Falr Little little ces Hare
Ground covered by litter, percent
Grazed E. lanata & 12 12 13 12 1 W
Ungrazed E. lanata 3 10 13 14 10 9 bl
Grazed ecotone I 7 15 1 12 10 38
Ungrazted acotons fa a 1h 1k 10 B Ty
Mixed 28 1k 12 9 B 11 18
Grazed A. conferti-
folia 14 12 10 B 5 8 i
Location of seedlings, percent
Graged E. lanata w.9 28,5 238 9.5 7.1 0.0 0.0
Ungrazed E, lanata 35.0 28.0 23,0 10,0 8.0 0,0 O,0
Grazed ecotone W72 22,2 20.8 o 1, 0.0 0,0
Ungrazed scotone 500 0.0 100 10,0 0.0 00 0.0
Mixed ars3  B7D 22 12.1 6.1 0.0 3.0
Grazed A. conferti.
folia 0.0 40,0 20.0 20.0 g0 0.0 20,0




145

Grazed ecotone (littar)

.. ehe——a Grazed E. lanata (seedlings)
up | *-,I cewe.- Grazed scotons (sesdlings)
: ——Grazed E, lanata (litter)
g '3:] - .-T""-:I.,:__ _
E 20 L N
. I |
mp T e
-
'_._____..-""'_ S . "-..
LT o
i i i ke s s e
Thick Abundapnt Fair Little Very Traces Bare
Littls
Ground cover by litter density
Figure 51. Percentage of ground covered by varlous classes of lit.
tar dansity on two different stands, and location of
seadlings in the stand according to the litter density.
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Figure 5. Mean size (number of leaves times maximum height in om,

L x H) of B, lanata sesdiings emergzed in 1968, in the
grazed stand of tne same species and groupsd According
to the date of their death.




Figure 53. Representation of a 2.2 m segment of two transects
located on the grazed stand of Eurotia lanata and
on the ecotone on the grazed area., The right fig-
ure represents the south transect and the left one,
the north transect. The areas in between the two
central continuous lines represent the 15 om wide
transects themselves, and at both sides, areas 20
om wide surrounding them. The crown cover of the
adult plants of E. lanata, A. confertifolia, and A.
tridentata is indicated 1n Both Iigures. Alse, the
area aropund the plants where the microtopography has
been modified by their influence, In the transects
themselves, the location of the seedlings and the
ground cover by litter is also indicated.

@E. lanate o Seedling location Bare ground

()h. tridentata @ Abtundant or thick -—---Microrelief
litter cover limit

(A. confertifolia@@ Fair litter cover ———Iransect limit

(3Perennial grass (3)Little litter cover
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Figure 5b.

Representation of two 2,20 segments of the transects
located in the west side of the exclosure (ungrazed
ecotone). The Breas in between the two central con-
tinusus lines represent the 15 cm wide transect them-
ralves, and at both sides the areas of 20 om wide
surrounding them. The crown cover of the adult
plants of E. lanata, A. confertifeolia, 3. trix,
and A, tridentata is indicated in the figures, 850
the area arcund where the micretopography has been
modified by their influence. In the transecte them-
selves, the locations of the seedlings apd the
ground cover by litter is also indicated.

@ E. lanata ¢ Seedling location () Bare ground
() A. tridentats @Abundant or thick --—--Microrelief limit

litter cover

(T A. confertifolia@® Fair litter cover —— Transect limit

£ Perennial grass (L)Little litter cover



149

e J Ly .1....u........ ’
s e

=

it




Figure 55.

Representation of a 2.20 m segment of the transect
located in the grazed stand of A, confertifolia. The
ared in between the two central continuous lines re=
presents the 15 cm wide transect itself and at both
sides, areas of 20 cm wide surrounding them, The
crown cover of the adult plants of 3, strix and A.
confertifolia is indicated in the figure. so the
area around the plants where the microtopography has
been modified by their influences. In the transects
themselves, the locations of the seedlings amd the
crown cover by litter i3 also indicated.

() A. confertifolia @ Abundant and thick cover

E’i Perennial grass @ Fair litter cover

© Seedling location &3 Little litter cover

€D Bare ground = ----- Microrelief limit

——Trangect limit

Soll crack
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The ground cover percentage contributed by thick litter was
less in the ungrazed stand than on the grazed. Here thick litter
cover was only 3 percent, whereas 35.0 percent of the seedlings were
found assopciated with this kind of ground cover. Twenty-eight per-
cent of the seedlings were located under abundant litter cover
while only 10 percent of the land was covered by it. Thirteen per-
cent of the land was covered by fair ampunts of litter but 23 per-
cent of the seedlings were located in asspocistion with this feature,
Ten percent of the sesdlings were found associated with little
litter cover while 1 percent of the surface was coversd by that
kind of litter. Beyond that cover, only L percent of the seedlings
emerged on bare ground and gero percent of seedlings emerged on
locales with traces of litter.

Similar results to those already described were found in both
graged and ungrased ecotone areas. The percentage of seedlings
which emerged under thick litter cover was the largest, despite the
faect that the actual ground cover by it was only & percent on the
grazed ecotone and & percent on the ungrazed. This means that at the
first area the seedlings had a 12 times greater chance to emerge
where the litter was thick then the chance they would have had if
thedr distribution would have been at random at the soil surface.

The percentage of seedling emergence decresses &s the density
of litter decreases. Thus, at the four locations already discussed
a mean of 22.2 percent of the seedlings emerged in abupdant litter,
20,8 on fair, 8.3 in 1ittle, and only 1l.L in very little litter,
The respective percentages of ground cover with traces and 38 percent
wag classed as bare ground.
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Eight percent of the ground was covered by abundant litter in
the ungrazed ecotone area while 30 percent of the seedlings emerged
in that kind of ground cover. The percentage of grouns covered by
fair and little litter was 1L percent, while only 10 percent of the
seedlings were found there. MNo seedlings at all emerged in the
other 50 percent of the land whare the ground was covered by very
little, traces of litter, or bare ground.

The results presented up to this point all follow a similar pat.
tern; the percentage of bare ground represents the largest single
value, It coversd between 34 and LD percent of the surface in &ll
these four stands. Despite this fact, usually none of the seedlings
emargad there,

Az the litter density covering the ground increased, the chances
of seedling emergence increased, An average of 9.5 percent of the
ground was covered by traces of litter with none of the geedlings
being established under these conditions; 13.5 percent of the ground
with fair litter cover had 19.4 of the seedling establishment as-
sociated with it. The largest percentages of seedlings oceurred in
the abundant and thick litter cover classes which represent 9.2 and
L.5 percent of the area,respectively, However, the mean percentage
of seedlings was 27.1 and 40,7 percent, respectively.

The results are very clear in indicating that on those microe-
habitats where there is the largest density of litter cover, there
is the greatest chance of seedling emergence. Nevertheless, the
results do not indicate the real cause of this difference. It could
be that the litter itself, its influence on certain soil character-
isties, or on the germination site positively increases the chances
of germination of seeds. This could be explained based on the
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germination reported in other papers such as Springfield (1968), Work-
man and West (1967, in press), and Vest (1952) where molsture re-
lations in the soil, temperature, salinity, and other factors could
in a direct or indirect way influence the germination percentage.

Eegides this, the density of litter is also related with the
proximity to plants. This could influence the microhabitat where
emergence oceurs and thus shading, snow acecumilation, surface soil
temperature, ete. could be modified, and thus have a direct influ.
ence on seedling emergence. The date of seed germination ecould also
be mpdified by the microenvironmental influence of proximity of
adult plants as well as soll surface cover. In other parts of this
study it was demonstrated that the percentage of seed germination
was greater when seeds were placed on soils samples taken from the
uppér layer than on those of the deeper layar., This indicates that
the characteristics of the substratum where seeds are germinated
have direct influences on germination. In spite of the faect that
it is not knowm which of the biological, physical, or chemical
properties of the soil are responsible for the enhanced germination,
it is obwlous that greater emergence ocourred on those substrata
containing greater percentages of orgenic matter.

Anpther possible explanation for the non-random distribution of
seedlings in the stands is that perhaps the dissemination of seeds
in the area is not at random. It is logical to expect most of the
seeds end branches with the ataached seeds to fall by gravity under
the crown of the plant where there is also a larger concentration
of litter. If thi= is the case, there is then a pgreater chance of

having seeds in those areas where there is &lso a larger concentration
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of litter (Figures 56 and 57).

The survival value of the seads could also vary according to
the place where the sesd is stored from the moment it is produced
until its germinpation. The ampunt of litter could alse be related
with the amount of protective sites., Thus a smaller number of seeds
would be eaten by predators or destroyed by other agents.

There is finally the possibility that these results are a con-
sequence of several causes acting together. Seed density, percent-
age germination, and the protective influence is greater on those
microhabitats where there is the largest density of litter, and is
least fawvorable where the surface of the ground is bare.

Seedling emergence in the mixed stand was somewhat different
than on those already discussed, In this stend, intraspecific com-
petition of the shrubby species is presumably the same aa before,
but besides this, there is the interspecific competition from the

annual plant, Bromus tectorum which is only consplcuous in welt years

and produces large ampunts of litter. Thus, many areas which would
be bare ground or traces are in fact covered by cheatgrass. Quan-
titatively the results are different in the sense that the litter
influence is less obvious than in the other stands, However, they
follow approximately the same line of influence but with less dis-
tinction than the previously discussed areas, That is, as the den-
sity of the litter on the ground decreases, the chances of germina-
tion &nd emergence of seedlings decrease.

In the grazed stand of A. confertifolia no seedling was found
in the thick litter cover. This is expected because of the char-

acteristics of this plant. A high density means a deep layer of
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Figure 56, Close up of a sesment of the srazed ecotone{north) tran-
gect, The seedlinrs inside the rings are of E. lanata.
Most of the ground is covered by litter and E, lanata
fruits,

~ "

LT e

o
E
3

Close up of a seedling born in & bare spot of the grased
ecotone (north). The seedling inside the ring is E. la-
nata and the others ocutside are apnual weeds,

I
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litter which impedes the emergence of the seedling. Large amounts
of dead organic matter on the surface of the shadscale stand had
negative effects on seedling emergence, It is also possible that
the salt content of the decaying organic matter may influence the
garmination and emergence of their seedlings, Abundant, fair, or
little litter cover produced positive effects on the seedling den-
sity, however,

There is one value from the pure shadseals stand that is obwvi-
ously different than those found on the other stands. The percent-
age of seedlings on the bare ground was 20,0, The explanation of
this difference lies in the fact that all those seedlings were lo-
cated in so0il cracks. These cracks are characteristically found
in the surface solls under the shadscale stand; they are prominent
and open during the dry part of the year, They act both as & seec
and dead organic matter trap as well as providing & germin&tion
site for the seeds. The germination site was most favorable and
provided & higher density of seedlings. MHNevertheless, the environ-
ment was not favorable for continued growth 85 was demonstrated a
Few weeks later when all the seedlings which started in cracks died,

The Table 8 and Figures 52 on page 1bL5, 58 on page 160, 59
on pags 160, and 60 on page 151 indicate the mean size of sesd-
lings of the 1968 season at several dates according to the death
date. On the grazed stand of E, lapata the seedlings which sur-
vived until the end of the growing season were larger than those
which died sarlier, This difference was obsarved from the beginning
of the growing season.

The mean size wes obtained by multiplying the height of the
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Figure 58. Mean size of Artemisia tridentats seedlings emerged dur.
ing 1968 and grouped according to the date of death,
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Figure 59. Mean size of E, lapnata seedlings emerged in 1968 in the

grazed ecotone stand and grouped according to the date
of death.
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gaedling in cm times the number of lsaves (H x L), On May 4, the
index was 7.39 for those surviving all the season, while only 7.0%
for those which died on Aupust 7, and b.25 for those which died on
June 29. On May 19, the size indaxes were respectively 12.85, 8.5,
and 4,530, On June 13, the differsnces were oven larger, 20,18,
15.47, and 5.20,

Similer patterns of size variations were found in the othar
stands ol E. lanasta, the graged and ungrazed ecolone &nd in the
mixed stand, as well as for Artemisia tridentata seedlings. The

comparison was not made for .E. nunfmifElJ.I. since durling the 1968

season seedling production of this specles was too small.

The seedlinss surviving the longest were larger than those dy.
ing at 2 younger age. The size axpression of differential mort=l Ty
appears early in the season, much in advance of their actual death.

The causes of seedling mortality are of grest importance in
understanding the perpetustion and dynamics of the community iteslf.
If the slge of seedlings is one indicator of the protability of
mpriality, it is important to know why seedlings have different aizes.

There are probably two mein lines of explanatien. One i= that
sestilings are different in slze becauss the seads from which they
gone wera different, and thus influepced them in such a way that it
induced different growth. Tueller (19656) has demonstrated that E.
lanata can produce different sizes of seads when grown in different
conditions, and that seed size could induce differential growth of
seedlings, Besides, the seme plent may produce seeds of differsnt
sizes. Perhaps the growth end survival of the seedlings are, at

least pertially, functions of their seed size.
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Tha gther possibility is that seedling size is mostly & [uno-
tion of the microhabitat whera they grow, It was demonstrated esr-
Lier in this study that seedling size was affected to & large ex-
tart by the nature of the substrate. This inflaence is gredat and
moasuresble even in & few weeks, Besides the substrate iiselfl
there could alsy be some gther microclimatic and compebtitive re-
lations which could affect the rate of growth and thus, their sir.
vival.

Whether inherent characteristics of the ssed itself or 4 direct
influsnce of the microhabitat or both are invelved in differential
survival is not known. The dasicn of this stody does not permit
clarification of the factors responsible for the differential srowlh
arnd gurvival. The importance of the results presented nere is to
demons! rate the seadling mortality as & function of their size.
Fuorther studies will have to demonstrate in a quantitative manner
which are the factors and in what magnitude they influence sesedling
development.

The mesn =lpe of the seadlinrs expressed In number of leaves,
height of the plant, or the preoduct of the two parameters does not
show any pgeneral relation with 1itter cover. It is not olear if
the esount of 1ltter is correlated in some wiy with the rate of
growth and sige attained by the seedlings. It could, however, ba
impartant in maedifying the edaphic and microclimetic environment
where the ssedling lives and so influence their growth. Howewver,
updar £ne catural oonditions whers this siudy was conducted there ars
many other influences basides litter that could largely confound

the resulte.
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Among these main causes is the inter- and intra-specific in-
terference between the seedlings and the adult shrubby plants. In-
terference could be & function of distance to other plants. The
concentration of litter on the surface is not uniform and in gen-
eral follows a similar pattern to that of vegetation. The closer
the seedling to the adult plant, the greater the total density, ut
also, the greater the interference. Thus, if there is a positive
effect of litter on seedling growth, it could be expected to be
counteracted by competition.

The seedlings which emerged on bare ground were usually lo-
cated further from other plants and so competition should be less.
However it is not known &I litter has & beneficial effect on growih
by simple comparison of the seedlings from areas with different
litter cover. Other independent factors are alse simultanecusly
Bcting upon the seedling, thus inereasing or decreasging the effect
of the litter itself.

The variation of seedling density after the first growing
season can best be analyzed on Table 9 and Figures €1 [page 161),
62, and 63, The data represent the cohort shrinkage since 196k,

At the end of 1956, only & few seedlings of those which emerged
in 1966 were still alive; they were gn the ungrazed ecotone. The
results indicate that by the end of 1568, that is the fifth growing
geizon, the seedling density was the same gs that during the third
growing season. In the pther stands no seedling from this cohort
wis gtill alive, Because of the small size of the sample represented,
the greater density in the tngrazed ecotone stand is not necessarily
an indication of the grestest survival under those conditions, nor



165

EEUOpTdY ¥

L | o £°C i g £ 20 £°0 g0 £*o £ ETTOITIIaJuUcs ¥
£*1 1°2 L'n L& £'0 £'0 £ BIEU .m
o'y ™y 0*fT 9°gS T'0 0 70 00 00 0%0 BINEOTOXE SPTEIN0
£*0 A £'S 9"zz L0 L0 L0 L0 FAR &0 84nEgloie apfEUL
oo ama [ ¥ g*a 00 [t e} (¥hs] R*a 0*n 0°0 _ ETT9F
=TIeJUOD *y peSEID
0ta oo ata o°a 0ta a1 oo [4]s a g 4t 1 R
L5 x g'wg  B'OT £°1 £l E'T 0'g 0o oo BUO038 PEETI0
42 A 40T £'a%y 42 L2 L2 [ A Pl L2 sudqooa pateliiug
€'t €T ow ®°6 O 0 00 00 0% 0*g BREUN] ‘§ powels
oo 0*0 0'0 0'o o'a %o 00 0*a 0'0 0*0 BIRUE] ¥ peswvaiu]
96T 4961 9961 6T @96T 4961 9861 @96T L9467 9961
PUE PUFE pUY posdally pul PR PuR PUR L) FUS

SATTY SATLY SATLY TEl0] SATTY

BATLY SATTY SBATLY JATLY SATLY

20400 5961

JI040D COAT

MOY 1GET

WewIEely pue puElg

*EII0G0D GoAT BUT 01 woSl eyl WolJ stojew
agenbte ueq Jad squetrd jo Jequnu Uy pagesgidys sonauE TElUWeIEd TTE Jo0 sEUTTpeeE JO f47Susg 4 arquel




166

G"g s 4 Sl
00 11 £
Tl &*8. 00

642 9°WZT 9'0
n'g 6'6g gQ'F

o0 G0 £°5

g Z'HE  0'0
£°EE €% €°1
472 £l £°%
g'ZZ 0°N0T 00
1L 1t o0

g2l
g'0

£°1

| B

£"5

0°0
a*2
E'ET
a*d
&*0

2'ee
"1

Qo
g By |

LGe

00
a*g
£°12
E°1
&"0

BlElUBpTd: ¥
STLofyFae Juon Y
E3EUET T

VINSOTIRD BSPTEIND
BITEOT BB apISUT

_ #v0;
-T9de Juon ‘Y paTEln

PEXTH

2008 paTEID
BUCONE PESEIBU(
FIeUE] *§ peeesg
Tielel *g pezeadup

B96T  $961  QUST
pug po3IeuE pug

BATIY TE3I0L BATIY @ATTY

£9AT
pug

LOAT
poSzaug
Tel0L

Jeujeel] pus puelg

pEmUTIUeD ‘4 B1qEl



110

Graged ecotane

0 — —— Ungrazed ecotone

SR | ] 1 E, lanats

Seedlings alive par 10 sq m
B

10

167

——— — —_—— .
--------------- = e e Ty Ay bt
Total emer. August Augast September
ged 1966 1964 1567 1968

Figure 62. Density shrinkage of the 1966 seedling cohort of shrubby

spocies in all stands whero emergence occurred,
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& greater seedling emergencs.

In a similar way the results are not indicative of the influ.
enca of grasing on mdl:l;na: survival. The greater density in the
exclosurs doss not necessarily represent greater swvival due to
non-grasing. The nunber of seedlings and the sampling arsa wara
touv small to have slgnificant differences.

The results of the 1965 sobort are in many respectsz comparsble
o those from the previous year. Ey the end of the second prowling
geason in 1966, 2.7 seedlings per ten square meters wers still a.
live in the ungrazed scotone of E, lanata, and 1.3 ip the grazec
ecotona, In the other stands, the density was eerc. Eecause of
tne size of the sample and number of seedlings recorded, no valid
comparison could be made,

The most important conclusion that can be reacned from the siudy
of cohort shrinkage 18 that from the third to the [iith years. the
reduction in density is minimum, in this case Zero. These values
can be compared with those already presented in this paver whsre
it was demonstrated that the reduction is greatest durlng the firm
EIOWing Sea.son.

The original cochort of seedlings emerged during the 1968 sea.
son in Lhe graged stand of E. lanats was 5.4 per ten square meters.
By the end of the same sedison only L.0 sesdlings pur ten sguare
metars were still elive. One year leter the density wes 1.3 planis
per ten square meters and did not change by the end of the third
FEar.

The ungrased ecotone had & demsity of total emerped seedlings
during the 1966 season of L5.) per ten square meters, but enly
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10.7 were alive by the end of the season. During the second and
third years, the density was 2.7. The total number of seedlings
which emerged during the season was four and a half times greater
than those remaining at the end of the season. But from the first
to second year, this reduction was of slightly smaller proper-
Honal magnitude. However, from the second to the third year there
was no change at all.

The grazed ecotone produced the largest density of seedlings,
1079 per ten square meters, but only 2B.0 were alive by the end
of the season., At the end of the second season, only 8.0 seed-
lings per ten squére meters were still alive while 6.7 existed at
the end of the third growing sesson. This is a 75 percent reduc.
tion during the first season, and from the first to the second. How-
ever, from the second to the third only slight shrinkage occurred.

Oraging influences were evaluated by comparing the areas in-
side and oputside the exclosure. The excluded vegetation showed a
mean density of seedlings emerged of 22,6 per ten square meters,
while only 5.3 remained by the end of the growing season. This
means & shrinkage to one-fourth of the criginal, 0o the egquiva=
lent graszed area, the shrinkape was similar but the densities were
highery 58.6 seedlings were reduced to 14.0 by the end of the season.

Iuring the second season, the reduction in density in the ex-
cluded area was dowm to 0.7 seedlings per ten square meters and
remained the same one year later. In the graszed area this reduc-
tion in density wae down to 4.7 on the second year and to 4.9 in the
third, Thus, the cohort shrinkage during the second and third years

was proportionelly greater inm the execlosure than in the squivalent
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grazed area. It was down to one-seventh and one-fourth, respective-
1y.

The cohort shrinkage should be analyzed keeping in mind that
the seedling survival was probably affected by the above average
precipitation received during the 1967 and 1968 sessons. Besides
this, when comparing the ungrazed areas with those utilized by
livestock, it should also be remembered that during the last two
years, no livestock grazing occurred putside the exclosure,

A species comparison of the 1966 seedling population shrinkage
shows that A. confertifolia suffered a proportionally greater re-
duction than E. lanata. The original density of shadscale was
25,6 seedlings per ten square meters and was reduced to 5.7 by the
end of the first seasen, and 1.1 on the second and third year.
However the density of winterfat was less at the beginning but by
the third year, a larzer proportion of plants remained alive.
Winterfat started with 7.7 plants per ten square meters and respec-
tively reduced its density to h.7, 2.1, and 1.5 over the same period.

The 1967 cohort shows similar patterns of shrinkage. However
because of the reduced pumber of emergent seedlings in certain
areas, the samples studied may not adequately represent the seedl-
ing population in each particular stand. In the ungrazed stand of
E. lanata as well as in the grazed stand, the size of the sample was
too small. Only one seedling wes found in esch area:thus, no valid
conclusion can be resched in this respect.

The ungrazed, as well as the grazed scotone, had greater numbers
of seedlings. From an original density of 21.3 seedlings per ten

sjuire meters on the ungraged area, only 13.3 remeined alive by the
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end of the first growing season, and 5.3 by the end of the second
in 1968, 1In the grazed ecotone the reduction was from an original
8.0 seedlings per ten sguare meters to 2,7 in the first seasen, and
1.3 in the second. This is & shrinkage in a two-year pericd of b
to 1 on the ungrezed ecotone &nd from 6 to 1 in the grazed stand.

The pure stand of A. gonfertifolis had a considerable reduc-
tion Ain density during the first year. From a total density of 26.7
sesdlings per ten square meters, it was reduced to 5.3 at the end
of the same season and remained the same during the following seascn.

The cohort shrinkage effect can best be apalysed by comparing
the seedling density inside the exclosure with that of the equi-
valent area outside, The decrease in density of the grazed area
was proportionately larger then on the ungrazed area. The reduction
was down to one-fourth and one-seventh respectively.

Comparative study of the results presented here dealing with
five cohorts indicates thatsome general conclusion can be drawn.

The first and most obvious conclusion is that the larpest
shrinkage in density ocourred during the first growing seascn. The
absolute number of seedlings dying, as well as the proportion of
survivors in relation to the total number of seedlings emerzed,
both indicate that the largest mortality oeccurred during the first
Erowing season.

The high first season mortality could be a result of four dif-
ferent processes. One is the timing when seedlings emerge in re-
lation to weather; I westher conditions occurring at their emer-
gence gnd Lmmediately after gre favorable for survival, the shrinkacge

would be less. Timing of germination can be slightly modified by
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managing the vagetation. It 45 possibls to induce edaphic and
micrpclimatie changes in the microhabltat which could in one way
or another affect the germinstion date of seedlings. The tempera-
tura of the seil, water relations aspecially for the surface layer,
soll structure and aeratlon, and salinity concentration can all be
managed by manipulating vegetatior,

The results obtained in thiz part of the study indicate that
garmination dates of seedlings waas subject to larges variation from
year to year. I the weathsr conditions existing when the sesdlings
germinate and emerge are less favorshle for thair survival, sup-
posedly, the cohort shrinkags would be grsater.

Apother main reason why there is such a large mortality ia
that many seedlings germinated and emarped on a lass favorable
microhabitat, These plants have a greater chante to die than the
nﬂu; which germinate In & more [avorable environment. The results
presented in this study are not conclusive in what is a faverable
or unfavorable environment for the seedlings. However, it is pos-
gible to think that the outsvanding differences which exist on the
slerchabitats should in one way or another differentially influence
their survival. BSinoe the location of seedlings is mostly a func.
tion of seed dispersal and perminaticon site, their survival csn be
greatly affected if the microhabitat where they germinate is not
favorable.

Mechanical damage by insects or other agents could influence to
some degres the sesdling demnsity, However tha resilts obtalned in
this study indicate that less than 20 parcent of the seedlings re-
corded wers mechaniocally demaged by insects, other animals, or other
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physical dsmage. The remaining cnes just appeared dried ot intact,
The real cause of death of mpost seedlings 1s not known.

There could be some hereditary physiclogical trait of the seed-
lings inducing an sarly death. Howewver it seems that this is not
the pase. In most of the seedling studies copducted in the green-
housse with ssedlings from these specles, the mortality was nil or
almost so. Sesadlings did not die when the enviromnmental conditicns
were [avorable for their growth,

If the mortality cause is not physieleogical or mechanical, then
it is possible to think that it is mostly ecologieal. If this is
the case, most of the seedlings should die because of emergenca
date or microhabitat. But the guestion 1s now to determine what is
the optimom and what are the limits to germination dates and,
finally what are the magnitudes of the different environmental fac.
tors favorable for seedling survival?

The rate of mortality of the surviving population wes slightly
reduced during the second seasen apd more so in the third year,
Duripg the fourth and Fifth years, the mortality was almost zero.

Daring the first twoe years, and easpecially the first zrowing
sedscn, the seedling has to adjust to the environment. If the con-
ditions are favorable, thay survive; otherwise, they die and disap-
pear, After that adjustment pariod the sesedlings have to grow and
in doing this, they have to compete for the limited rescsurces ex-
isting in the environment, Tha growth of the seedling at this time

is & funetion of the availability of ressurces in the envirenment

35 well as the competitive and interfersnce abilities of the seedling,

Appendix table 39 indicates that mean size of seedlings i3 2
function of their age. It is obvious that for young seadlings,
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growth is mostly a function of age. However for older ones, such
as those 3 to 5 years old, size is mostly & characteristic of the
seedling itself and its competitive ability in relation to the
available resources.

The large differences in size measured for individuals of the
same age is an indication that other facters are more important than
time. This im the ecological relstion of the sesdling itsell with
its purrounding physical and bisloglcal envireonment. Under lebo-
ratory conditions the growth of seedlings inm 2bsence of competition
from the other shrubby species, and without serious environmental
limitations, showed the growth of both species in 8 few weeks was
greater than the growth in the field in several years. The preatesi
growth limitation for seedlings is ecological and not physicloglecal.
The potential growth of the plant is many times greater than that

actually found under natural conditions in the field.

Water Relations

The results of soil moisture relations studies in the grazed

stands of E. lanata, W. confertifolia, and the mixed one will be

presented in two parts. First will be presented the resulis
pn moisture relations in the surface soil from © to 15 cm and later
will be presented the results of water relations in the deeper lay-
ars of soll from 30 to 150 cm.

The moisture percentage by weight in the upper 2.5 cm and its
variation throughout the year is presented in sppendix table 40 and
Figure 84, The values calculated. indicate that, in general, the

migher moisture percentages were obtained early in the growlng sesson
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Figure 64, Moisture percentages of the upper 2.5 cm of soil at sev-
eral dates during the 1968 sesson for the thres stands.

in March and early April. HRowever there is extreme varisbility from

one sampling date to the next,
Under the E. lanata stand on March 2, the soll was saturated

because of a previous rain and by March 18, it was near {ield capa.
oity with 15.5 percent moisture. By the end of the month, the mois.
ture percentage was 7.0, which indicates a matric potential below
the pq;pn.nant wilting percentage. One week later on April &6, the
moisture content was 16.7 percent, which corresponds with & matrie
potential around field capacity again.

Later, the moisture content in the upper 2.5 cm of the soil pro-
file rooting the Eurotia lanata stend was usually below 5 percent.
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However, cccasionally such as on June € and August 13, the matric
potential ralsed to values around field capacity due to ocecasional
rains. FHowever, dus to the high temperatures prevailing at that
timea of the year, the deslcating power of the atmospherse is great
and the spil soon loses its moisture,

The soil moisture percentages under the mixed stand are similar
to those of the winterfat stand, Early in the season the moisture
percentage as well as the matric potential were greater., On March
2 the soil was saturated, while on March 18 and 30, the percentases
ware respectively 17,k and 9.8, On April &, scil moisture content
again raised to 15.9 percent which is near field capacity. During
the remaining part of the growing season the matric potential was
usually &round the wilting percentage with the exception of a temp
rary increase due to occasional rains.

The surface so0il layer under the Atriplex confertifplia stapd
had greator moisturs percentages thas the other itwo stands at sny
time during the growing season. However, because the moisture
retention curve calculated for this soil is different, the matric
potential caloulated was slways less than that of the other twe
stands. With the exmeption of nearly all of March and sarly April,
most of the growing season, the matric potential waa below the
permganent wilting point: Another exception is during the month of
Ahugust when, because of the intensive and freguent precipitation, the
surface soil remainsd wet at least part of the month.

The molsture percentage and the matric potential in the upper
2.5 to 7.5 em of soll followed a similsr pattern of variation
throughout the growing season to that of the surface soil (Appendix
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table 41). However, here the percentage of moisture content as well
&5 the matrio potentlal walues were lerges than the equivalent onea
determined of the s&me dite but for the surface spil. This means
that thes matric potentlsl was above the permanent wilting percemtags,
gnd thus, the availuble water lasted for & longer period in the soil,

Tha values caleulated indicate that there is sxtreme variabi-
lity between sampling dates in the upper 15 cm layer (Table 10).

The highest percentage of 30il molsture By volumeé in the winterlat
gtand octurred on April 6, while during the month of March the con-
taxt weas slightly lesas, 12.6 and 11.5 percent in contrést with ths
mEximum of 15.2 percent. During the ressining pert of Aprll &rd
until May 10, thera wag & gradual decraass in soisture sontant un.
$t41 it reached 4 minimum of 5.6 percent. This means that the mois.
tures retaining force decreased from a saximum of -66 Joules per
kilogrén to 1500 on May 3, and tharsafter, it remained as such for
the rest of the sesson. The only exception wes for the obhaervations
of May 17 when the percentige of molsiure increased to 12.3 and tha
matric potential to 200, and on dugust 13 and September 1 when it
was -5:0 and -900 Joules per kilczram.

For the mixed stand, the percentages of moisture contemt by
voléme &3 Well &5 the matric potential were exiremely aimilar to
those caleulated for the upper 15 em layer of soil in the B, lanata
stand,

Scils associated with the Atriplex conlertifolia stand posses-

sod different soil molisture characteristics from the other two soils

exanmined, Despite the fact that the percentsges of molsture ocontent
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were always higher for this stand than for the other two, the matric
potentials were always less becduse of soil mpisture release char.
gcterigtics. In only one measurement, on April &, the valus deter-
mined was above the permanent wilting percentage. Minus 620 Joules
per kilogram was determined on that date in comparison with the 56
and -B0 which were the measurements at the same depth and date from
the other two stands. Later on April 20, when the other two stands
had -210 Joules per kilogram, the shadscale stand had & value of
-1500 (Figures 65 and 66).

Boils rooting shadscals consistently showed lower mairic po-
tential values than sdther of the other two stands, both in the
serface 0 to 15 om layer of scll or &t greater depths. An expland.
ticn of why the matric potential of the upper layer was much less
than those caleulated for the other two stands is related to the
water holding capacity of each of these spils. The surface layer,
sinoe it recelves a larger ameunt of sglar ansrgy, is capable of
oging a larger proportion of moisture by eviporatlon. Since the
water holding eapacity of the ghadsoale soil is grester, the solar
energy received makes it lose a larger proportion of the molisture
stored since & larger percentage 45 stored in the uppsr cantimeters.
Whan tha s0il is recharged wlith molsture {rom presipltation, the
witer infiltrates into the soil but iis movement redches the deepsr
iayers in the coarser soils since the water holding capacity is less.
Thus, finer spil with grester water holding capacity means greater
lossss from the upper few centimetera of soil and lower matriec po-
tential for plant growth.

In interpreting these results there is, however, one main




Figure 65, Neutron probe and scaler used to determine spil moisture
from 30 to 150 cm depths. The vegetation corresponds to
the one existing in the area arcund the neutron tubes in
the grazed A. confertifolis stand.

Figura 66, Oeneral view of the grazed stand of E. lanata and the
location of the peutron tubes,



181
question. This is, what is the actual permanent wilting percentage
and the available moisture in the soll where these plants are grow-
ing. It seems from the resulits obtained 1o this study that the
wilting point is not 1500 Joules per kilogram as it is gensrally
acoepted for most mesophyte species. Winterfat and shadscale grew
perfectly well during most of the growing season with moisture be.
low -1500 Joules per kilogram. This means that they have to be
adapted for growth and reproduction under total moisturs potential
below that value,

The soil moisture content under the E. lanats stand in the 30
em layer was 15.9 percent on the last wesk of April, 1967, when
the measurements started (Appendix tables 42 and L3, Figuras 67, &8,
and £9). One week later, it was 15.8 percent and decreased slightly
until May 16 when it was 14,1 percent. After that there was a sharp
decrease in the moisture percentage by volume to only 8.8 on May
23 and to 9.2 percent on June 9.

After the late May and eerly June dry pericd, intensive rains
ceocurred in Curlew Valley and moisture penstrated the soll in an
unusual way, The moisture percentage ralsed to 22.4 on Juna 23 and
rapidly dried to 1l1.3 percent by July 3. This intensive drying
period continued the rest of ihe summer, especially during July &nd
August, By July 13 the mpisture percentage wes 5.0, and one month
later was only £2.5 percent,

The evapotranspiration rate from this upper layer of 301l from
the winteriat stand decreased later in the summey, Tt decressed
enly because there was little water left. From August 23 to Nov-

ember L, the moisture percentage decreased from 1.5 to 1.0 percent.
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After this, by December 19 a slight increase to 1.5 percent occurred.

The moisture percentage on the 50 o= layer wes lower when the
first measurements were made on April 2h. After that, the moisture
percentage increased slightly dntil the first halfl of May when it
reacnad & maximum of 9.0 percent. During the remainder of May and
the sarly part of June, only slight reductions on the moisture con-
tent occurred lowering it to 8.8 percent.

On June 23 the highest rate of increase in moisture content
poceurred and the value was raised by 2.5 percent in only 1& days.
Ten days later the moisture percentage was even higher, 11.7 and
after this it started to decrease, slowly but consistently. On July
13, it was 11.0 while on August 7, it was 8.0 percent. After that
date it continded decreasing until on November b, it reached a
mindimum of 5.7.

The 90 om layer showed very little annual wvariability, The
lowest percentages were found inm the April to December period, while
the largest moisture content pcecurred betwsen June 23 and July 13.
The lowest percentage recorded for the sesson was 8.0 while the
largest was 9.0 percent. This makes 2 total annual variability of
1,0 percent. As a comparison it may be indicated that the 30 cm
layer has a range of moisture variability of 21.&4, while the &0 em
layer range was 6.0 percent,

The next deeper layer, 120 cm, showed only slight variability
in soil moisture content throughout the year. The minimum recorded
was 7.9 percent at the end of the growing season on November L gnd
December 19, while the highest was 5.8 in June and July. The range
of wariability throughout the season was 0.9 percent of molisture
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content by volume.

The ampunts of water stored in the soil at the deepest layer
studied differs in many respscts from the layer located above. The
main difference is that throughout the growing season, the absolute
values were always large. Thus the season minimum was 12.73 percent
at the end of the season on November &4, while the maximum was 14.0
on July 3. The seasonal range of variability was 1.6 percent
moisture,

The magnitude of the moisture content wariability throughout
the season on the three deeper layers was proportionally very simi-
lar. At the upper two sampling polnts at 60 and 90 om, it was 1.0
and 0.9 percent while on the last, it was 1.6. However, since the
moisture content of the soil in the deeper layer was much greater,
proportionally, it represents a similar magnitude of variation.

The soil where ths mixed stand of A. confertifolia and E. lanata

otours basically showed similar patterns of variability to that of
the pure stand of winterfat throughout the year,

The upper soil layer studied, above 30 cm, ghows greater vari-
atlon in molisture content. When the measurements were started on
April 24, the mean moisture content by volume was 16.7 percent, in-
creasing to 172 one week later. After this date, it progressively
and slowly decreased until May 16, when it reached 15.7 percent. The
rate of evapotranspiration from that soil layer was higher after
that date and moisture was reduced to 11.0 percent only one week
later and to 10.0 percent on June 9, The large concentration of
rainfall which occurred after that date caused a sharp increase to

23:9 on June 23, However, by this time of the year the environmental
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conditions as well aa the developmental stage of the vegetatlion, are
such that a large portion of the moisture in the %0 om layer is lost
from the soil,

The range of variasbility throughout the season was from 3 maxi.
mum of 23,9 parcent on June 23, to a minimum of 1.0 on November L,
that is 22.9 percent. This range is greater, by lar, than the ones
determined &t any other depih. DBesides this the absolute saximum
mpisture percentage determined during the 1967 season, &s well asg
the absolute minimam, were nigher and lower respectively than any
value determined in the desper layer.

At the 60 cm depth the meximum moisture percentage recorded was
12,1 persent on July 3, while ths minimum was 5.0 percant, The
variability in molsture content during the first part of the growing
season wes small, From April until June 9, the maximum and mindsmom
valuss varied betwesn 10.3 and 8,6 parcent., After that date and
because of the greater concentration of precipitation, the. percen.
tages of moisture increased to 11.0 on June 23 and 12.1 on July 3.
The denrease in water content oocurred after July 13. From 10.1
percent on that date it lowered to 6.5 percent on August 7, while it
gradusily lost water by evapotranapiration until November b when
it reached the yearly minisue of 5.0 percent. The season's rangs
of variability was 7.0 percent.

The range of variability at the 90 em layer was only 0.9 per.
cent on the molsture content in the aoll, The minimum measuremants
recorded ware thoge =ade during the last two menths of the year,
while the maximum cgourred on July 13, The constaney of the molsturs

content 1s the most outstamding result provided by this study at this
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depth in the soil profile.

Desper than this at 120 cm depth, the range of variability was
slightly greater. The minimum was 7.5 in December and April while
a maximum of 9.0 percent occurred on July 3.

At the 150 cm depth, the variability was high and in many res-
pects comparable to what cccurred on the surface layers of soil.
The minimum of the season pccurred during the last two months of
the year, as well as during April when the moisture content was
8.3 and 8,4 parcent. However during the rest of the year, the
values calstulated are extremely variable for that depth of soll,
and also erratic and in many respects difficult to explain,

The moisture percentage measured on May O was 10.B percent,
which indicates an increase of 1.9 percent with respect to the
measurement recorded the week before. However, where this moisture
came from is not clear., After this first seasonal maximum moisture
at this point gradually decreased until June 23, when a low of B.5
percent was reached, After this, on July 3, the percentage raised
gbruptly to 1b.4. This increase occurred only tem days after the
maximum at the 30 em depth, but even earlier than that at the %0
cm depth. DBesides this; the moisture potential in the upper layers
was low, indicating that gravitional movement of large amounts of
liguid water could not have been expected, at least without con.
slderable increase of the moisture content in the upper layers.

The pure stand of A. confertifolia was growing in soil of a
differant textural class., Thus the water potential curve in relation
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to the scil molsture content was largely cifferent than for the
so0ils mssocciated with the other tweo stands. The percenteages of
moisture determined here are usually greater than those for the other
stands, However, this is not necessarily an indication of gresater
ampunts of available water,

The upper 30 cm layer had on April 2b a moisture content of
20,0 percent. This value gradually and slowly decreased to 17.7
percent on June 9. On June 23 the molsture percentage regorded was
increaged vo .5 percent. This was the year's maximom, In only
7 days, the moisture loss was 9.5 percent, and on July 13, 224.2
parcent soil moisture was observed, while by the first week of Aug-
ust, it had been further reduced to 12.5 percent. This reduction
gradually continued until November & when the sedson minimum of
£.9 percent was recorded.

The year's range of variability was 27.6 percent. This was the
largest range recorded for all depths and stands. At 60 cm, the
range was enly 9.3, that is from a maximum of 17.1 percent on July
3 to 7.8 percent on November L.

On April & the moisture content wes 8.2 percent. As the season
advanesd & slight tendency to increase the contert was obsarved
urtil June 9 when it reached B.7 percent. After that date, on Juns
23, there was 13,0 percent of molisture contant in the soil at the
60 em depth, 17.1 percent ten days later, and 15.6 percent on July
13:. The molsture reduction from that date until Aupust 7 was largs
but afverwards the water losses were small, until November & when
the percentage was at its lowest value,

At 90, 120, and 150 cm depths, the ranges of variability
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throughout the year were relatively small, at least much smailer
than in the surface layers. In the upper level, the absolute sei-
sonal minimum wés 10,2 percent in April while the maximum was 11.9
percent, that is a range of 1.7 percent,

Measurements at 120 cm depth varied even less, from 12,9 per-
gent during the last two months of the yeer to 1k.0 percent on May
23. That is a range of 1.1 percent.

The variability of the deepest layer of spil studied was of
similar magnitude. The minimum value of moisture content measured
throughout the year was 14,2 percent, while the maximum was 16.2,

a range of 2.0 percent., The moisture percentages throughout the
yeer were grester at the 150 cm depth than at any other point in
the profile, except in the surface layer. The upper profile at
certain Limes of the year had much higher s0il moisture percentages
but at other times it was much smaller.

The absclute moisture percentages in ths A, confertifolia stand
wars high at the 30 om depth, decreased to a minimum &t 60 om depth
and gradually incressed at 90, 120, and 1% com depths. The higher
values weore found in the surface layer,

The resulis presented up to this point indicate that there is
& main sesson of replenishment of the so0il moisture lest by evapo-
transpiration during the previous growing sesson. This recharge
starts after the minimum molsture content is reached in November,
Daring the first three months of the yvesr, from January through Mar-
ch, the moisture content increases because of the reduced and 2lmost
negligible losses by evapotranspiration. The maximum usually oo-
curs by the end of March,
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The increase in soll moisture, due to accumulation during the
cold season months, is striking to the 30 cm depth and slight to the
&0 cm layer. Below that, despite the fact that the moisture per-
centage also increaged, the season's maximum was not reached until
later. The upper 30 cm layer is the only soil layer where moisture
percentage decreased from April on.

During the growing season, especizlly from June to August,
thera was often great variability in the monthly precipitation.
Large concentrations of precipitation were received (as such as
114.7 millimeters in one month) which meant large increases in the
availability of moisture in the 30 cm spil layer, while only small
variation in the content as the depth increased. At the 60 cm
depth, the variation was only a fraction of the fluctuations re-
corded in the upper ¥ em soil layer. During the 1967 season, the
considerable precipitation received in June caused an increase in
the soil moisture content as just described, while during 1968, this
increase occurred in the second hall of August.

Typically, the soil moisture content curve has one maximum apd
one minimum, The maximum occurred early in the growing sedson in
March to April. The minimum ocourred late in the growing season
after most of the available moisture in the spil has been remowved
sometime betwesn September to December. In the surface layers the
maximum occurred sarlier while in the desper layers, this maximum
occurred two weeks to one month later.

During the active growing season from March to September or
October, that is from when the stem buds start to swell until the
seeds are ripe and falling, the amount of precipitation is highly

variable from year to year. Thus a secondary maximum and minimum
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may occur, such as happened during the 1967 and 1968 season. These
second peaks are largely variable depending on the magnitude of
precipitation received, However, in general, the relative duration
of the highest percentages of available mpisture for vegetation is
short, since the potential evapotranspiration during the midsummer
months is great, The ampunt of energy received in the salt desert
shrub vegetation type is extremely high. The moisture extracting
power of the vegetation during midsummer is considerable because
of the large transpiring sorface of leaves as well as the growth
rates of the plants. The extra moisture received is rapidly lost.

From the results presented here it is obvicus that the J0 om
layer possesses great variability in percentages of moisture content
throughout the year in all three stands. The &0 cm depth has some
variability throughout the year but much less than that recorded in
the surface of the profile. Deeper in the spil the amount of
varizbility is minimal, The only exception is in the mixed stand
where the deepest layer showed the grestest differences in the
moisture content throughout the year.

The small reduction in the meisture percentages, even after
long periocds of drought, is an indieatien that only very small
amounts of water in the ecosystenm is transpired from the desper
layers. Even after long periods of intensive rajns, the moisture
percentage 3t the 90 cm depth, as well as the deepest one, showed
only small changes in the mpisture content, usually amounting to
a fraction of one percent. Il the soil moisture percentages does
not vary much, it means the desper layers have only & minimum role

in the hydric relatiens of these three communities.
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Despite the fact that only negligible amounts of moisture are
lost from the deeper layers, thelr importance is not known. The
exact amount of water transferred between layers is not known since
the rate of water movement is not lmown, as well as the rate of the
moisture loss., The only figure presented here is the actual mois-
ture content which is the result of two functions, the total
amount of moisture added minus the moisture lost by evapotranspira-
tion. Moisture movement through the soil in the deep layers should
be small becauss the weter potential is 2lwsys below the field ce.
pacity. Thus, it is expected that 1ittle or no liguid movement
of water ocours.

The standing root biomass, determined for these same stands and
depths, may indicate somewhat different results (Appendix table LL).
The weight of roots was considerably greater in the upper soil
layers. This is indicative that most of the plant activity occurs
in the surface 30 and &0 cm layers. Below these depths, despite
the fact that the biomess is smaller, there are, however, considerable
amounts of active roots. This is indicative that some of the
moisture is lost from the deepest layer by a small but significant
amount of roots.

It is sometimes stated that during the late part of summer from
July to September when the surface soil is dry, the stand loses its
moisture by evapotranspiration from deeper seil layers. However
this is not the case here where most of the water loss ccocurs from
the surface layers, while the despast ones only show slight varia-
tions. Even when the soil is almost completely dry in the 30 om

layer, the 90, 120, and 150 cm depths still contain large amounts of
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stored moisture. This moisture 43 not utilized at all, even durlng
the driest part of the year and thus their mpisture content remains
uncéhanged from vear to yeer.

The moisture content of the whole profile and its variability
throughout the year is an indication that the whole ecosystem is
expanding more or less of the water that it has received during a
particular periocd.

The lowest moisture content occurs in the three soils during
the last part of 1957, in November and December. At this time, ths
vegetation had drawn down the molisture recharges of the previous
winter.

During 1968, different results were recorded. The first part
of the summer was fairly dry and thus little production of flowers
and seeds ocourred. By the middle of August, seedlings and plants
were almost dormant because of shortiage of moisture. However, dur-
ing the second half of August the precipitation increased and the
so0il was again wetted. Annual plants started to grow, shrubs pro-
duced new leaves, and sesdlings turned green and started to grow.
The soil moisture added was enmough to keep the vegetation active
and growing until lowering in the temperature induced a dormancy of
the vegetation. That is, during the first year dormancy was in-
duced by drought, while during the second, it wes probably caused
by low temperatures.

The largest amount of moisture stored in the soil ocourred at
the beginning of spring, after & season of maximum accumiletion and
minimum losses. Secondary maximum storage pccurred during the summer

at various dates. Dnring the 1967 season this maximum was in late
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June and early July while in the following year, it happened in the
gsecond half of Aupust and early September. Weather records indi.
cate that essentially no summer recharge is more typical.

The amount of moisture stored in the soil varied from stand to
gtand. This was mostly due to differences in textural character-
istics of the soils which vary on all three stands thus presenting
differences in percentages but which actually may correspond to
similar moisture potentials.

Tables 11 and appendix table L5 present the matric potential
values caleulated for each soil, depth, end date. In the E. lanats
stand, from April entil July 3, the matriec potential was high on the
30 em layer, Until May 16 the largest value was -70 Joules per
kilogram. On May 16 end June 9, the readings indicated 680 and -560
Joules per kilogram, respectively. On June 23, the spil was satu.
rated, The rest of the season from July 13 until the end of the
year, it was 1500 or less, During the following season something
similar sccurred. The matriec potentlal was -250 Joules per kilo-
gram on February 24, and inersased until March 23. After that date
it gradually decreased until May 3 when it reached -570. Most of
the remaining part of the year it was -15300 Joules per kilogram or
less. The only exception is the last part of August and September
when the large addition of moisture, because of the increased pre-
cipitation, resulted in & high matriec potential of =130 Joules per
kilogram (Fipures 70 and 71).

At the 60 cm depth the matric potential was below -0 Joules
per kilogram until June . From June 23 to July 13 wes the only
time in the two.year period of study when values between -320 and

210 Joules per kilogram were recorded. The rest of the year, as



156

020T~ obbh = OWR = 026 = QR = 096 = 0201~ &2Wl~ 028 - O0O0ST~ OO05T~ OQ05T- 051
Ogg - 026 = 009 = 026~ 028 = OSg ™ O26 = QOOC™ Q24 = OOTT™ OSOT- OOTIT- 0zl
00T~ OOST~ 028 — 0061~ 026 — 026 — OOST~ O0ST~ o224 = 0051~ O0ST~ OO8T- 06
O0ST- 00T~ OO0ST~ OO0ST~ OO05T— O00ST~ O0OST~ OO5T~ O00ST~ OOST= 0051~ OOST- 09
DOAT= OOST~ oOm6 = owé = Q5L = oOwo = Ong = 066 = o0%2 = o2 - Odf - oQOST- o
ET10JTeJuba *y
00T~ 0OST— ODOST~ O005T— OOST~ 0051~ 0051~ OQ5T~ OOST~ O0ST™ ODST~ OQOST- oeT
05T~ DOST™ 0061~ ODOST~ O05T~ OO0ST~ O0&T~ O005T~ OQOST™ OOST™ 0051 OOST™ 021
005T= O0ST= O00ST~ O00ST™ O00ST~ OOST= OOST~ O0O0ST“ 00ST— O05ST- O005ST~ oOfT- 0f
OOST™ O05T™ O005T™ O0ST= DOST™ O00ST™ O05T™ OO05T~ O00ST= OO05T~ O08T~ ODST- 0%
QOST= Q05T OO0ST~ OO0ST~ Ot = OE2 = ohl = 0T~ 06 = 0B = 09 = oOOST- ot
POXTH
G2Z = 02T ™ OO0E ™ G522 ™ G2~ [Dog ™ S22 ™ (92 ™ 092 = OBZ = oOpE = OIE - 0s1
0021~ oMb = o006 = OZEI~ 0921~ OZET~ 0921~ oOZET~ OMET O0ST~ O005T™ O06T- 0ET
0221~ o09TI~ O2T1~ 0921~ 0221~ Of2I™ on2I™ OS2I~ 0921 Oo0ET- o221~ o1~ 06
DOGT= O0ST— O0ST~ OO0ST= O0ST- O0ST~ OO0ST~ O0ST~ O0ST— OO0ST™ O008T= OOST- o
OOET~ 00ST~ O0ST- 046 = ofr - 092 - OFT - OHL - €68 = 06 - of2 = OQO8T- e
Cz 4T o1 £ 92 6T Z1 € 62 £z 2 61 (wa)
y3dan
Ley TTady yoTey gad L9581 seg
*arTEA JEY] UEYy} JETTEMS I0 Tenbe
Fussw wedorTy Jod seTnap QOCT- JO onTEs oyl ‘uosess gofT eyl Hulinp seqEp Tedesss
W Fyjdep 2af] pUe SpuEls S8JYj UO weIdoTTY Jed EaTnOp UL TeTiueiod ofaiewm TI0S8 usel *TT eTqRl
by )



197

OTI= 026 = QOTI= OOTT- O02Z0T- 088 - 0901~ 05T
096 = OE8 = O000T™ OEG = 026~ o2 = OQEQ = 021
OOST= OO0ST= OO05T= O0ST= O0ST= O0O0ST= Qofl= 0é&
DOST= OOST~ OO0ST= O00ST—= 0051~ OOST~ OofT- 0g
O0ST= O00ST= Ofg = OO0ST= 0051~ O0ET- OOfT- ot
BTL0 1348 JU00 °§
oOCT~ O0ST— OO05T— O0ST= O00ST= O00ST™ OOST- 05T
pOST= O0O05ST~ OO05T— OO05T~ O00ST™ O0ST™ ODsL™ 021
0OST= OOST= O0ST= O0ST= O0ST= O0ST= O00CT= 06
00T O0OST= OO0ST= O00ST= O05T= O00ST= O00CT- 09
QOST~ 00ST— o0gt = 00T~ O00ST™ O0ET™ 00T ot
DOXTH
OS2 = 092 = 062 = 022~ OIZ = 02~ o2 ™ 05T
OgnT™ 0921~ O0ST™ Oh6 = Wb = Owe = @21~ 0z
o221~ O9TT~ 092ZT= O08Tl= ogTi= o2ll0 oZZ1- 06
00T~ O0ST— OO05T= O0ST— O0ST— O00ST— OOST- o9
O0ST= O0ST= OET = O00ST— OO0ST— O0ST- O0ST- ot
wyeUE] §
& &1 1 9z | 0z 1 (o)
.20 «dag Lrnp sunp tydeq

panutiuog  *TL 91qel



198

Figure 70. General view of the location of 2 neutron tube in the
mixed stand of A. confertifolis - E. lanata.

Figure 71. Genersl view of the upper 2.5 ¢cm s0il molsture
sanpling, in the srazed E. lanata stand.
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well as on the next sedson, the matric potential was always -1500
Joules per kilogram or below.

Soil matric potential at the 90 em depth in soll associsted with
the E. lanata stand was at all times between -900 and -1400 Joules
per kilogram during the two-year period. During the first season
the largest matric potential occurred on May 9 when -1050 Joules
per kilogram was recorded and from June 23 to July 13 when 1t was
-500. After that date, it gradually decreased until December when
it was -1400. During the 1968 geason, there was even less varia-
bility, and the minimum matric potential occurred in February 24
with -1320 Joules per kilogram while the maximum occurred on May 10
and June 20 with -1120.

The next deepest layer, thet centered at the 120 cm depth, had
larger variabllity. During the 1997 season and until May 9, the
matric potential was -1500 Joules per kilogram or less. Belween
May 16 and August 7, it varied but the maximum never exceeded -1150.
The r.ut of the year was -1%00 or less. During the 1968 season,
the matric potential waried between & méximum of -900 &nd & minimuom
of =1500 or less, Minima pccurred in the first half of May as well
as during late Jume or July. The maximal potential was recorded at
the beginning of the season in February and early March and a2t the
end of the year, after September,

The deepest soil layer in the winterfat stand showed root den.
sities different from those recorded at the other depths and stands,
The matric potential varied between -0 and 190, It never was
below that value even at times of the year when the matric potential

on the 30 om layer was much lower. Thus the large asount ol
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available moisture present at this depth, as well as lack of utili.
gation, are indicators of the reduced significance of this deep
layer on the overall water cycle in the ecosystem where E, lanata

grows naturally.
Scils of the mixed stand of A. confertifolia - E. lanata showed

different results from the other twe sites, The 90 and 120 em

soil depths consistently had valuss less than -1500 Joules per kilo-
gram, The same oocurred in the deeper seil layvers. The only dif-
farence is thit here, thare was in one reading made on July 3, 1967,
a few weeks after intensive rains ococurred, a high valus of .30
Joules per kilogrim. However, this result is inexplicable con-
sidering the previcus results of soil water movement where the

upper layer remained below the permanent wilting percentages.

The matric potential in the upper 30 om layer wvaried consider-
ably throughout the season. Until May 16, the matric potential was
above -60 Joules per kilogram, as well s3 on June 13. A few
determinations in May, June, and July indicate that the matric
potential was at that time 220 and 420 Joules per kilogram, Tne
rest of the year 1t was always below -1500, During the last grow-
ing sedzon, the matric potential decreased from & minimum of 80
Joules per kilogram or belew with the excsption of September 1, when
it was ..380,

The matric potential on the 60 om layer was always below the
permanent wilting percentages during the 1968 season and most of
the previcus year. Om July 3, the matric potential was 220 Joules
par kilogram and late in June, <480 Joules per kilogram.

The Atriplex confertifolia stand showed similar patterns of soil
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matric potential variability throughout the year. The highest val-
ues in the 30 om layer were recorded during the early part of the
year, from April until July 13. From June 23 to July 13, the matrie
potential was between 0 and -110 Joules per kilogram. Before that,
the values ranged between -200 to -3560 Joules per kilogram, which
are in general, slightly lower than those determined for the eguiva-
lent layer under the other two stands. The rest of the year the
matric potential was below the permanent wilting percentages. During
February, 1968 season, the matric potemtial was -670 Joules per kilo-
gram and gradually increased until May 29 when it was at its maxi-
mum value uf 280, After that date, it gradually decreased until
May 17 when it was below the wilting percentage., Late in the season
on September 1, the matric’potential temporarily increased to -640
because of the additional moisture received from precipitaticn which
fell in August., The matric potential determined &t 30 om was always
less under A. confertifplia than on either of the pther two stands,

At 60 om, the matric potential of the A. confertifolia stand

was always below -1500 Joules per kilogram during the 1958 season
as well as most of the previous year. The highest matric potential
oecurred between June 23 and July 13,

The soil in the 90 cm layer remsined at or below -1%00 Joules
per kilogram during the two-year perled with the excepiion of three
opportunities when it surpassed that value and reached as high as
=520,

The deeper two layers studied on the Atriplex confertifolis

stand showed some varisbility throughout the year, The minimim of
=1200 Joules per kilogram occurred on the upper level at the end of



the 1967 season and was only -1200,while the maximuim was -720
and was meagured on March 29, During the previous year, the maximum
of -770 was determined on May 23.

In the 90 om layer, the maximum pccurred on May 16 and was 590
Joules per kilogram while the minimum, which often reached as low
as -1500, was between September 26 and March 23,

Results dealing with the matriec potential presented up te this
point clearly indicate that with a few exceptions, most of the
growth and development of the vegetation which naturally cccur inm
the stands studied happened when the metric potential was very low,
usually below the normal permanent wilting percentage or near it.
When the atmospheric energy conditions are not sufficient to cause
evapotranspiration of the moisture present in the soil, the tempera.
ture is so low that the vegetation is inactive and the addition of
moisture exceeds the lpsses. This is what happened during the colda
est part of the year, from December to March. During part of March
and 811 of April moisture conditions in the seil are the best. The
water potential in the upper layer, where most of the roots are
concentrated,is high, and evapotranspiration potential is small.
However, temperatures are still too low to have optimum growth.

Later in the season, temperature rises and so do growth of
the vegetation and evapotranspiration. The higher evapotranspiration
potantial which occurs in the middle of summer is responsible for the
greater moisture losses as well as the lower moisture potential in
the soil.

The actual lozses of molsture from the ecosystem have to be

less than the potential losses since the engrgy received during the
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growing season is capable of producing large water losses, much lar.
ger than the actual amount of moisture stored in the soll. However
this does not occur because it has been repeatedly demonstrated that
the actual evapotranspiration losses decresse as the water poten-
tiel decreases (Makking and Van Heemst, 1956; Blerhuizen, 1956).

Besides this, there is also & decrsase in moisture losses as tha
depth increases because the ampunt of energy received alse decreases.
Thus, the water losses by evaporation from the soil are minimal at
90 or 150 cm, and if it is not lost by the transpiration channel
from root conduction to the leaves, the molisture content is not modi-
fied, This is what happened in the 150 om layer in the winterfat
stand, where the water potential was high during the whole year,
even in late summer. The plants become dormant becsuse of drought
tut the moisture percentage or the matric potential did mot decrease
considerably,

The largest component of the total soil moisture potential,
matric potentisl was determined. It is expected that the salinity
only modifies the total soil moisture potential slightly. However
under any circumstance, even if there is only & small concentration
of soluble salts in the soil, this would mean an additional decresse
in the total water potential, Shadscale grew satisfactory on matric
potentials considerably lower than winterfat. If this is what actu-
ally bhappens, the results reported hers can well explain why E.
1_;1_“;':-5_ does not grow on the areas where A. confertifolia naturally

grows. However, it does not explain the opposite, why shadscale does
not grow on the winterfat stands. 7If shadscale is capable of sur.
viving under lower moisture potentiasl and removes from the soil
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larger amounts of water, then the mixed stands of both species could
not persist for long periods of time &and eventually E. lanata should
disappear. However, this is not the case. Z. lanata does not disa.
ppear or die when growing assoclated with the Atriplex, and neither
the pure stands of E. lanata are completely invaded and displaced
by it. Quite the opposite was found by Harper (1959). He concluded
that E. lanata thrives during drought whereas A. confertifolia fails.

Water relations based on the Law of Limiting Factors alene, and
its effect on the adult plants of both species is not the sole sim-
ple explanation for the distribution of these two species. The

mechanism has Lo be more complax.

Soil Salinity and Reaction

The percentage of total spluble salts in the upper 2.5 em of
501l associated with the three praszed stands varied according to toe
time of the year and the stand itself (Table 12), The results in-

diecate that the lowest value for the Eurptia lapata stand securred

on August 13 when the percentaze of total soluble salts was 0.05,
while the highest value was 0.03 parcent on June 20, During the
remaining part of the growing season it varied slightly, but most
of the time it was around 0,06 parcent.

In the mixed stand of Burptiz lanata and Atriplex confertifolis,
the lower percentage of total soluble salts was alse 0,05 percent
on April 20, while the highest was 0.07 percent on June 20 and July
26, During the remaining part of the growing season the percentaczes
were consistently 0.06,

The Atriplex confertifolia stand showed &t all times higher




205

Table 12, Percentage of totsl soluble salts and soll reacticn in
the upper 2,5 em of soil at three grazed stands and at
geveral dates throughout the 1958 season.

March April May June July August Sept,
atand 18 20 19 20 2 13 17
Salinity:
E. lanata 0.06 0,06 0.06 0,08 0,07 0,05 0.06

A. confertifolia 0.08 0.0 0.08 0,10 0,10 0.11 0.08
Mixed 0.06 0,05 ©0.06 0.07 0.07 0.06 O0.00

So0il reaction, pH
E, lanata 7.9 7.9 8.0 8.0 m 8.2 8.0
A. confertifolia 6.0 B,1 B, 1 8.0 - Be2 B.1
Mixed 8.0 7.8 7.7 4,0 - 8.1 7.9

values than the other two. On August 13, the percentage of total
soluble salts was 0.11, while the lowest value was 0.08 percent
on March 18, May 19, and September 17.

The soil resction for the upper 2.5 cm of seil is indicated in
t8ble 12, These soil analyses indicate that thers is only small
variability 4in the pH readings throughout the year from one stand to
the other. In the E. lapata stand, the pH varied from 7.9 to B.2.
The mixed stand had a range of variability of the pH from 7.7 to
B,1, while the pure stand of A, confertifolia varied from B.0 to 8.Z2.

The percentage of total soluble salts in the upper 2.5 to V.5

em of so0il is very similar to those already described for the
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surface (Appendix table LE),
The results indicate that in the E, lanata as well as in the
mixed gtand, the lowest value during the growing season wis 0.05
percant total soluble salts while the maximum was 0.08 percent.

However, the grazed stand of pure A. confertifolia had a maximum

value of 0.10 percent wihlle the minimum was only 0.07 percent., The
results indicate that the mean percentage of total soluble salts
was consistently higher for the shadscale stand than the other two.

The soil pH varied slightly throughout the year. Thus on the
E. lapata stand the range was from a pH of 7.9 to 8.2, on the A.
copfertifolia stand the range of pH variability was from 7.9 to
8.3, while on the mixed stand, the range was the same as that for
winterfat (Appendix lable 4B).

In the upper 15 em of s0il, the percentage of total soluble
salts was only slightly different from the results already pre-
sented (Table 49), For the pure stand of E, lanata as well as under

the A. confertifolia stand, the range of variability was from 0.0

to 0,11 percent.

The range of wariability of the soil pH during the growing
season for the E. lanata stand as well as on the mixed stand, was
from 7.9 to 8.4, Under the pure stand of A. confertifolia, the
lowest pH during the growing season was 7.7 while the highest was B.7.

The results of the soil analyses for salinity determinations
show that the variability in concentration determined at several
times of the year is small., The percentage of total soluble salts
at any time of the growing season wis too small to be of considerable

effect on the germingtion and growth of seedlings. This can be
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demonstrated by comparing these valuss with those of the study of
Workman and West (1968) and Clarke and West (in press). In both
cases high percentages of germination were determined with salinity
concantrations similar to the salinities determined for this study,
or even larger, Begides this, a direct demonstration that there
iz not & serious salinity limitation for the germination of Burotia
lanata and Atriplex confertifolia seeds was made in this study, The
seeds of both species, when placed on solls taken from various

gtands and depths,did not show effective differences in their ger.
mination percentages.

Seedling growth should not be affected with such low concent-
rations of soluble salts. This was alnuh eorroborated in apother
part of this study, when seadlings of E. lapata and A, confertifolis
were grown under greenhouse conditions.

It can be concluded from this study that salinity concentration
differences on the three stends at several depths in the upper 13
em of soil should not be considered important in the regulation of
the distribation of the two species in the study area. The limits
of tolerance for the two species, both for germination and seedling
growkth, are greater than the salipity values actually determined in
the study ares,

Growth as determined by the chapnge in dry weight of the plants
is highly relevant to the interpretation of ion effects on the
plants. The growth of A. confertifolia under growth chamber condi-
tions is an indication of the biological response of this species
to various concentrations of sodium chloride added,

The lowsst dry weight of the A, confertifolis plant tissue was

determined on those plants growing in the seil from the E. lapata
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stand without the addition of sodium chloride (Figure 72). The
total soluble salts in this treatment was 0.05 percent. The largest
dry weight per pot was produced on those solls with 0.35 percent of
total salts but as the concentration of saltse increasged, the dry
weight decreased, Concentrations of 1.25 and 2,45 percent were
regponsible for the death of some of the plants growing in the pots,
The lower concentrations of salinity in the soil caused mo mortality
of the plants despite the fact that the dry weight was reduced.,

The affect of salinity could be modified according to the age
of the plant. In this particular study, shadecale plants were
germinated and grown for several weeks without receiving additional
concentrations of salts. However, in 2 similar experiment, seeds
of E, lanata were germinated on petrl dishes. Immediately after
germination, they were transplanted to pots containing the same sub-
strate used in the previous experiment with shadscale. However,
this time no seedlings of E, lapata survived in those pots where
any addition of sodium chleride had been made, while all that were
planted survived in the check pots without addition of salts, which
only had & concentration of 0.05 percent of total soluble salts.
However, when additions of sedium chloride to pots were maﬂa to 8
week old plants of E. lansta, no mortality was observed at low con-
centration . Mortality increased as concentraticn increased and
nearly & one hundred percent death rate ocourred gtarting from 0,65
percent of soluble salts, and the death rate was even more prominent

at the 1.25 percent salt level.
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General DMscussion

A "population® i= a group of individuals of the same or simi.
lar species limited in space and time. This study deals basically
with populations and not with individuals. However to be able to
understand the ecological processes which are responsible [or the
presence of certain species in one arsa, 1t is [irst necessary to
know individual behaviour in the environment. The simultansous
reaction of every individual of the same species in the environment
where they live is equivalent to the addition of the partial imdi-
vidualistic reactions of every plant in the population.

This ressarch was designed to study the behaviour of several

populations of two species, A. confertifolia &nd E. lanata. For

sdch one of these species three populations were studied; a grazed,
an ungrazed, both of which were growing in pure stands with only
one dominant, and a population of the same species behaving as a
codominant with the other species.

At this point in the discussion it is important to emphasize
that there are two main approaches that may be taken to study the
distribetion of the species in a certain area., One is the "indivi-
dualistic" approach, while the other is the "population® approach.

A clear delimitation of the approach used in the previous work
has not been explicitly made., It seems that the previous work re.
viewed in connection with this research indicates the main objective
in mind wag individualistic. There are, however, in certein papers

indications that to a small degraee, some population thinking
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was also done.

It seems appropriate to start studying the causes of distribu-
tion of the species on 4 certain area with a individualistic ap=-
proach. The first question to be asked when studying the absence
of a population on a certain area is; are any of the environmental
factors, acting alone or holocoenotically, beyond the tolerance
limits for the individual of a certain species? If the answer is
ves,; it means that the individuals are not capable of surviving in
the existing environment because they are physiologically unable.
The physiology of the organism doss not permit the individual or-
ganism %o live and survive, and so the area has to be utilized by
other individuals of other species which are capable of living under
the existing envirommental conditions.

This is, then, one possible explanation for differential dis.
trivution of these two species in the salt desert shrub wvegetation
type. It could be said that winterfat grows in different areas than
shadscale because the physiologleal 1imits of tolerance for each
of these species are different. Winterfat lives on &ll those areas
where the environmental factors are physiologieslly fitted for the
individuals of this species, and shadscale lives also on the area
where the physioclogical tolerance of the individusls of this species
is between its tolerance limits. This is simply the application of
Shelford's Law (1937) to individuals in a community.

¥ost of the previous work bhas been oriented in this direction.
It is supposed that the distribution of the species is regulated by
certain unknown limits of tolerance of a certain unknown factor. If

this is the case, by simple measurement of the environmental factors
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where the individuals of the species live, it would be possible to
determine factors that contrel the distribution of the individuals
of the species. The exact location of the individuals could then
be predicted with only simple environmental measurement.

At the present time there &re, however, several arguments which
indicate that this line of reasoning is not adequate for explaining
the distribution of these plants.

For many years it wes thought that the tolerance limits of the
spacies was centered around salinity concentrations. It was also
thought that the exact percentage of salinity limiting the tolerance
and hence the distribvution of these two speclies could be exactly de-
termined, Time and effort has proven that thers is not an exact
limit of salinity tolerance. Later other studies indicated good
correlation between certain other soil factors and the distribution
of the species. However, the limits of those factors were extremely
variable.

Later it was also thought that the limit of tolerance should be
best expressed at the scotone or alterne between the winteriat and
shadseale stands. However. despite the numerous studies conducted
in this respect none of them hag proved any limit of tolerance
which could completely and exactly delimit the distribetion of the
species, Besides this it would be very improbable that shadscale
and winterfat have evolved fitness toward such a perfect tolerance
limit. This line of reasoning would lead to assertions that shad.
scale cannot grow because the tolerance limits are beyond the actual
tolerance for the species at the point at which the range of tole-
rance for winterfat starts.
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To check this point in this research, an experiment vas designed
to study Af there was any inherent characteristic of the soll which
would delimit the growth or germination of these two species. The
remilts demonstrated that plants germinated and grew perfectly
well, and often better on soils where other shrubby species of the
same area naturally grow than on their own soil, This was under
absence of interference and uniform climatic conditions.

From an edaphic and climatological point of view all evidence
indicates that these two species are physiologically capable of
living under the physicel environment where other species or eco-
types live. Their range of physiclogical tolerance is broader than
the magnitude of the actual environmental factors found in the aress
where they are present. This is the answer to the first question
epunciated above.

If & simple physiclogical explanation is not satisfactory, thea
an ecological explanation could be the answer, The second question
to this problem is: Aif the individual organisms can successfully
live, grow, and develop in an area of much broader characteristics
than the one they actually occupy, Why is & population of those
Very séme organisms absent?

The answer to this question is "interference," IL is obwvigus
that if twe or more populations can occupy exacily the same area,
because their range of tolerance is bevond the actual mapnitude
of the environmental factors present on that area, and only one of
them is present, this means that the species absent is not there
because the other is present.

The explanation of this is based on the principle of competitive
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exelusion or Gause's Rule, which states that no two species can
occupy exactly the same niche, Thus if the physiological tolerancs
of the individuals of two or more differsnt species or scotypes
permit their growth and reproduction on that partioular area, only
one population would remain because they are competing for only cne
niche.

Interference is, however, a term too broad, and in this dis-
cussion it would be useful to present it in a more specific way.
First, it mast be remembered that no matter what is the cause of
the presence of & population of individeal organisms, the walee of
r; or rate of population growth 1s responsible for 1t.

The population has certain properties that indiwviduals don't
have. Among these it is important to remember the birth rate (b),
mortality rate (d), and migration rate (m). The magnitude of r is
a consequence of these three characteristics of the population.

r=bod+m
Thas, the rate of population growth is egual to the birth rate
minus the mortality rate, plus or minis migration depending upon
whether thare is immigration of organisms or disseminules or emi.
gration.

At this poinmt, Liebig's Law of E.hiti_ng Factors could be useful
in understanding the mechanisms which finally are responsible for
the presence or absence of a population in one area. Liebig's Law,
as amunciated by Wollny (1B91), is as follows: "each vegetation fac-
tor beginning with a lower 1limit (minimum) increases the productiv.
ity power of plants with each increment of intensity or amount up
to a certain optimum value from which peint, however, with further
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increase of the active factor the productive power steadily di.
minishes until growth finally becomes quiescent or is completely
destroyed {maximum)."

The Law &s originally emunciated by Liebdg's (1855) or as later
modified by Wollny (1691) is not fitted to explain the distributiocn
of populations. Liebig, himself, and the other researchers who
erunciated and modified it were agricultural chemists or agronomists,
and ware interested in individual plants or in agrieultural erops.
They did not try to apply it to more complex ecological situations.
The principle was only applied to yield of green tissue or seseds.
However, it is now believed that it is also possible to apply it to
sltuations much more complex than it was originally used for.

No matter which is the ultimate cause or factors responsible for
the distribution of species in the salt desert shrub vegetation typse,
the actual mechanissis are centered arpund r. If any species invades
a certain area and remains there, it has to have, when the popu-
lation is increasing, a value of r larger than sero, while later
when the population is in equilibrium r is equsl to zerc. If a
population, at no time and under any circumstance is fitted teo have &
value of r larger than zero, then it has to become absent from the
area, If the mortality plus emigration of winterfat or shadscalse
on & certain area is always greater thapn the birth rate plus immi-
gration, the population cannot be found permanently present in that
environment,

Under sanvironmental conditions such as those found in Curlew
Valley, E. laneta and A. confertifolia are capable of growing and

developing on areas where other species dominate. However, despitas
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the fact that their physliological tolerance would permit them to
live and reproduce under the edaphic and climatic conditlions where
other dominants live, they are absent. Their absence under a faver-
able physiolopical environment can only be explained on the basis
of the rate of population growth.

The Law of Limiting Factors could now be enunciated to explain
the absence or presence of populations on certain areas. It would
be ag follows: each physical, chemical, or biologleal environ-
mental Tactor, beginning with & lower limit of less than zero (mini-
mum) increases the rate of population growth with sach increment
of intensity or ampunt up to a certain nptiulml value {rom which
point however, with further increase of the active factor {(méximum),
the rate of population growth steadily diminishes until it finally
pecomes less than gero. Thus Af any environmental factor, acting
independently or holocoenotically, is responsible for having -a rate
of population growth (r) of szero or less at its maximum possible
value which could paturally ccour under the nstural environment,
the species would be absent from the area.

This study has demonstrated thet winterfat and shedscale can
successfully germinate, prow, and recroduce under soils where other
plant communities naturally grow, and this species is completely
absent. The only possible reason found at this moment is that the
lack of success can be fully explained by the Law of Limiting Fac-
tors 8t ihe population level as enunciated hera,

In this research mortality rate of adult plants and migration
were not studied. However, birth rate and mortality of seedlings

were studied and constitute an important component of the value of r.
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Despite the fact that the information obtained from this study is
not complete,it is adding sdditional data which would help toward a
better understanding and interpretation of the distribation of
plants and plant communities in the salt desert shrub vegetation
type.

The migration value for these two species seems to be very low.
The seeds of winterfat and shadscale don't desseminate very far.
There ars several facts obgerved and determined in the field which,
make one think this way. In the first place, no seedling of eny
pther shrubby species wias found on the pure stands of winterfat and
shadscale, However, only a few meters apart there were encugh adult
plants which could have produced many seedlings im the nearby
stands of the other species.

A. confertifolia fruits are heavy and thus most of them fall
just under the female adult plant which produces it. However, some
of them are found at a few decimeters. E. lanata fruits are also
mostly concentrated arpund the adult plant which produced it. These
statements can be backed by two facts. First no fruit, seed, or
seedling was found further than a few meters from the adult plants
from the same species. This indicates that the chances of dissemi-
nation for these two species ere very smaell.

A second argument in faver of low dissemination is related with
the actual distribution of seedlings in the field., It was found and
demonstrated that the chences of germination &nd emergence under
natural conditions increases as the litter concentration over the
surface also increases. The litter concentration increases as the

distance from the plant decreases. It was concluded in this study
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that the main reason [or the heterogeneocus distribution of germin-
ated and emerged seedlings arlses from the heterogensous distri.
bution of seeds, Sesds have the tendency to fall by gravity and
remain very near to the place where they are produced,

Among the shrubby species studied there is one exception, that
is Artemisia tridentata. Seedlings of this species ware found grow-
ing in dense, localized clusters in the pure winterfat stand. How-
ever, it was always related with the clossness of some isoclated
group of seed producing plants of big sagebrush. Besides this,
seedlings of this species were abundant &t only one side of the
putative parent and 1t is precisely on the same direction of the
predominant wind; while on the other side, A. tridentata seedlinzs
were absent.

The seeds of big sagebrush are light and the plants produce
abundant amounts, and so by the influence of wind it is to be &x.
pected that they have a greater chance of seed migration to other
arsas and also the possibility of germination and establishment.

The results also demonstrated that there is pot eny interspecific
interference between this species and winterfat. Seeds germinated,
emerged, and established in the pore stand of winterfat.

Similar results were found on the ecotone. Seedlings of winter-
fat and shadscale emerged &nd established themselves independaent
of interspecific interference. Intraspecifiec interference could
be of tha same magnitude as tha competition produced by other shrub.
by species.

The chances of germination of seeds on Soils from the five dif-

farent stands were compared and the results indicate that seeds of
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the two species would have similar chances of garmination in all tha
locations. Besides this, the growth of seedlings in solils from all
five stands alsc indicates that they could develop as well or even
better than in the soils asspciated with their own stands.

All the data presented here lead to one conclusion, Sesdlings
of these two specles were not found because the chances of actually
having seeds present in other stands is toe low, Despite this,
there is some chance of establishment. The few isolated shrubs of
shadscale on the pure stand of winterfat are a result of this. For
the other species such as big ﬁagabruah! the chinces of dissemina-
tion are somewhat greater and thus a larger number of plants or
groups of plants are found.

An average of 6142 and 2558 fruits of winterfat and shadscale
per ten square meters were produced during the 1967 season. Of
these only 981 and 566 produced sound seed. During the following
growing season 29.7 and 18,1 peedlings per ten square meters emerged
but 6.2 and 5.8 respectively remained alive at the end of the season.
If the avernge cohort shrinkage caleulated from previcous data were
uged, at the end of the third year only 1.5 seedlings of winterfat
and 1.1 of shadscale would be alive.

It is now easy to understand why the immigration rate (m) is so
important in all these areas where adult plants of the species are
not present. For eaéh 4093 fruits of winterfat migrated only &4 will
remain alive at the end of the first year and one at the end of the
third year. For each shadscale seedling alive at the end of the
third year, 2353 fruits have to migrate to the area and only around

5.3 seedlings would be alive at the end of The first growlng season.
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DMissemination and migration are the limiting factors and are
the reasons why there are not more seadlings of winterfat or shad-
scale in the pore stands of other speciess. The chances of dissemi-
nition and migration of disseminules decreases as the distance in-
ereagas, Thus the influence of & purs stand on & nearby stand is
mostly in the ecotone or alterne. Beyond these areas chances of
dissemination of seeds is very low and thus the probability of pro-
ducing new seedlings of the other species is negligible.

The few individuals of these two species which descend from
immigratory disseminules ware established despite the low chances
of success. However, under the natural conditions of the
anvironment, the physical, chemical, and biological factors influence
the intruding individual or cluster in such a way that the rate of
population growth of the invader is less than zero. Thus, after a
few months or years the invader population disappears and the stand
becomes pure again.

This process is continually occurring on all the pure stands
because of the environmental variability and the short distance be.
tweean stands, Thus chances of dissemination of one species to
other stands are low. A few disseminules migrate and establish in
the new location, but since the birth rate plus the immigration rate
in the new habitat is less than the mortality rate plus emigration,
the invader has to finally disappear,

In conclusion, the pure stands of winterfat and shadscale, as
wall a5 those of the other species remain thare because:

{birth rate + immigration) - (death rate + emigration rate)} = 0

Thus when a population already present has a value of r = 0, there
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is equilibrium &nd it does not change. The invader population can
survive for short periods of time becauwse of migration of seeds from
other nearby stands and because the individual organisas are physio-
logically capable of surviving in the environment where the other
population is in equilibriuvm. HOwever, since they dare unable to
indefinitely maintain a value of r equal or greater than sero, they
eventually have to disappear.

The results presented in other papers and reviewed for this re.
search seem to indicate that migration and dissemination have not
been considered, The relations between environmental factors and
their magnitudes actually determine where & populaticn lives. This
relation is valid only if m = 0. Under these circamstances r is a
consequence of only b and 4, and the envirponmental characteristics
are solely responsible for the rate of populatlon growth.

In Curlew Valley where the vegetation is composed by such a
mosaie of small areas of pure and mixed stends of different species,
it is expected that m has to be large. When this oceurs the lo-
eation of the stand is not & consequence of the envirecnment where
it lives, but also of proximity from the nearby stands. The location
of the escotones or alternes betwean stands is not necessarily an
indication that the environment at that very same point changes from
a value of zero in one side where the population succesafully lives
to & negative value on the other side of this transition. The
actual environmental alterne does not have to be congruent with the
vegetational alterne nor of the same shape. They could acutally be

located several meters or hectometers apert.
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SUMMARY AND CONCLUSIONS

Winterfat produced the most fruits and seeds per plant and per
unit area when growing in the mixed, grazed stand of A. confertifclia-

E. lanata and the least on the ungrazed, pure stand, Seed production
differences between the grazed and ungrazed stands of pure winterfat
were less than that for the mixed stand. The differences in seed
production of shadscale due to grazing were small in comparison with
those observed for winterfat.

Seed production results were hizhly varisble. The main factors
found to influence seed production were utilieation, density, and
wedther variations from year to year, A. confertifplia showed a low-
er variability than E, lansta in relation to these factors. E. la-
nata produced less fruits and seeds during 1968 than during the pre-
vious year, but kept the same basic relationships between stands.

The differences in seed viability due to salinity, scil molis-
ture matric potential, seed sgurce, and temperature were proportions
2lly less under the range of magnitude where the species grow netu-
rally, than in the germination studies. Thus the production of
viable seeds i3 not a limiting i ctor in the distribution of these
species;

Under the uniform climatiec conditions in the growth chamber
whers the germingtion studiss were conducted, it was dempnstrated
that seeds germinated in all the so0ils tested, The limits of
garmination tolerance for both speclies are mach broader than the

actual magnitude of the sdaphic factors where they naturally occur.




223

E. lanzta and A. confertifolia seeds did not germinate best in
the soils where they naturally occur. Germinstion site was more im.
portant than edaphie specifioity. The differences between buried or
non=-buried seeds as well as surface and deeper soil samples were
greater than the differences between stands.

Seedling growth in pots with different soils showed that the
nature of the substrate has important influences in seedling develop-
ment. Both species were directly affected in their growth when
different scils were used. If the plant is used as the best
indicator of the integrated affect of the environment acting holo-
coenotically upon it, the soil alone would not be the cause of the
restricted distribution of the species in the salt desert shrub
vogetation type. The soil itselfl would permit a much broader dis-
tribution of both species.

The results of the study on seedling growth and production
under natural conditions showed that the conditions for seed ger-
mination and emergence were faverable only during the first part of
the growing season. However, seedling mortality is high during the
first part of the growing season.

The pure stand of shadscale and the mixed stand of the two
species showed the most unfavorable conditions for seedling produc.
tion and survival. Two striking differences ccourred between the
grazed and ungrazed areas., The maximum density of seedlings was
greater on the grazed srea than in the ungrazed area. The other dif.
ference was that the proportion of reduction of density throughout
the growing season was grester for the sxcluded area.

The resulis obtained in this study indicates that interspecilic
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interference in the mixed stand between the annuals and the seed.
lings of shrubby species was mainly responsible for the density
reduction of the perennials.

The 1966 season was characteriged by a fair procduct.on of
winterfat and shadscale seedlings. The following season was a bad
one Tor winterfat and better for shadscale, while 1968 was excellent

for Eurctia lapata seedling production, but very poor for Atriplex

confertifelia, The latter year was the only season when seedlings

of Artemisla tridentata were recorded,

Those microhabitats where there is a greater density of litter
cover show the greatest chance for seedling emergence. Howaver,
despite the fact that the real cause of this difference was not de-
termined,it seemed that one of the most importent fectors is the
heterogeneous distribution of seeds in the stapnd. The seedlings
surviving the longest were larger than these dying younger. The size
axprassion of differentizl mortality appeared early in the season.

Variation of seedling density indicates that the cohort
shrinkage of seedlings from the third to the fifth year is minimal
or absent, The largest shrinkage in density occurs during the first
Erowing season. During the second seaspn, the rate of mortaliiy of
the surviving population was slightly reduced. From the third
seison on, the reduction wes even less. The growth of the sesdlings
at this time was mostly a function of the availability of environ.
mental resources &s well a&s the competitive abilities of the seed.
lings. Age was not the primary factor,

Most of the growth and development of the vegetation occurred
when the soll moisture matric potential was very low, usually below

the permanent wilting percentage or near it., Soil meisture recharge
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occurred mainly during the coldest part of the year from December
to March, During the latter part of March and through April, mois-
ture conditions in the soll were the best. However, temperatures
were still too low for optimum plant growth.

Moisture losses from the soil were minimum at the 90 to 150 ¢m
depths. At these depths the melsture content did not vary much
throughout the year, and often the matric potential was greater
than in the surface scil. The purse stand of winterfat had a matric
potentiazl wvalue at the 150 em depth almost as hipgh as the Tield
papacity during most of the year, even late inm the seascn when the
plants became dormant. The greatest variabllity in soll moistura
content threughout the year ccecurrsd within the upper 30 cm of soil
and decreased at the 60 and 50 cm and deeper levels.

Moisture relations apparently have a greater influence on adult
plants than seedlings. Seedling producticn was mostly a function
of viable sead availability and germination sites. Early in the
growing season, if there were enougl viable seads, germinaticn was
good. Seed avallabllity Lis the most important factor controlllng
seedling production, and molsture is directly related to seed produce
tion.

The hypothesis develpped to explain the distribution of these
two species on the area studied is as follows: From ap edaphic and
elimatologleal point of view, s&ll the evidence reported in this re-
soarch as well as that previously provided by other authors on this

subject indicates that Atriplex confertifolia and Eurptia lanata are

physiologieally capable of living under the physical environments

of other species or ecotypes living in nearby stands. Their range
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of physiological tolerence is brpoader than the magnitude of the act-
usl environmental factors found on the &rea where they are present.

This study has demonstrated that winterfat and shadscale can
successfully germinate, grow, and reproduce on soils where other
plant communitles naturally grow, and these species are completely
absent. The most likely explangtion lor the lack of success is
the Law of Limiting Factors at the population level, &s enunciasted
here. It is as follows: Each physical, chemical or biological
environmental factor beginning with a lower limit {(minimum) of less
than zero increases the rate of population growth with each incre-
ment of intensity or amount up to & certain optimum wvelue, from
which point however, with further increase of the active factor
{maximum) the rate of population growth steadily diminishes until it
finally becomes less than zers. Thus, if any snvironmental factor
acting independently or holocoenotically is responsible for influ.
encing & rate of population growth of zero or less at its maximum
possible value which could naturally ocour in the environment, the
population would be absent from the area. Only occaslonal indi.
viduals can be found dus to chance migration of disseminules from
nearhy areas,

Tha results and conclusions reached in this study were ob.
tained only from a limited number of years and one study area,
Curlew YValley. The conclusions reached here it these data and
study period., However, under different snvironmental conditions, in

different places or yeirs, the results could be different,
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Table 13. Mean monthly absolute maximum and absolute minimum pre-
cipitation for the period 1956-1965, in Curlew Valley
The mean monthly precipitation for the

{FWBI 1955}1
last years is from Cook and Stoddart (1966, 1967).

Freczipitation in mm

Month 1956 - 1555 Hornthly
Absolute Absolute

Mean  Maximum Minimum 1566 1967 1968
January 17.7 ué,0 0.0 1.5 13.7 12,4
February 16.3 3.2 h.7 11.0 9.7 20,6
March 16.5 36.0 h,5 7.0 1.7 15,1
April 20.0 53.7 0.0 2.7 W, 5 12.4
May 1.0  100.0 9,2 22,0 27.7 93,0
June 2l.2 62,0 2.0 13.7 114.7 hl,.2
dunly 11.7 30.0 0.0 1.5 bh§.5 B.2
August 21.0 76.7 0.0 9.7 1.5 B4.0
September 15.5 hB,7 0.0 9.7 1.2 16.5
October 13.0 26.7 0.5 0.0 2.7 13.7
November 15.7 65.5 0.0 22.0 1.5 B.2
December 16,5 Lz2.0 0.0 137 16.5 3.5
Yearly values 230.2 J11.0 168.0 1ihk.5 3009 300.6
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Table 1&, Hean monthly temperatures for the peried 1956-1965 in
Curlew Valley (Fears, 1966), snd mean monthly tesmpera.
ture of the years 1967 and 1968,

Temperature 4n “ C

Month 1956 = 1565 Mean monthly

Mean  Maximum  Minimum 67 1068
January - 5.1 1.5 -11.8 ———— - 6,2
February a 1.7 L0 - T.h . 0.3
March 1.h 7.9 - 5.1 S 3.7
April 6.8 1h.1 - 0.7 Seid k7
May 11.8 20,0 1.6 13.1 10.B
June 16.7 25.7 7.6 15.6 17.0
July 21.5 n.. 11.6 2h,7 23.9
August 20.2 30.2 10.3 25.5L 19.9
Septenber 14,8 2h,2 b 1% 18.0 13.9
Ootober 9.3 18.5 0.3 8.7 —
Hovember 1s3 8.1 - s 3.2 SR
Decenber - 3.0 2.9 9.1 - 5.0 ——

Yearly values 7.8 15.8 = U1 e e
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Table 15. Hypothetical ealculations of the number of viable seeds
of E. lanata produced per ten square meters. The values
were calculated by using the germination percentages oba
tained by Worlman and West (1967), and the actual values
of seed production in this study during the 1957 season.
The actual number of seeds produced are 898 for the
grazed stand, 491 for the exclosure, and 155 for the

mixed stand.
Concent-
ration % Viable Seeds in Stapd
Eg:jg' of Nafl Temper-  Germi-
4 ture nition Orazed Exclosure Mixed
La Sal 0.0 Low 98 BB0O 481 1522
0.5 Low 93 835 156 15415
1.0 Low gh Bl hil 1461
2.0 Low hy hzz 231 730
3.0 Low 5 L5 25 78
L.0 Low 1] & 8] i
La Sg1 0.0 High o BEg L8& 15%8
0.5 High a7 87 L76 1507
1.0 High az 736 Loz 1270
2.0 High 3 305 167 it
3.0 High 5 b5 25 78
L0 High 1 9 5 15
Cisco 0.0 Low 94 B&2 b7l 192
0.5 Low Ty 709 388 1228
1.0 Low Ty 359 196 b2z
2.0 Low Lz 377 206 653
3.0 Low & 18 10 71
b0 Low o o 4] 4]
Cisco 0.0 High 1G0 B598 491 155
0.5 High 88 790 b2 1368
1.0 High sy 512 280 288
2.8 High 20 180 il ] 11
3.0 High & 54 29 93
k.0 High 2 18 10 g1l




2h3

Table 16. Hypothetical calculations of the number of viable seeds
of E. lanata produced per ten square meters, The values
were calculated by using the germination percentages ob-
tained by Springfield (1958) and the sctual values of
seed producilon from this study during the 1957 season.
The actual pumber of sesds nroduced are B9E for the

grazed stand, 40]1 for the exclesure, and 1554 for the
mixed stand,

Seed CGermination Molsture Germi.

Source Temperature Strass netian TLADL® Seeds in Stand

At. % Graged Exclosure Mixed

Horse B6.68 0.0 Bo 799 137 1363
Springs 0.3 o0 apa uhz 1398
3.0 B& 70 b3z 1368

7.0 51 L 58 250 793

15.0 11 99 Sl 171

53 0.0 o0 808 L2 1399
0.3 gl Buh L&l 161

3.0 B3 745 (T 1260

70 B3 Th5 Lo 1250

15,0 3 86 211 B6E

7 0,0 &0 718 357 12553
0.3 81 727 398 1259

3.0 71 637 349 1103

Tab &7 a0z g ] 1041

15.0 g 4 287 157 La7

Corona 8668 0.0 al 78l b1z 1305
0.3 &7 &0z 329 1067

3.0 57 512 260 886

7.0 37 33 182 275

15.0 5 L5 25 78

53 0.0 81 727 378 1259
0.3 79 709 388 1228

3.0 79 709 386 1228

Tl a7 602 329 1041

15.0 29 250 152 L5l

7 0.0 B0 718 393 1243
0,3 80 718 02 1243

3.0 76 682 73 1181

70 B1 chB 299 QL8

15.0 29 260 1h2 b5l
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Table 17:. Hypotheticel caleoulations of the number of wiable saeds
of A. confertifolia produced per ten square meters. The
values were calculated by using the germination percent-
ages nbtained by Vest (1952) and the actusl values of seed
production from this study during the 1967 season. The
gctual number of seeds produced are 350 for the grazed
stand, 317 for the exclosure &nd 317 for the mixed stand.

Extract of Part ate Percent Viable Seeds in Stand
Bracteoles Used Oathered (Oemmination Grazed BExclusion Mixed

Whole Dec, 1 to

fruit April 15 0 0 0 0
Excised
Seeds Dec. 1 20 70 63 206
Dec.1& 15 R by 155
Jan. 2 10 35 32 103
Jan.17? 10 35 32 103
Feb, 1 5 17 16 22
Feb.1l6 5 17 16 52
Mar, 1 245 9 8 26
Mar.15 5 17 16 52
Apr. 1 15 e ¥ 0y 155
Apr.l5 30 105 25 10
Full Excised
strength Seeds o 0
113 o ¥
115 Died off 0
1:10 b5 157 143 L&Y
1:20 &5 227 206 671

Distilled
water L 262 237 L
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Table 18. Mean percentage of emergence of A. confertifplia seeded
in pots under growth chamber conditions. The soil sam-
ples were taken from Curlew Valley from areas where na-

tural communities of A. confertifolis, E. lanata, A.

nuttallii, A. tridentsta and the mixed stand naturally
il samples were taken from the upper 0 to 2.5
em and from 2.5 to 25 cm depths.

ZrowW.

Source of Substrate

Days After Seeded

Stand Denth T [ g 10 yI 1%
Peat Moss 2 15 19 20 20 20
Filter Panar
(Petri dish) 7 B 12 15 21 23
E. lanata 0.5 1 & 10 12 15 15
E. lanata 2.5=25 0 g 2 3 3 3
A. copfertifolis 0-2.5 o il & & 9 10
A. confertifolia 2 5=ih H 3 f 5 & 7
A. tridentsta 0=Z.5 o b (f 9 10 13
A. tridentata 2.5-25 0 1 5 6 & 7
A. nuttallii 0-2.5 1 5 7 9 9 10
A. nuttsllii 2:5=25 0 1 1 1 1 2
Mixed 0=2.5 o I 7 N 13 113
Mixed 24 3=23 o 3 b é & é
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Table 20, Mean percentége germination of A. ngnfnrtif%ii seeded in
petri dishes, on the surface of several substrates under
growth chamber conditions, There was & 13-hour light
period with 15 C and an 1ll-hour dark peried with 4.5 C,
with no control of relative humidity.

Source of Substrate

Tep Days After Seeding

Stand (cm) 3 5 7 10
Peat Moss 10 2k 29 U
Filter Paper 3 9 11 1k
E._ lanata O=2.5 I ” 9 13
E, lanata 2.5.25 7 12 1k 17
A. confertifolia 0.2.5 6 10 12 19
A. confertifolia By BB oy g 11 el
A. trideptats 0=2.5 5 10 19 20
A. tridentata 2.5-25 1k 18 20 21
A. nuttallii 0-2.5 B 1 18 22
A, nuttallii 2. 5=25 b 10 3 1L
Mixed 0-2.5 b i 18 25
Mixed 2,525 7 12 13 16
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Table 21. Mean percentage germination of E, lanata seeded in petri
dishes on the surface of several substrates, under growth
chamber conditions. There was a 1lhour light pericd
with 15 ¢ and an ll-hour dark period with 4,5 C, with no
control of relative humidity.

Source of Substrate Days After Seeded
Etand Depth (cm) —3‘;’5—'—'55

Peat Moss 23 33 3
E. lanata 0.2, 5 21 35 39
E. lanata 2,525 26 36 ho
A. confertifolia 0=2.5 2h by L3
A, confertifolia 2.5-25 21 28 N
A. tridentata 0-2.5 16 1 35
A. tridentata 2u5-25 15 35 ¥
A, nuttallii 0-2.5 14 15 15
A. nuttallil 2a5=25 2h bl L3
Mixed 0=2.5 23 92 32

2.5.25 16 27 2B

i




Table 22. Orowth of Atriplex confertifolia in pots in the growth
0 greenno

chamber an
were taken at two different depths from ereas where five

different plant comminities neturally grow.

29

use in soil from Curlew Valley.

Soils

Source of Soil

Helght ém} Lunafglant Weight (g)

Stand Depth (cm) days days days days days
E. lapata 0-2.5 6.1 B.3 37 7 038
E. lanata 2,525 .2 B.7 23 Ly 0,151
A. confertifolia  0-2.5 6.6 8.5 28 65 0.,3%
A, confertifolia 2.5-25 6.9 8.6 22 hg 0167
A, tridentata Om2a 7.1 W0 » &1 0.33%
A. Lridentata 2.5=-25 6.2 79 20 i 4 0.136
A, nuttallil [ b P Tsd a7 hg 0,206
A. puttallii 2,525 5,7 £.9 21 35 0.1m
Mixed 0-2.5 5,3 G0 23 2 0,245
Mixed 2,5-25 L2 7.6 19 2] 0.083
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Tabtle 39. B5Size of seedlings of the shrubby species on September Zi,
1968, in Curlew Valley plots.

Species . Sea Enl; Emerged ;

E. lanata | Q== 3.0 7.4 5.0 1.9
| 95.0 235.0 75.0 17.0
HL - 285.0 1746.h  375.0 32.3
A, ertifolia H T 6.3 - PR, (RS
L 25040 mmman 208,0 211 [ 1 —
HL. 15000 wcowee 13004 150.0  ceee
A. tridentata ; L5
L 2l.0
ML e —— 1.9

H = height (em)
L = number of leaves
HL= product of height (cm) x number of leaves
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Mean soil moisture percentage by volume in three stands at several dates during the 1967

Table L2,

Meagsurements were made by the neutron scattering method.
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Mean soil mpisture percentage by volume at three stands at several dates during the 1968

Table L3.

Measurements were made by the neutron scattering method,.
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Table 45. Mean soil moisture percentage by volume at several matrisc
| potentials and depths on the grased E, lanata, graszed A,

and mixed stand,
Matric
b (em
Potential & ] F_Lga 120 150
E. lanata
- 13 19,04 18, 50 22.91 21,01 23,80 92,45
- BbY 15.17 15,19 16, 26 1k, 80 1k, 80 22,00
- 104 1h,.04 12,80 s, 62 12,49 12.57 17.B6
- 300 11.28 10.51 11.11 g, 81 9,99 12.53
- 500 10,32 9.29 10,45 9,01 9.55 11.29
=1000 8.96 B.20 9,62 8.7 g.18 11.41
=1500 B.76 8.06 8.80 7.83 8.% 10, %
Mixed
- 1 19.53 19,58 25,90 30, kLl 31,97 3&- 08
= E? 151-112 l#! _55 lﬂl ﬂ 15*?'5 El-lE- Zi Jl- Iurl'-
- 100 13.63 12.78 15,80 16,08 17.77 18,17
- W00 10.42 10,80 11,37 11.95 12, 37 1h,87
=1000 8.77 B.135 9.98 10,46 10, 6 12,10
=1500 8,77 B.35 g.78 9.57 10,56 11.74

A. confertifolia
33 33.38 27,60 33.85 J2.u3 3,96 37.77

- 67 29.87 27 %2 23.15 2h.68 29,21 32,74
= 100 28.03 22,65 20,53 21.53 25,72 29, 57
- X0 22,66 13,07 15.15 1s,12 17.65 20,64
- 500 20,17 16,61 1342 12,94 15.06 17 .60
1000 16.62 14,11 12,38 11.22 13.18 ik,98

=~1500 16.83 1h,13 11.95 11.26 12,33 1L,4L9

L=
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Table L7, Mean moisture percentage by volume at several matric po-
tentials in the upper 2.5 cm of s0il 2t thres grazed

stands.
Hgtﬂc potential Stand
E:iui:;rg.:r E. lanata Mixed A. confertifolia

33 19.28 20.63 32.79
- &7 15. 54 16,77 27,85
- 100 13.78 1L, 57 2h.84
- 300 11,08 11.65 19.99
= 500 10.50 10.65 17.03
=1000 B.94 P 1k, 35

1500 8,63 9.35 1k, 33
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Table 48. Percentage of total soluble salts and spil reaction in
the upper 2.5 to 7.5 cm of soil at three grazed stands
and at several dates during the 1963 season.

March April May June  Aupust Sept
Stend 18 20 b1 20 13 17
Salinity
E. lapata 0.08 0.05 0.05 0.07 0.05 0.06
A, confertifolia 0.09 0.07 0.08 0,18, 0,10 0.08
Mixed 0.05 0.05 0,05 0,08 0.05 0.035
S04l reaction, pH
E. lanata B.2 B.1 B.1 7.9 B.2 B,2
A. cenfertifolia 6.1 8.1 B.0 7.9 8.2 B.3
Mixed B.1 8.1 79 Tad 8.2 B.0
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