University of the Pacific

Scholarly Commons

University of the Pacific Theses and

Dissertations Graduate School

1976

Growth responses of selected plant species on serpentine soil of
the western Sierra Nevada foothills

Preston Edwin Gray
University of the Pacific

Follow this and additional works at: https://scholarlycommons.pacific.edu/uop_etds

Recommended Citation

Gray, Preston Edwin. (1976). Growth responses of selected plant species on serpentine soil of the
western Sierra Nevada foothills. University of the Pacific, Thesis. https://scholarlycommons.pacific.edu/
uop_etds/1898

This Thesis is brought to you for free and open access by the Graduate School at Scholarly Commons. It has been
accepted for inclusion in University of the Pacific Theses and Dissertations by an authorized administrator of
Scholarly Commons. For more information, please contact mgibney@pacific.edu.


https://scholarlycommons.pacific.edu/
https://scholarlycommons.pacific.edu/uop_etds
https://scholarlycommons.pacific.edu/uop_etds
https://scholarlycommons.pacific.edu/graduate-school
https://scholarlycommons.pacific.edu/uop_etds?utm_source=scholarlycommons.pacific.edu%2Fuop_etds%2F1898&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarlycommons.pacific.edu/uop_etds/1898?utm_source=scholarlycommons.pacific.edu%2Fuop_etds%2F1898&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarlycommons.pacific.edu/uop_etds/1898?utm_source=scholarlycommons.pacific.edu%2Fuop_etds%2F1898&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:mgibney@pacific.edu

Growth Responées of Selected Plant Species on Serpentine

Soil of The Western Sierra Nevada

Foothills -

A Thesis
Presented to
the Graduate Faculty
éf the

University of the Pacific

In Partial Fulfillment
of the Requirements for the Degree

Master of Science

by -
Preston Edwin Gray

January 1976

[ I & (1 I T T}




This thesis, written and submitted by

Preston Edwin Gray

is approved for recommendation to the Committee

on Graduate Studies, University‘ of the Pacific.

Department Chairman or Dean:

= R Huwtbz

Thesis Committee:

i %_gli ' Chairman
Choiel

Dated aﬂé MJJ /f /6
(/ I




ACKNOWLEDGEMENTS

I wish to édknowledge my gratitude to Dr. Dale
W. McNeal whose encourdgemént. constructive criticism,
and helpful Suggestions.enabled me to complete my
research with a genuine feeling of accomﬁliéhment. I
also want to thank Dr. Lee E. Christianson'and Dr. David
J.-Carson for their capable assistance.which was willingly
of fered throughdut my research. Dr. David T. Hughes gave
generously of his time in assisting in preparation of
computor programs and analyzation of the statistical
results. My wife,'Bea.'helped me analyze my results and
typed the manuscript. I sincerely appreciate her commit-
ment and understanding from the conception.through the

completion of this thesis.

iii

Co
T

L
|




TABLE OF CONTENTS

CHAPTER o - PAGE

I. INTRODUCTION v v v v v v o o o o o o s o & 1
I7. LITERATURE REVIEW . 4. v 4 v v o o o o o » o o« 7

III. MATERIALS AKD METHODS . . . « v + + 4 o . . 15
Soil Samples « « v v v 4 4 . ; T
Seeds' © & 2 e 4 a3 4 s e 4 n e w e s s .15
Laboratory Procedures T 15

. Methods of Data Analysis . + « « + « « « « 20

TV. RESULTS « 4 v v v v v v o e e e e 0. 22

Vo DISCUSSION . v v v v v v v o v v v o o o v v 39
VI. SUMMARY AND CONCLUSION » v & v + o v o « + . L&
VII. LITERATURE CITED + v + v o 4 s o v o o + o » 45

iv



A Gl A L) Y fih R 1 g

TABLE
II.
ITI.
V.

VI.

VIi.

VITI.

IX.

XT.

XIT.

XIII.

XIv.

XV.

AVI.

AVII.

LIST O TABLES.

Chemical Analysis of Soil

Plant Species « « « + & o

Samples

[ L] *

Growth Response 3 weeks after Emergence

Growth Response 6 weeks after Emergence

Growth Response 9 weeks after Emergence

Cumulative Growth Response 3, 6, & 9

.Weeks after Emergence .
Chi Square Analysis . . .
Internode Distance Growth

Emergence + « « + « . &
Iﬁternode Distance Qrowth

Emergence + + '« « « « &
Internode Distance Growth

Emergence . + v « + « .
Dry Weight Growth 3 weeks
Dry Weight Growth 6 weeks
Dry Weight Growth 9 weeks

F Test 5‘11’15:1].}’815 . [ » . .

Growth Response Comparison by

weeks after Emergence .

Growth Response Comparison by

weeks after Emergence .

Growth Response Comparison by

weeks after Emergence .

3 weecks

6 weeks

9 weeks

after Emergeﬁce

after Emergence

SOilS 1 3
soils, 6
soils, 9

[ ] * L] L]

after Emergence .

PAGE

16
19
23

. 24

25

26
27

28
29
30
31
32
33"
3%
35

36

37




TABLE : : . _ " PAGE
XVIII. Number of Pots - Cumulative Growth

Response Comparisons by Soils « . . + . . 38

- Vi




vii

FIGURES

FIGURE e © PAGE A
1. Map of the Soil Sample Area . . « + . » + . . 18 s

RN




INTRODUCTION

The aﬁparent infertility of serpentine'soils and_the'
narréwly’restricted endemic Species:OCCUrring upon.thém have
aroused interest wherever serpentine floras are encountefed.
Sevéral chemically distinctive serpentine soils occur along
the west base of the Sierra Ne&ada Mts. in Caiifornia.

Thfee such soils, along with two non-éerpentine soils, were
selected to compare the growth responses of several native
plant species on serpentine and non-serpentine soils. These
species, planted in the five different soils, provided an
opportunity to study the soil-plant relationships.

Inrthe.Jurassic period, the Sedimentary.strata making
up the Franciscén, Knoxville, and the Cretaceous formations
were deposited err the fodthills of the Sierré Nevada (Leet
& Judson, 1971). Later, intrUsions of magnesium_tich_rocks
became'sérpentinized. These ultra-basic rocks are exposed
today_and have, through weathering, given rise to'many,types
of soil._‘One of these is the soil derived from serpentine
rock (Taliaférro,-1943); The essential mineral from whi.ch
serpéntine s0il is derived is olivine, (Mg Fe)3 Si 04, or
its hydrated form, serpentinite, H4 (Mg Fe)s Si Og. Al-
though serpentine soil is considered infertile for agricultural
purposes, it supports a_fich.flora‘inC1uding many narrow -
endemics wherever it occurs, Plant life on serpentinite

‘and other rocks of high magnesium and iron composition shows




striking‘discontinuities. There is stark constrast between
the barrenness of ultrémafic'aﬁd the luxuriance of cdntiguous
non-ultramafic sites (Kruckeberg, 1951). Ultramafic rocks,
including serpentinite, are rich in ferromagnesian minerals.
The discontinuity in habitat of flora featﬁres a pronounced
difference in species coﬁposition.

There are two major types of endemic species on
sefpentine solls. The first consists of depleted species,
those which were more widespread and variable in the past
but have iost most of their biotypes. These speclies are
rare and, therefore, may be conceived of in genetic terms
as being poor in biotypes and are so specialized that they.
can grow arxl compéte with other species in ohiy a limited
area. This group of ﬁlants, having the same genetic consti-
tution,is rare due to the depletion of its store of genetic
variability. Thus, the geographic distribution is reduced
and the number of ecotypes and bilotypes is decreased. The
species continued existence as a series of small, completely
isolated populations will eventually lead to the further
depletion of each population (Stebbins, 1942).

The second endemic type consists of insular species,
isolated species that have developed on an actual island
or on restricted habitats within continental floras. Since
insular and depleted species closely resemble each other and
may occur together on insular afeés, the differentiation

between the two types is a difficult problem. A general




__rulé for recognitioh is that-if.the endemic'is_cloéely‘
related to no other living form and is less specialized
morphologicaily than other Species, it is more likely a
depletéd species or a deri?ative of one (Stebbiné, 1942).
- Both of these types of'endemic‘speciés are represénted on
serpentine outcrops in California.

Any plant'that_has'an affinity for serpentine soil and
grows more abundantly on it.than,any_other soil 1s referred
to as Serpentiniéolous (Pichi-Sermolli, -1948). A more
specific term is serpentinophyte whi.ch referé.to plants
that have arisen within Serpentine areas and seldom occur
‘outside them. Many Serpentine'plants must be regarded as
relics, now growing on ser?entine scils only becéuse of the
specific edaphic-conditions created by the serpentine'rocks.-
~ Thus, serpéntinicolous relics have occurred outside serpen-
tine during earlier epdchs.‘ While these relics may still
occur in other-kinds_of soil within other parts of their
distribution areas, they tend to remain only in serpéntine
'areas where they havé been conserved 6Wing to specific
edaphic conditions (Runé, 1953).

The unsuitability of serpentine soil for agricultural‘
purposes is due to'their excessive magnesium content and
generally 1ow_ealbiﬁm content. Réduced vitality plus general
discoloration and chlorosis is the ultimate.result of this "
chemical‘combination._ Furthermore, the extractable

potassium is normally insufficient for normal growth and




this deficiency is manifested by stunted growth and'early
chlorosis (Donahue, Schickluna, and Robértson. 1971). There
is also a deficiency of certain micronutrients but they have
" a lesser impact on thé éoil_productivity (Greulach, 1973).
The'principal symptoms of micronutriént'deficiency are
intervenial chlorosis and general necrosis. Molybdenum is
required in smallef‘quantities.than any other definitely
established trace elemeﬁt,_l part'per 100 million-of culture
.solution being enough to prevent_molybdenumAdeficiency symp-

~tons (Greulach, 1973). Even with thisjmeagér-requirement,

serpentine soils are usually molybdenum deficlent. A chemical

comparison of serpentine;and non-serpentine soils reveals
that the méjorlcauses of soil infertility in serpentine
soils are deficiencies of macronutrients sﬁch'as calcium
and potassium and the micronutrient, molybdeﬁum (Donahue,
Shickluna, and Robertson, 1971).

Another reason for infertility in serpentine soil is
poor drainage and the slow infiltration rate caused by the
platy soil structure. The structure of serpentine soil
exhibits a matﬁed, flattened, or compressed appearance which
results in a lack of consistence, causing the water to
infiltfate slowly around the numerous plates forming the
s0il strucﬁure{ The overall result is a generélly dry soil
@ith a consisﬁence characterized by rigidity, brittleness,
and resistance to rupture or deformation. Because of the

platy structure, serpentine soil is not sufficiently open




" to permit free circulation of water and air causing a:
lower penetrance and retention than will support normal

plant growth (Donahue, Shickluna, and Robertson, 1971).

The xeric, transient spring flora of the dry serpentine

hills of California is comparatively independent of climatié'

conditions. Its presence is due to the serpentine rock

and soil whichrcreates a dry and relatiQely warm micrb-l
climate. The dry'cbnditions of thé microclimate are caused
by the poor drainage-éf serpentine soil while the warm
conditions are caused by the high heat capacity of the
serpentine rock (Rune, 1953).

The list of herbaceous rarities endemic to serpentine
has grown and continues to grow. It is the pressure of
competition that reduces biotype diversity and forces
ultimate confinement to serpentine. Some of these narrow
endemics appear to bé-depleted species; however, biotype
depletion need not be the prelude to extinction (Gankin &
Major,'1964). :Having found refuge as edaphic specialists
on serpentine, diversification within the serpentine

environment may ensue.

This study was undertaken to examine the growth responses

of various amnnual plant species on serpentine and non-
serpentine soils from the Sierra Nevada foothills and the
adjacent area.  Various measurements were taken at intervals

during the life cycle to-determine the comparative growth




‘patterns-on different types of soil. These measurements = | =

indicate the degree of serpentine tolerance and intolerance.




LITERATURE REVIEW

Plant 1ife on ultramafic soil has a particular
fascipation because of the discoﬁtinuity of pattern and
form compared to that of noﬁ-ultramafic soil. Geological
and Vegetational diversity go hand in hand throughout the
world., Biotic and environmental conditions intefact dn |
the iiving écosystem to produce a soil that gives uniqﬁe
vegetétional responses. Serpentine is oné of the unique
soils demonstrating this principle. It produces a vegeta-

tion composed of a large percentage of narrow endemics

with individual species sparsely scattered over serpentine-

outcrops and separated by extensive, completely barren
areas (Kruckeberg, 1969). |

In the western United States, Kruckeberg has done
extensive research on coastal serpentine habitats. The
most comprehensive of these (Kruckeberg,'1951)_examines
the intraspecific variability in the response of_selected
native plants to serpentine soil in the central Coast
Ranges. Thesg coastal serpentine soils have the same

general chemical composition as the Sierrian foothill

serpentines and they cover a much greater area.

‘Ultramafic rocks (e.g., serpentinite, periodotite,

dunite, etc.) occur in local or extensive outcroppings

- in the Sierra Nevada foothills. Only serpentinite will

be discussed here. The unique chemical qualities of




serpentinite.rdcks conﬁribute to the distinct and often’
spéctacular'discontinuities in regional plant distributions.
There are two petrological classes of serpentines - igneous
and metamorphic. | |

Weathered from predominantly ferromagnesian minerals,

the serpentine soil is dominated by high amounts of ex-

éhangeable magnesium and conversely ébnormally low amounts
of calcium. . Other nutrient-elements {(nitrogen, phbsphofus,
potassium, and-molybdenum) are believed to derive their
deficient status primarily from the interaction of the
adverse calcium:maghesium ratios_with bioleogical nutrient-
fikihg précesses_(Kruckeberg; 1969).

.Serpentine soils support a unique vegetation adapted
to survive under conditions that would be wholly unsuitable
for most species. The endemic plants have a physioldgical
toleranée to the exceptional.chemical conditions and the

means to accommodate the adverse physical environment.

Vepetation of the serpentine soil is always sparse and,

compared with that of adjacent nonfserpentine areas, the
number of species as well as of individuals is smaller

(Rune, 1953). Although slope, exposure, soil texture,

climate and other factors greatly influence soil productivity

and have caused the development of a xeric-adapted flora,

these effects are not unique to serpentine. All of the

intrinsic mineral peculiarities of the parent material

accentuate the character of ultramafic habitats; however,




physical properties alone do not account for the floristic

uniqueness of ultramafic rocks (Krause, 1958). Soil chemistry

provides the most disoriminating‘character.

There are many types of sérpentine and non-serpentine
_soii but what separates them into two distinct groups is
their chemical composition. The calcium:magnesium ratio
dictates whether a soil should be classified as ultramafic
(includihg éerpentine) or non-ultramafic. If the calcium:
magnesium ratio is less than one, the soil is ultramafic
and iﬁvariably infertile. Other chemical propertiesrvary
somewhat but this is the criﬁioal factor (Walker, 1954).
Other toxic effects in the plants are believed to be induced
by high chromium and nickel concentratiOné. The indigenous
flora has responded to these rigorouS'and demanding chemical
imbalances (Kruckeberg, 1969);l

The global distribution of'serPEntines.indioates that
many factors influence the rate of weathering of the mineral
constituents (Buol, McCraoken and Hole, 1973);_ 0f the
various chemical changes due to weathering, oxidation is
usually one of the first to be noticed., It is particularly -
manifest in rocks carrying iron such as the serpentine soil-
forming_rock,'olivine. In olivine, the iron is present in
the ferrous (Fet+) form. The ferrous iron is released from
its crystai formafioﬁ and almost simultaneouoly oxidized
to the ferrio form (Fet++). The hydration of olivine and

the release of ferrous oxide which is oxidized to ferric
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oxide (Hematite) is shown below:

3 Mg Fe Si O + 2H,0 > Hy Mg3 Si2 Og + Si 07 + 3Fe0
4 2 4 9 2

Olivine - Serpentine | Ferrous

Oxide
4 FeO + 0y — 2 Fe203

Ferrous Oxide Hematite

'.Hydrous‘silicates of magnesia are extensive rock form-
ing materials in some regions, and as such, reguire mention
as serpentine soil_formers also. Serpentine rdcks are
weathered until all essential elements become.available to
suppbrt 1ichenérand other lower forms of plant life. As
continuing generations bf lichéns grow, die, and decay, they
leave increasing amounts of organic matter. Organic acids
further hasten deéay of the serpentinite. Serpentine‘
usually forms blackish-green rock-masses with little
definite structure. Although soft, they disintegrate very
slowly and are vigorously decomposed only when charged with
ferrous oxide which is frequently the case. The conversion
of this into ferric hydrate,_cbmmon in nature, also serves
as the point of attack on otherwise stable rock; causing
it to crumble slowly; The solvent-action of water and the
jons it carries as it moves through and around rock and
mineral particles furthers the weathering process (Buckman
and.Brady, 1969).

A1l minerals, including iron, are subject to solution,
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gspecific climatic conditions determine'the'extent to which
it oécurs. The chemical composition_of.soils derived from
serpentine rocks may différ conéiderably, depending on'the
climatic conditions under which.the weathering has taken
place. In a humid and rather cold climate, only small
changes occur in the composition of the soil, as compared
with the'parent rock. On theiother hand, in a warm and
humid climate (Cuba and Puerto Rico), serpentine weathers
to a laterite soil from which nearly all magnesium of thé
parent rock has been 1éached.away (Robinson, Edgington,
~and Byers, 1935). Sierra Nevada serpentine soils fall
somewhere between the two examples but.still coﬁtain a high
percentage of exchangeable magnésium.

One_of'the‘primary reasons for the infertility of
serpentine soils is the relatively low base exchange
capacities, indicating an insubstantial conversion of parent
material to an active clay fraction (Kruckeberg, 1569).

Theré afe many variétions of serpentine soll throughout
the world and, while the chemical content differs in nearly
every‘one, thé common characteristic is their infertility. -
The composition bf.the serpentine flora may also differ from
one place to another; however, the general aspect of serpen-
tine floras are about the same in different parts of the world
(Rune, 1953). Prevailing characteristics of serpentine floras
are: 1. Reduced species number. 2, Alpine quality to the

vegetation (Arboreal species become sparse and often stunted).
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3. Species composition changes as opposed to adjacent non- f’
serpentine areas. 4.  Endemies few in number but comprising

a hipgh percentage of the total species. 5. Flora_has a

relatively xerophytic character. 6. Flora is dominated

by certain genera (i.e., Streptanthus, Quercus, Ceanothus,

Cupressus, Achillea, and Arenaria)., 7. Plant.species 
appear very disjunctively in serpentine localities. These
characteristics‘are no doubt common to all serpentine floras
even though changes in climate and species may occur in ' ;
various parts of thé world. |

Prevous experiments on growth response were performed
by several sciehﬁists (Walker, 1948; Kruckeberg, 1951).
Walker found that tomato and lettuce plants attained normal _ | B
growth on serpentine soil only when the'exchahgeable calcium
level of the soil was raised to values of approximately twice

that of exchangeable magnesium. Increases of other nutrient

chemicals were ineffective in decreasing the-marked déficiency
symptoms of plants grown on serpentine unléss the exchange-
able calcium waé also raised. Serpentine soils have been —
reconstituted with varying amounts of calcium, a nitrate-
phosbhate-potassium mixture and molybdenum and of these
(added singly), only calcium was able to bring about normal ' %:-f*f'
growth of a non-serpentine strain on serpentine soil. Nitrate,
phosphate, and potassium amendments alone at the lower calcium

level were ineffective in decreasing the marked deficiency

symptoms of plants grown on serpentine - the single most
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important limiting faétor was the'calciumamagnesium ratio.
A preater proportion‘of calcium was needed for normal growth
(Kruckeberg, 1951).

In another serpentine experiment, coﬁclusioﬁs ﬁere
drawn that'theiiﬁfertile nature of serpentine soils must
‘be due_to'thé toxic effect of the elements from serpentine
rock (Rune;.1953}. Also, Robinson et al (1935) determined
‘that‘the only general and dominant cause of infertility in
soilé derived from ferromagnesium rocks. is the compératively
high bercentages'of chromium and nickel. 'Anqther author
(Nbvak, 1928) has shown that the. high calciumimagnesium
‘ratio is probably not the main cause of the infertility of
serpentine scils. 1t is agreed that the occurrence of
unbalanced magnesium may be conducive to infertility but
other factors may be more responsible. When serpentine
rock is calcareous, the serpentiﬁe character of the rock
decreases. Calcium occurring as carbonate,has a.much gréater
positive effect on fertility than silicates of calcium. In
addition, iron-content.possibly contributes to the strange
charactef of serpentine soils. However, this iron theory
along with the toxic effect theory has been opposed by
" ‘numerous investigators (Gohler, 1928; Kruckeberg, 1951, 1967,
1969; Vlamis and Jenny, 1948; Whitaker, 1954; and Willey,
1967). The iron theory is opposed on the basis of anatomical

and histochemical studies carried out on plants grown in iron

guarries in Austria (Gohler, 1928). These studies demonstrated
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that‘a high‘irdn'content in the éoil does not influénce
plant grdﬁth.' However, since iron ocours there'as.aucar-
bonaté together with lime and the VégEtation consists mainly
of caleicolous plants, Gohler's conclusions are probably
based on conditions.inapplicable to Serpentine (Rﬁne,.1950).
Other ekperiments (Kruckebefg, 1951, 1969; Walker, 1948;
Wherry, 1944} conélude“that the most important chemical
éspect is the high magnesium and low calcium ratio, not the
high content of chromium and nickel. .The toxic effect of:
chromium and nickel is brbught about by the interplay of
the adverse calcium:magnesium ratio. | |

Serpentiﬁe is a residual or barren soil developing:

from special kinds of rocks that often supports a thin or

“discontinuous plant cover composed of relétively few taxa,

many of which are peculiar to this soil. Certain physiologi-

cally essential elements are present in critically low

‘concentrations and certain other elements are unusually

abundant and so soluble as to be toxic. Both conditions
cooperate to restrict the normal development of vegetation
in comparison with contiguous scils with better nutritional

balance.
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MATERIALS AND METHODS

S5pil Samples

- Soil samples were collected from three serpentine and
two non-serpentine sifes; The three serpentine soils vary
considerably in chemical make-up as indicated in Table I.
 The two non—serpentiﬁe solls were chosen because of their
distinct differences as well. -One, West_Lane, is an

extreﬁely fertile agricultural soll while the second, Don-

Pedro Reserveoir, is a relatively infertile, roadside soil

TN

in an area contiguous to one of the serpentine soils. The

- five soils were selected to give a cross section of serpentine
and non-serpentine soils. Locaticn of these soil collection
sites are shown in Figure I.

Seeds - i _ | . S

Seeds from twenty plant specles were used, including IR

domesticated tomato, Lycopersicon esculentum and buckwheat,

- Fagopyrum esculentum. The seeds of eighteen native plant

species were collected at the five soll sampling sites plus
various other localities throughout the Sierra Nevada

foothills. Table 11 lists plant'species and colleotion.

stations.

Laboratory Procedures

A1l soil samples were sterilized by heating at 100°C

for four hours. Seeds from the twenty plant species were

planted in 2%" plastic pots containing the sterile soil



TABLE I

Chemical Analysis of 5o0il Samples #

Soil Sample

Cation Exchange Capacity

©1.0 Normal Ammonium Acetate

1.0 Normal N, Acetate Extractable gxnquloo am) pH
Potassium Sodium Calcilum Value
{Serpentine)

Chinese Camp 12,8 meq/100 gns 0.22 < 0.1 3.6 6.0
Rawhide H31l ' 0.36 0.1 4.2 6.6
Tuolumne-Maripoesa 0.4 < 0.1 5.5 5.6
Don Padro Reservolo 0.36 < 0.1 4.3 5.6
West Lane 3.3 1.30 <0,1 7.2 6.8

% Chemical analysis performed by Nelson lLaboratories, Stockton, Ca.




Figure 1

Map of the Soil Sample Area
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A MAP OF THE SOIL SAMPLE AREA
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TABLE 11

Plant Species

MNunber Speciles 5011 Type- Location Collected No.])gi .;ggds
1. pMimnalus puttatus Serpentine . Rawhide 311 5
2, hogleeriana Serpentine Rawhide 14111 3
3. QGrihocarpus¥ lacerus Serpentine Ruwhide 1111 5
4. Velozia ripida VSerpentine Rawhide 1511 3
3. Githoupsis pulchella Serpentine Tuslumne-Mariposa 4
G 1_@1__1__ exipua Serpentine Tuslumne-Mariposa 4
7. Clarkia* biloba Serpentine Chinese Camp 4
8., Festuga® eastvoodiae Serpentine Chinese Canp 4
9. Velezla mﬁ Non-serpentine  Jet. Hwys, 49 & 120 3

10, Avenarvia¥® douplasii Serpentine Tudlumne-Mariposa 3
11. bMentzelia dispersa Serpentine Tuolumne-Mariposa 4
12. Streptanthus® polygaloides Serpentine Chinese Camp 4
# Denotes plants with positive pgrowth response in at least one soil.
TABLE IT (cont.)
Plant Species
Numbesx Species Soil Type Location Collected No.ng (ﬁ;{sdb
13. Centaurium floribundum Serpentine Ione (Hwys 24 & Tonzi Rd.) 5
14, Calygmdenia#* 111_111_‘_1 plandu-  Serpentine Tone (wys 24 & Tonzi Rd.) 4
osa.
15. Claxkia* arcuata Serpentine Hwy, 49 (% wi, 8. of 4
T E— : Calveras Riv.)
16. Castilleja Stenantha Serpentine Chinese Camp 4
17. Nevarritia filicaus Serpentine Tuciumne-Mariposa 4
18, Tanicunm hillmani i Non-serpentine Hwys., 108 & 120 (5 mis. &
rm———as - — E, of Cakdale)
19, TFaropyrum® ?.E.C_ZE]_"EE‘:“Q Mon-serpentine Domestic seeds 4
20. Lycopersicon® eseulentum Non-serpentine Domestic seeds 4

* Denotes plants

with positive prowih responsc

in at least one soll.

19




20

samﬁles. A total of twelve pots per species were planted
for each soil typé, The number of seeds per pot varied
according to the estimated growth potential of each species;
the number of seeds per pot is shown in Tabie IT.

A1l 1200 pots were positioned by species in a greenhouse,
then each of the sixty pots per species was randomly placed.
'During the study, all plants were watered to their field
capacity with distilled water. Each soil type of each
species‘was monitored and the emergence date of the first
seedling was recorded for each pot. A modal emergence date
‘was used as the starting.time of the threé week examining |
period of all pots.for each s50il of each species; The same
date was used for the six and nine week periods as well.
Three weeks after emergence. four randomly selected pots
for each soil and Species were selected and. the dry weight
of the above ground parts and internode distance between
the first and second nodes were measured and recorded.

The same measurements were performed six and nine weeks
after emergence and averages were ascertained for each of

these periods.

Methods of Data Analvsis

A computor analysis was performed to compare the
erowth responses between the species and soils. All com-
parisons with significance levels of « = 0.05 were

significant and considered too great to be attributed to

B A T [
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'chanée alone. The chi square and ANOVA analyses were. | -

performed at the University of the Pacific Cdmputér Center

usihg a Burroughs ASSIST package with a Burroughs B-3500 ‘ :wmhé_

Computor.




RESULTS

The growth responses for_the_eleven ge:minating species
are shown in Tables III - VI; These measurements aré por-
trayed for_botﬁ serpentine énd non-serpentine soils and are
for all threé eXamining'periods plus a cumﬁlative-total iﬁ
Table VI. The chi square analyses in Table VII are for
treétment (species and soil) / growth, soil / growth éﬁd
species [ growth, |

The next six Tables; VIII ;'XIII} reflect the plant
growth by intérhode_distance and dry weight. There is a "F*
test anaiysis; degree of freedom, and significance factor.
for both distance and weight shown in Table XIV. All sig-
nificance factors on Tables VII and XIV are less than 1%
and are therefore highly significant.

Tables XV - XVII depict growth response com?arison by
soils for the thfee, six, and nine week periods. The
cumulétive'growth response comﬁarisons by soilé is shown
in Table XVIIT. Ail three significance levels in this

‘table are greater than 5% and are not significant.




TABLE IIX

Grovwth Response 3 Weeks After Emerpgence

Number of Pots - No Growth/Growth

\L@Cies

Plantaro Orthocarpus Madia Clarkia Festuca Arenarita
S0i1 hookeriana lagerus exigue bilobha castwoodiae doup lasii
Serpentine
Chinese Camp 1/3 2{2 470 4/0 /4 4/0
Rawihilde Hill 272 2/2 of4 - 440 0/4 1/3
Tuclumne - 2/2 3/1 1/3 440 0/4 4/0
Mariposa . .
Non-Serpentine
Don Pedro 0/4 40 & /0 4/0 0/4 40
Reservolir '
West Lane 1/3 272 0/4 I/ 0/4 4/0
Species  Tocals &/14 13/7 9/11 19/1 0/20 17/3
TABLE XIT (eont.)
Growth Response '3 Weeks After Emerpence
Number of Pots - No Growth/Growth TSOLl
otals
. Species| Styeptanthus Calyeadenia Clarkia Faropyrum Lycopersicon
Soil ‘~\E“_ polyraloides multirlandulosa arcuata esculentum  esculentum
éé_f:_l;penti._nﬁ
Chinese Camp 410 440 4/0 1/3 a/o 32/12
Rawhide Hill a/a 3/1 2/2 /4 1/3 15/29
Tuolumne- 0/4 1/3 0/4 0/4 2/2 17/27
Mariposa i
Non-Serpentine
Don Pedro 212 470 2/2 0/4 - 0/4 24720
leservolr
West Lane 4/0 2/2 1/3 0/4 2/2 19/25
Species Totals  10/10 14/6 9/11 1/19 9/11 107/113
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TABLE IV

Growgh Response § Weeks After Emerpenoe

Number of Pots -~ No Growth/Growlth

Specices | Plantapo Cthocarpus Macdia Clarkia Festuca Arenaria f
So0il hookeriana lacerus exipua - biloba eastwoodiae douglasii i

serpenting
Chinese Camp 2/2 212 : 4/0 440 0/4 470
Rawhide Hill 1/3 173 2/2 4/0 0f4 4/0
Tuolumne- 2/2 o/4 1/3 4/0 n/4 440 =
Mariposa . ' ) e e e

Mon-Serpentine

Don Pedro 1/3 440 4/0 &10 0/4 &40
Reservolr

West Lane 1/3 _1/3 212 272 0/4 4/0
Species . Totals  7/13 8/12 13/7 18/2 0/20 2040

TABLE IV (conkt.)

Growth Response 6 Weeks After Emergence

! : 3 - Ko Gr Soil
Number of Pots Ko Growth/Growth Totals
Species|Streptanthus Calycadenia Clarkia Fap opyrum Lycopersicon -
Seil poiyvialeides multiplandulosa  ancuata esoulentum  ¢sculentiun
Serpentine -
Chinese Camp 470 470 &[0 0/4 470 32/12
Rawhide Hill 1/3 - 1/3 1/3 0/4 b/ 15/2¢9
Tuolume- 0/4 2/2 272 /3 1/3 17/27 B
Mariposa .
Non-Serpentine : ' i =
Don Pedro . 1/3 440 3/1 0/4 0/4 25/19
Reservoir
West Lane 41D 1/3 1/3 0/4 1/3 17/27

Species . Totals. 10/10 12/8 11/9 1/19 O Gfi4 106/114




TABLE V

Growth Response 9 Weeks After LEmergence

Number of Pots - No Groweth/Growth

ipecies Plantaro Uthocarpus Madia Clarkia Festuca Arenaria
Seil .| bookeriana lacerus exipua biloba castwoodiae douplasil
Serpenkine
Chinese Camp 272 4/0 470 470 0/4 470
Rawhide Hill 1/3 2/2 2/2 4/0 0/4 217
Tuolumne- .0/4 0/4 3/1 470 Qf4 4f0
Mariposa
Non-Serpentine
Don Pedro 3/1 470 4/0 470 0/ 470
Reservolr
West Lane 1/3 1/3 2/2 1/3 0/4 410
Species Totals 7/13 11/9 15/5 17/3 0/20 18/2
TABLE V {cont.}
Growth Response 9 Weeks After Lmergence
50il
Number of Pots - No Growth/Growth T;tals
Specles| Streptanthus Calycadenia Clarkia Tapopyrun Lyvcopersicon
Soii potyvraloides multiplandulosa arcuata esculentum  esculentum
Serpenting
Chinese Camp 4/0 4/0 470 0/4 440 34/10
Rawhide Hill 0/4 1/3 2/2 0/4 0/4 14730
Tuolumne- of4 1/3 o/ 0/4 1/3 13/31
Maripoesa
Mon-Serpentine
Don Pedro 1/3 440 1/3 0/4 0/4 25/19
Reservolr
West Lape 4/0 0/4 0/4 1/3 1/3 15729
Species Totals 9/11 10/10 7/13 1/19 6/14 101/119
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TABLE VI

Cumulative Crowth Response 3,6,9 Weeks After Emergence

Number of Pots - No Growth/Growth

T
L species Plaugggg_ Orthocarpus  Madia Clarkia Festuca Arenaria
Soil Liookeriang lacerus exipua biloba eastwocdiae  douplasii'
Serpentine
Chinese Camp 5/7 8/4 12/0 C12/0 0/12 12/0
Rawhide Hill a/8 5/7 4/8 12/0 6/12 7/5
Tuglumne-- 4/8 3/9 5/7 12/0 0/12 12/0
Mariposa )
Non-Serpentine
Don pedro 478 12/0 12/0 12/0 ‘
Reservoir / / ’ 6/12 IZ/Q
West Lane 3/9 . 4/8 4/8 6/6 0/12 12/0
Species  Totals _20/40 32/28 37/23 5446 0/60 55/5
TARLE VI (cont.)
Cumuiative Growth Response 3,0,9 Weeks After Emergence
Number of Pots - No Growth/Growth ngé{s
Specles|{Streptanthus Calycadenia Clarkia Fapopyrum  Lycopersicon
Soil polyraloides multipglandulosa arcuata esculentum  esculentum
.,

Serpentine

Chinese Camp 1z/0 12/0 .12/0 1/11 12/0 98734
Rawnide Hill 1/11 547 5/17 o/iz. 1/11 44788
Tuolumne- 0/12 448 2/10 1/11 448 47/85

Mariposa

Non-Serpentinge .

Don Pedro a/8 12/0 6/6 0/12 0f12 74758

Reservoir

West Lane 12/0 3/9 2/10 /i1 - 4/8 51/81
Species = Totals 314/346

29/31 36/24 27/33 3/57 21/39




TARLE VII

Chi Square Analysis

Correlated Pairs

Chi Square

Degrees of Freedom

Significance

3 Weeks
Ireatment x Growth 142,943 54 0,000
Seil x Growth 16.849 4 0.002
Species x Growth 70.900' 10 0.000
Treatment x G roQ th 139, 894 54 $3.000
foil x Crowih 13,6423 4 0,001
species x Growth 77.411 10 0.000
9 _weeks
Treatment x Growth 156,575 54 0.000
So0il x Growth 30,275 4 0.000
Species x Growth 69,9906 16 0.00Q
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TABLE VIII

Interncde Plstance Growth 3 YWeeks Alfter Emergence

Mean and Standard Deviation - Interncde Distance Per Treatment {mm)

specles
Soil

Crthocarpus  Madia Clarkia Festuca Arenaria

Serpentine
Chinese Camp
Rawhide Hill
Tuolumne -
Mariposa
Kon-Scerpentine

Non Pedro
Reservoir

West Lane

exipua bileba eastwocdiae douplasii
0.0 0,0 o.0fo0  3.8fis 0.0 Yoo
2,0 To.o 0.0 t0.0 6.3 To.s 3.0 T1.0
0.7 Yo.6 0.0 T0.0 3.8 13,8 0.0 0.0
0.0 To.0 0.0 To,0 3.3 to.5 0.0 Yo.0
2.0 To.0 2.0 0.0 7.5 T1.9 0.0 Ta.0

TABLE VIII {cont.)

internode Distance Growth 3 Weeks After Emergence

Mean and

Scandard Deviation - Interncde Distance Per Treatment {mim)

Streptanthus
polysaloides

Chinese Camp
Rawhide HBill

Tuolumne -
Mariposa

Norn-Serpentine

Don Pedra
Reservoir

West Lane

Calycadenia Claykia Fagopyrum Lycopersigon
ﬁaltggiagdulosa arcuata esculcntum esculentum
+
0.0 *0.0 0.0 To.0 0.0 To.0 0.0 fo.0
+
1.0 To.o 0.0 T0.0 0.0 T0.0 4.0 *2.0
1.0 *0.0 0.0 fo.0 0.0 *o.0 2.0 2.8
‘ +
0.0 to.0 13,0 Ta2 0.0 0.0 1.5 T1.3
1.0 fo.0 0.0 *o.0 0.0 to.0 18.0 12.8




TABLE IX

Internode Distance Growth & Weeks After Emerpence

Mean and Standard Deviation - Internode Distance Per Treatment (mm)

species Plancapo Orthocarpus  Nadia Clarkia Festuca Arenaria
Soil hookeriana lacerus exiprug biloba eastwoodiae douglasii
Serpentine
Chinese Camp 2.0 T1.4 1.0 To,0 0.0 to.0 0.2 To.0 8.3 ¥2.2 0.0 ¥o.0
Rawhide Hill 1.7 Tous o.¢ To.0 0.5 to.7 0.0 To.0 11.5 Tay 0.0 T0.0
Tuolumne- 1.0 .0 1.3 To.s 1.0 0.0 0.0 Yo.0  16.8 T6.7 6.0 0.0
Mariposa
Fon-Serpantine
on Pedro 3.3 Yo.6 0.0 To.o 0.0 to.0 0.0 To.o 12,3 P9 0.0 to.0
Reservolir
West Lane 4.0 Y.0 . 0.0 To.o 1.5 T0,7 32,5 3.5  28.8 6.3 0.0 Yo.g

TARLE IX {cont.)

Internode Distance Growth 6 Weeks After Emerponce

Mean and Standard Deviation - Intcrnode Uistance Per Treatment (mm)

Species
50i1

Sgreptanthus
polyraloides

Calycadenia

nultiflandulosa

Clarkia
arcuata

Fapopyrum
eseulentun

Lyecepersicon
esculentum

Serpentine
Chinese Camp
Rawhide Hill
Tuolumne-
Mariposa
Non—SerpentLﬁg

Don Pedro
Reservolr

West Lane

0.0 0.0
1.0 *o.0
0.0 0.0

0.7 ¥0.6

0.0 To.0

0.0 Yc.0 0.0
4.3 Y12 5.7
1.5 to.7 5.5
0.0 to.0 20.0
4,3 1.2 9,0

T2
*0.6
to.e

RGN CCR
-~ i LI

0.5 To,5

3.8 Tu.2

Wi

16.0 ¥7.6
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CTABLE X

Internode Distance Growth 9 Weeks After Emergence

Mean and Standard Deviation - Internode Distance Per Treatment (mm) -

Snaecies Plantapo Orthocarpus Madia - Clarkia Festuca Avenaria =
sSoll - hookeriana lacerus exipua biloba castwoodiae douplasii =
Serpentine
Chinese Camp 4.0 Ti.4 0.0 to.0 0.0 To.o 0.0 fo.o  10.5 .3 0.0 To.0
Rawhide Hi11 6.7 0.6 2.0 To.0 5.5 T2.1 0.0 %o.o 18,3 T2.6 6.5 T3.5 .
Tuolumne- 5.0 tl.(’) 2.3 to,s 5.0 Yo.0 0.0 4-'0.0 9,5 T2.5 0.0 -{-‘0.0 -
: Mariposa '
: Non-Serpentine
: Don Pedro | 5.0 T0.0 0.0 *o.0 6.0 *o.0 0.0 To.0 9.3 *3.9 0.0 T0.0
E keservolir
' fiest Lane 4,0 2.0 1.3%.6 - s.0%o 23.0%36  12.8%61 0.0 fou L

TABLE ¥ (cont.)

: Internude Distance Growth 9 Weeks After Emergence

Mean and Standard Deviation - Internode Distance Per Treatment {mm) o v —
Spocies Streptanthus  Calycadenia Clarkia Fagepyrum  Lycopersicon
Seil polyyaloides maltiplandulaosa arcuata esculentum  esculentum
e

Serpentine

. Chinese Camp 0.0 fo.0 0.0 T0,0 0.0 To.0 13.0 ¥5,5 0.0 To.o0 -
rawhide (1111 3.3 1.0 8.7 12,9 21.0 ¥s5.7 4.8 T3.5 12.0 2.7
Tuoilumne= 3.5 71,7 5.7 T0.6 16.0 T11.6 4.5 4.5 7.3 T4.3

Mariposa

hon-Serpenting

Don Pedro 3,0 T1,0 0.0 T0.0 20,3 ta.8 b5 g7 5.8 T4, R
Reservoir '
West Lané ' 0.0 *0.0 5.3 To.5 22.0 1 !

6.8 5.7 ¥5.7 18.3 ¥7.2




TABLE X1

Dry Weight Growth 3 Weeks After Lmergence
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Mean and Standard Deviation - Dry Weipht Per Treatment (g)
Y £

Madia

Species | Plantaro Orthocarpus Clarkia Festuca Arenaria
Soil nookeriana lacorus exipua biloba eastwoodiae douplasli
Serpentine
Chinese Camp 0.004 To.00 0.005 ¥0.00 0.000 fo,00 o.000 to.co0 ©.oo4 to.o0 0.0c0 *0.00
Rawhide Hill  0.006 ¥0.00 0.000 ¥0.00 0.031 %0,03 0.000 *0.00 0.008 *0.00 0.001 o.00
Tuolumne- 0.005 T6,01 0.003 *0.00 0.0:2 *0.01 ©.000 *c.00 o0.006 *0.00 0.000 t0.00
Mariposa :
don-Serpentine
, + + + + + +
Don ledro 0.010 -0.01 ©.000 ~0.00 ©.000C T0.00 0.000 T0.00 0.005 T0,00 ©.000 *0.00
Reservoir
; + + + + + +
wWest Lane _0.004 =0.00 0.000 T0.00 ©.027 T0.02 0.002 T0,00 0.609 T0.00 0.000 Y0.00
TABLE XI (cont.}
Dry Weight Growth 3 Weeks After Emergence
Mean and Standard Deviation - Dry Welpht Per Treatment {r)
Streptanthus leycadenié Clarkia . Yagopyrum Lycopersicon

pecies
5ol

nolypaloides

multiylandulosa

arcuat

esculentum

csculentum

§g§pentine'
Chinese Camp
Rawhide HL11
Tuolumne-
Mariposa
Non-Serpentine

‘Don Yedre
Reservoir

west Lane

0.000
0.001
0.0060

0.00C

0,000

*5.00
*o.00
*5.00

*o0.00

to.00

£.000
0.002
0.002

0.000

0.001

*0.00

10,00
to.00

ta.co

*o.00

G.000
0.001
0,001

0.005

0.000

*0.00
*0.00
T9.00

.00

*0.00

0.045 t0.01  0.000 Y0.00
0.039 To.01 o.02v toL02
2,040 *3.02 0,008 to.01
0.044 To.02  0.014 Yo0.01
0.048 To.03  0.151 to.01




TABLE XIT

Dry Weight Growth 6 Weeks After Emergence
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Mean and Standard NDeviation - Dry Weipht Per Treatment (p)

T~._Spocies

Mantaro . Orthocarpus bMadia Clarkia Festucn Arenaria
S5o0il heokeriana lacerus exifua biloba eastwoodiae douplasii
Serpentine .
Chinese Camp 0.009 *o.01 0.003 To,00 0,000 To,00 o0.c00 fo.00 0.047 To.ot 0.000 To.00
Rawhide Hill 0.017 To.01 o0.000 to.00 o0.106 Te.03 o.000 To.00 0.041 To.02z 0.000 Yo.00
Tuolumne- 0.014 *o.00 0.005 To.00 o0.018 Te.00 o.co0 To.00 0.023 To.or 0.0 to.oo
Mariposa
Nop-Scrpentine .
Don Pedro 0.040 To.02 a.o00 To.o0 0,000 Yo.00 0,000 To.00 0,013 Yo.01 o0.000 To.o0
Reservoir
West Lane 0.020 To.01 0.00t Yo.00 0.082 To.02 0.301 To.16 0.045 To.01 ©.000 To.00

TABLE XII (cont.)

Dry Welght Growth & Weeks After Emerpence

Mean and Standard Deviation - Dry Weight Yer Treatment (g)

T—gpecies

Soil

Streptanthus

Calycadenia

Clarkia

Fapopyrum

Lycopersicon

polyraloides

mual iy landulosa

arcuatra

esoulentun

esculentun

Serpentine
Chinese Camp
Rawhide Hill
Tuoluinne-
Mariposa
Mon-Sorpentine

Don Pedro
Reservoly

West Lane

0.000
0.602
0.001

0.001

0.000

*0.00  0.000
*0.00  0.006
*9.00  0.002
0,00 0.000
.00 0.003

*g.00
*n.00
*u.00

*0.00

*0.00

6.00¢ 0,00
0.005 to,01
0.003 *o,00

0.031 fo.c0

0.009 to.00

0.042 To.n4
0.068 T0.04
0.080 To.01

0.066 T0.03

0.104

*0.05

0.020

0.233

0.000 T0.00
0.048 T0.04
0.048 t0.02

0.01

to.16




TABLE XITI

Dry Weipght Growth ¢ Weeks After Emerpgence

Meun and Standard Deviation - Dry Weight Per Treatment (p)

speclies
S5o0i1

Serpentine
Chinese Camp
Rawhide Hill

Tuctume-
Mariposa

Non-Serpentine

Don Pedro
Reservoir

West Lane

Plantagro Orthocarpus Madia Clarkin Festuca Arenaria

lioekerijana lacerus exipua biloba eastwoodiae douplasii

0.028 *0.02 0.000 Y0.00 0.000 *o.00 0,000 t0.00 ©.176 *0.05 0.000 Y0.00
0.09t To.04 0.001 Yo.00 0.174 To.04 ©.000 Fo.00 ©.163 T0.03 0.016 To.00
0.03% *0.03 0,016 To.01 0.095 *o.co o.c00 to.co 0.099 *t0.05 0.000 t0.00
0.043 *0.00 0.000 %0.00 ©.000 T6.00 0.000 ¥0.00 0.055 T0.01 0.000 t0.00
0.085 *0.07 0,005 t0.00 ©.170 T0.02 0.643 t0.24 0.116 to.08 ©.000 To.00

TABLE XIII (cont.)

Dry Weipht Growth 9 Weeks After Emerpence

Mean and Standard Beviation - Dry Welght Per Treatment (g)

<

-~

Soil

T Species
\\

Streptanthus

Calvecadenia Clarkia Fapopyrum

Lycopersicon

polypaloides

multirlandulosa arcuata

resculentum esculentum

serpentine
Chincse Camp
Rawhide Hill

Tuolunne-
Mariposa

Non-Serpentine

Ron Pedro
Reservoir

West Lane

0.000 To.00
0.008 to.00.
0.008 T0.00

0.005 ¥0.00

0.000 *0,00

0.000 *o.00  0.000 To.00  ©0.124 T0.06
0.009 To.00  0.009 To.01  0.094 %0.06
0.008 To.00  0.018 T0.02  0.094 t0.04

0.000 To.00  0.049 To.05  0.152 to.00

0.009 To.01  0.025 to.o0  o0.104 To.09

o.000 *n.00
0.210 0,07
c.068 to0.03

0.032 To.02

0.342 T0.18
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TABLE XIV

F Test Analysis

Correlated Pairs F Value Deprees of Freedon Sipnificance
3 Weeks

Internode Distance x Treatment 15.111 112 0,002

Ury Weipght x Treacment 13.735 112 0.002
G weeks

Interncde Distance x Treatment 15.4G5 113 0.062

Dry Weipht x Treatment 7.138 113 0,003

Woeks
Iinternode Distance x Treatment 6,2796 118 0,003
Bry Welpht x Treatment 11.118 118 {}.002
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CGrowth Response Comparison By Soils 3 Weeks After Emergence

TABLE XV

\Res ponse
—

kumber of Pots

50t1 No Growth Growth Signilficance
"Chinese Camp/Rawhide Hill 32/15 12/29 0.0006
Chinese .Camp/Tuulumne-Mariposa 32/17 12727 0.0027
Chinese Camp/West Lane 32/19 12/25 0.00%6
Chinese Camp/Don Pedro Re-éervoir 32/24 12/20 0.1209
Rawnide Hit ]./'I.'t,lr)i!.:mne -liariposa 1 5/'1_.? 29/27 0.8246
ftawhide Hill/West Lane i5/19 29725 _ 0.5113
Rawhide Hill/Don Pedru Rf—:lservoir 15/24 29/20 (.0860
Tuolumne-taripesa/West Lane 17/1¢ 27725 0.8284
Tuolumne-Mariposa/Don Pedro Reservoir 17724 27/20 ¢.1998
West Lane/Don Pedro Rescervoir 19724 25720 0.3936




TABLE XVI

Growth Response Comparison by Soils 6 Weeks After Emergence

S;I;‘“*»EEEEgEiiH No Groﬁggber of POtérowth Significance
Chinese Camp/Rawhide Hill 32/15 12729 0.0006
Chinese Camp/Tuolumne-Marlposa - 32/17 12/27 £0.0027
Chinese Camp/West Lane : 32/17 12/27 0.0027
Chinese Camp/Don Pedro Reservoir 32/25 12/19 10,1806
Fashide Hilt/Tuolumne-Mariposa 15/17 29/27 0.8246
Rawhide Hilllwcst Lane 15717 29727 0.8246
Rawhide Hill/Uon Pedre Reservoir 15/25 : 29/19 0.0540
Tuolumnemﬁaripdsa/Wast Lane 17/17 27727 0.8267
Tuclumne-Mariposa/Don Pedro Reservolr 17/25 i 27719 0.1352
West Lane/Don Pedro Reservoir 17/25 27/19 6.1352




Growth Response Comparison By Solls 9 Weeks After Emergence

TABLE XVIE

wonse
Soil

Number of Pots

~— No Growth Growth Significance
‘Chinese Camp/Rawhide Hill . 34/14 10/30 0.0001
 Chinese Camp/Tuolumne-Mariposa ‘34/15 1b/31 0.0000
Chinese Camp/West Lane /15 10/29 0.0001
Chinese Camp/lon Pedro XKeservoir 34425 10/19 0.0696
Rawhide Hill/Tuoliwmne-Mariposa 14/13 30/31 1. 0000
Rawbide 1ill/West Lanc 14/15 30/29 1.0000
Rawhide Hill/Don Pedro Reservoir 14/25 30/19 {.0319
Tuolumne-Mariposﬁ/West Lane 13/15 31/2% 0,8190
. Tuotumne-Mariposa/Don Pedro Reservoir 13/25 31/19% ¢.017¢9
West Lane/Don Pedro Reservoir 15/25 258719 0.0540
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humber of Pots - Cumulati.'ve Growth Response Comparisons By Soils

TABLE XVIII

38

So0i1l Serpentine MNon-Serpentine

Respaonse Group Group Totals

3 Weeks
No Growth 64 43 107
Growth 68 45 113
Significance = (.,4788
No Growth 64 42 136
Growth 68 46 114
Siguificance = 0,26536

9 Weeks

. No Growth 61 40 101

Crowth 71 48 119
Si_gnifi.cancé = 0.1458
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DISCUSSION

Chi square analyses (Table I, XV, XVI, XVII, and XVIII)
indicate that a direct relationship may exist in this study
between the different chemical constituents of the soil and
the various species groﬁing on it. This discussion will
center mainly upon the.soils.-their physical structure and
chemical_cqntent.

Eleven species germinated succegsfully; however, mean-
ingful discussion can not be made on two of these, Arenaria

douglasii and Clarkia biloba, because of the very limited.

positive.results in growth responses. The-ndnfserpentine
soils served as controls by which comparisons in relative
growth on serpentine spil could be made;

The three serpentine soils used in this experiment were
Vccliected within a twenty mile radius of Chinese Camp. These
three primary soilé were formed under different weathering
conditions and differ mérkedly in their physical make-up.
Two of these serpentines, Chinese Camp and Tuolumne-Mariposa,
are very similar in chemical composition but vary greatly in
structure. Chinese Camp serpentine is a finely textured,
powdery soil that is red in color and becomes extremely
compacted when wet. This compaction decreases the water and
lair absorption and retention capabilities thereby reducing |
plant growth. Conversely, Tuolumne-Mariposa is a smoother

 textured soil, brown in color, that has a much higher
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water-holding—capacity and is more productive as evidehced'
by the comparative growth responsé soil totals in Tables XV -
AVII. The dark serpentine-éoil of Rawhide Hill is somewhat
different in physical structure than either of the other two
serpentines; however; it ié closest to TuolumnenMariposa
sincé it also has a_high water-holding-capacity. Rawhide
Hill growth response also closely parallels that'of Tuolumne-
Mariposa as portrayed in Tables XV - XVII, Althoqgh all
three serpentine soilé have lower calcium levels and marked
deficiency symptoms, the poorest overall growth responsé was
found in Chinese Camp soil'because_of the very-pobr soll
structure, 10w.waterfholdihg-capacity, and high wilting
percentage. |

Several species had limited growth response in all
measurement categories on Chinese Camp serpentine as indi-
cated in;Tab1es VI, IX, X, XI, XII, and XIII. Comparing
Chinese Camp and Tuolumne—Mariposa soils, the best contrast-

ing results are between Streptanthus polygaloides and Clarkia

arcuata as depicted in Table VI. Chinese Camp has almost
negative results while TudlumnééMariposa is highly productive.

The two non-serpentine soils, Don Pedro Reservoir and
West Lane,are wvery similar in chemical make-up but differ
somewhét in so0il structure. DBecause of these chemical
similaritiés. the growth responses on these two non-serpentines
| are'éomparatively close as revealed in Table VI. West Lane

is a very fertile, agricultural soil that has a very high
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proportion of exchangeable calcium (72%) as against 20%
magnesium. This calcium:magnesium ratio as pointed out
earlier seems to be the most critical factor for good plant

growth. Although Don Pedro Reservoir non-serpentine has a

- favorable calcium:imagnesium ratio (43%:12%) a1so, the water-

holding-capacity is less which contributes to a slightly
reduced- overall growth response, Even though the macro-

nmatrient, potassium,and the_micronutrient,'molybdenum, are

~vital to soil fertility, the interaction of a favorable

calcium:magnesium ratio is essential to obtain this fértility.
Serpentine,sbils as a group are much less fertile than
non—serpentines.primarily because of the platy soll structure
and the adverse célcium:magnesium ratio. There are differ-
ences between the two soil groups.in most physical factors
and some.of the unfavorable characteristics for serpentine
are listed here:-_l).platy soil consistence, 2) low water-

holding-capacity, 3) high wilting percentage, and 4} coarsely

textured soil. These undesirable physical factors contribute

to an infertile soil by limiting the water and nutrient

supply available to the plant which restricts luxuriant
growth. The cther cause of serpentine infertility is the
presence of an abnormally 1ow-percentage of exchangeable
calcium and a.high amount of exchangeable magnesium (Donahue,

Shickluna, and Robertson, 1971). This chemical imbalance

causes an apparent deficient status of other nutrients such

as molybdenum, nitrogen, phosphorus, and potassium. Table I
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presents some of the chemical differences between'thé two
50il types and they can be readily contrasted in terms of

chemical analyses. .

Growth response‘compafisons between serpentine and non-
serpentine soils can best be seen by observing the results
in Tables XV - XVIII. The most out_s_tan_diﬁg, difference is
between Chinese Camp (serpentine) and West Lane (non-
serpéntiﬁe) as evidenced-in Tables XV, XVI, and XVII. These

figures reveal a greater growth response in non-serpentine

which probably can be attributed to the poor soil'structure
and the adverse:calcium:magnesium.ratio of serpentines. The
combination of these two advefsities usually result in- |
serpentine flora that is stunted and with a xerophytic
character, Whilé the statistics (Tables VI, VIII, IX, X,

X1, XII, and XILI) on growth response of Madia exigpua are

relatively the same on serpentine and non-serpentine, the

specimens which grew were under-developed on serpentine as

opposed to the luxuriant growth on the non-serpentine.

Other species (Plantago hockeriana, Lycopersicon esculentum,

and Calvycadenia multiplandulosa) revealed that the same

phenomena in growth pattern and disparity was more pro- : e e

nounced upon plant maturity. R s
Tuolumne—ﬁariposa (serpentine) has similar growth -

responses in most species to that of West Lane (non-

serpentine) but the chemical content is vastly different.

Since all serpentine soils differ in chemical composition
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from non-serpentines, the apparent reason for the close -
-fesemblance in growth response is the similarity in soil
structure. |

Both soils have a finely textured structure which
indicates a high water-holding-cépacity{ Also, both soils
display a large bulk dénsity which expresses adequate
hatural.poré space and aeration. Pore space is one of the
most important factors in determining a sétisfaétbry supply
of water and.air-for vigorous plant growth;' Most serpentine
soils'have a platy soil structure which has a slow water
infiltration rate and a,generally dry tyﬁe of soil. However,
Tuolumne-ﬁariposa resembles the non-serpentine soil structufe
type iﬁ that it has a singlé grain soill structure with rapid
water infiltratioﬁ. Because_of the similarity of the soil
structures; Tuolumne-Mariposa serpentine soil is seemingly
able to overcome part of its chenical limitations and attain
- near growth parity with the non-serpentine soil, West Lane
(Tables XV, XVI, and XVIT). |

| This study indicates that most plant species will grow
better on non;sefpentine soil rather than serpentine as
indicated in Tables XV - XVITI. The overlving reasons appear
to.be the favorable calcium:magrniesium ratio and chemical
-interaction (Table I), the better soil structure, and the
combination of the two which produces. a Juxuriant non-

serpentine flora.
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" SUMMARY AND CONCLUSION

In the Sierra Nevada foothills, soils derived from
serpentine rock support a uniqué flora, many species of

which aré narrowly endemic on'this infertile soil type.

Secils weathered from this ultra-basic rock are deficient
in calecium, nitrogen, phosphate, and molybdenum but have

an unusually high amount of magnesium, chromium, and nickel,

Twenty blant specles were planted on three of these foothill-

serpentines and growth response measurements were taken to

determine the response'of certain native plants to serpen-
tine soil. |

Chi square and ANOVA analyses were performed between
all species and soils and are displayed in the various
tables under results. Individual growth response.comparisons
by soils (Tables XV, XVI, and XVII) indicate Chinese Camp
(serpentine) was the most infertile soil'while West Lane —

(non-serpentine) was the most fertile soil. This variation

appears toAbe attributéblé to a relationship bétwéen the ' 555555
chemical and physical properties of the soil and the plants _ f—_"
growing on it.. |

This study revealed different growth responses on the
five_éxperimehtal soils. These variances can be attributed ‘ -
in part to the'different chemical composition and soil
structure or a combination of both. Together, these two

factors have lessened the water and nutrient supply available

on serpentine so0ils resulting in a Xerophytic vepgetation and

a barren aspect.
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