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" ABSTRACT

Desert plant distribution and success are determined
by many factors including climatic‘pattefns.and soil
chemistry, texture, and-particle size. Soil nutrient
concentrations have been cited as the ﬁost frequeﬁtiy K
limiting factor in semiarid climates.k Not only does sdil
affect the plants growing in it, but plants can modify the
soil as well. ' This study was performed to determine
whether or not there is a significant différence bétween
the mineral composition of plant-inhabited soil and the
bare soil adjacent to groWing plants. Soil samples from
under Encelia farinosa, Ambrosia dumosa, and adjacent |
barren areas in the Colorado portion of the Sonoran Desert
in Southern california, east of Joshua Tree National
Monument were examinéd. Essential plant»nutrient
concentrations were similar in soils underbthe two plant
species,VWhi¥g there was a significant difference betweeh
plant-associated soils and sdils that dc not support plant
growth. Although differences were not so apparent among

the nutrients not considered essential for plant growth,

iii



discriminent analysisgfevealed a sighificant separation
between'gggg;ige Amggggig?, and bare soil nutrient
concentrations at 1 and 25 cm depths when all nutrlents
were cons1dered s1mu1taneously An 1nd1v1dual soil sample
at any one depth could bevcorrectly c1a551f1ed as its
spe01es- or bare-5011-re1ated group with almost 100
percent accuracy. The chemlcal comp051tlon of the plant '}
tissue extrects was h;ghly similar to the'chemlcal' |
'compositieh of the Species associetedISOils, suggesting
that the plantS»themselves‘may provide a mechanism for
eccumulation_ofbthese nutrients in the soil surrdunding

‘them.
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 CHAPTER I

INTRODUCTION

| ’,For nanyayears it was”thought‘loW:precipitation.inh
sib the desert was the most 11m1t1ng factor of plant growth.
_However, 1t 1s becomlng clear'that numerous s01l factors,
1nclud1ng the chem1cal makeup, texture, and partlcle
, 51ze, are as 1mportant 1n determlnlng plant distributions
as are cllmatlc factors (Crosswhlte, 1983) vaf the 16‘»~‘
’ known essent1a1 nutrlents for plant growth the soil‘nust'"
,supply all the plant needs for 10 of these nutrlents (see,
-Table 1) Further, except for plants assoc1ated Wlth N— o
f1x1ng bacterla, all plants obtaln nltrogen from the 5011
as well. The other f1ve essentlal nutrlents are derlved
,rfrom the atmosphere (Frled and Broeshart 1967) The
U501l nutrlents can become unavallable to plants because
‘,of leachlng, gaseous losses, 1ncorporat10n 1nto the‘f
glnorganlc matrlx, or utlllzatlon by the blosphere (Frled
_vand Broeshart 1967) f Recently, nutrlent concentratlons,'
lespeclally of nltrogen, have been reported to be the most'w
Jffrequently 11m1t1ng factors of growth in- sem1ar1d ;7
‘ cllmates (van Keulen, 1981, West 1981,:C11ne and

Rlchard, 1973. Floret et al., 1982) However, a thorough‘



lanaly51s of the llmltlng effects of other essent1a1
‘_nutrlents 1s 1ack1ng.,. | | |

| The s011 supportlng plant growth 1s nelther statlc
fnor homogeneous, the mlneral and organlc compos1tlon 1s'v
- subject to both spatlal and temporal varlatlon (Ag.’_b
“Research Inst., 1959) The ava11ab111ty of N and other_n
nutrlents in desert ecosystems is. affected by many
factors, 1nc1ud1ng 11tter 1nputs, root 1ntake and output -
(Tlnker and Lauchlln, 1986), rates of translocatlon and ;
7bpbur1a1 of lltter, organlc matter accumulatlon from faunal
‘ act1v1ty, and decay rates (Whltford 1986) Desert 5011s
are typlcally low 1n organic matter and need constant
‘replenlshment to support plant growth _ If the process of

‘nutrlent turnover 1s disturbed the s011 nutrient levels»

”_-may decrease below the levels necessary to support plant

"growth.. Unless the replenlshlng process, hence nutrlent_

"avallablllty, is reestabllshed there may be no success

ﬁln the revegetatlve process of d1sturbed areas. (Fuller,f

t1975 Whltford 1986) '_ ‘vid" el o
The goal of thls study was to determlne whether

'there 1s a dlfference between the actual nutrlent

o comp051ton of the plant—lnhablted 5011 and the bare 5011,“’

adjacent to grow1ng plants.f In the desert 1ncreased

‘ nutrlent concentratlon and 1ncreased 1nf11tratlon rates.i



arelaséociéted Qiﬁh soils directly under shrub canopies
(Ludwig et al.,‘1988; Whitford, 1986} Parker and .Jones,
1951); Therefore, shrﬁbviﬁfluences may make their
locations, rather than adjacent bare areas, more
suceptible to invasion by other‘plants,by providing
nutrients andva suitable substrate fér plant growth "
(Whitfofd, 1986).. Most'of these nutrients tend to be
concentrated iﬁlfhe upper five cm of the SOil,’with
deeper soils being‘nutrieht poof (Skujins, 1981). The
deepér soils could be depleted of nutrients as plants
draw uﬁon them fdr their heéds. Anﬁual‘plants, which are
more sénsitive to water availability and nutrientylevels |
due to their short iife span, aré céncentrated under
shrub,canopies (Parker et al., 1982). Low nutrient
levels in the inter-shrub spaces, lower infiltration
rates, and a harsher thermal environﬁent combine to
produce sparse annual plants in the inter-shrub areas
(Whitford, 1986).

Although litter inputs are a méjor factbr
»influencing'the chémical makeup of the Soilg plants can
modify théir chemical sufrdundings by secréting,compounds
into the soil‘through the roots, and different species
will secrete different compounds. Keever (1950) showed

that the output of the roots can influence the succession



of'plants'in 5‘spééifié-épat"'aepeﬁaing upondthe'
':,’partlcular tolerances or requlrements of the successor
ispec1es. Indeed ‘the chem1ca1 secretlons of one spec1es .
may stlmulate the growth of another (Keever, 1950)
.Although it has not been measured root 1ntake and outputf
vmay vary as s011 molsture changes, hence 1nf1uenc1ng the
SOll nutrlent content around roots (Ag. Research. Inst., :
‘_1959) Plants may’ affect both thelr own tlssue m1nera1 |
‘ cOntent_and‘the;soll mlneral content»by_the_dlstrlbutlon'_.
of roots. Thetfibrous-root:plants ekplore“and ertract.
{from the s011 1ntens1vely, and spec1es w1th taproots fi
‘explore and utlllze the 5011 nutrlents 1ess completely
(Ag. Research Instb, 1959) ' The root membranes act.as,‘
barrlers to the loss or uptake of nutrlents between
'plants and the 5011, work must be performed in order to
;transport nutrlentsracrossvthe,barrlerv(Ag. Researchm'l”
Inst., 1959) ’f | S 'd

: Decomp051tlon of plant 11tter and an1ma1 wastes.ls
"the cr1t1cal part of the nutrlent cycllng process,_'a
frenderlng the nutrlents w1th1n organlc matter avallable
' for plant use. The apparently 51mple process 11ke lltter |

decomposltlon actually 1nvolves many complex 1nteractlons

'tisuch as growth of bacterla, yeast and fungl, protozoan_p

and nematode feedlng hablts,‘predatlon, translocatlon of



‘lltter into the soxl by organlsms, etc;l(Whitford"1986)V'

vIndeed ,subterranean termltes are respon51b1e for most ofm~s

the mass loss and mlnerallzatlon of carbon and n1trogen
: 1n dead grass and herbaceous roots 1n the Sonoran and
| aChlhuahuan deserts (Whltford et al., 1988; Nuttlng et
:j1a1., 1987) Schlemer (1983) has speculated that althougha
?desert ralnfall pulses are not as 1mportant in trlggerlng,;
’s‘decomp051tlon as prev1ously thought the nutrlent
yavallablllty may be 1mportant for determlnlng nematode '
- populatlon s1zes, hence rates of decompos1tlon.. Nematode*
den51ty and orlbatld mlte act1v1ty are not affected by
_s01l m01sture because the organlsms can be dormant durlng
unfavorable condltlons and become actlve in the cooler
parts of the day (Freckman et al., 1987, Santos and |
Whltford 1981, Whltford et al., 1981) Vertebrates canu
also act to enhance the decompos1tlon process as they
transform and transport materlals, elther for storage orh'

'as waste products (Brown, 1986) They modlfy 5011 by

”a'burrow1ng and m1x1ng organlc matter underground,‘thelr

"act1v1t1es are mostly restrlcted to areas beneath shrubs ;

yfand cact1 (Thames and Evans, 1981), and can be shrub- '

spec1es selectlve 1n thelr foraglng and burrow1ng.‘-’“
Because ev1dence supports both the 1mportance of the

fvnutrlent content of desert 50115 and the extens1ve blotlc



*1nteractlons that must take place to prov1de essent1a1
3“nutr1ents for plant growth the patterns of nutrlent
favallablllty of desert 5011s should be. better understood.

bQuantlfylng the type of 5011 nutrlents affected by theseg

"zvprocesses w111 prov1de the flrst step toward 1dent1fy1ng

i the nutrlent dlstrlbutlon patterns. Determlnlng whether
h'the effect 1s slgnlflcant between shrub locatlons and
adjacent areas not supportlng plant growth w1ll ‘add t0»'
the knowledge concernlng the dellcate 1nteractlon that

desert plants have,w1th,the1r_env1ronment.



CHAPTER II

HATERIALS AND uxrnons,f

\

A study 51te was chosen 1n the Colorado Desert
uyportlon of the Sonoran Desert east of Joshua Tree
fr‘Natlonal Monument near Coxcomb Mountalns (Flgure 1) uThe‘

“study 51te 1s on a very broad flat bajada covered by a’

creosote bush-ragweed communlty. There 1s no ev1dence of-“,

l»a well-deflned runoff channel from the Coxcomb Mountalns;'
in the dlstance, 1ndlcat1ng a sheet er051on predomlnance,
: Quaternary-age alumlnum (Jennlngs, 1967) of sand and
gravel w1th rocks (2 10 cm) scattered throughout
-‘underlle the study 51te.. Thls materlal 1s cla551f1ed as.
a fluvent entlsol 5011 related to water transport |
l: although w1nd transported 50115 are 1n the area as well. j‘
f,;Entlsols exh1b1t no natural dlstlnctlve horlzons or“'k‘ -

-layers whlch may be used for 1dent1f1catlon purposes REE

‘f:'(Fuller, 1975)

The study s1te 1s 1n an area characterlzed as hav1ng.,

'the greatest water deflClt 1n the state (Ruffner, 1985),

byian area ranglng from Death Valley to the Mex1can border'

:Dand coverlng the eastern thlrd of Callfornla. ;There 1s



. ' ) Joshua Tree

LEGEND

National Monument

w20

B i

DR R X
Scale (Miles)

 LOCATIONMAP

£ “"v h ~ ’
. (".r—‘.&-l t4

To sen Center

o hy SRR Y) B
3 y O .
. 4 o /

<

'FIGURE 1:

" Desert Soil Study Site, East of Joshua Tree National Monument, California
~ (Ref: USGS 15 min. quads., Coxcomb Mins. (1963) and Palen Mtns. (1952), California)



- an average of 350 frost-free days per year w1th monthly

,‘temperature means. ranglng from 5 5 to 42 degrees Ce151us:
(Ruffner,_1985) The hlghest temperatures occur in June,vg
y;July, and August and the lowest occur in December, |

‘January, and February here is an average annual

r“npreclpltatlon of 100mm whlch falls in a blmodal fashlon o

typ1ca1 of the Sonoran Desert (Crosswhlte, 1982)
Species stud1ed° o
Colorado Desert plants tend to have reduced leaf 'f’

a51ze, are adapted to water 1oss; and the plant communlty

is domlnated by Larrea and Amb1051a on the valley floors o

’(MacMahen, 1985) ‘Ambrgs;a dumosa and Encella farlnosa

'(another common shrub),ias descrlbed by Munz (1974), were‘
selected as the study spe01es. ‘ |

| In order to determlne the depth and growth pattern
.of the maln root mass, two 1nd1v1duals of Ambros1a dumosa
‘were excavated.‘ oth plants had one ‘main descendlng root’
Wthh reached down 40 cm (Flgure 2) | Other roots emergedrb
_ 1n a hor1zonta1 dlrectlon then tapered downward at an
'_angle, penetratlng deeper than the ma1n vertlcal root.
,:An Encella farlnosa was also excavated and found to have

a. stout tap root whlch descended about 40 cm before

k turnlng 90 degrees to spread out 1n a. horlzontal fashlon._



FIGURE 3: Enceiia farinosa root patterns.
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”hnumerous horlzontal roots grew off the maln root but d1d .

1not extend out as far as seen 1n Amb_gg;_ (Flgure 3)

o 1ectlon°’
8011 samples were collected durlng two consecutlvev -

hpidaYSvln October 1988.p 801ls just beneath the ‘humus

"n-layer,‘at 1 cm below the surface, and those s01ls 1n

':contact w1th the main root mass at 25 cm below the

‘surface were studled.m A prev1ously-conducted pllot study3

:determlned that the 5011 chemlcal comp051tlon at any

ldepth under a glven plant may be varlable.~ The_t‘vid
'b:varlablllty could be a result of plant lltter -

vredlstrlbutlon by the w1nd, because shrub clumps cause -

eddy currents that allow transported fragments to settle B
"'out there 1s an accumulatlon of plant mater1a1 on the

: lee 51de of plants (Whltford 1986) ‘ In order tov

'mlnlmlze varlablllty, 60 cublc cm of 5011 was gathered

: w1th1n 5 cm of the central ax1s or trunk of each plant at

v'each of the 4 maln compass headlngs at each depth.: Thlsf
gwylelded a total of 240 cublc cm of SOll at each of 2
fiddepths underneath any one- plant canopy.v The samples frOmbh‘
=one cm 1n depth were collected after the top cm of 1eaf
lltter was carefully removed. ~ The samples from»25 cm

were;collected.dlrectly below the 1 cm samples. In order

1



torprevent ironicontamination'of.the samples,‘a clean;“:d
rust free metal shovel ‘was used to dig to a depth of 24
cm, where a plastlc trowel was used to excavate the last
cm to:the depth for sampllng.: A plastlc measuring
container was used to collect“the oolcmrsample, which was
placed in a plastlc 21p-lock bag.viNo.rocks;larger than
two cm in dlameter were collected 1n the samples, |
although rocks thls size were common and found in every
sample.
| Soil samples and plant voucher specimens were
collected for 20 1nd1v1duals of each spec1es, and from 20
bare soil areas. An 1nd1v1dual of the: rarer specles,v
Encelia, was f1rst chosen; then a bare spot was selected.
within three meters of»lt. In an attempt to standardize
site varlatlons experienced by 1nd1v1duals of each s01l-‘,
' type group;man Ambrosia was then selected the‘samek
distance from the barelspot as the Encelia (Figurejéo in
Appendix 2).> Ea | 1 |
v‘Lab technlgg =HE v

After thoroughly m1x1ng ‘the 5011 samples from each‘
’depth 50 0 g were removed and mlxed w1th 15 ml of
distilled water. A water-extract method was recommended
by the Inductlvely Coupled Plasma (ICP) spectrometer

operator (Bradford, UCR, personal communlcatlon) as the

12



best single method for getting ”plaht-available“‘
readings. In addition, samples of 3.0 g of each‘species'
 roots and 2.0 g of each species' leaves were crushed and
soaked in 15 ml of distilléd water. After 24 hours, the
plant and soil'suspensionsvwere aspirated into a 50 ml
flask through filter paper énd transferred to an 8 ml
vial. The total amount of aépiratéd wéter was noted.
Water-holding capacity of the soil was calculated as the
percent‘of water volumé retained by the soil after being
aspirated. The extracts, along with appropriate water
~blanks, were‘analyzed on ah ICvapectfometer, which
quantified watér soluble elements (listed in Table 1)'_ o
from the soil and tissue extracts;

Since nitrogen content cannot be analeed on the ICP
spectronmeter, the'proceduré outiined by Keeney and Nelson
(1972) was used'fof inorganic nitrogen analysis. A 50-
ml vial containing 2.5 g of soil and 25 ml’éf 2M KC1 was
shaken mechanically for one hour. The so0il-KCl
suspension was then centrifuged for 8 minutes at 15000
fpm, until the'liquid was clear. The supernatant was
then injectéd into a Techniéon autoanalyzer, run by the
Alpkem computer system, to quahtify the nitrogen

available in the form of nitrate and ammonium.

13



The pH of the soils was determined as described by
Palmer-and Troeh (1977). Several samples of soil from
each of thé soil groups and depths were passed through a
2 mm sieve; 10 g of soil were added to 20 ml of distilled
‘water and mixed well. The mixture was stirred several
times over a 15 minute period, then a Chemcadet pvaeter'
was used to determine pH.

Two-way-(depth X species) Analysié of Variance
(ANOVA) and Scheffe's Tests‘were Calculated for the data
(Howell, 1987). The ANOVA was conducted on the three
sample groups'at both depths to deterﬁine‘whether there
was a significant difference within that data. Of
particular concern was the variability caused by the
differenée in eiement concentrations existing between the
speciés or baré soil locations. When ANOVAs significant
for the species-source variability were found, Scheffe's
Tests were run to determine'which pairs‘of aonditions
(1 e., Ambrosia vs. Encelia, Ambr051a vs. bare soil,
Encelia vs. bare soil) contained the 51gn1ficant
difference in element concentration.

Discriminant analysiS’ﬁas then used to fuither
refine patterns and identify trénds?that'ﬁay be hidden
(Klecka, 1980). Two standafdized canonical coefficients

. were developed for each eiement and ﬁsed to derive the

14



total structure coefficients. Total structure
coefficients were used because they are simple, bivariate
‘correlations not affected by:relationships with other
variables and are useful to graphically observe the
~differences between group centroids. Both types of

- coefficients give a measure of the importance of each
variable in distinguishing among depths and among

species-or bare-associated soils.

15



‘ CHAPTER III

RESULTB

Desertbplants interact with two.broad categories of
nutrlentS° those whlch are essent1al to plant growth and
v those whlch are not essentlal. As a group, essent1a1

plant nutrient concentratlons are hlghly 51m11ar in

s Encella ﬁarlnosa and pgos;a d osa, w1th a s1gn1f1cant

dlfference between plant- s5001ated SOllS and 5011s that
vare not:assoc1ated,w1th.plants;l The dlfferences,
although significant; are_moie‘apparent among the
‘nutrients'considered eSSential‘for plant growthfthan‘fo:
‘the nutrlents not con51dered essentlal. Discriminant |
ana1y51s 1dent1f1ed a 51gn1ficant separatlon between each
'plant spec1es and the bare s01l when all nutrlents were
‘con51dered 51mu1taneously. The SOll nutrlent
»concentratlon characterlstlcs for the spec1es and the
bare 5011 allow 1nd1v1dua1 5011 samples at any ‘one’ depth}
to be correctly class1f1ed 1nto thelr spec1es- or bare-
501l-related group with almost 100 percent accuracy.

' Table 1 shows the nutr;ent‘levels,for each sample;
g:oup taken. Note_that_in:many of'the 28.patameters,a h

"Bare Soil" has lower nutrient concentrations than soils
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TABLE 1

GROUP MEANS AND STANDARD ERRORS
OF SOIL CHEMICAL CONCENTRATIONS (ppm)

an
PP ,
E ppm Ca* Mg* Na K* P* Si
Encella |158 14.096_~127.255_~ |152.09 0.373 7.444
1em %3.549| ~%2.026 | ~$3.739 |_A11.675| ~"20.061_~%0.316
— Ambrosia |144.335~(20.093~24.10 1146.22 0.6 8.545
1cm 2.892| _~%2.818| ~12.798 12.649 ~20.062]| ~%0.366
Bare Soil [33.155_~ P.332 11.47__~|0.807 0.11 12.29
1cm 1.759 30.109| ~%0.719{ _~%0.397 | _~20.015 +0.935
Encelia |44.66 4.689 23.71 22.0 0.107, 9.191,
25cm 16.056{_~30.618| ~%1.941| ~%4.167| ~%0.011 | ~30.595
Ambrosia |51.502~17.775 21.948_~153.686~ | 0.227 16.55
25cm 16.31 31.181{_~%1.71 28.086|_~70.037 | _~%6.474] _~70.041
Bare Soil |21.69: 2.362 11.588_~10.835 0.123 12.01 0.082
25cm $1.067|_~30.109] ~%0.719| _~%0.403 | ~30.009| ~7+0.68 | ~%0.009
Mean
PP Ba Sr L T Al Fo * Mn*
E pp v
Encelia  [0.372 1.792 0.042 0.022 0.28 0.22 0.009
1cm 30.03 £0.321| _~%0.006 | .~%$0.004| ~%0.078| ~%0.042 $0.002
Ambrosia [0.376 2.096 0.034 0.027 0.344 0.269 0.11
1cm £0.029 | _~70.309|_~%0.004| ~%0.005| _~7%0.081| _~%0.046 £0.026
Bare Soil |0.105 0.295 0.004 0.122 2.116 1.125 0.034
1cm 30.011] _~%0.018|_~%0.001 +0.02| _~70.379| ~%0.192] _~%0.005
Enceiia 0.086 0.521 0.032 0.084 0.861_~ |0.429 0.009
25cm £0.005 | ~7%0.067 | _~%0.003 | ~%0.019 | ~7%0.189 | _~%0.102 0.002
Ambrosia 10.109 0.621 0.04 0.346 4.014 1.985 0.044
25¢cm £0.017 | _~%0.083 | ~%0.003| _~%0.196 | ~%2.418 $1.192 $0.023
Bare Soil  |0.057 0.216 0.015 0.195 2.188 1.065 0.019
25cm 40.003| _~£0.012| _~%0.001| .~%0.02 | ~£0.233| ~70.115 70.002 | -

*Essential Plant Nutrient
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- *Essential Plant Nutrient
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-under either plant spec1es. Also"note“that when'
concentratlons of nutrlents in "Bare SOll" are hlgher

-than those of only one plant spec1es, the plant spec1es

is Encella.garlnosa. Amhros1a dumosa has s1gn1f1cant1y

higher concentrations of morejnutrlents'than Encelia,
| especially at‘25_cm‘in depth.v |

The trends noted in Table 1 are summarized in Tables
2 and 3. Tablelz shows that significant differences
exist for most of the nutrlent concentratlons, whether
" the source of varlablllty is from the depth—related
:dlfferences in nutr;ent»concentratlon, (18kare
significant),'speciesi(including'bare soil) differenceS-
in nutrient concentrationl(18 are significant); or
vconcentratlon d1fferences caused by depth and spe01es
interactions (16 are 51gn1flcant) - of the three sources
of varlablllty, the 1nteractlon source had the least
‘51gn1f1cant nutrlent concentratlons.i Depth and species
| sources had the samé number of 51gn1f1cant1y d1fferent

nutrlents. Further, when’a dlfference was not

"’51gn1f1cant at the spe01es source of varlablllty, it was

usually also 1n51gn1f1cant at the 1nteractlon-source of

varlablllty.
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TABLE 2

2-WAY-BETWEEN ANOVA RESULTS COMPARING THE SOILS UNDER ENCELIA
AND AMBROSIA AND AT BARE SOIL LOCATIONS AT 1 AND 25 CM

SOURCE OF VARIABILITY (p s x)

- SOIL :

PARAMETERS DEPTH (D) SPECIES (S) Dx'S INTERACTION
Ca* 0.0001 0.0001 0.01
Mg* 0.0001 0.0001 0.0005
Na 05 0.0001 0.75
K* 0.0001 0.0001 0.0001
p* 0.0001 0.0001 0.0001
Si 0.2 0.25 05
B* 0.001 0.0001 0.05
Ba 0.0001 0.0001 0.0001
Sr 0.0001 . 0.0001 0.0005
Li 0.5 0.0001 0.02
Ti 0.025 0.25 0.25
Al 0.1 0.2 0.2
Fe* - 0.2 0.2 0.2
Mn* 0.0001 - 0.02 0.05
Cu* 0.0025 0.0001 0.5
Zn* 0.02 0.02 0.01
Cd 0.2 0.1 0.05
Pd 0.0001 0.0001 0.0001
\' 0.0001 0.5 0.5
Mo* 0.1 0.0001 0.75
Ni 0.005 0.002 - .0.05
Co 0.1 0.02 0.02
Cr 0.0001 0.25 0.5
Be 05 0.5 0.5
NH4* 0.0001 0.2 0.75
NO3* 0.0001 0.0001 0.0001
H20* 0.0001 0.0005 0.0001

*Plant essential nutrients
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The spec1es-source of var1ab111ty is malnly »
51gn1f1cant between the plant-lnhablted 5011s and the
'bare 5011 (Table 3) Even though some 51gn1f1cant
: dlfferences were found among the concentratlon of
nutrlents between the two plantvspec1es (e g., p<..05 for’
‘ and B), there was always a 51gn1f1cant dlfference"
between one or both of the plant-assoc1ated 50115 and the
bare SOll. | | ‘ |
| Flgures 4 through 10 show comparlsons of the
quantltles of essentlal plant nutrlents under plants and E
- in bare areas.’ Note how 51m11ar the nutrlent |
concentratlons are for the two plant spec1es at elther
depth (Flgures 4 and 5) There are 51gn1f1cant
dlfferences between the plant-assoc1ated 5011 and the
.bare 5011 nutrlent concentratlons in 8 of the 12
nutrlents at onevcm, and 1n 9 of the 12 nutrlents at 25
om. |

Another noteworthy dlfference occurs between the 1
'cm and the 25 cm depths (Flgures 4 and 5) At 25‘cm, thev’
essentlal plant nutrlent concentratlons are not as hlgh
- as they are at the 1 cm depth. There Stlll are | v
' 51gn1f1cant dlfferences between plant-assoc1ated 5011
nutrlent concentratlons and. bare soil concentratlons at

25 cm; however, fewer of the nutrlent contentratlons are
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TABLE 3

SCHEFFE'S TEST SIGNIFICANCE FOR THE PARAMETERS
WITH A SIGNIFICANT ANOVA RESULT AT THE
SPECIES-SOURCE OF VARIABILITY

icm . 25 cm
SOIL avs vs |Ambrosia vs | Enceiia vs Iﬁngl]g vs|Ambrosia vs
PARAMET ERS% Eﬂ'&lan | Bare Soil |_Ambrosia [Bare Soil | Bare Soil
1 B 3 ‘
Ca* NS s ] NS S S
Mg* NS s S s NS S
Na NS S S NS s S
K* NS '8 S S s S
p* [ S ] S NS S
B* S S S S S -]
Ba NS S S NS NS s
Sr NS s S NS S S
Li NS s S NS S S
Cu* NS S s NS S NS
Pb S s 'S NS S S
Mo* NS S S NS S S
Ni NS s s NS NS NS
Co NS S NS NS NS NS
NO3* S s S NS NS S
H20* NS S s s NS S

1 Essential Plant Nutrient
2 NS Not Significant
3 S Significant atp 0.05

NOTE: Si, Ti, Al, Fe, Mn,Zn,Cd, V, Cr, Be, NH4 not included bécause_ they were not
significant at the species-source of variability (Table 2).
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significantly different between both piant species and
the bare soil (e.g., P, NO3, and Ni).

Some of the specific nutriént cohcentrations at one
cm in depth are.interesting'for varying reasons. Figure
4 and Tables 2 and 3 show no significant difference
between the groups (Encelia-, Ambrosia-, or bate soil-
related soils) for ammonium concentrations at 1 and 25
cm. However, nitrate concentrétions are significantly
different at 1 cm, but at 25 cm, differences in nitrate
concentration were significant only between Ambrosia
soils and bare soils (Figure 5)} There is a‘significanf
difference (p< .001) for ammonium And nitrate
concentrations‘found between the depths,,:Onerother
element to note is P; its»concentrations are
significant;y‘difféfent bétwéen species‘ahd depths. ’All
essential plant nutrients=are required for plant growth
so all of these nutrienté can béar'significance to a
system. | o

At 25 cm quantities of<many‘of the nutrients become
more similar in soils; a reduction in]plant-associated_
soil concentrationbof nutrients occurs as the depth
increéses, with the concentrations associated with bare

soil remaining relatively stable as the depth increases
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(Flgure 5). The~difference in nitrate-at 25 cm'becomes'n"'

"_,s1gn1f1cant with the plant assoc1ated 50115 contalnlng

jgreater concentratlons of nltrate than the bare s011.

’vHowever, the other 11m1t1ng nutrlent 1n the desert P,

wzloses one. of the three 51gn1f1cant 1nteractlons (Encella'f
vs bare s011) at 25 cm. The bare 5011 P-concentratlon

fremalned constant from 1 to 25 cm, 1t was the plant-‘-'

assoc1ated 5011 concentratlons that became more s1m11ar L

‘to the bare 5011 concentratlons when P was measured at
tabthe greater depth of 25 cm. | L o
The essentlal-nutrlent concentratlons werevalso

quantlfled for plant tlssue extracts.“ Flgure 6 shows the-
' relatlve concentratlons of- tlssue extracts taken from o
.l-Ambros;a and _ngg;;_ leaves and roots.' leferences
between leaf and root extracts appear more dlstlnctlveb
‘fthan spe01es-spec1flc tlssue dlfferences, Cca, Mg, and P
‘h,dlsplay the greater dlfferences 1n concentratlons in the -
‘troot- and leaf-assoc1ated samples.f"' o |
In order to see essent1al plant nutrlent

v_concentratlon trends that may be assoc1ated w1th causevf

”:“dand effect the leaf extracts and the SOll most llkelY t°‘fe

'be affected by leaf 11tter (1 cm) were compared w1th the
» bare 5011 at the ‘same depth (Flgures 7 and 8) ‘ The

slmllarlty ;s-evldent between the t;ssue extracts and the

25



1000 —

 1007

*}10

0.1

. 0.01 — _
. ca MW K P B R M & 2 M
S . . Chemical Elements o _
FIGURE 6: Essential plant nutrients from Ambrosia and Encelia tissue
extracts: Ambrosia leaves (o) and roots (=), and Encelia leaves (o) and -
- roots (@). - . L o



1000 T

100 4

| T -

0 ey

©0.01 ¢

0 0.001 +——————— '
S o - Chemical Elements .
'FIGURE 7 Companson of essential plant nutrlents from Ambrosia

: leaves (0), ltS sonl at one cm (o) and the bare soll at one. cm (m).

1000 7

o N » v 3 ‘
©0.01¢% \ S
0.001 —t—— —_— e e

Ga M K P B Ffe .M Q Zn M

' o Chemical Elements ‘

o FIGURE 8: Comparlson of essentnal plant nutnents from Enceha
- leaves (®), its soil at one c¢m (o), and the bare soil at one cm (=),

27



shallow soil underneath the piant species-cancpy-(only,4‘
of the 10 nutrlents are 51gn1ficant1y different) The

" most 51gn1f1cant differences occurred between the bare
soil nutrlent concentrations and plant-5011 or plant—-
tissue concentrations (9»or‘10 ofllo nutrients are
significantly different for each interaction).‘ Notevalso
the variability between species is mainly inbthelleaf

( extract’concentrations,‘whereas‘the soil concentrations
are similar underneath the two shrub types (Figures 4 and
v5). ‘ .

Root inputs‘may alsovaffect soil nutrient
concentrations. Ficures 9 andilo show root extracts of
plant-essential nutrient concentrations compared toe
plant-rooteassociated soil and bare soil concentrations
. at the same‘depth where the root sample was collected (25
cm).‘ The significant differences of root extract
concentrations shcwed’simiiar trends to those of leaf
extracts: ‘Ambrosia soils atfzsfcm‘and.the root extract
nutrient concentrations were'more similar (5xnutrients
are 51gn1f1cant) than the Encella root and soil extracts
(8 nutrients are 51gn1f1cant). The most 51gn1ficant
differences in nutrient concentration also occurred'
between the bare soil and the plant-soil or plant-tissue

nutrient concentrations.
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‘Figures 11-17 show combérlSQns of:the nutrients not
Lessentlal for plant qrowth. dThe'differences ared:
51gn1f1cant (p< 05) between the plant-assoc1ated 5011 and
bare s01l nutrlent concentratlons at one cm 1n 7 of the :
v 14 nutrlents (Flgure 11) The plant spec1es' nutrlent
econcentratlons are not statlstlcally s1gn1f1cant between
f each other.; Although the relatlve concentratlons found

in the bare 5011 are statlstlcally 51gn1f1cant from the

bl:ﬂplant—assoc1ated s01l concentratlons, they also show a‘

l51m11ar1ty in concentratlon proportlons.- At the depth of

25 cm, the nonessentlal nutrlents beneath plants become

'rfmore s1m11ar between plant-a55001ated 501ls and bare

jsolls, w1th only 5 out of the 14 nutrlents show1ng a

’h‘s1gn1f1cant concentratlon dlfference (Flgure 12) All

__'three groups, thus, appear 51m11ar, much ‘more so than thef

concentrat1ons that found for the essentlal nutrlents forl5‘
ffplant growth.. :‘ | |
Nonessentlal nutrlents 1n.Ambr051a‘and Encella leaf
' fand root tlssue extracts were compared (Flgure 13) v The
,_nutrlent concentratlon of the extracts was p051t1vely
'lwcorrelated except for 3 of the 14 nutrlents, one of the |
dev1atlons was root/leaf related and one was spec1es
'related. The leaf extracts were compared w1th the plant-':

‘imassoc1ated 50115 and the bare SOll at one cm for thev

.30



100 q

10 {

© 0.01

’, 0.0,91 _ — — \ — \ |
0.0001 —— e ——t .3 h-—a
‘ Na Sl Ba Sr Li Ti Al C PV Ni  Co Cr Be
Chemscal Elements

FIGURE 11: ‘Nonessential plant nutrients at one cm. beheath Enceha ( o),
Ambrosua (o), and bare soul (l) o L

100

0.01 v e [ £

0.001 —\

L
Na" Si Ba Sr LT Al G Po V Ni "c:o" Cr Be
. Chemu:al Elements
FIGURE 12: Nonessentlal plant nutnents at 25 cm beneath Enceha (o),
Ambrosaa (o) ‘and bare sonl (m).

10.0001

31



100 +

10

. 0.01

0.001 4—

-0.0001 —t — ——
- N Si- Ba S Li.Ti Al Cd PV Co cr Be
o o Chemtcal Elements . .

. _FIGURE 13: Nonessentlal plant nutrients from Ambrosna and Enceha.j“’

- tissue extracts: Ambrosia leaves: (o) and roots (-) and _E_n_gg_h_a_t
Ieaves (o) and roots (n) o oS



_nonessentlal nutrlents (Flgures 14 and 15) | Ambrosia
ileaf nutrlent concentratlons were extremely s1m11ar to
‘.the s01l concentratlons assoc1ated wlth the spec1es (3
‘nutrlents out of 14 are s1gn1f1cantly dlfferent) |
Encella showed some s1mllar1ty as well (6 of the 14 are
”51gn1flcant) ‘ However, leaf-extract concentratlons were
”often found to be lower than elther of the 5011 |
vconcentratlons, ‘so” the leaves alone cannot be the main _
'source of those nutrlents.: Although there was: a general
.hnutrlent-concentratlon dlfference between the leaf

-_extracts and the bare plant-assoc1ated soil, the

‘,‘»_dlfference 1s not nearly as. 51gn1f1cant as it was for the

‘essentlal nutrlent group (Flgures 7 and 8)
v‘ The root-extract concentratlons for nonessentlall
'nplant nutrients (Flgures 16 and 17) are more 51m11ar
: between plant tlssue and 5011 for nonessentlal nutrlents :
- than for essentlal nutrlents at 25 cm (Flgures 9 and 10)
dMore of the root extract nutrlent concentratlons were
'Slgnlflcantly dlfferent from concentratlons ‘in the 5011w
.than the leaf extract concentratlons.d’ ?
| Flgures 18 and 19 show how well the chemlchl,
.varlables class1fy the sample groups for the three‘

B condltlons at two dlfferent depths. The horlzontal'andf,

vertlcal axes are the total structure coeff1c1ents forh’

'f 3,.3 |
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plant ﬁersus nd-plant differences;'ahd“ﬁhe Encslia‘versﬁs
Ambrosia‘differénces,_respéctively.-sThe figures show theb
grbups clearly'distingﬁished from each'other, indicatiﬁg
a signifiéant difference'ih:gfoué characteristics. If
all 60 individuals at each depth were placed togéther,
the prdbability of‘corréctly CIéSSifying all of the
‘members into threé conditions, i.e.,‘EhCelig-, Ambrosia-,
’or no-planﬁ-associated soils, wogld be almost, if hot
exactly, 100 percent at either depth. The ¢1early-
defined'cléssification is surprising, especially at 25 sm
in depth, because of the lack of distinction noted in
'Figures 5 and 17 between the three conditions. The
nutrients responsible fof mgst ofkﬁhé distinguishing
’parameters‘in‘species and bsré soil are‘about equally
comprised by the'essential nutrients for plant growth and
those not essential for plant growth (Table 4). However,
plant essential nutfients did contribute sighificantly to
creating the differences found between Encelia and |
Ambrosia at 25 cm.

The acidity and'water-hqldihgecapécity of thefsoils
»play important‘pafts in hutrient éharacteristics and |
interactions with each other and with a plant.‘ All soil
samples showed a basic soil measuremeﬁt, mainly between

pH 8 and 8.5. The water-holding capacity of the soils
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TABLE 4
DISCRIMINANT ANALYSIS COEFFICIENTS

25CM

1CM
ANDARDIZED TOTAL STANDARDIZED TOTAL

SOolL CANONICAL STRUCTURE CANONICAL STRUCTURE
PARAMETERS| COEFFICIENT | COEFFICIENT | COEFFICIENT COEFFICIENT

1 2 1 1 2 1 2 1 2
Ca 1.16 -0.58 0.48 | -0.17 0.26 -1.93 0.50 0.25
Mg -1.91 | -3.13 0.58 | -0.35 -5.00 0.86 0.41 0.48
Na 0.90 1.88 055 0.02 1.08 -1.07 0.68 0.06
K 2.24 041 | 086 | -0.10 0.09 0.66 0.50 0.62
P 1.98 -0.08 0.56 | -0.46 0.32 2.24 0.10 0.55
Si -3.47 -0.83 0.64 | -0.05 -0.71 -9.78 <0.02 0.21
B 1.05 -0.50 0.67 | -0.45 0.37 2.50 0.68 0.53
Ba 2.56 0.82 0.78 | -0.14 1.99 -0.78 0.37 0.32
Sr -2.45 1.05 0.57 | -0.20 3.53 199 0.53 0.28
Li -0.62 1.15 0.67 0.05 -1.76 0.34 0.62 0.38
Ti -0.64 0.05 -0.68 0.08 -20.45| 9.43 -0.03 0.25
Al 0.92 0.53 -0.67 0.09 -4.72 -29.86 -0.03 0.24
Fe 2.61 0.24 -0.66 0.07 28.17 31.10 -0.03 0.24
Mn -0.64 0.48 0.40 | -0.06 174 | -2.85 0.01 0.29
Cu 0.01 0.04 0.61 | -0.16 0.21 0.47 0.39 0.07
Zn . -0.31 0.84 0.48 0.16 § -0.03 1.74 0.03 0.29
Cd 0.50 0.49 0.32 0.13 0.41 0.22 -0.01 0.19
. Pb -0.70 067 | 0.51 | -0.52 0.99 -1.56 0.47 0.24
v 0.21 0.06 0.19 004 ] 0.53 0.07 0.02 0.22
Mo -0.58 -0.45 054 | -0.34 2.11 -0.12 0.62 0.42
Ni 0.24 0.20 0.42 | -0.09 0.43 -0.41 0.20 0.28
Co. 0.66 -1.76 0.34 0.20 -1.23 -0.22 0.08 0.24
Cr ~0.17 0.14 0.11 | -0.05 0.77 0.68 || -0.08 0.25
Be i Q.75 1.18 0.12 0.17 1.22 -1.13 -0.04 0.24

1. Coefficients best chosen to sepérato plant-associated soils from bare soils.

2. Coefficients best chosen to separate Eng_gug-assodatgd soils from
Ambrosig-associated solils. - ,

NOTE: Coefficients represent relative Irnporta_ncé of the element in identifying the
saparation of groups and accounts for most of the variation between the groups.
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is significantly different (p< .05) between the plant-
associated soils and the bare soils at one cm (Table 2).
At 25 cm, there is a significant difference (p<.05)
between Ambrosia and Encelia soilé and between Ambrosia
and bare soils.

Thus, the concentfation of elements is greater for
soils associated with plants compared to those not
covered by plants. Most of thesebnutrients are found in
the surfaée layer of soil and are similar to the nutrient
concentrations in the leavés. This is particularly true
for the'nutrienfs.essentiél for plant growth. Some
element concentrations were found to be greater in the
soil underneath the plants than could be accounted‘for
‘using nutrient conéentratidns in the leaves.

These plant-associated soil concentrations near the
 surface were also much more similar in the two species
than were the same-species leaf extract concentrations.
The rooté concentrate these essential nutrients from the
soil, but eiements not considered essehtial for growth
were found to be in very similar concentrations in the
root extract as'they were in the soil at 25 cm, no matter
where the sample was collected. Even‘though this
difference between conditions is small, the specific

nutrient concentrations for each of the 20 indiﬁiduals in
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each group have collectively defined the soils in those
‘conditions (depth or species cover) at the location of

the study site.
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CHAPTER IV

DISCUSSION

Soil nutrients are the most frequently limiting

‘ factbr in semiarid environments, yet plant-soil
relationships in the desert are not widely described and
are rarely studied (Crosswhite, 1983). The availability
of the nutrients essential for plant growth must be the
most crucial factor in determining plant success. Many
factors influence nutrient availability; thé
decomposition process, scil salinity, shrub location as
deposition sites for wind and water-transported debris,
and faunal-floral-substrate interactions. Up to 1989,
micro-habitat differences infiuenced by shrubs ﬁere only
generally addressed (e.g., more annuals werelbbserved |
growing undef shrubs than in the open) or were limited to
descripﬁion of one nutrient, nitrogen. Much speculation
has addressed the determinants of shrub distribution in
‘the desert (Whitford, 1986; Attenborough, 1984; Phillips
ahd,MacMahon, 1981; Grime, 1979; Yeaton and Cody, 1976;
Woodell et al., 1969); however, little or no chemical
analysis has been cbnducted ﬁo address the nutrient-

| limiting factors for these desert species.
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81gn1ficant differences 1n nutrient concentration
| _were found between Encelia far;ngsg SOllS, Ambros;a
dumosa s011s, and adjacent SOllS without plant cover,
both: 1mmed1ately below the surface of the s01l (1 cm) and
in the root zone (25~cm)- The variationvbetween these
groups was attributed to three possible sources: species
and bare 5011 assoc1ated differences, depth differences,
-and the differences caused by the 1nteraction of spec1es
(or bare 5011) and ‘depth. 'Although all three sources of
variation contained nutrients that were . 51gn1f1cantly
» different spec1es-attributed dlfferences seemed most
'important.; When there was not a s1gn1f1cant difference
between'spe01es, there was also not a significant
difference attributed to the species and depth
1nteraction.v.The concentrations were'generallyﬁgreater
e1n the areas containing plants compared w1th those areas
not containing plants. The 50115 of the different shrub‘
species soilsialSO_had significant differences in
’nutrient concentrations,fbut the magnitude of those
differences was not as great as for the plant versus no-
‘plant differences. o | | k
Plant essential nutrients were studied because of

‘their: 1mportance to desert plant establishment ‘and

vsuccess, - Significant differences in nutrient
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concentrations were found between the higher
concentrations at shrub locations and thevlower
concentrations at the édjacent barren areas,
’not only for the surface layer of soil directly in
contact with plant debris, but for the soils 25 cm below
the surface. Root and leaf interactions with the soil
involve nutrient exchange from decaying material or
active roots,‘fextural modification, and downward
leaching of surface litter decay products. Because the
leaf-tissue extract nutrient concentrations are similar
to the soil nutrient concentrations, éspecially at one
cm, the source of these nutrients in the soil may come
largely from the leaf litter of the plant. Ihdeed, the
leaves tend to concentrate particular nutrients, such as
Ca and Mg, that are also found in higher concentrations
in the surface soils having the most contact with the
leaf litter. |

There is a species—specific variation in tissue-
extract concentrations of nutrients that would be
expected to influence the soils directly under those
species. Despite the differences in leaf-extract
nutrient‘concentrations between the two shrub species,
the soil nutrient concentration differences between the

plant species were often insignifiéant; In fact, the
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leaf-extract nutrient concentrations were often lowef
than the soils at one cm, indicating a concentration of
available nutrients.

A redistribution of nutrients and their
concentfations occur via wind and water transport, and by
other living organisms (Whitford, 1986). Shrubs
becoﬁe deposition sites for nutrients because of their
ability tO‘trap the transported.debris and because
burfowing animals and other vertebrates concentrate
activities under plant canopies rather than on exposedb
soils (Brown, 1986). |

Despite the importance of N availability in desert
plant systems (Whitford, 1986), there was no significant
difference found between soil groﬁps for ammonium
'~ concentrations. ﬁifrafe cbncéﬁtrations were
‘significantiy différent betweén.the soil qrdups at 1 cm
.but‘not so different at 25 cm;"P‘concentrétion was
significantly different betﬁeen ali‘groups and depths.
It is hypothesized that P‘méy also be aAlimiting'hutrient
in desert environments because of its important role in
all 1living organisms (West, 1981). The significant
difference of P concentration in the differenf soil
settings'gives reason to belié&e that P may be limiting

to plant~establishmeht. Indeed, P was found in higher
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_concentratlons 1n the root extracts than 1n leaf extracts'
'of the s01ls contactlnq the roots, 1nd1cat1ng a :

‘preferentlal transport of th1s element 1nto the roots.y

o Further study w1ll be necessary to determlne thev,r

'sens1t1v1ty desert plants have to the presence of P 1n
. the SOll and the plants' effect on P concentratlons 1n
1mmed1ate SOll v1c1n1ties.-~‘ | )

As the depth 1ncreases from 1 to 25 cm, a general
"decllne in: ex1st1ng nutrient concentratlons occurs.r
_However,.the essentlal plant nutrlents are more |
concentrated 1n the root extracts than 1n elther plant-vi'
' assocxated or bare s01l at 25 cm. The roots, most o
llkely, preferentlally acqulre these nutrlents through‘
actlve transport.j The hlgher concentratlons of these
nutrlents in the plant-associated 50115 compared w1th the
;bare 501ls may be from the upper horlzon nutrlents
fllterlng down through the 5011.‘ |

The essent1al nutrient/root effect contrasts theb
nonessent1a1 nutrlents for plant growth.’ Root content
nconcentratlons of nonessentlal elements are more s1m11ar
in proportlon to concentratlons found 1n the s01l at 25
”llcm than to the essential element concentratlons even from“
the samples collected 1n areas w1thout plant growth.' The

':\roots may not be as selectlve for nonessentlal elements
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and may be regulated by diffusion alone. The effect is
the soil influence on the root, not the root changing the
soil as leaf debris is expected to do. Although
nonessential nutrients are not required for plant growth,
many enhance growth'in small concentrations (Chapman, |
1966). In larger concentrations, many of these
nonessential nutrients can become toxic to plants, so
that certain plant "strategies" can be developed to
affect the mineral concentrations in the soil surrounding
the roots. A desert piant can exclude an element from
uptake through selective active transport or, if it is a
root toxin such an Al, transport it out of thg rbot‘area
and up into the leaves where the damage will not be so
greét (Pratt, 1966a). Thus, a plant can modify the‘soil
within its immediate contact.

‘The significant differences of all nutrients
combined are described through discriminent analysis.
The nutrient concentrations within each soil group
(species-, bare soils-, or depth-related) are compared
with those of other groups. The difference between this
analyéis and regular pair-wise tests is in the
simultaneous comparisoh of all nutrients in a group to
all nutrients in another group, at the same time taking

into account the interaction of each nutrient with all
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éther nutrients within each group. Thus a complex series
of interactions can be measured to develop a better
~description of a group‘in relafionship to other groups.
‘Because-nitrogen concentrations have already been

demonstrated to be greater under plant canopies than in
open areas (ﬁhithrd, 1986), this factor was excluded
from this;énalysis in order to‘determine>other factors
which afféct nutriehiflévéls. All.three groubs of soils
analyzed at each dépth were found to be significantly
different. They were so different'ﬁy group that only 2
individuals out of 120 could not.be classified into their
group characterized by a particular combination of
nﬁtrient concentrations. 1In fact, the soils not
supporting plant growﬁh had very little variation between
individual sites at one cm. Thus, the same influences
that affect fhé soil chemistry may be affecting all areas
equally. The plant-associated soils were more similar to
each other than they were to the bare soils, but Encelia-

and Ambrosia-associated soils also contained their own
distinct characteristics. Because the two species are
significantly différent, one can speculate that chemical
' differences are occurring on a species-specific basis.

Leaf and root extracts contained different
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‘ concenﬁrations of the essentiai and nonessential chemical
nutrients; plant tiséue input is one source of soil
content variation as the litter leachates pércoléte
through the soil. The shape of the éhrubfmay also-daﬁse
avdiffefence in capturihg ability of wind and water-
transported debfis. The brahching}pattern of Encelié
farinosa was fouﬁd'to pfevent”a‘nutrient-filléd‘moﬁnd
from accumulating underneath the canopy, in contrast to
two other common desert shrubs, Franseria dumosa and |
Thamnosma montana (Muiler and Muller, 1956). Indeed,‘the
nutrient concentration of Engelia was found to be,iower
than Ambrosia in almost all nutrients'measured. The bére
soil concentrations were always the same or significantly
‘lower than the‘plant‘inhabited soils, probably due to
lack of attractiveness toﬁanimal activities‘(hence, no
litter turndver and decompbsition) usualiy providea by
desert shrub cover (Whitford,'1986; B;own; 1986). It is
anticipatgd‘xhét further ébllection 6f samples at the
site would support the'sﬁecific differences described by
the data in this study. The causé of the diffefences
'between groups can only be hypothesized without
additional work. HoweVef, it seems reasonable to assume -
these conditions‘weré caused by ﬁhefexistenée of the

~plant and not the plant "selecting" (through differential
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germlnatlon) a place w1th these condltlons. Perhaps if
‘these condltlons d1d prev1ously exist because of the

| presence of another plant, the succeedlng plant had a
,better chance at establlshment than plants attemptlng to
colonlze prev1ously bare 5011.

In hypothes1z1ng a cause for the dlfferences
‘dlscovered between the three soil groups, the nutrlents
contrlbutlng the most to the dlfferences should be
con51dered. Plant essentlal nutrlents contrlbuted
proportions. 51m11ar to those of nonessentlal nutrlents 1n
creatlng most of these dlfferences, except at 25. cm where
plant essent1a1 nutrlents were the major contrlbutlng |
factor to dlstlngu1sh1ngvbetween Encellaf and Ambrosia-
associated soils. Of the manydcontributingfelements, Na,
Sr, Li, and Mo helped to- dlstlngulsh plant-assoc1ated
soils from those 1n adjacent open areas. In addltlon,
K, P, B, and Pb also contrlbuted to the plant/no plant
dlfference dlstlnctlon, but also contrlbuted to the
distinction between Encellaf and Ambr051a-assoc1ated
soils. It is interesting'todnote that‘the element
COntributing”the most to those,differences, ‘overall, is
K. Perhaps the 11m1t1ng effects of this element also

vneed further study.‘
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Soilfwater—holding‘capacity wasvan additional

dlscrlmlnatlng parameter between the three groups. The

: water-holdlng capaclty of the SOllS turned out to be ,

51gn1f1cantly higher in the plant—lnhablted soils than 1n_
.;the bare 5011 at one cm. The added humus in the s01l at.
h»the surface under plant canoples may have 1ncreased the
s011 s potentlal to retain water.‘ ‘At 25 cm, only-the
Amp;051a-related 5011 was slgnlflcantly hlgher than the
'3bare 5011. The ab111ty of Ambrgg;g to trap more debrls
7. under 1ts canopy may be the factor cau51ng thlS
'.dlfference._ff‘ |
| Even though 1t was not a dlscrlmlnatlon factor,15011g~
gac1d1ty 1s still an 1mportant parameter affectlng
»nutrlent 1nteractlons w1th each other and w1th the plant;
_fAc1d1ty also affects the catlon exchange capac1ty (CEC) |
of the SOll CEC is a measure of the 5011'5 ab111ty to
R retaln’nutrlents; functlonlng best at a bas1c pH. _The
}5011 pH in the study 51te ranged from 8 to 8 5.‘»Soils
’domlnated by 1ons such as Ca++ and Mg++ w1ll have a |

'maxlmum pH of about 8 4 whereas 1f Na+ domlnates, the pH

'-.may exceed 10 (Palmer and Troeh 1977) Ca was found 1n

' greater concentratlons than Na,ksupportlng the lower s011
‘lpH predlctlon.‘ The Ca domlnance 1ncreases the CEC and

thus a 501l's capac1ty to retaln plant nutrlents



otherwise subject to leaching. The CEC of these soils do
not seem to be affected by the existence of plants.

Thus, more queStions have been réised by this study
than have been answered. The cause/effect relationship
of plant growth and establishment‘and the desert
environment where plants have £o live is a complex system
and should not be oversimplified by claiming water or
nitrogen is the.limiting factor fof a plant's success.
More studigs-will need to be conducted on the nutrient
effects on particular spécies and species effects on
nutrient availability,f More research Qh nutrient
distriﬁution in the desert soils could‘add dimensions to
the knowledge Of desert éc¢sYstems. 'Other'studies, such
as reseérch 6n existing orgahi¢<ﬁaterialbin the soil,
seed germination, seedling establishment, and adult plant*k
survival, which would take many years to conduct, are
necessary to determine whether the soil differences found
in this study actually do have an effect on the success
of these spécies. Studies on the distribution of
microorgahisms in the so0il on a microhabitat level may
also provide some insight. Caution should be used,
however, when conducting greenhouse experiments on desert
plants because the effect caused by the sbil differences

may be seen only when the soil-moisture is limited. Of
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‘course, greenhouse experiments cannot truly reflect alll
‘factorsiin the desert because. the SOll compacts when 1t
is removed from the desert and put into pots, additives‘
are needed to reduce this compaction (Augustine et al.,‘
‘1979) and may 1nf1uence~the outcome when the factors‘
1nvolved are so small in concentration.v‘ | .

Whatever the addltional study may be, the topic is
Stlll plant/501l relationships. Plants can modify their
surroundings in four ways. ‘They can chemlcally alter the
SOll through spec1es—spec1fic 1eaf litter leachates and
through root uptake act1v1t1es., They can trap wind or
water-transported nutrients w1th their canopies. Their .
Avery ex1stence attracts dep051tion of nutrlents through
~animal act1v1t1es and their waste products.' And the SOll
structure and water-holding capac1t1es can be modified“
'under a plant ‘through the addition of humus, the a
attraction of burrow1ng animals, and the phys1cal
influences of the roots. |

In a habitat as sensitive’as\the desert, one must
consider‘the delicate.balancebof manyvparametersthat
influence‘the~success‘of a species. ‘Soil on aimicro-h
habitat 1evel isinot‘well studiedv-and especially not in
the desert.l Differences in desert soils only two meters

apart, or 25 cm difference in depth do exist. The
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significance ofithélnutrient,differénéeéfahd“thevéfféqts '

: of»thesé variation§ ar¢’not,yetfknowh;'
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APPENDIX 1

SOIL/PLANT CHEMICAL PROPERTIES
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TABLES

ELEMENT PHYSICAL CHARACTERISTICS

CHARACTERlSTICS WITH Pums
Carbgnates Has a vital role in soil-structure maintenance and affects the
Y ] (,Cog') : aSalt  |availability and absorbability of other nutrients. :
Mg [Magnesium|Yes o, |Carbonates Yes |Deficiency reduces growth and causes necrosis and
' Mg ' yellowing and can be prompted by Ca K. N can mmlmuze
‘ - ' S - lany deficiency.
Na |Sodium {Some Halide Salts | Yes - as. |[Can sometimes substitute for part of the K. requu'ements
|Plants | Na* : aSalt |Can also cause moisture stress in and envionmentby
_ : 1 : , decreasing moisture suction and osmotic pressure. - S
K . |Potassium |Yes | K+ Halide Salts | . Yes Related to almost every physiological function, travels '
: ' ’ i " igh rowi arts and.can eficien
P  Phosphorus| Yes 5+/3+/3{Phosphates Yes _ |Deficient in many soils, plays a role in growth and
o o ‘ {P P 4') - development, can lower Cu, Zn, and Fe uptake. ’
Si Silicon ‘ | No ‘o A+/4-|Silicates 4. No - |Notan ‘essential blant nutrient but somé plants can. '
. j . : Si (Si04 ) accumulate this element. '
- B [Boron  Yes g3+ |Borax 3- yss Performs a protective function at the sites of sugar synthesis,
: . |(Borate=BO3 ) has positive and negative ass_oclanons with Ca, N, and P .
Ba Barium No Ba2+ ~|carbonates - | Yes - as |Although toxic effects can occur when the amount of Ba
- ‘ o a Salt exceeds that ofsulfate, the total Ba content of the soil is of
Sr Strontium | No | o2+ Carbonates - Yes - as Can replace Ca to some extent, toxic amounts not observed
- S" aSalt |in nature.
Li Lithium | No lu + Sulﬁdas (32-) V_ es -as |[Can cause stimulating and toxic effects to plants. by aﬁectmg
: , 1 ! “aSalt |germination and vegetation. Toxicity not observed in nature.
- Ti Titanium No 4+/3+/2+¢ Oxides 5. [Yes-at HighMay act as a photocatalyst changing nitrite to nitrate;
S ’ Ti (O") [Temps enhances root growth; may reduce toxicity of some other




g

“TABLE 5 - continued

, CHARACTERISTICS WITH PLANTS
A | Aluminum No | ap* Yes | Can eliminate toxic Cu effects and reduce disease organisms in
, ' | soil; is a specific root poison; solublizes in soils of pH5 or less; P
Fel won Yes 3+/2+ | Oxides Yes-as a |Deficiency causes "leaf chlorosis.” Toxicity in nature not a problem.
’ e - : - | Salt Deficiency associated with many things: K def., bicarb ions, high:pHj
1. - : __|high Cu or P, etc. = o
Mn | Manganese| -Yes |my/*+/6+/41 Oxides ? Involved in N assimulation & functions with iron in the synethsis of
= I +H2+ , chiorophyll. Becomes insoluble at higher pH. -
- Cu| Copper Yes 2+/+ | Sulfides | No Deficiency causes a lack of growth, & subsequently fungal attack;
' - . Cu |77 excess causes stunting & an iron deficiency. Cu held in soil like G
: : : . : : i i Cu k
Zn| Zinc Yes Znlt Sulfides |Yes-at | Total %n low in acid, leached soils; unavailable in alkaline soils,
' - ‘ . ~ - |HighTemps] organic soils, with addition of P or N. Ca increase Zn uptake by
v : . - ) . addin: 4 vs alfalfa sterilize sail. Qrganic matter adds i
Cd | Cadmium | No cd 2+ | Sulfides 2 N/A , .
Pbllead No . Pb2+/4+ Sulfides _ [Spaningly | Small amis can stimulate growth as a side efiect of increased
V. | vanadium | No \/5\;':4172+ Oxides ? Essential for growth of certain beneficial algae and bacteria. Toxic
‘ Mob olybdenumy Yes M gfl + P Sulfides Yes Imp. in N fixation and N utilization; no toxic effects in nature; sullatq
‘ Mo e is an competitor for adsorption sites on roots & lowers pH.
Ni Nickel No : N'2+ | Sulfides - [Yes-at high me benelicial effects, many toxic effects. Toxic amts. aggravat
o ™ o temps |y Ca. Mg, N.K, def. and P excess; Fe or Mo can decrease toxicity}.
Co Cobait | No g C 3+/2+| Sulfides [Yes-at high|Required by N-fixing bacteria but not for plants. Excess not likely tg ’
o o 0 : N emps - |occurin nature. Parent rock content related to Mg content.
~Cr |Chromium | No C6+13«|-/2+ Oxides ? [May have an indirect effect on pathogen control. Toxic effects
_ : r displayed in roots. - '
Be |Berylium | No | gg2+ | Oxides | ? NA E o ~
N | Nitrogen Yes N3- Uncombined  Yes __|controls growth & fruiting. Forms NO3, NH4, organic nitrogenous
R o : compounds. Mo required for N breakdown, Mg absorption affected
can affect soil structure. - _ -



-~ ALUMINUM (Pratt 1966) |

There 1s no proof that alumlnum is essentlal to plant,
growth. Alumlnum can have some stlmulatlng effects on
plantlgrowth 1nd1rect1y, Small amounts of alumlnum‘can ‘
‘eliminateltoxicfeffects of copper;lreduce PH, and,its'salt«
can reduce disease'organisms in the soil. Aluminum
toxicity, whiCh occurs in SOils of:pH 5 or less, is not:a'"
visual in plant‘tops:although it depresses'growth, |
Aluminum is a specific’root'poison (Trenel‘and'Alten,
‘;1934). Acidity’iskthebmost important parameter in making
‘h aluminum soluble,‘although salts such‘as,gypsum, potassium
chloride, and calcium choride can increase soluble |
aluminum. Phosphate can lower the tox1c effect. of
valumlnum by pre01p1tat1ng 1t as alumlnum-phosphate.
Phosphate also 1ncreases a plant's tolerance to alumlnum.
-Surface s01ls have»less alum;num contents, generally, than
subsurface soils.: | , | | |
BARIUM (Vanselow, 1966)

b Barium 1s not essent1a1 nor ‘beneficial to plant
growth. There is an adverse effect on plants only when
the exchangeable barium exceeds the exchangeable ca1c1um
and magnesium: ,a,s1tuatlon p0551b1e only when the amount
of barium exceeds‘that of sulfate (Robinson et al.; 1950).

Barium is very similar to calcium in its chemical
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v propertles and 1s always assoc1ated with calc1um where

-gcalc1um is found. Slnce barlum 1s not essentlal for plant

'{‘growth and 1s not tox1c, the total barlum content of a

s01l is of llttle 51gn1flcance, some of the 5011s hlghest
in barlum are among the most productlve (Vanselow, 1966) .
'Bonon (Bradford 1966) R

| Boron is an essentlal plant nutrient that appears to
perform a protectlve functlon in plants by preventlng the
'excess1ve polymerlzatlon of sugars at s1tes of sugar
’,synthes;sg(Scott,,l?GO) At low concentratlons, thls._
| function.manifests7ltself as growth-promotlng, at high
concentratlons, boron uptake is related to other nutrlents
in the substrate. Ca101um 1n h1gh amounts leads to h1gh
”boron regulrements, yet when ca101um 1s 1n low supply, the‘
tolerance for boron w111 be low as well. Nltrogen and

’fphosphate have oppos1te boron effects"low n1trogen

o requlres less boron, whereas low phosphate requlres more

»boron._ Boron-def1c1ent areas in the Unlted States tend to

be in the Pac1f1c coastal area among other places.

CcALCIUM (Chapman, 1966)

Calc1um has a v1tal role 1n 501l-structure

“imalntenance and 1s an. essentlal plant nutrlent. It is‘
:essentlal for root development (Lundegardh 1953)
However, excess calclum effects result from the anion w1thf

. wh1ch the element is assoc1ated (e g.,’soluble salts such
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as calcium‘chloride'or‘calcium‘sulfatej 'Calcium»'
carbonate affects the alkallnlty of the soil thus
,'decrea51ng the avallablllty of other nutrlents, such as .
FMg, Fe, Zn, Cu, B and P. ngh amounts of ca1c1um may
’,cause potass1um and boron to fix 1nto less soluble forms
unless,pH'ls high. Ca1c1um also 1ncreases the absorptlon
of sodium, potassium,;rubld;um,vand ceslum‘at low pH
',because-of the-bloching effect.of‘thedcalcium ion on the
vhydrogen ion at_the‘cell surfaCe, At highva,.Calcium.may
‘decrease manganese'and phOSphorus,COncentrations from the
soil and may decrease the absorptlon of llthlum High pH
also 1ncreases sodlum concentratlon and decreases that of
':ca101um as well as affectlng the absorbablllty or |
iavallablllty of the remalnlng exchangeable ca101um in the
SOll, cau81ngvstructura1 deterloratlon of the SOll because
1of theJ"dispersing effect"‘of sodium. Phosphorus,
;manganese, 21nc, boron and iron solublllty and
absorbablllty can also be affected under these condltlons.
gnnoumn (Prat, 1966) | |

Chromlum 1s cons1dered not an essent1al nutrlent for

"nplants. Although there is no conc1u51ve ev1dence that

chromlum 1s essentlal for the growth of plants, some
1nvest1gators have reported growth stlmulatlon from the'
‘appllcatlon of small amounts of chromlum salts. Chromium

' may have an 1nd1rect effect of pathogen control.
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Chromium salts can cause toxic effects, and that main
effect is exerted in the rodts where it may accumulate.
Chromium is found in higher amounts in serpentine soils
than in other types.

COBALT (Vanselow, 1966)

Cobalt is an element essential to animals and is a
component part of vitamin B,,, but it is not an element
essential to plant growth. Most plants do not accumulate
cobalt to any great extent. ‘Cobalt is required for the
symbiotic’fixation of nitrogen by soybeans and alfalfa.
Although an excess of cobalt is not likely to occur in
nature, toxic effects are noted in cbnditions as low as
0.1 ppm. These effects are displayed as reduced growth,
chlorosis, necrosis and death. Molybdenum and iron salts
can lessen the effect of excess cobalt. Cobalt is prone
to leaching, so natural concentrations usually are not too
high. Acidic soils and the addition of gypsum can
increase the availability of cobalt uptake in some plants.
Cobalt content in parent rocks is related to the magnesium
cohtent. | |
COPPER (Reuther and Labanauskas, 1966)

Copper is an essential nutriént of plants, but only in
the correct amounts. A deficiency in copper creates a
lack of growth which is complicated by fungal attack and

other related deficiencies. An excess in copper can also
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reduce growth cau51ng stuntlng, etc;;vand brlng about”an
‘1ron def1c1ency 1n the leaves. Copper 1s tlghtly held by E
the colloldal fractlon of the soxl much in the same
manner as base elements such as ca1c1um or magne51um
_ Very llttle of thls copper is removed by the plants,‘but

it remalns near the plant because 1t is not subject to

f_leachlng out of the root zone.v Organlc matter in the s01l'{'~

”'lowers the avallable copper 1n the s011. The klnd and
: amount of clay m1nerals and the ac1d1ty of the 5011 are o
“also factors affectlng copper avallablllty.k HCl extracts'
have been used to determlne copper avallable to plants,
and a correlatlon has been found between 5011 copper |
'amounts and the copper content of plants._ Some plants are
jlndlcators of hlgh concentratlons of copper.;
"Caryophyllaceae, Fabaceae, and mosses.pfg'ﬂl

'IRON - (Walllhan, 1966) |

| lv Iron is an essentlal m1cronutr1ent for plant life.
Plants lacklng 1ron w1ll dlsplay "leaf chloros1s" or leaf

yellow1ng.' Iron deflclency is more of a problem than 1ron'

tox1c1ty because there 1s not much ev1dence in nature thatf"

N ptox1c levels of 1ron occur.. Many factors 1nf1uence 1ron

"»[uptake of plants so that the condltlon of the plants bears

'no general relatlon to total 1ron content of the soil.
J'Therefore, knowlng the total content of 1ron in the s01l

w1ll not measure plant response, yet 1t may prov1de usefulp



'plnformatlon along w1th plant observatlons in an area. |
‘h,Unllke other plant essentlal elements whose concentratlonsf
1n plant tlssues are about the same or greater than that

"ex1st1ng in the 5011 1ron concentratlon 1n the leaves 1s

"L'usually one-tenth to one-one-thousandth tlmes that found

Y_1n the assoc1ated 5011.\ Iron def1c1ency 1s ass001ated

bwlth hlgher pH,.exce551vely wet 501ls, low pH because of

'j:copper tox101ty, hlgh or low 5011 temperatures, the

?:presence of certaln mlcroorganlsms in the 5011 pota551um
"def1c1ency, blcarbonate 1ons, and appllcatlon of phosphate
‘fertlllzer.‘ 'i

’LEAQ (Brewer,‘1966)

Lead is only a mlnor part of plants and SOllS and is
'.not shown to be an essentlal nutrlent to plants. Most
‘11ead 1n 501ls is sparlngly soluble and largely unavallable
to plants. In Callfornla, the quantltles of lead in SOllS '
are from 0.5 ppm to 46 ppm, w1th 5 ppm belng the average '

ﬁ‘amount.; Lead seems to be held more 1n so1ls w1th a high

. humus content.‘ Small amounts of 1ead have stlmulated ,

‘y.growth of some plants, probably as. a s1de effect of ‘the
1ncreased nltrlflcatlon rates in 501ls where lead salts |
have been added.} Lead seems to concentrate in the roots‘
~of many plants that uptake 1t except for eggplant which
nuconcentrates lead 1n the edlble frult.- In procedures

'uextractlng 1ead from the 501ls,bwater was found .
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to extract about the same amount»of 1ead as 0.5N acetlc

“'ac1d or neutral ammonlum acetate washes.

'i;LITn;uu, (Bradford 1966) L |

| L1th1um 1s not known to be an essentlal plant

bnutr1ent but 1t does exh1b1t some stlmulatlng and tox1c"

‘effects on several plant specles. Excess 11th1um affects

: vgermlnatlon and the vegetatlon._ However, naturally ’
roccurrlng 1nstances of llthlum tox1c1ty to plants 1s not
_known except for c1trus.: In plants,‘llthlum becomes flxed
btln the old leaves and roots. The concentratlon can be
‘lessened 1n the roots by a transfer to the surroundlng ',hk
,s011 1f the 11th1um gradlent favors movement 1n that
dlrectlon.m Pyroxenes, amphlboles, and mlcas often have a

“fllthlum and magne51um ion as5001atlon. Bradford (1960)_

’ ;found extractable llthlum in Callfornla 501ls to be

v‘.'between 0. 1 and 0 9 ppm, w1th the average belng 0. 3 ppm.,-'

However, there is no ev1dence avallable to 1nd1cate that
:'total llthlum 1n 501ls 1s related to plant avallablllty.‘ﬁ
'“Plant ava11ab111ty may rely on other factors, such as.
;;1ncreased avallablllty 1f a 5011 becomes ac1d1f1ed or 1

V}adecreased absorptlon of llthlum 1f ca1c1um 1ons are added:'

H:eto the s01l. » »k_ vv | | | |

- nnennsxuu (Embleton, 1966)

| | Magnes1um 1s an essentlal plant nutrlent whose

vdef1c1ency reduces growth and causes necros1s and



yellow1ng. ‘Magnesium 1s dlsplaced from the surface to‘
'lower depths as calc1um salts are 1ncreased but the L
'severlty of th1s may ‘be lessened by an 1ncrease 1n

' »n1trogen 1n the 5011 and plant tissues because n1trates :_i
:’1mprove magne51um utlllzatlon.: Calc1um in the form of |

‘ca1c1te also is correlated w1th lower uptake of magnes1um '

. in soybeans, even 1f magne51um is hlgh in the 5011._‘f"

](Mulder,:lgss),f Phosphate forms magne51um-phosphate whlch_'
Afresists Ieaching and thus mlnlmlzes magneslum deflclency
"(Coopef,vlgszjlt | P B
l‘MANGANESE (Labanauskas, 1966) _ v

Manganese is. an essentlal mlcronutrlent because 1t is
1nvolved 1n nltrogen a551m11at10n as a necessary catalyst
in plant metabollsm and also functlons w1th 1ron 1n_1‘7
Vsynthes1s of chlorophyll.. Therefore, manganese stlmulatesi
,growth but hlgh concentratlons can be harmful to the,
plant. Total s01l manganese 1s not a good measure of o
plant: avallable supply because other factors 1nfluencefi”
'manganese solublllty.- At pH greater than 6f5,'s011‘
»3organlsms convert manganese from the soluble manganous
:dform to the 1nsoluble manganlc form v | -
k'nonynnnuun (Johnson, 1966)
| Molybdenum 1s one of the essentlal mlcronutrlentSa
swhose functlon 1s related to other nutrlents, and ‘can _]‘

cause other nutrlent dlsease symptoms.r Molybdenum 1s
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important in the nitrogen fixation process, and its
éeficiency is common and is often viewed és nitrogen
deficiency even when plenty of nitrogen is present in the
soil. Molybdenum is an anion strongly absorbed by soil
minerals and colloids at pH lower than 6.0. Thus total
amounts may not indicate adequate plant-available
molybdenum if pH of the soil is too low. This is
supported by a lack of correlation between available
molybdenum in the soil and total mOlybdenﬁm content of the
soil or plant tissues. Molybdenum is preferentially
"accumulated in the interveinal areas of leaves, and
although plants may accumulate large tissue concentrations
of it, its excess has not been observed in the field in
the recent paét, and rarely in years past. |

Phosphate can enhance the uptake of molybdenum by
.plants, and nitrogenous fertilizers can lower the need for
molybdenum in the plant. Sulfate has a complex
interaction with molybdenum. th only does sulfate cause
a greater growth of plants, causing a greatef demand for
mdlybdenum, sulfate also competés with molybdenum for
absorption sites_on the plant root. Indirectly, sulfate
may promote a lower pH and thereby limit molybdenﬁm
availability. To complicate matters, magnesium is an
_"™antagonist" of molybdgnum, and as pH gets lower,

magnesium becomes more soluble.
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NICKEL (Vanselow, 1966)

Although nickel is found in most plants, it has not
been proven as being essential to plant growth. Some
slightly beneficial effects have been reported. However,
the toxic effects of nickle have been well documenﬁed.
Toxic effects include dwarfing, chlorosis or yellowing,
- and death. 1In the field, nickel toxicity is difficult to
quahtify because calciun, magnesiuﬁ, nitrogen, and
potassium deficiencies, as well as phosphate excess,
aggravate nickel toxicity. Low pH increases nickel
uptake, but usually these amounts are not enough to cause
a nickel-toxicity reaction. Low pH may, instead, make
other toxic ingredients of ﬁhe soil; such as boron and
lithium, soluble. The addition of iron or molybdenum can
decrease toxic effects of nickel. Nickel toxicity is
usually associated with serpentine soils. Vanselow (1952)
reports southern California soils as having a total nickel
content of 8 to 10 ppm with the exchangeable nickel
averaging only 1 ppm. Nickel content of the soils is not
truly a gbod measure of nickel avaiiability,fwhereas the
nickel content of plants is a better indicator of
exchangeable nickel of the soils.
NITROGEN (Jones, 1966)

Nitrogen is one of the essential hutrienﬁs for

plants. It is important in controlling growth and
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»fruiting; but.the critical levels are difficult to
determine; In plant thsiology, nitrogen is veryvmobile.
It enters many"compounds,‘such as amino acids, alkaloids,
and chiorOphyll;»and it is influenced by many internal and
external factors; ‘The supply of nitrogen‘in the soil
occurs largely in three forms: nitrate nitrogen, ammonia
nitrogen, and organic nitrogenous compounds. Nitrate
nitrogen moves with the water in the soil. Ammonia
nitrogen is flxed on the clay partlcles for a short time
until it is changed to nitrate; it, too, then moves w1th'
the soil water. The nitrogen in organic compounds is
slowly released‘by the activity of soil microorganisms.
There is no iong-time fixed supply of nitrogen in the
soil. This organic nitrogen is not 1mmed1ate1y available
to plants.v Nitrate nitrogen must be reduced in the plant
before it can'be utillzed.’ Molybdenum is requlred for
this reduction (Evans,‘1956; McElroy and;Nason,-1954).
‘Molybdenum'defiCiency is common and can cause nitrate to
elevate to a toxic level. On the other hand, ammonium and
nitrate may influence absorptionvof other elements such as
magnesium, There‘are seasona1‘requirements_for'nitrogen;
a nitrogen‘deficiency causes a‘uniform‘yellowing of 1ea§es
as chlorophyll is reduced. ‘The secondary effects of
nitrogen carriers may be 1mportant. ' In areas with high

amounts of ammonium and nitrate, associated
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.1ons (-SO,, Na* ’ Ca”) may markedly affect soil structure
and plant response (Parker and Jones, 1951,‘Pratt _; al.,
‘1959) Arable 50115 tend to have a varlable nltrate ;'”
concentratlon, 2 to 60 ppm, and 1t varles throughout the
‘season, and throughout the day. ' |
'pnosmomrs (Blngham, 1966)

Many 5011s are def1c1ent in phosphorus whlch is an
h essentlal plant nutrlent. It plays a role in emergence,
and growth color,.root development frult productlon, and
overall plant structure. Phosphorus 1mpedes the uptake of
three nutrlents" copper, zinc, and iron. Excess
.phosphorus can also reduce nodulatlon .on 1egumes.
hEnv1ronmental condltlons can affect phosphorus |
avallablllty. ‘A decrease in 5011 molsture can 1ncrease
_5011 suctlon, thus decreas1ng phosphorus ‘use. 'Plantsnalso
| 1ose the ablllty to extract soil phosphorus as the soil |
temperature drops. As s01ls have lower pH phosphorus
avallablllty to the plant 1ncreases except in the case of
intense soil weathering where both-the phosphorus levels
and the pH decrease. | :
gQTASSIUH (Ulrlch and- Ohkl, 1966) |

Potasslum 1s an essentlal element for plant growth;
'in'fact it is related to almost every phy51olog1cal
functlon taklng place w1th1n the plant.. Potass1um allows L

the plant to photosynthe51ze better durlng cool and cloudy
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weather because of the larger leaf areé it pfomotes. It
is related to pigment formation, respiration enzyme
reactions, formation of peptide bonds in protein synthesis
and the associated nitrogen metabolism, and to better
carbohydrate translocation. Potassium moves directly from
the soil to the growing parts of the plant. Potassium
deficiency occurs because it is leachable from the soils.
Deficiencies in potassium would be noted in the older
leaves first as "leaf scorch", whereas effects of excess
potassium occur rarely because it fixes in nonexchangeable
forms, so it is not excessively absorbed by the plants.

Potassium may cause a magnesium deficiency; it is
thought that potassium may hinder magnesium uptake or
simply increase the magnesium demand by increasing the
growth requirements. Manganese, zinc, and iron may also
be negatively affected by the presence of potassium.
SODIUM (Lunt, 1966)

Sodium plays a major role in soil-plant
relationships, especially in arid and semi-arid regions.
Sodium is required for certain enzymatic reactions such as
photosynthesis in Synechococcus cedrurum (Allen, 1952).
Sodium increases carbon dioxide assimilation in spinach
and tomatoes, and it may cause a larger transfer of
potassium from the roots to the shoots and increase the

potassium availability in the soils. In alkaline soils,
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sodium can provide 15 percent or more of the exchangeable
cations. Sodium is essential for some plants such as
those in the Chenopodiaceae, while others almost
completely exclude sodium from their shoots and may
accumulate in considerable quantities in their roots.
Sometimes sodium can substitute for a part of the
potassium requirements. Sodium can also cause negative
effects when combined with moisture stress experienced in
the deserts. It causes growth depression because of the
soil moisture suction and osmotic pressure that results
from dissolved solids (Hayward, 1955). High amounts of
sodium can lower calcium absorption which is required for
root development (Chang and Dregne, 1955). |

STRONTIUM (Vanselow, 1966)

Strontium is not essential for plant growth but is
absorbed into plants because of its similarity to calcium.
Plants do not appear to be affected by strontium content
and, in fact, strontium may be able to replace calcium to
some extent. Strontium excess in toxic amounts has not |
been reported in nature.

TITANIUM (Pratt, 1966)

While titanium is considered non—eséential and non-
toxic to plants, it does seem to produce beneficial
effects in some cases. Titanium is insoluble at pH 4-8,

but titanium-oxide may be more available to plants because
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- it is assoc1ated w1th these beneficlal effects. Titanium—
ox1de may act as a photocatalyst in the photochemical
ox1dation of nitrite to nitrate (Dhar and Mukerii, 1941)
'This may play a part in the fixation of nltrogen in
nodules of legumes. Titanlum may also enhance root growth‘
and may result in a reduction 1n tox101ty of some other |
elements. v | | |

| vamnniuu (Pratt 1966)

Although nearly all 501ls and plants contain some

, vanadium, it is not an essential nutrient for plant
growth. TIts presence 1n 501ls may benefit plants,
however,_becausexlt.1s,essent1alvfor the_growth of certain
algae’andvbacteria, including_those‘that fir nitrogen.'

‘ yanadium can'become-tOXic to the roots, tops; and
germinating seeds,valthOugh neither toxicity'nor.
deficiency,has:been'observed under field conditions.

Under‘lab5conditions,_an.increase'in iron can decrease

- vanadium toxicity.

ZINC (Chapman, 1966)

Zinc 1s an essential nutrient of plants whose
def1c1ency creates a "mottle leaf" effect and whose excess
creates 1ron chlor051s. Zinc deficiencyscan resultvfrom
vnumerous parameters; .Ityoccars in acidic; leached soils
| where'the'totalvzinc is(low; ‘It‘can also*belrendered

unavailable to plants in alkaline soils, organic soils,
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soils with-a low silicon/maghecium ratio, or‘thrbugh'the-
-addltlon of phosphorus,‘nltrates, or through the liming of
the soils where zinc's minimum solub111ty occurs at pH 6 |
‘to 8 (Jurinak and Thorne, 1955) Zinc uptake can be
1ncreased by the addition of ammonium compounds, the zinc
solubilization by alfalfa roots, and thevsterlllzatlon of
soils that results in the increase in root grthh.‘ Zinc
accumulatioh in soils can be increased by the accumulation
of soil organic‘matter, and it may be brought up from
lower soil horizons, although the uechanics of this were

not discussed.
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APPENDIX 2

DATA COLLECTION FIELD MAP
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