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‘ ABSTRACT

_ This report presents the results of a study of secondary plant succession on. disturbed sites
created during initial site mvestlgatlons in the late 1970s and early 1980s at Yucca Mountain,
NV. Specific study Ob]eCtIVCS were to;determine the rate and success of secondary plant
succession, identify plant species | found in disturbances that may be suitable for site-specific-
reclamation, and to identify envnronmental variables that influence succession on disturbed
sites. During 1991 and 1992, fifty sevfen disturbed sites were located. Vegetation parameters,
disturbance characteristics and envrronmemal variables were measured at each site. Disturbed
site vegetation parameters were compared to that of undisturbed sites to determine the status of -
disturbed site plant succession. Vegetatlon on disturbed sites, after an average of ten years,
was different from undisturbed areas. “Ambrosza dumosa, Chrysothamnus teretifolius,

- Hymenoclea salsola, Gutierrezia sarothrae Atriplex confertifolia, Atriplex canescens, and
Stephanomeria pauciflora were the most dominant species across all disturbed sites. With the
exception of 4. dumosa, these species were generally minor components of the undisturbed .
vegetation. Elevation, soil compaction, soil-potassium, and amounts of sand and gravel in the

- soil were found to be significant env1ronmental variables influencing the species composition

‘and abundance of perennial pl_an;g, on disturbed sites. The recovery rate for disturbed site
secondary succession was estim'atéd “Using a linear function (which would represent optimal -
conditions), the recovery rate for perenmal plant cover, regardless of which species comprised
the cover, was estimated to be 20 years ‘However, when a logarithmic function (which would
represent probable conditions) was used the recovery rate was estimated to be 845 years.
Recommendations for future studles and site- specxﬁc reclamanon of disturbances are

presented. ' C : - :
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| 1.0 PURPOSE

During the late 1970s and early 1r980$ drill pads, borrow areas, cutslopes, and other
construction disturbances were created during site investigations to evaluate Yucca Mountain
as a study site for a potential nuclear waste repository. 'Many of these sites had vegetation and
topsoil removed or had fill material spread over them to level the site. These disturbances
provide an opportunity to study natural revegetation processes (i.e., secondary plant
succession) at Yucca Mountain. In 1991, EG&G/EM ESD implemented a disturbed habitat
study to inventory past disturbances and to gain information on the successional processes

- occurring on disturbances at Yucca Mountam Results from this study can provide insight into
factors that control plant establrshment on disturbances, aid in the development of reclamation
studies, and ultrmately aid in the: development of techniques for reclaiming disturbed sites.

~ Three specific objectrves of the study were outlined in the Reclamatlon Feasrbrhty Plan (DOE
1990):

Y
R

1) determine the rate and success of natural revegetatlon processes by comparmg
disturbed sites w1th ad_]acent undlsturbed areas;

2) | identify plant Specres found across all disturbances and within vegetatron
assocratrons whlch are sultable for use in site-specific reclamation;

‘3) ‘1dent1fy env1ronrnental varrables at drsturbances that may enhance site
reclamation success ‘

The process of secondary plant sixcceSsion can be described as the change in species
composition from the time a disturbance has ceased until the vegetation at the site reaches an
equilibrium and the species. composmon changes very little over time (Connell and Slatyer
1977; Pickett et. al 1987). In deserts this process can take many hundreds (Webb and
Wilshire, 1980; Carpenter et al., 1986) to thousands of years for the equilibrium to occur
(Vasek, 1979/80). Depending on the: 'severity of the disturbance, secondary succession may
create a plant community that is srmrlar to the site prior to disturbance, or a plant community
that is quite different (Webb et al., 1983) Plant species that occur on a site immediately after
a disturbance may ameliorate the sorls and microenvironment so that species that are not
adapted to the harsh condmons of the drsturbed site can later re-establish (Vasek, 1983).
The goal of this study is to better understand the natural succession process including the rate
of succession at Yucca Mountarn and 'what factors control or influence that rate. Application
of this information may then allow reclamation scientists to develop reclamation trials that can
assess if successional factors can be controlled or ameliorated to enhance reclamation success.
Information from the disturbed habitat study and the reclamation trials will ultimately be used
"in the development of sxte-spec1ﬂc reclamatron plans to successfully restore dlsturbances at
Yucca Mountam : :



2.0 LITERATURE REVIE)

Natural succession in the Mojave Desert appears to be a slow|
Vasek, 1979/80; Romney et al., 1980; Wallace et al., 1980;
Carpenter et al., 1986). Carpenter et al. (1986) reported that
fields in the eastern Mojave Desert require approximately 65
cover to be comparable to that of undisturbed areas. Lathrop
that the average recovery time for sites disturbed by utilities {

(1983) stated that natural revegetation of disturbed areas in

W

b

process (Vasek- et al, 1975a b;

Webb and Wilshire, 1980;

secondary succession on old -

to 100 years for perenmal plant

and Archbold (1980) estimated

sonstruction was 100 years and

e Mojave Desert is a process that

that more than 300 years may be required for long-lived per%nma[s to re—estabhsh Vasek

may require centuries for the disturbed site to have comparah
_abundance, biomass, and structure to that of the original plar

Secondary succession studies conducted in the Mojave Desert
seral stages, disturbed sites are dominated by short-lived and
(Wells, 1961; Vasek et al., 1975a; Webb and Wilshire, 198(
a severely disturbed borrow pit was dominated by short-liveq
" and Stephanomeria pauciflora, whereas undisturbed areas sy
dominated by long-lived perennials such as Larrea tridentata
author concluded that the long-lived perennials were remov

le species composition and
t community ‘

 have indicated that in the early ‘

intermediate-lived plant species
). Vasek (1979/80) reported that

shrubs such as Encelia frutescens

rrounding the borrow pit were
and Opuntia bigelovii. The

during disturbance and

d
approximately 9 years was required for long-lived perennialjseedlings to appear in the-
f

disturbed area. Vasek (1979/80) outlined three categories o
disturbance in the Mojave desert. The first group included p
Stephanomeria pauciflora and Encelia frutescens. These spqg
shrubs, suffrutescent or herbaceous perennials. The second
opportunists such as Ambrosia dumosa that are eliminated

present again shortly after the disturbance has ceased. Th:%h
perennials species such as Larrea tridentata, Krameria grayii
which react negatively to deep soil disturbance and are gene
years may be required for seedlings of these long~11ved pere;
disturbance; however, once established, these plants can per

Several plant succession studies have been conducted on the
such study was conducted at the Wahmonie ghost town (locy
kilometers east of Yucca Mountain). Wells (1961) reported
 areas at the Wahmonie site had greater numbers of Stipa spe¢
Ephedra nevadensis than undisturbed areas. Larrea tridentd
in the disturbance, but were dominants in the undisturbed
Wilshire (1980) visited the Wahmonie sites 24 years after
(1961). They noted that after 51 years, the most severely
reduced densities of long-lived perennials such as Larrea tri
Lycium andersonii, which were dominant in the adjacent un
. Hymenoclea salsola and Stipa speciosa was greater in the d
undisturbed control. The authors noted that cover and deng

2

plant species response to soil
ioneer or invader species such as
cies tended to be sh@rt lived
group included long-lived

ter soil disturbance, (but are

ird group contained long-lived ‘
and Eriogonum fasciculatum

rally removed from the site. Many_
nnials to reappear in the -
sist for a great many years.

Nevada Test Site (NTS).” One
ated in Area 25 of NTS, 20

that after 31 years, Jthe disturbed
rciosa, Hymenoclea salsola, and -
ita and Grayia spinosa were absent

adjacent to the site. Webb and
study conducted by Wells -

€as
£ et
disturbed areas (former streets) had
dentata, Grayia spinosa, and
disturbed areas. Cover of ‘
isturbed areas than in the adjacent
ity of perennials wai‘v, greater in the
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arates ‘of- successmn (years) for perenmal plant specxes found 1 dlsturbed and undlsturbcd sues at”

Table 1. ‘ Estxmat 8
Yucca Moumam NV. : Rates were calculated by multlplymg the ratio of undi turbed to dlsturbcd cover or dcnsuy by -

a
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' from disturbance: Agam these estimates are based on me"’a_
- vsuccesswnds lmear S0, these values should be mterpreted!

sumptlon that the rate of

For determmanon of the mﬂuence of 1mp0rtant env1ronm =Nt
-succession, perenmal plant cover was chosen as the’analys1s
was chosen over dens1ty and total plant cover because it doe<

densrty numbers can be skewed by an abundance of seedlmg
the nextwyear Therefore perenmal plant cover is probably
comparisons such as in this study’s’ Also fperennialplant cov|
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| -den51ty, and s1ze (canopy area) mto one analysrs varlable. i
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S '(Flgure 17) ‘As for-all s1tes-*elevatlon appeared to mﬂuence the LG sites even.though the -, -
elevatlon range 1s much less (1 230 to. 1,500 m; 4 000 to 4,880 ft) than for all sites (1,015 to_
PR '-,1“780 m; 3,300, to 5,800 ft).: Apparently, the elevatlon range. within LG ¢ snes still creates a |-
SR eradient ip the sail’moisture and témnegatpre. regimes. - iatinn of this is anpatentin =
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'srte cover values is low when'cornpared to- undrsturbed COL kités: -‘Estrmated successronal Mol Tl

recovery time for the two, undlsturbed site dominants, C. ramosissima and A. dumosa, based P
on,an average d1sturbed i_te age Ofglo 4 (£ 0.3 SD) years was 241 years; 'and 471 oy
respectlvely (Table 1) _(',Ifhe absence of L. pa[lzdum L andersonii, K. parvzfolla and
especrally E. nevadenszs from the drsturbed site cover may be¢ an mdlcatron thatthe - 37 IR
o su‘§¢cfssional status of ith fdiisturhed‘;? OL iites will take mor_e than 400 years to approach that S

g . i ; : L. s+ b L - . i “'.'vv-’-(
CCA_ordmatlon was conducted on the COL“drsturbed s1te pe efennial cover -and envuonmental" .

\-..:1 -

varlables Because of the Jlow number of s1tes for this vegetation assocratron the analysrs wa.s'f"' _—
. Therefore, no res ults,wrll be presented. - | R

LT - . ;, f : (w’ f i
4 7 | ~§ :
f‘g& 3.4 + Larrea-Ambroszag‘?V?egetatlon Assoclatlon i i
;;,m e i | - S P R
: ey | [ » S . LT e R T .
Yof the dlsturbed isnes sampled for perenmal cover. occurred in the Larrea—Ambrosza QLA ;- T

. vegetatlon association. These disturbed sites had average forp and grass cover that was

e M _omparable to the undrsturbed sites:(Figure 25). Gravel, rock, and cobble cover was . Lo
ﬁsubstantlally greater 1n the ’dlsturbed LA sites; however bar:tground cover was less than tha? tho e
am th, "undrsturbed areas.rtAs with the othier vegetation ‘assoc _‘non%%avemge>,SMub cover, and Lo e

Ian "tter "cover were grhater in the undlsturbed areasl 2
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i | | i l
BARE COBBLE = GRAVEL ] ! LITTER  ANNUALS FORBS GRASSES SHRUBS TOTAL

ROCK
, PERENNIALS

ATTRIBUTE

Mean cover attributes (+SE) for disturbance types and undisturbed sites inventoried for the disturbed habitat studies

at Yucca Mountain, NV. The disturbance types were as follows: borrow areas (BORROW) cutslopes (CUTSLOPE) drill pads

" (PAD), and

areas with crushed vegetatlons (VEGCRUSH)
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SUCCESSION sty

ceghbiunl e aonorsn

Disturbed site revegetat1on at Yucca‘Mountam was pr1mar11y mﬂuenced by-site locatlon and
soil properties: -The dlfferences in s1tes ‘as dlsplayed by theéir correlations with the location -
and soil ‘énvironmental’variablés; ~mdlcate the site-specific nature of the env1ronmental Symre
influences at Yucca Mountain.. As seen in the canonical correspondence analysis biplots;:: =
individual sites and perennial plant species could be grouped according to their positive and
negatlve correlat1ons w1th the dommant env1ronmental varlables (Flgures 12 13 W17, and 21)

W SR : .

~ Elevition was ’the ‘most-highly* correlated varlable mﬁthe€canomca1 correspondence analysrs
across sites. The correlation of elevation with species composition‘and abundance on y

- disturbances was an indication of the soil and microclimate differences imposed by the change

in elevation from the summit of Yucca Mountain down to Forty-mMile wash (Figure 3).

Specres composmonal differences along this gradient were evident in the CCA biplot for

perennial spec1es (Flgure 13) : tSpecws suchias Cisramosissima;; A ‘tridemtata; and H. jamesu

o W08 o d koo EX

had the greate t cov_er~ at~h1gh elévatio ons Whlle Anshockle)fl*andz Cs: pamculazus had the greatest, _

&fﬂ:#u‘&;ﬁ?t B

categorlzed by Végetation ‘associatior

compos1t10n and abundance on= the ldlsturbed srtes w1th1n2 the 'Lyczum Grayza andzthe Larrea— nE




each disturbance type could not be gleanedjf._rom"_,thc__ data since they were scattered across the
elevational gradient; however, the individual disturbance types did differ in spebies o
composition’andin relative amounts’of forbs rgrasses; and:shrubs (Figures 29 and.31)::Some Cu @

1
i

of the effects of disturbance type could be mitigated in reclEation. Borrow.areas,could have

. Cutslopes, if lacking in~
sufficient:soil ;icould have topsoil imported:to them and respread. Drill:pads,.in many cases, -

. - . gt i
topsoil respread over the sites to improve the growth mediu

a - ) i - T

gfx




The species-described above that'%ihave; established readily on-disturbed sites may or may not be
suitable for use in reclamation at'Yucca Mountain.:-Since many. of these specieson « - .. . ..
disturbances were not major components of the undisturbed sites (the exception was A. '
dumosa) ;ithey:may:not beisuitable if the-long-term;objective of reclamation at Yucca Mountain
~ is to return'disturbances:to:a form and productivity-similar to-that-of the undisturbed site (as. .
stated in the'Draft:Reclamation Plan for. Yucca Mountain, DOE, :1989)...:An understanding: of













70 'CONCLUSIONS - -

1. Secondary sticcession-on drsturbed sités at Yucca Mountam :was hrghly varlable w1th
respect to.€nvironmental: parameters nmeasured. «Elevation was the most important
souvvariablé; mﬂuencmg the composition-and. abundarnce of perennial plant species-across-
;Zdisturbances.:; Soil compaction;-soil potassium, soil gravel and amount of sand in the
soﬂ were,other 1mportant envrronmental parameters s v = :

,g I
vJ‘ )

2. . A.dumosa, C. teretzfolzus, H. salsola G. sarothrae A confen‘zfolza A canescens, and
+S.-pauciflora were the most.dominant plants-across all.disturbed sites at Yucca :
;:Mountain with- subsets of: these species bemg dommants in each of the vegetatron '
assocmtlons aoug ¥ ie g SN L e A L

3. :zWith the exceptlon*of A dumosa specres that dommated dlsturbed sites were- generally;
minor components of the undlsturbed areas.

4, The form and product1v1ty of adlsturbed srtes is markedly dlfferent from that of
undisturbed sites. Using the crlterlon set forth in the Draft Reclamatron Program Plan,

,natural revegetatlon on dlsturbances at: Yucca Mountam after an average of 10 years

The tlme requlred for cover. rto,_be srmrlar +0: that of undrsturbed areas: was. estrmated to
be 20 years for an optimistic recovery rate and 845 years for the more probable
reooverysrate iHowever vthe*tlmetrequlred for’ the specres composmon and abundance o

59




8.0 RECOMMENDATIONS

1. i Slte-spemﬁc reclamatlon planst developed for-disturbef: s1tes ‘should' mclude~ <
wconsiderations for elevation; vegetatlon association;; spemes composmon and qest o
«i»»abundances in adjacent undisturbed:areas;-soil propen 1es,~and the type ofjfdlsturbance
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Appendix Table 1. Codes, SCICIltlﬁC names, common names, life cycle and growthform of plant specu:s found in undisturbed and dlsturbed areas at Yucca
Mountain, NV. Common names follow those used by Beatley (1976), Munz (1979) and chkman (1993)

)

[aRE

foe :(:}rowth ’

. Code Scientific Nﬁm&""” . Cycle Formr
ACSH Acamptopappus shockleyt P S
AMDU Ambrosia dumosa P S
AMTE Amsinckia tessellata AW B
ARFE Aristida fendleriana - P G
ARPU Aristida pupurea o p G
_ARSP  -Artemesia spiriescens - P S ]
ARTR - Artemesia tridentata var. tridentata P S
ASAC Astrng{zgs acutzrostrzs e AW "R
ASLA Astragalus laynea; SR P F
ATCA Atriplex canescens var. canescens . P S
ATCO Atriplex confertifolia ~ "V P’ S
o BRRU Bromus rubens AW F
v BRTE Bromus tectorum . AW F
BRWA Brickellia watsonii s . prickelbush’ P S ' .
CACH Castilleia chromosa =~~~ "~ : Indian paintbrush P R L




Appendix Table 1. Continued. . .
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Appendix Table 1. Continued. | s e
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PdaiikiTE i

SYEEeTS LT
Egy

heiad

_ Code Scientific Name

St e el g et s i i e b

HACO Haplopappus. cooperi . AN
HAGL Halogeton glomeratus : IR
HALI Haplopappus: linearifolius. .. ... . L
HUA Hilaria jamesii'.~... .. : ' ¥

HYSA Hymenoclea salsola ' :
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Appendix Table 1. Continued. ;...

AR S : ' Lnfe ' Growth =~ R
Code ARG (qumgon Name* - Cydte!  Fomm - e
W FINATIAtS ) o . S PET STE 4 . . =’
OXPE Oxytheca perfolzata - ‘ o Rom{l;&iéa; sﬁlﬁéﬂower o AW '
PEPL - Pectocarya platycarpa : ' Lo ' o AW
PESE Pectocarya setosa. , AW
PHFR: Phacelia fremontii... . ‘ AW
PHRO Phacelia rotundifolia : A7
PHSPP Phacelia species. . N . AW :
PSAN. Psathyrotes annua A
PSFR Psorothamnus fremonti var. fremontu R P
RANE " Rafinesquia neomexzcana ‘ ‘ S AW :
SAIB * * Salsola iberica .- .. - v A
SAME Salazaria mexicana, .. g P
SCAR Schismus arabicus ’ AW
o SCPO Sclerocactus polyancistrus, P
6 SIAL. Sisymbrium altissimum PB.-
SHY - Sitanion hystrix ... N P
1118 Sitanion jubatum i P
SPAM  Sphaeralcea ambigua ss; ;{ ambtgua P
SPCR Sporobolus crygtandrus , T Sand'dropseed P
STEX Stephanomeria exigua ssp. exigua =~ L - . Small wirelettuce AW
STPA Stephanomeria pauciflora B Lo P .
STSP | Stipa speciosa - . : :Qgsc ncedlcgrass P
SYFR,. Syntrichopappus fremontii 3 AW
TEAX ' .  Tetradymia axillaris var. axillaris P
TEGL Tetradymia glabrata P
vuoc . Vulpia octoflora AW
YUBR . Yucca brevzfolza T P

2¢ = Cactus, F =4Forb,, G = Grass, S =*Shrub, T-= Tree




69

* Appendix Table 2. Pearqon s correlation coefficients @) for envxronmental vanables uséd to test for their mﬂuence on spec1es composmon and abundance in
disturbance areas. For long name of the environmental variable, see Appendlx Table 3. . : :

%

TS SN sl . t‘(gi;

Environmental ’ _ ’} lffgxfr— R, Dist. ow- Gppt- Gpptz GPPt- & ne-,
Variable Age Slope ation Aspect ea “opi - sam - 3yr 5yt Depth  pen
Age .00 019  0.08 0.10 . 0.99 0.90 0.64 012 003
Slope : - 019 1.0 0.24 ' 0.23 022 -0, 16 -();.'2’7‘ 032 027,
Elevation 0.08 -~ 024 1,00 S 002 007 D26 003 035
Aspect -0.10 023 -0.09 011 022 0.01 0.29 ,_0 09
Dist. Area 0.1 0.03  -0.08 0.10 001 - 0.08 014 006
Growppt 024 -0.22 -0.47 0.32 0.14 0.45 0. 24 ’ —008
Gpptsum ' 099 022 - 002 100 . 090 0.70 0.16 . 0. 04
Gppt3yr : 0.90 0.16  0.17 - 0.90 .00 0.38 020 - 0,01
GpptSyr 064 027 -0.26 o070 038 10 bifr007
Depth. -0.12 032 003 . 016 -0.20 011 100 038
Conepen -0.03 - 0:27- - 035 0.04 01 0.07 0. 38 - 00" ,
PerGrav ‘ 0.17 -0.08 0.17 021 029 0. 13 037 013 oo
Satpercent C . 0.14 032 0.64 0.11 022 -0.10 0. 13 0.23. iy
‘pH 010 015 4)22 013" 007 030 - 004 012 i
EC 0.20 0.06 020 019 .11 -0.13 0.08 - -0.08
CaH20 . 0.13 002 - .0.19 . 012 005 - 0.09 0.2 -0.09
MgH20 007 -0.05 0.18 . 006  -0.00 005  -0.14 . -0.10
NAH20 - 0.24 009  0.20 023 015 0.17 20.04 0,07
. SAR " ' 022 001 0.25 023 012 024 0.10  -0.08
CaNH4 -0.03 0.14  -0.06 0.02 0.0 005 - 0120 033
~ MgNH4 001 016  -0.09 0.00 0.01 -0.02 0.18 . 023
NaNH4 -0.03 - 0.16 -0.10 0.02 - -0.02  -0.01 0.06  -0.09
P 0.29 002 016 0.31 0.24 10.36 016 0.09
K - 027 049 035 0.30 0.16 037 015 021
NO3_N : 003 0.02 0.33 0.02 008 0.1 031 - 020
oM 017 — 0.17 0.32 016  0.15 0.14 019 044
CEC ‘ 1 0.02 038 069 004 0,11 0.33 014 029
Sand 014 032 . 063 011 024 0.14 019 036
Silt 019 0.14 0.37 0.19 023 0.08 035 025
Clay 0.03 .. 038...067 29 001, ..016... .. b, 31 .. 005 ~ 034
-- '_"lr—&# ) A2 0. A B S qﬂur 1‘_‘ m"— iy 1a
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Appendix Table 2 continued.

Environmiental
Variable

“Per-
Grav

4

Sat— '_ ‘
percentl

”DH

Age .
Slope
Elevation
Aspect

- Dist. Area.

Growppt
Gpptsum
Gppt3yr
Gppt5yr
Depth
Conepen
PerGrav
Satpercent

.pH

EC
CaH20
MgH20
NAH20
SAR -
CaNH4

0.17
-0.08
0.17
0.13

- -0.02

0.13
0.21
0.29
0.13
0.37
0.13

1.00

0.07
-0.03
'0:08
20.07
-0.06
-0.08
0.01
-0.01

0.14

032“
064-
'-002 _

003
-026
011
022

£.10

0.13
'0.23
0.07
1.00
-0.39
-0.16
0.14
0. xo
0.16
0.16
-0.13
-0.15

-0.10

0.5

-0 22
0. 01

,007

0.04
0.13
0.07

-0.30

0.04
0.12
-0.03

0.39

1.00
-0.15
-0.29
-0.31
-0.06
0.20
0.38
0.37

i . '0~22 Lo
a1

025

* -021,

0.29
0.28

023—'

‘-0 01

-015'

0.37
-0 02
-0 04
-0 02
-0 00
0 06

1.00 .

1.00

MgNH4
NaNH4
P

K
NO3_N
oM
CEC
Sand
Silt

" Clay

Exch. Ca
Exch. Mg

- -Bxch. Na

0.01

0.01 "

0.16
-0.20
0.05

007
- -0.06

0.10

0.04
-0.01

B _'.i’;'gv;l'.‘, :

1os0i0L s

0.16
0.17

-0 32

023
030
078

020 024
0,05

0.35
-0.58
0.16
0.06
-0.36
0.13

034’

-0 26

-0 30

046
0.38

Ry 1;00 W

: 097
-0 20
054
025
0.24

‘ 004-

017

-003"

-0.24 '

......

0.9
1.00

S siaree
vV IEIELN

5 "‘7‘5 ‘t;l _.00: :z;-%:.v,:cm







Appendlx Table 3. Code names and explanatlons for env1ronmental variables used to d:termine their influence on species _
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* Appendix Table 3. continued

-~ Environmental

Variable - , R

Code Environmental Variable and Units

NO3 N Nitrate Nitrogen (mg/kg of soil) - '

OM Soil Organic Matter (percent) . S
CEC Cation Exchange Capacity (meq/ 100 g of sonl -
SAND Sand (% by hydrometer) o
SILT - Silt (% by hydrometer). ... . ...
CLAY Clay (% by hydrometer) .

Exch. Ca " Exchangeable Calcium'(%:)"' -

Exch. Mg Exchangeable Magnesium (%)

Exch. Na

Exchangeable Sodium (%)

-
L2
z-
1
!
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