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Abstract t}niggt | d .f‘ N
'Dfstlchlrs strrcta (saltgrass) a common spec1es of 1nland S
‘alKal1ne SO1ls ‘was the subJect OfchSCPlptlve and ;: |
'exper1mental ecophys1olog1cal stud1es | |

A relatlvely und1sturbed saltgrass commun1ty nearv |
hﬂ?; :Vegrev1lle Alberta was selected as a. f1eld s1te A gradlent

Bl

'r_of plant 51ze was found at th1s s1te So1ls under the two o
\;rfextremes (short and tall saltgrass) were compared for cluesvi

*:to the cause of the helght d1fference h h L

M} Chem1cal analyses of so1l extracts showed few.

i 3dlfferences between\the two sowls Both had h1gh pH |
ltff(typlcally 8. 3) h1gh electr1cal conduct1v1t1es (35 mS/cm)

a”fh1gh total cat1on (TC) concentrat1ons (400 to 500 me/l/ h1gh
’magnes1Um (140 me/l) and sod1um (300 me/l) concentrat1ons._,¥'
flow calc1um (25 me/l) and potass1um (3 me/l) concentrat1ons».
fand h1gh Mg/Ca rat1os (5) Measurements taken over several

-.”}months revealed that so1l temperatures were hlgher and so1l ;ggf~
"mo1sture leVels lower in the short than 1n the talla ’ R
saltgrass zone In contrast w1th the f1nd1ngs of other'
studles, results at th1s s1te 1ndlcated that these so1l |
'phys1cal propert1es were more l1m1t1ng to saltgrass growth

-than so1l chem1cal character1st1cs 4F3v‘

Commun1ty analyses showed that there was low plant

.._cover and low spec1es h }; 51ty 1n the saltgrass f"}‘
commun1t1es Hordeum Jubatum Pucc:nell;a quttalllana, and
'Suaeda calceollformls were the spec1es most con51stently .

‘ vassoc1ated with D. strlcta“ i



Controlled env1ronment expertments\w1th saltgrass :
Jirowth used nutrlent solut1ons based on catlon ~yeg.. 'f‘;
_ concentratlons and ratlosbfound in 5011 solut1ons at’ the

) fleld s1te Plants grown at d1fferent catlon rat1os and

iebncentratlons (from 0 to 368 me/l TC) showed no s1gn1flcant

W

N d1fferences 1n growth form or 9ﬂomass Theyfdld have some
«s1gnlf1cantly dlfferent 1nterhal ion ooncentrat1ons related

o tofsolut1on dlfferences cbut t1ssue 1on levels appeared to E

: be regulated such that they fell w1th1n a range su1table for

'1_{'growth Shoot calc1um concentrat1ons were relat1vely low

~i(0 07 - O 35 me/g) Ca/TC rat1os d1d not seem to be cructal

- for th1s specwes plants rema1ned healthy even when the

| '_»‘tlssue Ca/TC Patlo dropped/below O lO Tlssue magne51um and S
-"if_gsod1um levels were Kept low (0 16»- 0 31 and 0 04 -»0 57 .

iﬂffme/g respect1vely) by exclus1on and?or excret1on of these ¢'

B

_,flons Pota551um concentrat1ons were always relat1vely h1gh
ﬂ.f(O 35 - 0 65 me/g) probably due to act1ve uptake Shoot
"7ﬁﬁ~K/TC rat1ps were also very h1gh (up to 0 50 1n some cases)

' :bfshow1ng that potass1um was the preferred monovalent cat1on

g ffThere were- no. s1gn1f1cant dlfferences 1n total catlon

‘fconcentratlons 1n t1ssue of plants grown 1n solutlons w1th
'bbislow to hlgh salt concentratlons TC was almost always o

| between 0 8 ahd 1, 2 me/g - L | o |
Saltgrass plants grown 1n.solut1ons w1th d]fferent

,,g;osmot1c potent1als were always able to ma1nta1n 2 water"fi

“5ffpotent1al grad1ent between shoots and solut1on The lowest

"xywater potent1al reached was -1252-kPa for plants grown 1n a

=

f‘.‘V.l'

AN



bsolut1on w1th an osmot1c potent1al of -970 kPa Dsmot1c

;adJustment may have been due to potass1um accumulat1on
and/or product1on of organ1c solutes Sa]tgrass grew very
1we11 in solut1on w1th no added sod1um Th1s spec1es

K

»apparently does not requ{Fe”sod1um for good growth and is E_f

;’able to survive 1n sa11ne env1ronments by exc]ud1ng or
‘Liexcretlng sodlwg and "’ magnes1um ” f‘{uA | |
Germ1nat1on of sa]tgrass seeds 1n four salt solut1ons
\Nas delayed and decreased by ]ow osmot1c potent1als Max1mum
:v_germlnatlon (51%) occurred at 0 or- -200 KPa there was no :
n:germ1nat1on at 2000 kPa Sod1um chlorwde and sulfate were

Zfleas{ 1nh1b1tory, and magnes1um su]fate and PEG most

”Vj}1nh1b1tory to germ1nat1on

videoo
4 |~/' ..



L I

"About 97% of the t- water supply of the world
] is in the oceans. The conbehtration of NaCl in this
- water' is almost 0.5 M, The energy input which powers
__the life in the ocean isjedtirely through: tg o
—.activities ,of photosynt etic plants, the X « . o
- phytoplankKton. These. plants are adapted for l1fe in .
f_‘th1s sal1ne env1ronmebt . - o o

- dcean1c plants are not the only ones f1tted for

< life under highly sdline cond1t1ons The shores of
the oceans and the salt marshes:and saline deserts .
of the world are the habitats.of green plants’ which

| ‘;;possess the ‘same competence (halophytes) By way off._,ﬁg

. :marked contrast, most of the: species of crop plants"
.+ - on-which we rely for. food cannot tolerate solutions:
o in their root medium having a salinity higher than
about 10 to 20% of that of sea water and many fa1l

at even lower sal1n1ty N S - A v

S Taken together, these facts present a challenge L

““and an opportunity.. There is no basic . N

~incompatibility between plant 1ife and" sal1ne
-conditions. The oceanic flora and. the terrestrial-

halophytes attest to ‘that; We: are,  however _1gnorant'

. of.the phys1olog1cal and metabol1c ‘devices. wh1ch
© . enable’ these plants to thrive- under’ saline -
conditions fatal to most crop plants. Comparat1ve'~

studies are " therefore called for concerning the: salt ffffftﬂl' p

't,relat1ons of ‘salt- sens1t1ve and salt- tolerant

o 5iplants,,1n order ‘to enable us to. understand and

| 1f‘eventually,’to manipulate: and" control, t Sl
ﬂ_-emechan1sms mak1ng for salt tolerance "'gﬂv‘;f**““ i

::El;ah#‘CQlE;tand;E Epste1n 1969 Agroch1mwca 13 l87,_;"ﬁ’
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1. INTRODUCTION o ﬁ -

Sodlum salts strongly 1nfluence the l1ves of many
mar1ne and terrestr1al organ1sms The ab1l1ty of certa1n

'plant spectes to complete thElP llfe cycles in’ hlghly sallne
-
,env1ronments has long been of 1nterest to botanlsts With

I's

3'the spread of sal1n1ty in SOl]S of ar1d reglons becomtng an‘f

tJever 1ncreas1ng problem the use of nattve salt adapted

N,

. "v‘fspec1es in reclamatlon and the development of salt tolerant

‘V,,'crop‘spec1es 'appear to be maJor parts of the solutlon

Plants wh1ch conS1stently and spe01f1cally

complete thetr llfe cycles in hab1tats hav1ng h19h salt

‘:i,,concentrat1ons are qalled halophytes (Wa1sel 1972)

”lealophyte spec1es usually have w1de d1str1buttons whlch are

la,vcontrolled ma1nly by edaph1c factors Halophyte communltles

{of 1nland North Amerlca are w1dely scattered occurr1ng 5f

h':{fj-development of sal1ne 301ls Spec1es present in these

“l“icommun1t1es are able to wlthstand cond1ttons wh1ch most fﬁj:'

u7}fplant spec1es cannot tolerate v
1 Whlle .a great deal of research has been done on
f,fthe effects of sal1n1ty on agr1cultural plants. less has

S

faﬁbeen done w1th halophytes Halophyte surv1val strateg]es

'\'khh7wh1ch may 1nvolve avowdance or tolerance of h1gh t1ssue salt
"f;lconcentrat1ons ,are not fully understood | i S

The ob3ect1ve of th1s prOJect was to 1nvest1gate EfaiyJ

";fthe surv1val strategy of Dlstlchlls strlcta (Torr ) Rydb

B

| ”'-"wherever a comb1natton of m01sture and salts has led to the e -

il':h_(saltgrass) by studylng some ecolog1cal and phys1olog1cal ;f'*°79



. aspectsvof tts life cycle,,These\werefthetfollowtngi"
_-llfmicrocltmatic and edaphic'factors'lnvolved‘in growth'and
Jocal d1str1but1on, 2) relat1onsh1ps w1th other spec1es,a,

- 3) pattern of growth in the f1eld 4) surv1val, water
”_relatvons and 1nternal cat1on relat1ons in controlled ,
r'nutr1ent solutlons, and 5) germ1nat1on of seeds in vartous,.

f'nrmedla w1th decreas1ng osmot1c potent1als "'.§p7'

Wh1le there 1s ‘a. substant1al amount of 1nformat1onlp,-“

| ava1lable regard1ng the communlty relat1ons of Dlstlchlls t7'
strlcta there has been less research done regard1ng the

'”*Qphys1olog1cal aspects of its tolerance to sal1ne cond1t1ons,'n

| "fdespec1ally under laboratory cond1t1ons Osmot1c p essures of e

;fleaves and stems of D strlcta from a sallne mead w 1n
,ijasKatchewan were measured by Dodd and COUpland (1 66a)
7i;Detlwng (1969) measured photosynthetlc and resp1ratory rates :

| "and water potent1als pf four halophytes 1n Utah 1nclud1ng D ,

"3 .

r,/strlcta . T1ku (1976) recorded growth photosynthet1c rates L

and t1ssue osmotlc potent1als of saltgrass grown dn

| f7Vsolut1ons of decrea51ng osmot1c potent1al Hansen et al

;fj(1976) quant1f1ed edaph1c factors t1ssue contents and salt f L

"“fgland act1v1ty, and carr1ed out scannlng electron m1croscopyfj”ffl

 on D strlcta plants from Utah qulson (1956) StUdlEd

J4Z:Avar1ab1l1ty 1n several factors 1nclud1ng germ1nat1on of

»fff;*D strlcta collected from several areas in the western ;hj{[f?f7mV‘

'”fH;rUn1ted Stgﬁes

S1nce saltgrass commun1t1es are fa1rly common 1n,f

'l:ﬂ_ﬁAlberta. and s1nce l1ttle of the prev1ous work comb1ned ;if-*~“' E



e

| f'would be an excel]ent spec1es on whtch to base a more

.‘3ﬂ_growth

;;‘ sp1ke]ets (Moss 1959) Act1ve sa]t gdands are found on both'v”:

""leaf surfaces (Hansen et a] 1976) In sowls of low to

'fecolog1ca1 and phys1olog1ca1 stud1es, 1t was felt that th1s

(

comprehens1ve 1nvest1gat1on of sa11n1ty effects ‘on ha]ophytea

M.

Dlstlchlis strlcta is found from Br1t1sh Columb1a

';to Saskatchewan and south to Ar1zona ‘and New Mex1co (Fassett‘
"fg”1925 ‘Ungar " 1974b) Exam1nat1on of many Dlstlchlls -oft“ E
‘dco]lect1ons 1ed Fassett (1925) to conclude that the spec1es ' j
’tjtls extreme]y varlable 1n stze hablt and techn1ca1 |

characters Saltgrass (F1gure 1) s a perenn1a1 d1oec1ous S

ny

_grass w1th extens1ve creep1ng rh1zomes, sharp tlpped 1eaves_;“

"wfrom 5 to 12 cm long,}and pan1cles w1th several crowded flatf?~

}Qmoderate sa11n1ty, the plants are re]at1ve1y ta]] and o
”frobust wh11e at h1gher sa]1n1t1es a- short op dwarf growth

'*~form is: usua]ly found

Y IR
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Figure 1. Male and female plants of Distichlis stricta.
. _ These plants are of the short growth form, and-
are shown approximate]y,lifeﬁsize.<




2. 'L-'I‘,TERA TURE REVIEW

2.1 The Physrca] Env1ronment of Halophyfe Commun1t1es

2.1.1 Meteoro]og1ca1 conditions

"Inland halophyte commun1t1es are found from desert

areas of the Un1ted States (B1111ngs 1945, Hunt and Durrell
1966) to areas of Solonetzic soils located w1th1n the borea]
l‘forest regwon of nor thern Alberta (Reeder and Odynsky 1964)

’ Some ha]ophyte spec1es, 1nc]ud1ng Dlstlchlls strlcta ‘are
: found over the entire range. These spec1es must w1thstand a i
wide range of c11mat1c cond1t1ons Hunt and Durre]] (1966)
’ reported that in Death Valley, Cal1forn1a where saltgrass is
found around the edge of the sa]tpan summer temperatures |
‘may reach as-high as 57 C The-average duly temperature is
38_C Frosts are rare as is rainfall which averages about .
‘4 cm annua]]y on the val]ey f]oor Relat1ve humidity 1s_t
}“frequent]y 5 to 15% in summer | , | | |
| Halophyte commun1t1es 1n Oklahoma Kansas, and '
r NebrasKa exper1ence less extreme cllmat1c cond1t1ons than _t;v.
those in the deserts Annua] prec1p1tat1on in these areas .
.averages 46 to 66 cm, w1th about 75% fa111ng dur1ng the 180
‘to 210 day grOW1ng season. (To]stead 1942 Ungar 1967 1968)
'The mean ‘annual temperature 1n northern Oklahoma where : |
i"Dlstlchils stricta is found on. the Great Salt P1a1ns _is ;
16 C, whlle the mean temperature of the warmest month (duly)
is 29 C (Ungar 1968) In Colorado where haIOphytes grow at

2900 m, the temperatures are cons1derab1y lower &mean annual

."



A

temperature 1s 4. C du]y mean is 15 C) and annual |
prectpttat1on\1s on]y 27 cm (Ungar 1974a) . Dlstlchlls
strlcta and other halophytes are. also found grow1ng at
: spring fed sa]t marshes in western Utah where only 13% of
Tthe 18 cm of annUal pre01p1tatton falls dur1ng the summer
hmonths'(Bolen 1964) . o | |
In North and South Dakota where ha]ophyte”
ecommuntttes are w1despread ‘annual. prec1p1tat1on averages 44
,.to 52 cm with 70 to 80% fa]ltng dur1ng the 125 to"WBO day
‘grow1ng season Mean annua] temperature ranges from 4 t0‘
5_6 C, and du]y mean temperature averages 20 to 22 c (D1x and
Smetns 1967 Ungar 1970 Redmann 1872).. The c11mate of
southern SasKatchewan where sa11ne laKes are common is eﬁ
ﬁcharacter12ed by low humtdtty, h1gh w1nds, mean annual | ‘\\1
.':prectpttatton of 30 to 40 cm (w1th 70% fa111ng as’ rain |

edur1ng the grow1ng season), mean annua] temperature of 1 CH
‘,_and July: mean temperature of 19 C (Rawson and Moore 1944,

Dodd and oup]and 1966b)

In Alberta Dlstlchlls stPlcta has been found

' fhgrow1ng on sa]t flats at Fort Vermtlton and 1n Wood Buffa]o

Nattonal ParK at 60 degrees north latttude (Untver51ty of
: :Alberta Herbartum Records) Halophytes grow1ng in- th1s
Jregton exper1ence a cltmate far removed from that of the
hi.prev1ously descr1bed desert areas Meteoro]ogtca] records of .v
tt30 years at Fort Vermtlton 1nd1cate that the mean annual vft
'temperature 1s -1 C whtle mean du]y temperature 1s 16 C

W,I(Alberta Env1ronment 1976) Extreme temperatures of 39 and |



—60 C have been recorded The annual prec1p1tat1on is about
36 cm, with half fa111ng from May to September The mean
| "durat1on of the ‘summer frost- free per1od 1s only 65 days

[

The above d1scus51on of the w1de range of cb1mat1c‘”

‘(Kendrew and Curr1e 1955)

'ucond1t1ons 1n wh1ch halophytes ‘occur suggests that other

;factors must control d1str1but1on of these spec1es Edaph1c

- factors are of pr1mary 1mportance in th1s regard s1nce in =

."most cases halophyte spec1es ‘are ]1m1ted to saline so1ls on
“wh1ch few other spec1es can surv1ve

- 2 1 2 SOIIS of ha]ophyte commun1t1es_
272 1. 2. 1 Term1no]ogy | L . )
| | "The U. S Sa11n1ty Laboratory f1rst proposed a ;
~class1f1catlon of salt affected so1ls based on ECe o
J(electr1cal conduct1v1ty of saturat1on extracts) .P |
't(exchangeable sodium percentage); and SAR (sod1um adsorpt1on

" rét1o) (R1chards 1954) A sa11ne so1l is" character1zed by anrh

d”ECe greater than 4 mS/cm at 25 C an ESP Iess than 15, and

"llﬂ pH 1ess than 8.5. These-so11s are flocculated and have h1gh

‘5t'permeab111ty, but they conta1n suff101ent soluble sa]ts to .

-1reduce crop growth Nonsal1ne alKal1 (sod1c) s011$ have an:

d‘sESP or SAR greater than 15,}an ECe less than 4, and a. pH of'ﬂ’hfff

| 8 5 to 10 Crop growth 1n these so1ls may be severely
't1mpa1red due to so11 d1sper510n and subsequent decreased
"‘permeab111ty, and nutr1t1ona1 dlsorders caused by h1gh pH

"Sa11ne alKal1’(sal1ne sod1c) so1ls have an ECe greater than .



4, ESP or-SAR'greater than 15, ’andﬁpH usually less than 8. 5.
‘S1nce excess sa]ts are present the phys1cal propertles of
Zthese so1ls are s1m11ar to thOSe of saline soils. Abro] and

Bhumbla. (1978) suggested that claSS1fy1ng both sal1ne and

";.sal1ne sod1c so11s as sal1ne would be more appropr1ate for.

-_the fo]low1ng reasons very few true sa]xne ‘soils ex1st

h sa11n1ty effects are more. 1mportant than. sod1c1ty effects 1n7
,sa]tne sodic. so1ls “and " the phys1ca1 propert1es of the two
‘types are very s1m11ar The term sa11ne w1]1 be used to

’:descr1be so11s of halophyte commun1t1es in th1s thes1s

~2 1. 2 2 Formatlon of sa]1ne so11s |

| 72 Sallne 50113 are 1ntrazonal that is theg OCCUr 1n1

T a Wtde range of zones 1nterm1xed w1th normal nonsal1ne

so1ls The1r formatton is dependent upon dep051ts of mar1ne"

"bedrock weather1ng of so1l m1nerals the presence of h1gh
~water tables, and evaporat1on (Kelley 1951) Sallne so1ls

‘gare generally‘found 1n d1scharge areas_-- areas whlch are or
‘at one t1me were character1zed by a hlgh water table caused'v

"rby movement of groundwater from h1gher recharge areas ff;"

) :Tyf(Nlelsen 1973) Extreme dtscharge areas may have spr1ngs

‘?:qu1ck ground or sloughs, wh1]e others w1th 1ower d1scharge ﬂ'f

h'f"drates may have well deve]oped sa11ne so1ls covered w1th sa]ti:h gf

to]erant vegetat1on'(N1elsen 1973) , 4 |
| 5 Prec1p1tat1on thh dtssolved carbon d1ox1de
f1nf1]trates the so1l at a recharge area form1ng weak

a_rcarbon1c ac1d Wthh d1ssolVes so1l m1nerals as 1t percolates'-‘



= downward to the: groundwater level (N1e]sen 1873).
."‘Groundwa er flows over a ]ess permeable layer to - the
ﬁ d1scharge agea d1sso]v1ng sa]ts from sotl and bedrock as 1ti
'tmoves In.the Northern Great Pla1ns reg1on thevbedrock Jna.
“many areas is martne 1n or1g1n, and the glac1a1 and | |
'.’postgla01al mater1als der1ved from the bedrock are Ptch 1n
: /; salts (Vander Pluym 1978) If movement of the groundwater w'
o through so11 and bedrock 1s slow the concentrat1on of |
vdtssolved sa]ts 1ncreases | '} | ' ”‘ "'
Sa]tntzatton of so1T at the dtscharge area usua]]y'
”results in a- flocculated permeable 5011 whtch may be |
leached to T‘rm a So]onetz1c 5011, or may rema1n€§§11ne due
to repeated dtscharge of saltne groundwater (Clayton et al.
1977). The processes 1nvo]ved 1n format1on of so1ls of the u':'

4Solonet21c order are descrtbed by Catrns and Bowser¢(1977)

:.__'and Clayton et al (1977) Sa11ntzatlon 1s fo]lowed by .-

i removal of. salts by prec1p1tat1on prov1ded that there is a ff-d

'-Z}drop 1n the water table If enough sod1um 1s present, clay

':'and organ1c matter deflocculate and are carrted down to the ;%f{;

le hor1zon where they form a compact nearly tmpermeable
/flayer At th1s p01nt the so11 1s a So]onetz If ]each}ng
;1117cont1nues solodtzatton takes place The platy A hor1zon
Z?becomes thtcker, and the So]onetz1c B hortzon beg1ns to S
”ﬂjhbreak down so that a tran51ttona1 AB hortzon forms Theft”'w
:h{13011 1s then a solodtzed So]onetz wh1ch can support the-_”“

-growth of moderate]y salt tolerant spectes

N

g In ar1d regtons of North Amertca, sal1ne sow]s canh;ﬂ |



}form wherever evaporat1on exceeds total prec1p1tat1on “
(Ke]ley 1951) In these-areas ‘prec1p1tat10n dlssolves SOil
Nm1nerals but does not move them out of the prof11e They

' accumulate and rise. to the surface where they are

| ":concentrated by evaporat1on

*¢°2 1 2 3 Phys1ca1 character1$t1cs of sal1ne so11s

The phys1ca1 character1st1cs of sa11ne so1ls

”Jj‘depend pr1mar11y on the concentrat1on and proport1ons of

Udlssolved 1ons on the exchange comp]ex and 1n the so11
- .so]utlon In sa11ne soils. where total sa]t concentrat1on ts
Trelattvely 1ow but ESP 1s relat1ve1y h1gh repuls1on of the,ﬂ
:‘hd1ffuse double 1ayers of adJacent clay part1c1es may cause ;'
1«d1sperston of so11 part1c1es (Russel] 1973) Dwspers1on k*iiﬁ
i’;decreases the size of the large so1] pores and reducesf\ff“'
‘-hydrau]1c conduct1v1ty (Sha1nberg 1975) Stud1es of

”-':Solonetz1c sow]s 1n western Canada have shown that the fr

"'{characterlst1c Bn hor1zons may have hydrau11c conduct1v1ty

7fh:va1ues of zero (Bowser et al 1962) Water movement 1nto thefﬂf'"

1VifA hortzons may also be very slow 1ead1ng to surface .5f*f"

fevaporat1on and runoff (Ca1rns and van Scha1k 1968)

When there 1s an excess of salts present in . the

-;ksoit flocculat1on of so11 part1c1es occurs and hydraulyc'{s e

'"t.COﬂdU0t1V1ty is much h1gher than An d1spersed sow]s ;;:;fg,f-"

'.'(Shamberg 1975) Flocculated so1ls ‘tend to have good :
- structural characterlst1cs, a]IOW1ng for easy water and rootfh‘

:;‘penetrat1on, and- good aerat1on “dffj5d~



soit moisture availability {s general]y not a
prob]em in dtscharge areas where the water table is close to
the surface. In ar1d reg1ons where the water table ‘is deep

;and prec1p1tat1on scarce halophytes must deve}op exten31ve o

'..vtroot systems to matntatn contact w1th avatlable water (Hunt'

Lr

tland Durre]l 1968) SR T ‘fi o .
'5.2 1. 2 4 Chemtca] charactertstlcs of saltne 30113
N ‘ Sa11ne so1ls are charactertzed by medtum to- htgh
"pH htgh ECe htgh catton concentrattons and h1gh SAR f'
' T(R1chards 1954) The presence of h1gh concentrat]ons of

'v_sodtum and/or magnes1um genera]]y resu]ts in cat1on rattos .

o whwch are adverse compared w1th those found 1n norma1 s01ls

The pH of sa]1ne 30115 1s usual]y bas1c, a]though S

o the upper hor1zons of well deve]oped Solonet21c 50115 may bej, T

ft»}qu1te ac1d1c due to 1each1ng of c]ay and organtc matter

H,;f(Ca1rns 1961) The pH found in the upper hor1zons of sa11ne '

*-'5011s on whtch Dlstlchlls Stnlcta grows may range from 7 to t {»L

*sl1o w1th a med1an of about 8 (Bolen 1964 Ungar 1967 1974b “};j,g

zi;iHansen et al 1976) Th]S w1de range of pH 1nd1cates that

o gspectes d1str1but1on and so11 pH are not close]y COPPelated L

';;f(Ungar 1968 1970 1974a) A]though 5011 pH can affect the

-'f;solub111ty of nutr1ents (Shalnberg 1975) the pH var1at1ons'vgif5

'if_found 1n 50115 of halophyte commun1t1es do not seem to |

fgfh51gn1f1cant1y affect spec1es growth and d1str1button

Extracts of sotls under ha]ophyte communtttes

‘;thenerally have h1gh electr1ca1 conduct1V1t1es For example,pd7f°?*’

o, R L R N



“';rdescr1bed The ECe of A hor1zons may range from 1 to 5, and

12

i_the ECe of so1ls under tall sa]tgrass may range from 7 to 24'
ava/cm wh11e for so1]s under the short growth form ECe
-~ranges from 19 to as h1gh as 104 (Ungar 1967 1968 1970)

”.Solonetz1c so1ls, wh1ch have undergone at least some'

. leach1ng of salts have ]ower conduct1v1t1es than those Just;»f.

[N
Y

2fof B hortzons From 2 to 12 mS/cm (Ca1rns 1961) There are =

-'.seasona] var1at1ons 1n ECe of sa]1ne so1ls w1th the h1ghest ”

| - va]ues genera]]y ocourrlng in the warmest and dr1est months"’”"

Some cat1on concentrat1ons 1n the 5011 solut1on

| ,and on the exchange oomp]ex of salwne so1ls are many t1mes

LS

h1gher than those of correspond1ng nonsa11ne so11s Sodtum |
5‘<1s usua]]y the dom1nant cat1on,_a1though in some areas
;lmagnes1um may a]so occur 1n hlgh concentrat1ons (Ca1rns'
511961 Dodd et al 964) Calc1um concentrat1ons tend to be
f.,much lower than sod1um concentrat1ons but h1gher than =
‘potass1um ooncentrat1ons (Bowser et al 1962 Ungar 1974a)
'j‘gThe domtnant anvon may be su]fate or chlor1de depend1ng on

“”Vjv;the sour‘ce of the salts (Ungar 1974b) Tota] sa]t

”:3fconcentrat1ons found under sa]tgrass commun1t1es may be as,

2 hf]ow as O 13% (Ungar 1966) or as h1gh as 4 2% under the short;_kgj

d'ftégrowth form (Ungar et a] 1969)

Ion concentrat1ons and rat1os 1n sa11ne so1ls are “L,jj

;ftffdependent upon so11 m01sture 1eve1s As 5011 mo1sture

”xf"lncreases due to prec1p1tat10n or decreases due to"i‘ftf;f-*-"

,;,gevaporatton, jon concentrat1ons in the so11 solut1on_; e

~:y%1norease or decrease respect1vely However the 3011;g” SR
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mo1sture ion. concentratlon relat1onsh1p is not s1mp]y one of"

'1nverse proport1on (for examp]e see Moss;1963)._and can be-_t‘»-

"fd1fferent for d1fferent so1Ts (Carterjt977t;'Khan7and

' ‘.,Webster (1966) found that at thertow‘range of‘moisture

]content of ‘a Solonetz1c so11 1ncreas1ng m01sture caused :
' abrupt changes in 1on rat1os wh11e at the h1gher mo1sture

ftrange changes were less dramat1c They suggested that at

5~Lfthe ]ow mo1sture levels a. three phase equ111br1um may be

present between excess so11d sa]ts, so1l part1ctes and the

sto11 so]ut1on, wh11e at h1gher mo1sture contents so11_,ff

”zpart1cles and so11 so]utlon are the ma1n phases |

: Few sa11ne 50115 of ha]ophyte commun1t1es have ™
"been analyzed as thoroughly as salt affected agr1cu]tura]
'd501ls, so there 1s ]1tt1e spec1f1c 1nformat1on on cat1on‘
'irat1os found 1n und1sturbed sal1ne so1ls It is: to be
’gexpected that the dom1nance of sod1um and sometlmes '

mfhmagnes1um 1n these so1ls results 1n low ca]c1um to total.?;‘
f\cat1on rat1os, h1gh magnes1um to Ca1C1Um rat1os, and 1ow‘

;?potass1um to tota] catton ratlos These cond1t1ons WOU]d

: '”;Jgreduce or ppevent the gpowth of most agr1cu1tural spe01es.,r:

'rbut are read1ly to]erated by many ha]ophytes

ngh sa]t concentrat1ons cause 1ow 5011 osmot1c

ﬂff :potent1a]s mak1ng water uptake by p]ants d1ff1cu]t Thws :*7i/

L,ffactor 1s one of the most 1mportant in control]1ng plant

. !fid1str1but1on in ha]ophyte commun1t1es (Ungar et al 1969

.“'beUngar 1970 1974a, Ungar et al 1979) Halophyte spec1es'hfi:e_j;

’bﬁjﬁusually occupy character1st1c 1ocat1ons w1th respect to e

G , s
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¥

V?total sa]1n1ty and sow] mo1sture (Ungar 1974a), maktng them

'\useful as 1nd1cators of soil cond1t1ons (R1chards 1954)

A 2 2 Relat1onsh1ps of Spec1es in Halophyte Commun1t1es

_:2 2.1 Spec1es assocxated w1th Dlstlchlis strlcta _d;

: fHondeum Jubatum L. ; Iva annua M1chx I alelanls Pursh

.)"

| Many authors have noted the remarkable ab1l1ty of

,Dlstlchlls stPlcta to w1thstand a very w1de range of so11
i Mfcond1t1ons, and consequent]y to grow w1th a great var1ety of

'plant spec1es (Shantz and. P1eme1se1 1924 Fbowers 1934

81111ngs 1945, Dodd and Coupland 1966b, Ungar 1967b 1976
1974b Redmann 1972) Some o? the spectes w1th wh1ch 1t most

'ff~'frequent1y occurs are the follow1ng Allenro]fea -
"OCCldentaIIS (Wats ) Kuntze Aster enlc01des L : Atn:plex ',‘
;argentea Nutt , A patula L. N Chenopodlum rubnum L C;"

’-glaucum L ssp sa]znum (Standl ) Aellen Glaux marltlma L

v7u;duncus baltlcus W111d Poa anrda Vasey, Polygonum fvvf'.”
;namos:sszmum M1chx Puccznellla nuttaillana (Schult )' -.
hk"jffH1tchc Ranunculus cymbalania Pursh Rumex cnzspus L. R.”J
| "Lmarltrmus L. Sallconnla nubra A Ne]s Sarcobatus "dt'd o
ifiﬂvepm/culatus (Hook ) Torr Sc:npus amerlcanus Pers fS:gfnfff_Q.
_f;ﬁejpaludosus A, Ne]s Sonchus arvensrs L Spantlna gFaCIIIS _
; 'ffTr1n 5 S pectlnata Bosc,, SPOPODOIUS a:no;des Torr Suaedab;fp“

| "tflécalceolzfonmzs (HooK ) Moq . TPlglochln maﬂltlma L. (FlowerSff;ﬁ?“'

1934 Tolstead 1942 Rawson and Moore 1944 Ke1th 1958 -
Bolen 1964 Dodd and Coupland 1966b Hadley and Buccos 1967

Ungar 1965 1967 1970 19743 Ungar et al 1969 Redmann S



1872). Of these, the, $pecies with wh1éh Dlstlchlls stricta
s most cons1stent1y assoc1ated are Hordeum Jubatum

’ Pucclnellla-nuttajllana, and Suaeda calceollformls,

2.2.2 Speoies'ZOnation‘with reSpect-to soil conditions
E% Most 1n]and salt f]ats or marshes have consp1cuous]u

lzones of vegetat1on surround1ng them The d1str1but1on of -

"‘;'speoles 1n these:zones appears to be contro]led by the1r

1

‘t"to]erance to so1l mo1sture and sa11n1ty (Ungar 1970 1974a)

‘ The most saline soxlsaare genera]]y ]ocated 1n the center of .
the sa]t f]at and are typlcally barren (Schaffner 1898, |
_thoupland 1950 Redmann 1972) Pr1mary 1nvaders of the barren‘~
i'flats -are Suaeda calceoliformls Sallcornla rubra and h
'-Sesuv[um yennycosueraf (Dodd and Coupland 1966b Ungar

1967, 1968, 1970, 1974a; Hadley and Buccos 1967 Ungar .

1966,

i :69; Redmann 1972) A zone of dwarf Dlstlchlls

S commonly found next to the 1nvad1ng speCIes C
1967, 1970 Ungar et al. '1969) and may be i

ﬁan1ed by Polygonum ramos:ss:mum (Ungar 1967) or ;1'

'ézz:a nuttalllana (Ungar 1970) Trlglochln marltlma

anunculus cymbalarla or Pucc:nellla nuttalllana may

;;ace the dwarf Dlstlchlls stﬂlcta zone (Dodd and Coupland s

o

"};21636b Ungar 1974a) In areas of ]ower sal1n1ty, tal]

"’n"f?Dlstlch7ls strlcta may. be found accompan1ed by Hordeum .:”7

°'7nfjubatum Atrlplex patula Iva annua and Poa arlda (Dodd and 5;f' 5

'Coupland 1966b Ungar 1966 1967 1968 1970 1974a. Hadley::

| ”ffsand Buocos 1967 Ungar et al 1969 Redmann 1972) On,wells;
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dra1ned s1tes with even lower sal1n1ty, a. zone of Sporobolush"
airoides or Agropyron spec1es is usually found (Dodd‘and |
:e-Coupland 1966b Ungar 1966 1968) This zone b]ends 1nto
typ1ca1 pra1r1e commun1t1es (Ungar 1967 1968) Where
,:stand1ng water 1s present SCIPpUS paludosus 1s usua]]y
found 1n the most sa]1ne areas, and SpaPtlna pectlnata -

‘dPhragmltes communls Tr1n duncus baltlcus Eleocharls

~i.’palustrls (L ) R & S. and Carex spec1es occupy less sa11ne

'.s1tes (Bo]en 1964 Dodd and Coupland 1966b Ungar 1967
1968 1970) Saltgﬁass can surv1ve 1n a w1de range of so1l

1cond1t1ons but it 1s ‘most preva]ent where so11 mo1sture and":

' ‘sa11n1ty are h1gh The so1ls under D strlcta are usually

':well supp]1ed w1th mo1sture because of h1gh water tables,
"whlch are often from 30 cm. to 1 m. below the sof surface .'}

;wﬂKearney et al. 1914 A]dous and Shantz 1924 Shantz and

B ‘Pfeﬁeise1 1924 F]owers 1934 Tolstead 1942 B1l]1ngs 1945

'l,Ungar 1965 Hunt and Durrel] 1966 Redmann 1972) Although

B so11 mo1sture 1s p]ent1fu],,so1l sa]t concentratlons are

‘v{fvery h1gh where sa]tgrass forms extens1ve, a]most

h'monospec1f1c stands of dwarf plants (Aldous and Shantz 1924 SIS

 Shantz and P1emelse1 1924 F]owers 1934 To]stead 1942,
o iB1111ngs 1945 N1e]sen 1953 Bo]en 1964 Dodd and Coupland
-sf;1966b Hadley and Buccos 1967 Redmann 1972 Ungar 1974a)

ti‘.;;2 2 3 Vegetat1ona1 analys1s ;_f';b,”{57 T

DIStICh]IS strlcta commun1t1es on h]gh]y sa11ne ]5;;fv.'

& 5so1ls tend to be compr1sed of few spec1es other than the .?fzi{,i&u



. :‘g51197o 1974a Ungar et al. 1969)
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dominant ones. (Flowers 1934 Redmann 1972) wh11e those on -
lless saltne so1ls are found w1th a greater vartety of | |
hkspec1es (Ungar 1974b) Frequency values of saltgrass 1n both
vtypes of commun1t1es are usual]y 100% (Ungar 1965 1967b S
= 1968 1970 1974a Ungar et al 1969)] Frequency va]ues of
other spec1es may range from 0 1n dwarf sa]tgrass _ﬁ‘nr* B
J' commun1t1es to 90% in commun1t1es in wh1ch sa]tgrass 1s a.
y codomtnant (Keith 1958, Ungar 1955 1968, 1970 1974a Dodd
.and Coup]and 1966b 1Nad1ey and Buccos 1967) Spec1es in
':dwarf saltgrass commun1t1es usua]ly have low cover va]ues:-{”'
L (Redmann 1972), whlle relat1ve COVer 1n tatl sa]tgrass '
.f}commun1t1es 1s general]y much greater-(Ungar 1965)' Percent
cover of Dlstlchils stPlcta typtca]]y ranges from 0. 8 to 2A“?
,j'for the dwarf form,}and from 7 to 11% for the ta]l form )

' (Ungar 1965 1967) Re]at1ve percent cover}(1 e. proport1on -

”",-of total plant cover) of sa]tgrass may range from 84 to 100%7]ha?'

‘altn dwarf sa]tgrass commun1t1es and from 72 to 93% 1n ta]]

'f'uvsaltgrass commun1t1es (Dodd and coupland 1955b Ungar 1968
'?45f22 3 Halophyte Phenology ' y;&_ry'{c:i}?"fiVi_ijt:F:m L
L o The edaph1c factors wh1ch control halophyte

' ~f]d1str1but1on a]so strong]y 1nfluence Khe ltfe cyc]es of

"wfithese plants 5011 cond1t1ons such as. total salt content and[ﬂlf'w
i;:t;_mOISture levels show def1n1te seasonal trends (for example,;fiﬁff7*

."h?-see Ungar 1968) to whxch the plants must adJust 1f they arei{;ef}h

"j‘to successful]y reproduce The low number of fam111es and
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génera represented in the halophyt1c flora (Watsel 1972)

indicates that relatively few ltfe strategtes are capable of
é‘iﬂ

Vsurvtval in areas dom1nated by hlgh sa]t concentrations. The

proportton of perenn1a1 spec1es in halophyte commun1t1es is

usually greater than the proportlon of annual spe01es,

Tvprobably because perenn1als are more. able to survive the

fluctuattons in 'soil conditions to wh1ch sal1ne areas are

subjected (Ranwell.1972).

Germination Of‘halophytes.is affected by salt
concentration, temperature ‘and the type of salts preeent-tn
the soil (Ungar 1978) . A1though hatophytes are generally
more tolerant than nonhalophytes at the germ1nat1on stage,

1ncreases in salt concentratton can de]ay germination and

- decrease the number of seeds germ1nat1ng (Waisel 1972 Ungar

1978). S1nce ‘most halophyte seeds can remain dormant until
cond1ttons .are favorable ‘peaks of germ1natton may oceur |
when 3011 sa]1n1t1es are at their lowest levels, usually 1nQ
early spr1ng (Waisel 1972, Ungar 1978) .

‘The date of initial growth of perenn1a1 ha]ophyte

spec1es is influenced by temperature and soil cond1t1ons,

- and consequently var1es somewhat from' year to year In North

Amertcan 1nland halophyte commun1t1es, shoots usua]ly appear

from Apr11 to late May, and grow rapldly untji 1 soil moisture

‘levels deprease and salt concentrations 1ncreé§e (Bolen

1964, Ungar 1965). Vegetative growth often”takes precedence

over Sexua] reproduction;.plants spread rapidly during the

growing season, ‘usually by means of rhizomes or runners



(Ranwell 1972, 'walsel 18972) . In thls manner halophyte
clones such as those of Dlstlchlls strlcta can rapidly
colon1ze unvegetated sallne areas (Hansen et al. 1976).
Rhizomes of Dlstlchlls strlcta produce falrly exten51ve root
systems Wthh may penetrate the soil to depths. of three
"meters where so1l sallnlty is often lower (Robertson 1955)
~ Few studles have been done on t1m1ng and control
| of flower1ng of halophytes Flowerlng appears to depend on

~many of the same. factors wh1ch control flowerlng of

:nonhalophytes l1ght 1nten51ty photoper1od and temperaturex

" (Waisel 1972). SOll cond1t1ons may inf luence the t1m1ng and

degree of flowerlng, but .the extent of thls 1nfluence is not

o fully understood

2 4 Growth of Plants in Solutlon Culture With Added Salts
2 4 1 Use of solution culture \
Plant growth can be carefully controlled and
manlpulated through the use. of nutrient solutions. .The
'. advantages of soil-free growth systems are many. (Epsteln )
« ~ 1972, Gauch 1972)l The use of solution qutures perm1ts the
| 'study of 1on uptake and chem1oal effects of the. nutrlent
- medium w1thout the 1nfluence of 5011 og;iubstrate phys1cal
effects. This can be espec1ally useful in the study of
salinity effects, 31nce it can be used to determ1ne the
1mportance of salt concentratlon Vvs. o1lvstructure-1n the'
growth of halophytes or glycophytes Solutlon culture also '

allows prec1se control of the root med1um, s1nce nutrlent
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concentrat1ons and ratios can be attained and ma1nta1ned K
with relat1ve ease..Close control of pH and solutlon osmotic
Ipotenttal is also p0551ble
| " There are. some drawbacks to grow1ng plants in a
soil- free system. The absence of 5011 biota may |
: s1gn1f1cantly affect growth of some spectes, and when roots
normally have symb1ottc assoc1at1ons with so1l organlsms
plant growth in solutlon culture may be d1Ff1cult or
':1mposs1ble Root1ng patterns 1n l1qu1d medla may be quite
d1fferent than those found in soltd substrates 51nce water
supply is not l1m1t1ng Also, 1t is not always possxble to |
4extrapolate from solut1on culture growth studies to plant
behav1or in the f1eld Nonetheless soil-free growth studles'
_atd in eluc1dat1ng many of the factors 1mportant in plant
growth and development and prov1de an excellent method for.

the study of. sal1n1ty effects.

2. 4 2 Importance of cattons 1n plant growth }
- ’ Plant growth is: largely determ1ned by the
Es‘compos1t1on of nutr1ents present 1n the root1ng med1um
:1Opt1mum growth depends on both the concentration of '
:ﬂhessent1al nutr1ents in 501l or nutr1ent solut1on, and on.,
their- 1nterrelat1onsh1ps ‘_7 |
| ' Calc1um is regarded as’ a macronutrtent, even
. though the amount requ1red for normal plant growth is qu1te_:h

Tow (Chr1st1ansen and Foy 1979) . Th1s element is 1nvolved Qn

several 1mportant processes, 1nclud1ng ma1ntenance of

,<
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membrane select1ve permeabtllty, ma1ntenance of. chromosome
structure enzyme aot1vatlun, and format1on of ce]] walls .
(Hewi tt and Sm]th 1974 Christiansen and Foy 1979) There is
-a great dea] of var1at1on in. the amount of calcium: requ1red
'f by p]ants, the type of plant ‘and*the condtttons in which it
is grOW1ng determ1ne the amount requ1red to e11m1nate
def1c1ency,symptoms (Loneragan et al 1968 Loneragan and |
-Snowba11'1969a)' Reported ca]c1um levels in plant dry matter/
 range from O 005 to 2 me/g (Wyn dones and Lunt 1967) |
- The role of ca]c1um in membrane permeab111ty
.appears to be cruc1al to plants ‘growing 1n sallne » |
COnd1t1ons Work by severa] authors has shown that at h1gh
sa11n1t1es 1ncreased ca1c1um levels are necessary to
prevent ca]c1um def1c1ency symptoms, restore ce]] growth and
‘.development, and prevent accumu]atwon of tox1c levels of

'sod1um and other 1ons (Howard and Adams 1965 Hyder and

- Greenway 1965 E]zam ‘and Epste1n 1969a LaHaye and Epste1n

N 1969 Lund 1970 Gerard and- H1nOJosa 1973 Marschner 1974)

‘ The re]atlvely 1arge amounts of magneswum requ1red

'}:by plants are used for stab1l1zat1on of r1bosoma1 part1cles _.
.for prote1n synthes1s,.act1vat1on of enzymes 1nvo]ved 1n '

f»phosphorylatton processes and format1on of chlorophyl]

(Hew1tt and Sm1th 1974 K1rkby and Mengel 1976). Magnes1um

'a'1n dry plant t1ssue is usually present in concentrattons ;

-from O 08 to O 42 me/g When magne51um 1s present 1n so11

', (eg serpenttne so1ls)-or nutr1ent SO]UtlonS 1n abnorma]]y

htgh concentrattons, severe nutr1t1ona1 prob]ems may resu]t

Re
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due to magnes1um toxicity and/or depressed calc1um uptaKe
(Walker et al. 1955, Lund 1970) . The adverse effects of h1gh
Mg/Ca rat1os will be d1scussed (ater | | |
i Potass1um 1s needed by plants in larger quant1t1e5’}
than any other cat1on it is. the on(y un1valent cation. |
' cons1dered 1nd15pensable for a]] 11v1ng organ1sms (Evans and
Sorger 1966) Depend1ng on spec1es or’ genera, usually from
O 25 to 0.75 me/g of p(ant dry matter 1s made up of |
potasswum but concentrat1ons as h1gh as 1. 25 me/g have been"
reported (Evans and Sorger 1966 .ap Gr1ff1th and Wa(ters .

1966 Andrew and Rob1ns 1969, Walker and Peck 1975)

A]though the spec1f1c funct1ons of potass1um are not clearly_.

understood :1ts ma1n role 1s probably related to spec1f1c'
effects on enzyme prote1ns w1th secondary ro]es 1nvolv1ng -
‘osmotwc processes and pH control (Evans and Sorger 1966,
Hew1tt and Smnth 1974) In sa]1ne 50115 and nutrient.
B solutwons potass1um is. more 11ke1y to be. def1c1ent than"
| abundant. | ’. | S
) Some halophytes have been shown to requ1re sod1um
' as‘a m1cronutr1ent (Brownel( 1965, 1968), and smal] ;
1ncrements of sodtum may be benefchal to growth of crop :;,‘.
plants, but it is’ not regarded as: be1ng essent1a1 to most
p]ants (Evans and Sorger 1966) ap- Gr1ff1th and Walters}
(1966) reported a range of O 008 to 0.045 me/g sod1um in.
- t1ssue of . severa] grass genera w1th marked d1fferences ,"H

found among the genera They suggested that grasses with,

h1gh sod1um potent1als would exh1b1t a w1de range 1n sod1ums»]t

X
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contents depending on the environment whlle those with low

sodlum potent1als would always have low sodlum contents

‘ ';f‘Collander (1941) studled the growth in nutr1ent solutlons of

plants of several ecolog1cal types and taxonom1c groups nd‘t‘

‘found that halophytes were among the spectes which absorbed
: the greatest amount of sodlum even when several alkal1_
~catlons were equally ava1lable He suggested that there may |
jbe a correlat1on between the strong absorptlon capac1ty,,or

4 1nab1l1ty to exclude sodlum and the halophytlc character

| ; wh1ch enables these plants to surv1ve on sallne substrates

There 1s some d1sagreement in the l1terature as to

whether plants respond to ion concentrat1ons or ion ratlos

in so1l or nutr1ent solutlons Bernsteln (1970 1975),stated"-

,that the absolute concentratlon of 1ons in solutlon is the
;Key to plant response when. sod1um concentrattons 1ncrease -
in. so1ls, calc1um and’ magne51uﬁ\sonbentrat1ons decrease, |
lead1ng to deflclenctes of these elements However there is
- a cons1derable amount of work wh1ch emphasxzes %he _.:': ;
"1mportance of 1on ratlosxln 1on uptaKe by plants (Arnold

’:1969 Khasawneh 1971) | 1 | g y |
Adverse Mg/Ca ratggs 1n nutr1ent or so1l solutﬂons

_m;may result in magnes1um tox1c1ty or poor ca101um/uptake'

'“.Whlch may lead to ca101um def1c1ency doffe and Zlmmerman

‘3?5(1944) found that plants grew poorly/ln Solonetz1c so1ls'*i

/

";leth h1gh Mg/Ca A so1l sod1um/content of above 10% of the

/

l>exchangeable catlons resulted 1n plant 1nJury or death even

’f;when Mg/Ca was decreased Th1s suggests that when SOdlUm zf&_h;f'

't//rua
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copcentrat1on is high, Mg/Ca must be very 1ow to avo1d salt
,TnJUPY I |

Walker et al. (1955 foTTowed the‘gro&th’or o
‘;agr1cuTturaT and endemtc serpent1ne plant specwes in sowTs_
or soTut1ons where Mg/Ca ranged from 0.5 to 29 They found
-that while the y1e1ds of crop plants decreased markedTy when™-
ATMg/Ca Was htgh the ytelds of the nat1ve serpent1ne spec1es
.jwere hardTy affected over a Targe part of the range They
‘fattr1buted thts to the much greater absorpt1on of caTc1um at o

| Tow ca101um Tevels by serpent1ne specwes compared w1th crop

| The 1mportance of the Mg/Ca rat1o 1n growth of |
}sugarbeets was stressed by Mostafa and U1r1ch (1976) They
'var1ed soTut1on Mg/Ca from 3 to 0 4 and found that the h1gh

Tv'rat1os resuTted 1n caTc1um def1c1ency symptoms even when

-calc1um concentrat1ons exceeded amounts needed for normal

R growth Magne51um 1nterfered w1th caTc1um uptake and

prevented adequate amounts of caTcxum from reach1ng p]ant
”:t1ssues Carter (1977) found that barTey ywelds were

b h‘reduced and pTants showed s1gns of Ca def1c1ency when Mg/Ca fhﬁf

| 1i~rat1os were hxgher than 1 1n nutr1ent solut1ons There was

. fstrong corre]at1on between Mg/Ca Tevels 1n t1ssue and those ;;fr:;

The Ca1c1um to totaT cat1on (Ca/TC) ratlo 1s‘*iﬁ

e cToseTy related to the Mg/Ca rat1o sxnce when soTut1on Mg

*flncreases w1th respect to Ca,‘the TeveT of Ca W1th respect

“'fhto total cat1ons decreases 1f other concentrat1ons are‘held

\7¥<~f/311\}
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:constant Severa] authors have found that when Ca/TC reaches
..fa cr1t1ca11y low level p]ant growth 1s reduced Walker et o

~al. (1955). found that 11tt1e or no growth of crop p]ants_'

"~_occurred on serpent1ne so1ls and 1n nutr1ent solut1ons when

‘calc1um dropped be]ow 10% of total cat1ons,_and between 10

. and 20% y1elds were greatly depressed Yields of serpent1ne'

”~spec1es were not apprec1ab1y d1fferent w1th1n a Ca/TC ‘range

Z'j{‘the1r growth

y of 6 to 82% and Ca/TC of 3 to 5% only moderate]y reduced

e Howard and Adams (1965) found that the amount of
:‘ca1c1um requ1red for cotton root growth 1nto subsurface
1,med1a depended on the Ca/TC rat1o rather than calc1um

B concentrat1on alone A Ca/TC of between O 10 and O 15 was

'-,»requ1red-1n a]] cases WOrk1ng W1th barley in- solut1on {"

*culture Carter (1977) found that decreas1ng Ca/TC resu]ted';

Cin- decreased growth regardless of the sa11n1ty 1evel of the ’

| "h_solutdon Y1e]d ‘was well: corre]ated w1th solutlon Ca/TC butfg‘h'

"“ not w1th solut1on ca1c1um concentrattons When Ca/TC was

"'ﬂlow ca]c1um def1c1ency symptoms occurred even when the _f""
‘":hca1c1um concentrat1on was relat1vely h1gh | .,
L There 1s l1ttle 1nformat1on ava1]ab1e concern1ng'ﬁ?'

';hthe 1mportance of 3011 cat1on ratlos to growth of

‘er°halophytes L1ke serpenttne plants they may have more d.

| "fffeff1c1ent nutrtent absorpt1on mechan1sms than crop plants

L;QT“enabltng them to grow 1n a w1der range of 1on rat1os

‘”‘1ijg':~,~.
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2. 4 3 Cation uptake from so11 and culture solutlons

| Cat1ons move from the so1] solut1on and/or
ljexchange complex to roots v1a the processes of mass flow,,"
| d1ffus1on, and contact exchange'(Epste1n 1972)L while on]y
the f1rst process is poss1ble 1n nutr1ent so]ut1ons
Transp1rat1on by. plants may cause mass f]ow of 5011 solut1on:
;or nutr1ent so]utlon to p]ant roots At h1gh solute
f»concentrat1ons 1n‘so11 solut1ons solub]e 1ons probably move
"d1rect]y 1nto Cell wa]l free space w1thout being exchanged

. for on root- col]o1d exchange sites. In nutr1ent'solut1ons

'.'w1th h1gh solute concentrat1ons catlons move to the root

b:surface by d1ffus1on and transp1rat1on pu]l

- The 1on transport system of plants must prov1de

R des1rab1e proport1ons of 1ons for nutr1ent requ1rements and
"osmot1c adJustment to the root1ng med1um Movement of ions

'ffrom the so]ut1on root 1nterface 1nto root ce]ls depends on‘

if‘membrane permeab1l1ty and se]ect1v1ty, and electrochem1ca1

gb}grad1ents (Wa1se1 1972)' Most research on: ion uptake has o

:,tbeen done us1ng exc1sed roots or whole plants of common

e agr1cultura1 spec1es Epste1n and deffer1es (1964) suggested -

tcond1t1ons of ample nutr1ent supp]y,_they may be 1ess

"t-competent and versat11e 1n absorb1ng nutr1ents than w11d

| spec1es wh1ch have been subJected to select1ve pressures of :tj

11m1ted nutrlent supp11 S, However,,th1s research may

demonstrate some bas11'pr1nc1ples of 1on uptake mechan1sms ‘;f”f

‘t}f wh1ch may also operate in nonagrncultural p]ants



*Numerous-studieS'have demonstrated the extstence
of a dual mechan1sm of ion uptake by roots (Elzam and
Epste1n 1968b, Latles 1969 Elzam 1871, Ra1ns 1972 Epstetn |

1976)_ At low solute concentrat1ons (usually less than O 5

'mM) mechantsm 1, whlch has a. h1gh ion - afflntty, is in -

,operatlon Ion uptake by th1s mechan1sm is shown by a smooth~

curve when- concentratlon of the substrate 1s 1ncreased At

‘solute concentrat1ons from 9. to 50 mM the low afftnlty
: ‘mechanlsm 2. comes 1nto play Increa51ng substrate
'concentrat1ons result in stepw1se 1ncreases 1n 1on uptake by .

th1s mechan1sm

Rates of calc1um absorptlon must be ma1nta1ned at

t, constant levels to prevent calc1um def101ency in grow1ng ,
a-plants, 31nce once calctum enters shoots 1t 1s relat1velyv
‘1mmob1le (Loneragan and Snowball 1969b) Wh1le some - plant
,vroots can acttvely absorb calc1um (Maas 1969) those whtch if'
,ticannot are more; 1nfluenced by concentratlons at the root.
t_surface due to d1ffu51on and mass flow of nutrtent solutton~
xf;t(Marschner 1974 Ktrkby 1979) Calc1um uptake fr&m solut1onsltf
'hfcan be reduced by 1ncreas1ng concentrat1ons of pota551um or‘.vl

:sodtum (dohansen et al 1968 Maas 1969 Elzam 1971)

Mass Flow 1s probably more 1mportant than ;y“

,,;dlffus1on 1n mov1ng magne51um 1ons 1n the sotl solutton to ﬂ_’;

f’?;the root surface (KlPKby and Mengel 1976) Ferguson and

larkson l1976) showed that 1n barley roots the patterns Qf ff'

'5a?iroot were very s1m1lar to those of Ca Translocat1on of both? B

T

7*Tuptake and translocat1on of Mg ln dtfferent reg1ons of the E
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‘Mg and Ca to the shoot was reduced once the eplderm1s had .7
‘become suberlzed Even though magnes1um was ‘more mob1le than
vcalo1um it d1d not move read1ly through the symp]ast of the
.root, | | " '_ | |
| There appears to be some degree of compet1t1on
between pota551um and sod1um for uptake,- depend1ng on the1r
-~re1at1ve concentrat1ons and the presence of other 1ons L
N*Black (1956 1960) tud1ed the effects of sod1um ch1or1de in ~'
so]ut1on cu]ture on uptaKe of 1ons by two halophytes -
';.Atrlplex hastata and A, veszcarra B He found that at
equ1molar concentrat1ons of Na and K .ion uptake by the
'former spec1es resu1ted in leaf K content of three to four ”
| ttmes the Na pontent For the .second spec1es more Na than Ki‘
. was absorbed at h1gh equ1molar Na and K concentrat1ons but
= when Na concentrat1on was low K could effect1ve1y compete -

e
LY,

‘w1th Na and was accumu]ated at Ievels conswdered to be

"‘.luxur1ous

_ ‘ WOrk1ng W]th Av:cenn/a marlna (mangrOVet a mar1nef1
"avhalophyte Ra1ns and Epste1n (1967a) found that the rate of -
N'm.K absorpt1on from 0 02 to 1 5 mM was that whlch would be's

o ;expected for mechan1sm 1. At h1gher K concentratlons much ip;
» Jhlgher rates were reached 1nd1cat1ng the operat1on of -

amechan1sm 2 wh1ch had a lower K aff1n1ty Both mechan1sms

u”{éamounts by this . spec1es, they were ]1tt]e affected by the L
K?&presence of sod1um ,g-}fbvf'* gpffﬁ?ﬂf‘ ' ‘ '

R taL W

Elzam and Epstetn (1969b}7founafpoth"mechanigms.1a&ffi

'showed preferent1al aff1n1ty for K whxch 1s needed in largerrfi



'Jdifexact mechan1sm by wh1ch th1s 1s accompl1shed has not been
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,and 2 operat1ng in K absorpt1on by roots of two SpeC1eS of

h;wheatgraf”aajm both the salt to]erant spec1es and the salt

.s%ns1t1? Vys. mechan1sm 1 showed a high K aff1n1ty and

,'IQWfNagél }}t 1ow concentrat1ons In the sa]t tolerant'
}me 2 absorbed both K and Na at a hlgh rate,

tﬁalt sens1t1ve spec1es mechan1sm 2 absorbed K -

t jow to moderate 1evels of sa]1n1ty,

#onal pumps located at the p]asma]emma may be able
jgéfK concentrat1ons and 1ower Na concentrattons 1ns1deﬁa
%tman and . Sadd]er 1967 Nassery and Baker 1972
‘Ratns 1 . However,,at h1gh Na concentrat1ons, Na uptake

: and coniént tend to 1ncrease at the expense of K uptake |

' (Ra1ns and Epste1n 1967b E]zam 1871, Storey and Wyn dones_iuf
'j7,1978a, 19 | e e
| | role of ca1c1um 1n ion transport cannot ‘be e}
over]ooked Many studles have shown that adequate Ca 1evels',;
“*can 1ncrease uptake of benef1c1al cat1ons such as K whtle

. 1mpa1r1ng entry to the cytoplasm of 1nterfer1ng cat1ons such,f

as L1 H and Na (dacobsen et al. 1960 Epste1n 1961 Wa1se1 R

‘“f1962 Ra1ns et al. 1984, Hooymans 1964 Carter 1977) Thef,'

veluc1dated but 1t 1s belweved that 1t 1nvo]ves a]terat1on

Waxse] 1962) A]though 11ttle work has been done on the

| ”;_=effect of Ca on halophyte 1on uptake 1ncreased re51stance R

'Vof the p]asma]emma to monova]ent 1ons may be essent1a1

'df the select1ve permeab111ty of the p]asma]emma by ca]c1um o
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: these-p]ants. s1nce these ions may stimulate the ]oss of
- small molecules from plant cells by affectlng carrler
prote1ns or membrdne permeab1]1ty (dennlngs 1976)

Concen,dat1ons of cat1ons 1n shoot and root t1ssuef

of ha]ophytes may reflect to some degree the concentrat1ons o
tand ratlos in the externa] med1um deffer1es (1973) found
"_that in Trlg]ochln maqltlma t1ssue concentrat1ons of Na and:f
- s:'_Cl were related to external concentrat1ons but those of Ca =
dt'and K were not Hansen et a] (1976) found that Na and C]
t1ssue concentrat1ons ine Dlstrchlls SfFICfa more or lessc\
para]]e]ed the1r 5011 concentrat1ons in the early part of
ffthe grow1ng season and a near]y constant Na/K ratwo was
7'_ tma1nta1ned As plant v1gor dec11ned Na and Cl t1ssue
‘concentrat1onsj}ncreased sharply wh11e K concentrat1ons
| decreased | o | | o

& ”v5t e VariouS’speciestot'halophyteS'may'accomblish“ion

S

uuptake and salt to]erance by d1fferent means These plants_dv‘
”‘may Pegulate 1nterna1 1on concentrat1ons by exclud1ng salts E
' at the root surface Ysalt exc]uders) by extrud1ng sa]ts _ld'ﬂt
”from spec1a]]y developed salt gtands (sa]t extruders) or by

- -‘.'f\\'“-
‘u,,ccumu]at1ng large amounts of 1ons for osmot1c’ad3ustment at

fihtgh externa1 10n concentrat10ns (satt accumulators)
'J7(Greenway and Rogers~1963 Greenway 1968 Greenway and f]d:.‘
'“ffOSmond 1970 Greenway 1973 A]bert 1975 Hansen et al 1976
. f Flowers et a] 1977) It has been squeSted that salt ,fzk,ﬁ
i4faccumu1ators can QPOY more V‘QOPOUS]Y at h1gh saJt

Vylconcentrat1ons than exc]uders, s1nce they can rap1d1y adJust |
. : .t, e
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to osmot1c stress by 1ncreas1ng 1on uptake tGreenway and
Osmond 1970),lwh11e sa]t excluders or extruders must rely
‘more heav1]y on organ1c solutes to lower the1r osmotlc
potent1als (Flowers et a] 1977) o |

A The reported research 1nd1cates that uptake of }‘
cat1ons by halophytes depends on a var1ety of processes
1nfluenced by the concentrattons and proporttons of cat1ons
in the root medtum Mass flow and d1ffusuon seem to be the‘,:
prtmary'means of ion movement to the root surface where

1ons are absorbed selecttvely by h1gh and 1ow aff1n1ty 1on'i

L uptake mechan1sms Membrane select1v1ty 1n many plants is

enhanced by the presence of adequate proporttons of calc1um
- Some salt to]erant spec1es show htgh Na and K uptake at h1gh f
- sa]t concentrattons wh1]e others absorb K preferent1a11y .
, Internal concentrat1ons and rattos of cattons may or may not
= reflect external ones dependtng on the surv1val strategy of

the spe01es 1nvo]ved

2 4 4 Osmottc and spec1f1c effects of added sa]ts :w;sr;“f‘"',
oI | Plants grOW1ng 1n sal1ne soluttons are affected
both by the tota] salt concentratton 1n the so]utton
jc:(osmottc effect)‘and by the type of sa]ts and nutrtent
- rattos present 1n the solutton (spec1ftc effec%&? e
(Lagerwerff and Eagle 1961 Bernste1n 1964 1975 Lagerwerff
1969 Eaton et a] 1971) It is d1ff1cu1t to comp]etely

separate these effects, s1nce low solqt1on osmottc

potenttals caused by h1gh salt concentrat1ons are usually "ﬂ”e
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aceempaniéd by unbalanced ion'rafios' HoweQer plants growh
1n isosmotic concentrations of single salts may react quite
d1fferent1y to d1fferent cat1onfan10n combinations |
(Bernstein 1975). Magnesium salts depressed bean growth
‘s1gn1f1cant1y more than sod1um or calcium salts at isosmotic
concentrat1ons (Gauch and Wadle1gh 1944) . ngh calcium
chloride concentrat1ons were more injurious to bean plants
than isosmotic concentrations.of sodium chloride, while corn

'grew better in calcium chloride than in isosmotic solutions
of Na, Mg or K'ehldrfdes (Bernstefn 1964 ) . Bean plants had

cx h1gher ylelds when grown in 1sosmot1c so]ut1ons of a
d non-permeating solute (Carbowax ) than when grown in

| solutions of Na, Ca or Mg chlorides, probab]y due to the

specific effects of the safts (Lagerwerf f and Eagle 1961)
S1nce most ha]ophyte species are w1de1y

distributed on soils of varying ion concentrat10ns and
natios 1t is likely that they are less affected by spec1f1c '
salt d1fferences than are glycophytes. The1r distribution H
seems to be controlled more by osmotic potentials of the °
soil solutﬁbn (i.e. total cat1on concentrat1on) than by the

propohtidns of ions (i.e. cation rat1os) contributing .to the

osmotic potential.

- 2.4.5 Water relatgons of plants grown with added salts
The Tow osmot1c potent1als of saline’ so11 and
culture solun\ens necessitate even lower Value$ of total

~water potential in plant roots to allow for water uptake and

|

" : &
- s J\
i
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turgor ma1ntenance necessary for growth (Lagerwerff 1969
Bernstein 1975, Flowers 1975): Many studies have shown that
cell sap osmotic potential of plants grown in sallne
so]utlons decreases as solut1on osmotic potent1a1 decreases,
Eaton (1942) stud1ed several crop p]ants in solution culture__
and found that decreases 1n tissue fluid osmottc potent1als
tended to para]]e] those caused in the so]ut1ons by
add1t1ons of sodium ch]or1de and sulfate. Ruf et al. (1963) -
found that’when a non.permeat1ng solute (Carpowax) was used
in solutions;rthe celt:sap of wheatgrass decreased about 90
KPa in osmotic potentia] for each 100 KPa decrease in'the
.. root medium. Janes (196%) found a}similar pattéern in bean
and pepper plants groun in NaCl or PEG solutions,~butawhen
‘solution osmotic potentia]lbecame too low,. the plahts'could
- not decrease the1r sap osmotic potent1als enough to maintain
turgor. Us1ng sp11t root cultures Kirkham et-al. (1968)
showed that the degree of osmotic ad justment of bean and
bar ley plants depended on the proportwon of the root system
exposed to saline cond1t1ons | |

The mahner in whtch plants respond to 1ncreased
‘osmotic stress depends on the durat1on,of the stress and on
. how quicK]y it is applied. Short}term osmotic adjustment.maf '
involve rapid nonseleotivejion accumulation (Cooper and

Dumbroff,1973; Storey and’ Wyn Jones 1978a) or increased

potassium uptake (Bernstein 1963) . Long term adjustment may . .

depend on accumulation of large-quantities of one or more

~cations (Berstein 1961, 1975, Cooper and Dumbroff 1973,
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Many of these studles have been c1ted as ev1dence

Storey and Wyn Jones 1978a) .

that plants can osmottcally adjust to saline media, and that
consequent 1y turgor should be ma1nta1ned and growth
1nh1thton by sa]1n1ty must be due to some~factor other than
water stress (Bernstein 1961, 1975). However, as Lagerwerff
(1969) and Oertli (1966a, 1966b, 1968a . 1968b, 1976) have
pointed out, cell sap osmotic potentials alone do not
determine the Water relations of plants in saline
oonditions - since water will enter - the p]ant fol]ow1ng a
gradient of total water potent1a] and not just osmot1C»
potent1al. Oertli (1966b, 1868a) also suggested that
expressed leaf sap is not necessar1ly a re]]able indicator’
of vacuolar osmotic potential, since the sap is a mixture of.
both 1ntra~ and extracellular fluids. He belteved that
osmotic stress may 1ndeed be an 1mportant cause of growth
reduct1on due to sal1n1ty, s1nce the continuous turgor )
" adjustment needed by grow1ng cel]s may be more d1ff1cu]t in
saline condtt1ons. Vacuoles must(adJust in turgor not only
;to‘externat so1ution’osnotic potential' but a]so’to solhte
“aooumulation invcell walls This' adJustment depends on salt ;
transport, wh1ch may be rate 17m1t1ng depend1ng on solut1on |
compos1tlon | | -

| Other studies 1ndvcate that plants grow1ng 1n'
sa11ne solut1ons may be subJected to water stress in spite.

of osmot1c adJustment Turgor pressure of crop plants often

decreases as sa11n1ty levels 1ncrease (Hoffman and dobes
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1978, Cerda et al. ‘1979) Root permeab1l1ty may also be

" greatly reduced by sa11n1ty. as 0 Leary (1969) found w1th
-,K1dngy beans in solut1ons with added NaC] He also reported
that sa11n1ty resu]ted in much greater leaf resistances to .}:

diffusion of water vapor than were - found in p]ants grown in
i contro] so]ut1ons Transp1ratlon rates in several other
'.spec1es have been shown to be reduced by sallntty due to
~high stomatal resistances (Gale et a] 1967, Ehlig et al.
1968, Kirkham et al. 1974) . Plants growing unde_r‘thes'e |
conditions may be stunted due to.decreased photosynthetic
rates resulting from partial stomatal closure (0'Leary,
1989). | o |
| Some halophytes adJust to sa11n1ty by mass1ve ion -
‘uptake while others rely on organ1c solutes to lower the1r
osmot1c potent1als (Wa]lace and Kle;nkopf 1974, FTowers
,1975 F]owers et al. 1877, Storey and Wyh dones 1978b,

1979) . Osmot1c potent1als of halophytes in saline sowls tend
to be qu1te,low and often decrease as so11 mo1sture o
decreases and soil. sa11n1ty 1ncreases (Harrls et al. 1924 |
Scho]ander et a] 1966, Dodd and Coup]and 1966a,}Wallace and
'K1e1nkopf 19%4) Increas1ng sa11n1ty levels may a]so reduce
'transp1rat10n rates of halophytes Webb (1966) found that at,
'bsa11n1ty levets above those needed for opttmum growth |
transp1rat1on rates of Sallcornla blgelow11 when calculated
von é fresh we1ght bas1s were s1gn1f1cant1y reduced due to |
1ncreased re51stances to water- movement . A salt requiring

species of Atrtplex was found to have lower root hydraulic
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conductivity, increaSed‘leaf‘reslstance and reduced :
transp1rat1on rates when grown in sal1n1zed culture
solutions compared with unsal1n1zed controls (Kaplan and
Gale 1972)‘ The authors suggested that the decreased
transp1rat1on rates enabled the plant to ma1nta1n h1gh
turgor pressures under cond1t1ons of high evaporat1ve
demand. This method of water conservat1on wh1ch occurs n.
other halophytes -may be an effectlve adaptat1on to osmotwc
,stress if the plants can ma1nta1n adequate photosynthet1c

hs

- levels.

2.5 Germination |

| . Germlnatlon in sallne condltons is 1nfluenced by~
several factors 1nclud1ng total salt concentratlon in the
germ1nat1on med1a (osmot1c effects) type of salt present

V(spec1f1c effects) and env1ronmental parameters such as

l]ght and temperature (Ungar 1978) Although there may be fb»*

con51stent d1fferences in salt tolerance between plant h n

o spec1es and varletles at the t1me of germ1nat1on there
fappears to be no general relat1onsh1p between the salt
A:tolerance of seeds and tolerance durlng later phases of

‘growth (Ayers and Hayward 1948 Abel and Mackenz1e 1964

Rozema 1975a)

2.5.1 Osmotic effeots

Numerous stud1es 1nd1cate that the decrea51ng

: osmotlc potentxals assoc1ated w1th 1ncreas1ng sal1n1ty
i .

£



result in both delays in germination and decreases in
numbers of germinatlng seeds. Uhvits (1946) tound"that

alfalfa germ1nat1on was: reduced by 1ncrea51ng concentrat1ons
. o

of NaCl or mannitol, and that. decreased germtnatton |

"corresponded to decreased water absorptton by the seeds

Ungar (1962) stud1ed seed gerM\natton in four succulent

| halophytes and found that while low concentrat1ons of NaCl
‘rwere st1mulatory, there was a sudden drop 1n germ1nat1on at._t“
’sh1gher concentrat1ons Increas1ng NaCl levels decreased : |
1_germ1natxon of Eurotla Ianata seeds from four stands in

Utah, but some stratns were more tolerant than others

»'(Workman and West 1967)’ Both the rate and percentage of + .

".tgerm1nat1on decreased for Atrlplex polycarpa seeds when ,-

added NaCl resulted 1n osmot1c potent1als lower than -400

o KPa (Chatterton and McKell 1969) Germtnat1on of seeds of -

_‘Iva annua was 1nh1b1ted by decrea51ng osmottc potenttals due'>
A'to decreased water uptake but opt1mum germ1nat1on also
depended on opt1mum temperature (Ungar and’ Hogan 1970)

rAlth0ugh Pucc:nellla nuttalllana seeds were able to k

| _ germ1nate at an osmotlc potent1al of —1600 KPa there was a RE

marked decrease in germ1natlon 1n four osmotwca at an

'osmottc potenttal of -1200 KPa (Macke and Ungar 1971)

[ Increas1ng sal1n1ty decreased germ1nat1on of Suaeda erressaf*‘7;‘

-

lland Hordeum Jubatum seeds and delayed germ1nat1on up to _
several weeks dependtng on NaCl concentratton (W1ll1ams and O

| Ungar 1972, Ungar 1974c). e f'9>' "-f_i*_ E ;f'y e \x\;r

These stud1es show that while some added silts may
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slightly stlmulate‘germlnation,lthey'are_not.requtred},and:
;l optimal germination occursfwhen salinlty stress‘ls Tow even
for very salt tolerant spec1es Max1mum germ1nat1on of

halophyte seeds would .oceur in: early spr1ng when mo1sture |
levels are hlgh and salt” stress is low favor1ng surv1val ofo
d“some seedllngs unt1l the end of the grow1ng season (Ungar

1977).

'a_2 5 2 Spec1f1c effects ,. o

| ' Several studtes wh1ch compared d1fferent osmot1ca
"showed:that some 1nh1b1t germ1nat1on more than others |
‘ChOUdhurl (1968) found that sod1um carbonate was the most f‘
toxic and NaCl the least tox1c _when the1r effects were .
compared w1th sod1um sulfate and PEG on germ1nat1on of some‘

5’steppe plants Younts and Hatata (1971) stud1ed wheat :

:_germ1nat1on and found that when chlor1de and sulfate salts,y ;*fg

:of Na, K and Mg were used Mg salts were more 1nh1b1tory

,iafthan K and Na salts at equ1valent concentrat1ons Hyder and l;ﬁa

, u’Yasmun (1972) found \\s1mllar order of 1nh1b1t10n of

'”',‘germlnat‘on Of alkall sacaton_(Sporobolus atrotdes)

. 1nh1b1tlon 1ncreased from Na to Ca to K to Mg when Cl was

hfthe an1on Ryan et al (1975) found that germ1nat1on of fourifffls“

'-:grasses was 1nh1b1ted most by Mg and least”by Ca salts,,sy

v'h;‘although the effects var1ed at d1fferent osmot1c potent1als

-f 2 5 3. Recovery of germtnat1on ab1l1ty

When seeds have been placed 1n med1a W1th low

o . . {



i

osmot1c potentTals caused by spec1f1c sa]ts, the recovery of:"

-_fthe1r germ1nat1on ab111ty on removal from the medla would '

‘1nd1cate that the effect of the salts'was osmot1c rather‘

than toxmc Hegarty (1978) suggests that fa11ure of - seeds to:

| germinate at low osmot1c potent1als 1s the result of osmot1c_.'c

ﬁstress wh1ch may cause a form of 1nduced dormancy This

' dormancy can, usua]ly be overcome by remova] of the stress ort

d‘{ app11cat1on of a st1mu1us (eg treatment with a growth
‘regu]ator such as g1bbere111c ac1d) Several papené/zrovvde

|

, | ev1dence that many salts are not tox1c to seeds of several f

| halophyte spec1es (Ungarb:962 Barbour 1970a Ungar‘and

‘ HOgan 1970 Macke and Ungar 197‘**H¥der and‘YaSmun‘j972j
: W11]1ams and Ungar 1972) o ' S B

.*Q-



' 3. MATERIALS AND METHODS
;} :»3 1'The Physical Environment o S e
;13 1.1 Locatton of fleld'study site |
A s1te for the study of a’ Distlchlzs strlcta
commun1ty was chosen approx1mate]y 15 km east of Vegrev111e
,Alberta a]ong the edge of Akasu (Sth Man) Lake (F]gure 2).4.
Th1s locat1on was selected for 1ts abundance of saltgrass
relat1ve1y ]ow level of d1sturbance and acdgss1b1]1ty The \
xf1e1d 1nvestlgat1on wh1ch 1nc1uded the grow1ng season for}
.saltgrass was carr1ed out from May- to September 1977 and
* '1978 In 1977 work was, done on the- descrlpttve aspects of
the s1te 1nc1ud1ng commun1ty character1zat1on and phenology,:'
~‘whﬂe 1n 1978 quant1tat1ve m1crometeoro1og1cal and so1ls
data were col]ected A]] equxpment was located in: the m1dst_
,lof a zone of saltgrass/on a pen1nsu1a whlch separated a v
ishallow arm from the ma1n body of the lake (P]ate 1)
~ : t o Cro N
3 1.2 Meteor010g1ca1 data S RN B
; : From May to September 1978 temperature and
drhum1d1ty were cont1nUOUSly recorded by a hygrothermograph

y_?(Belfort Instrument Co aE placed at ground Ieve] in a wh1te ¢u4>-

o :’\, A

:=.pa1nted louvered shelter Bthourly temperature measurement5~

tng:were used to produce a summary of. da11y and weekly max1ma, f*'i

hmeans andﬁm1n1ma Weekly a1r temperature extremes at 10 cmf R

'f;and at the 5011 surface were measured thh maX1mum m1n1mumv :

1hf.1thermometers (Taylor Instrument Co ) Prec1p1tat10n

C e

v.fydqtjii
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Plate 1. Saltgrass
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field study site at Akasu Lake,
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| '-fpercentage mo1sture (Pw).

"‘_These

W
S
A A

' ,measurements were obtalned from the Canada Agr1cuTture So1T

‘Research Sub Station located at Vegrev1TTe Fluctuatlons in

Take water level were recorded weeKTy at a water level stick

pTaced about B m from shore

e . . ! ’ . B . o Ty

| - 3.1.3 Soil physicaT,measurements 3 f.‘ -

The large. saltgrass zore was d1v1ded 1nto three

SmaTTer zones based on growth form and dens1ty of saTtgrass
shoots (F1gure 3) These small zones -i'short Dlstlchlls
_strlcta (Ds) taTT Ds and taTT scattered Ds_-- were subject

‘Tto deta1]ed soil character1zat1on

So11 temperature 1n the three zones was measured

for one week of each month w1th an e1ght probe Grant

~recorder (Grant Instruments Ltd ) wh1ch recorded hour]y
“7 temperatures The short and taTT Ds zones each had three :
vhprobes (at 2, 8 and 15 cm depths) ‘while- the tall vscattered ;l'v

'Ds zone had two: probeSt(at 2 and 8 cm)

One 5011 sampTe from the upper 10 cm of each Zone

L3 : . L

o was taKen weekly for grav1metr1c mo1sture determ1nat10d’ Theff”

,,

',sampTes were sealed 1n prewe1ghed so11 t1ns we1ghed oven

dr1ed at 105 C for 24 to 48 hr, and rewe1ghed to determ1ne _

o«

i . f3 1 4 So11 chemlcal anaTyses

Every two weeks from May 26 to August 19 buTK

'so1T sampTes were taken from the three zones of sa]tgrass

,were air dr1ed put through a so1l gr1nder |
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Tall Ds A
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" Transect 2

":'ﬁ)

fSamp11ng areas" and transects in. saltgrass (Ds)
~community at Akasu Lake.
is .'shown. for the southern ‘half of transect 2”

«;areas are enc1rcled

‘Sampling detail’

.'fSpec1es percent cover was determined in the =
The " three des1gnated so1l samp11ng_,, i
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(Robert B Hew1tt Weld1ng & Repa1r) made lnto saturatton |

pastes and analyzed for pH eTectr1ca1 conducttvtty, and

-cation concentrat1on of the saturat1on extracts

The saturat1on paste method was used rather than '

d1splac1ng or extract1ng the 5011 soTut1on at F1e]d soil

\ motsture Tevels since saturat1on extracts -can genera]ly be.

removed much more qutck]y than the soil soTut]on at fteld

‘motsture TeveTs The use of saturat1on extracts in so11
»catton anaTysts has become quite standard mak1ng;

compar1sons among" d1fferent sotls p0551ble These

compartsons are usefu] in estab]1sh1ng the degree of salt

N
,toTerance of nattve and agrtcultural spec1es

A saturat1on paste of each samp]e was made by

o adding dlSt]TTed water to a wetghed amount of air dry so1]

| '1n a beaker (R1chards 1954) The m1xture was st1rred w1th a

*‘metaT spatula unt1l all soil was mo1stened At saturatton

'the paste fTowed sl1ght]y when the beaker ‘was. t1pped
o g]1stened at the surface and when the spatuTa was 1nserted

to make a. trough the s1des of the trough sT1d back together7'

slow]y The beaker was then covered w1th a. plasttc bag and ;

?'dfallowed to stand’for one hour 'after wh1ch the above

e

- character1st1$9/were rechecKed The moxsture content S
"(saturatlon percent) of each saturated paste was determ1ned i

"grav1metr1ca11y 501] pH was determ1ned on the paste us1ng aglf;'
‘theckman Zeromat1c SS 3 pH meter (Beckman Instrument Co ).

jIn1t1alTy these results were compared to those obtalned from‘g"

1: 2 s011 water m1xtures There was essenttatly ho'
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difference, therefore saturation pastes were used for pH
readjngs, since it was necessary to prepare them for
subsequent analyses. |

Extracts of the saturat1on pastes were prepared
us1ng vacuum filtration (Rlchards 1954). Two layers of
Whatman No. 1 filter paper were placed in a Bdchner funnet
and moistened with distilled watér. Rinsed cé]ite was added
to decrease pore size. The saturation paste was placed in
'the funnel which was then covered securely with a plastic
bag and vacuum filtration was app11ed until sufficient ‘
Jextract was collected. Depend1ng On the so1] type, thl% took
anywhere from ohe to ten hours. Each extract was put in a 5
glass vial with a drop of toluene and storéftin a | o
refrigerator until the anatyses Were carrted out. |

The electriealxconduetivity of tnefSaturation
extracts was measured'with a YSI model 31 conductivttyj
bridge (Yellow Spr1ngs Instrument Co.) A temperature
) correct1on factor obtained by measur1ng the conduct1v1ty of

0.01M KC]1 solut1on was app11ed to give read1ngs at 25 C

L Cation (Ca, Mg, Na, K) concentrat1ons of the
saturat1on extracts were determined with a Perkin Elmer
mode | 503 atomic absorption spectrophotometer An absorbance
vs. concentration curve was prepared using known standards
for each cation. Saturation extracts were d11uted to |
appropriate concentrat1ons, then absorbances were read and |
converted to concentrat1ons in m1ll1equ1va1ents per liter

(me/1) by using the approprlate dilution and concentration
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* factors.

Initial éoil‘anion analyses -indicated that there
~ was essentially no carbonate, only a trace of chloride, and
very low 1evelsuof bicarbonate present in the soil

_ saturation extracts. Almost a]],of-the anion}content
consisted ofksulfate ions. Since anion analyses involve .
~procedures which can be inaccurate cngareg with cation :

' ?etermination by atomic absorption spectrophotometry,'ano"
since sulfate was consistently the major ‘anion present, tt
was ,assumed that the sulfate content almost completely
‘vbalanced the cation content in the soils besng studied, and
the analyses were not done. “

B | Lake water samples were taken near the water ]evel
st1ck at two to three week intervals from dune 2" to |
August 26. The pH of ‘these samples was measured and cation ‘

concentrations were determined using the atomic absorption

spectrophotometer as preyiously described.

*

3.2 Community Characterization}
3.2.1 Description”of species present
In the‘SUmmer of 1977, .collections were made of
the vascular plant species occurring in or near the
Dlstlchlls stricta community under study. The species were
1dent1f1ed accord1ng to Moss (1959). A shore to shore
g transect on the peninsula through the saltgrass zone was
descrlbed by 11st1ng specwes as they occurred in zones

perpendicular to the transect line.
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3.2.2 Community sampling system

A more quantitative community description than the
fonegoipg was desired, so a 32 m by 32 m.crosslshaped
sampling area was set up in two areas on fhe peninsula. This
syStem was' designed to cover most'é@fthe distence from shore
to shore across the peninsula, and to include samples from
two strips which were perpendicular to each other. The
center point of‘the first cross was placed ﬁear the
hygrothermograph which was in the tall Ds zone, while the
“cenfer of the second cross was in a short Ds zone farther
east on the peninsula. The four 16 m arms radiated from the
center po{nf. The sampling‘érea consisted of a 4 m wide
l strip on each}side of the arms. Each arm was divided into
four, 4 m sections, each section having thirty-two 1 mby 1 m
quadrats except for the sections closest to fhe center poin§5
Which had‘sixteen T'm quadrats (Figure 4). QUadrats“were
eandomly chosen from the four sections, with_a‘total-of 12
quadrats.per arm (4,4,3,1 from bottom to top of each arm).
For the bottom half'(i?e. O.S by 1 m) of each quadrat
chosen, each species present was assigned to one of six
cover classes (Oosting 1956) These classes weﬁe of the
pfollow1ng magnitudes: 1) 1 to 5%, 2) 5 to 20% 3) 20 to 40%,
4) 40 to 60%, 5) 60 to 80%, and 6) 80 to 100%. For each
species recorded,-frequency in each cross-shaped sampling
~area was determined. Seil samﬁles of the t0p‘15 cm'were
taken at each 4 m and 12 m po1nt along the north-south arms

of the tr%nsects
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consecutively numbered 1 m quadrats. Percent
cover was determined for randomly selected quadrats
in each section. Soil samples were taken at:
circled points. - S ‘ '



3.2.3 Saltgrass zone transects

in 1978, more ihtenSive sampling wae'conducted in
the main saltgrass communify'being studied'.This was done
using two parallel 12 m transects approx1mate1y 3 m apart
(Figure 3) The center of each line was in the zone of tal]
ADs. Twenty- four quadrats of 0.5 by 1 m were Sampled on
a]ternate sides of each l1ne as shown 1n-Flgure 4. For each
quadrat, the percent cover of eaoh.species Qreeent was
estimated to the nearest 5%, and frequencies were

determined. -

3.3 Growth of Distichlis stricta in the Field

3 3.1 Pheno]og1ca1 observatwns |
The phenology of’ Dlstzchlls str;cta was observed

and descr1bed for the summers of 19877 and 1978. Obsepvat1ons

were made of the approx1mate t1mes of shoot 1n1t1at10n.

o fjower1ng,‘and cessat1on of~vegetat1ve growth,_,»

g
3 3 2 Shoot growth ’ ,
As prev1ous1y ment1oned the saltgrass commun1ty
‘was d1v1ded into zones of tall and short sa]tgrass These :
zones were‘rather arbjtrarjly separated on the basis of}_,;
._obviods'differehces in appearanoe‘of‘standa of sa]fgraéa.

There'are‘no’abso]ute height limftsifor short and tall forms

ubeCauSe'these'forme;are actual1ynthe*ehdpoints_of:a gradieht f

~ of culm height. The objective of this portion of the study"



t-test program ANOV10.

e s

a

. was to compare the average heights of the two forms in this

7’

o 1}

area. : R -~

' Beginning in 1ate May’1978, the growth of fifty
shoots (culms) each of:tall and'short saTtgraséﬂWas followed
until there was no further 1ncrease 15 height and the shoots
began to d1e back. Each shoot was tagged by taping a small
numbered piece of cardboard around .the base of the step

Shoot height (measured to the t1p of the longest leaves) ‘was

recorded each week for a per1od of seven weeks The he1ghts |

nhof shoots in the two groups were compared stat1st1ca1]y by
US1ng a t- test program (ANOV10, Division of Educatlona]

Research Serv1ces Untver51ty of A]berta)

3. 3 3 F]ower1ng percentage

The percentage of flower1ng saltgrass plants ‘was

' ‘determ1ned in both 1977 and 1978 for a short and a ta]l

saltgrass zone. Th1s ‘was done by count1ng the total number

of shoots and the number of male and female pan1c]es 1n eacht" |

[

;_of f1ve 25 cm by 25 cm quadrats, and then convert1ng the\\\
‘numbers to percentages The flower1ng numbers and

' “percentages were compared us1ng the pPeV10US]Y mentloned

o, >

3 4 Solut1on Culture Studies

v3 4.1 Exper1ment 1 |



3.4.1.1 ExperimentaT design
The first soTut1on cu]ture exper1ment was de51gned~

to test the effect of 1ncreas1ng the Mg/Ca rat1o on the

subsequent growth and t1ssue cat1on concentrat1ons of

_ Drstlchlls Strlcta The compos1t1on of the four nutrient

o solut1ons is shown 1n TabTe 1 To- obta1n the des1red '

s magnes1um and ca1c1um were held constant 1n the four}

| concentrat1ons of the major nutr1ents. six salts were used
in vary1ng prOport1ons 1n ‘the four so]ut1ons These salts
were potassium n1trate ca1c1um n1trate ammonium phosphatew
imagnesium squate‘ sod1um n1trate ‘and sod1um sulfate The ’
eTectr1caT conduct1v1ty of the four soTut1ons was measured
using a conduot1v1ty br1dge as prevwous]y descr ibed for 5011
‘extracts The conduct1v1ty value (12 25 mS/cm at 25 ¢) was
'converted to osmot1c potent1al u51ng ‘the ca]1brat10n curve |
presented 1n R1chards (1954) The osmot1c potent1a1 of the :
- four solut1ons was -486 KPa ( 4 86 bars). The tonic_strength
(u) of each solut1on was '0.296M. i -

AIT maJor nutr1ent concentrat1ons. except

'treatment soTut1ons The sod1um and potass1um concentrat1ons
were’ chosen to ‘represent the m1ddle to Tower end of the |

T'“typ1ca1 ranga‘of their concentrat1ons in the f1e]d so1]

| ‘so]utlon The magnes1um concentrat1ons used were comparable

to those at the low end of the f1eld so1T solutlon range,wi .

'wh11e the caTc1um concentratlons in the treatment solut1ons PR

included the: entlre range typ1caTTy found in the fleld soil

»so]ut1on The treatment~solut10ns, like the sowT soTutlon,'w
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had SUltate asxthe domina t anion. A combination of ammon1um |
and n1trate n1trogen/was used The rat1o of n1trate to
ammon1um nltro%en was 10 to 1, wh1ch is w1th1n the range :
‘necessary for pH. stab1l1ty as suggested in Hewitt and Sm1th
o (1974),
| The cation ratios. used were chosen to reatlyf
‘.exceed the normal l1m1ts of growth of glycophy es. The'range
f’of Mg/Ca ratios extended from favorable'(ll t mUChlhlgher
1tthan was ever found in the soil solut1on at the Akasu Lake
' s1te (15) The correspondlng calc1um to total cation
:concentrat1on (Ca/TC ratios ranged from favorable (0. 22) to"

l

the lowest “found in the f1eld soi | solut1on’(0'03) ThlS low

value is much lower than that generally regarded as adequate o

for plant growth (Carter 1977)

3. 4 1.2 Preparat1on of plants

In late October 1977 dormant saltgrass plants

agw1th accompany1ng 501l wére collected from the shorf Ds zone -

“at Akasu Lake Clumps of so1l w1th rh1zomes and dead shoots
were placed in pots watered ,covered w1th plastlc bags, and

' stored 1n a dark cold room ( 4 C) untll ready for use On

t.Apr1l 14 1978 the pots were placed in a l1ghted growth

chamber"(see below for descr1pt1on) and new shoots were f7’
allowed to sprout and grow untwl Apr1l 27. At th1s t1me:nt5v
| rh1zomes with shoots were carefully removed from tbe so1l
trlnsed Wlth dlst1lled water “and cut 1nto segments

o .

Plastlc 2 lwter pots wh1ch had been made opaque
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w1th two layers of black p]ast1c were f111ed W1th the |
‘appropr1ate treatment so]ut1ons. Two m]s of FeEDTA so]ut1on
(50 mg Fe per ml) and of the miqronutr1ent supplement were
added, and pH was adjusted to 6,0 with 1N NaOH. Seven 5 to*?»tv
cmclongashoots attached to short rhizome segments were
;»placed 1n each pot. . Each group of seven shoots was wrapped |
with foam rubber and inserted. through a styrofoam cork in
'f.;the plast1c lid (see F1gure 5). There,were three rep11catesﬁ
'fin-each treatment,afhe twe]ve pots werejplaced in a growth -
chamber (Environmental GrowthChambers) with controlled
temperature humidityﬂand*ltght?(Plate 2). Daytime (16 hr) =
temperature was 25 C and n1ght (8 hrt temperature'was 11 Cf”
hRelat1ve humidity was ma1nta1ned at 63%: Photosynthettca11y
act1ve>radﬂat1on,(PAR) asfmeasured at shootllewel thhla PAR‘
:quantum sensor (Lambda . Instrument Corp. ) averaged 212 o
uE/mz/s (46.2 W/m2 -- for conversion see McCree - 1972)
across the growth chamber
| ‘ A]] twe]ve pots in the growth chamber were
connected to: an air pump (Rec1protor) so that so]ut1ons werev.
\-vfcont1nuously aerated through Pasteur p1pettes 1nserted
::through the pot ]1ds D1st111ed water was added as necessary
'»t‘to replace water lost through evaporat1on and transp1ratlon -
“:dGrowth datal(shoot he1ght. number of shoots and f]ower1ng
7’f73hoots) were recorded week]y,‘and solut1ons were changed

every two_weeks.
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— hose connected B
to air supply

saltgrass shoots-_\_ —Pasteur pipetté

- foam rubber T o
o ——styrofoam cork

saltgrass rhizome ' : '

. segments —

. opaque plastic iid
~with hole for
styrofoam cork

~opaque two liter .
plastic pot filled

-with appropriate

- solution :

 Figure 5, _PTacihg;o¢'pianfs'ih container, solution culture -
SN ' Experjment;1;“;iz Lo T
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T

~ Plate2: Pot setup n growth chamber, Experiment 1.+



3.4.1.3 Harvesting and tissue analyses |
‘After'sixlweeks ofigrowth,jthe plants were
harvested.‘For analytical purposes, the contents offeaCh pot
1'were,treated as one plant Plants were d1v1ded into two
componentsl.shoots and rh1zomes with roots In order to
.; ‘slmpl1fy terms the second component w1ll be referred to as
- roots.’ Shoots and roots were rinsed separately in runn1ng
dlst1lled water for two to three m1nutes, placed 1n_.,>._ P y
prewetghed alumlnum f01l conta1ners and oven dried at ‘70 C
for three days. Samples were then welghed to the nearest

0. OOl gm to determtne dry we1ghts and ground W1th a t1ssue ,
grlnder (Arthur H. Thomas Co. l. Tlssue samples were dry _
| ashed in a muffie. furnace (Thermolyne Corporatlon) follow1ng
vthe methods of Walsh (1971) and analyzed for cation
}concentrat1ons as prev1ously descrlbed for so1l saturat1on
extracts ] \ N o -
T | i
‘ 3 4.1. 4 Stattst1cal analyses | | ,

The stat1st1cal procedures followed were based on
lmthose descrlbed by Ferguson (1971) Dependent var1ables |
lgrowth Varlables, catlon concentratlons and raf1os) from

the four treatments were subJected to a one way;analy51s of w‘

fg‘ var]ance whtch 1ncluded Scheffe mult1ple compar1sons of

"ueobserved means (ANDV15 D1v1s1on of EdUCathnal Research

f”n5:Serv1cesp Un1vers1ty of Alberta) In all cases a probab1l1ty
J*flp) value of 0" 05 or less was requ1red for the acceptance of

fw,a svgn1f1cant d1fference between means Pearson product

\':'
S,

[
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v

moment correlatlons between dry we1ght and cat1on var1ables

'were calcu]ated using DEST01, obtained from the_same source

v as_ANOV15. Model,t linear regressions (Sokat‘and Roh]f’1969)

~

| were’ca]culated'with BMDOSR (Health Sciences Computing

Facility, UCLA).

3.4.2 Eiperiment 2 o 2 B A

Lo

3.4.2.1 Exper1menta1 des1gn
‘ The second soTut1on culture exper1ment was

des1gned to test the effects of three sod1um concentrat1ons

‘and two levels of.Mg/Ca ratio on growth and}tjssue,catlon o

concentrations of saltgrass A bastc nutrient solutﬁon '

r(contro]) was also 1ncluded to determ1ne the effects of

‘ o
-~grow1ng saTtgrass w1th no addeﬁ sod1um The composxt1on of

the- seven nutrtent solut1ons is shown 1n Table 2 The 51x

Vsalts 11sted for Exper1ment 1 and the 1ron and m1cronutr1ent; :

| suppTements were agaln used 1@ th1s exper1ment to. obta1n the

des1red nutr1ent concentratlons The osmot1c potenttal of

each solut1on was determ1ned frcmw&onduct1thy read1ngs as fff .

”"prev1ously\descr1bed

a6y e | Lo
"~ The: catton concentrat1ons were mawnly based upon‘;

t'( typ1caT f1e1d so11 soTut1on concentratton ranges determ1ned ; hT

for the Akasu Lake s1te The three sod1um concentrat1ons

fw?were chosen to cover the Tower to upper ends of the f1er
sod1um concentrat1on range The potas51um concentrat1on usedf ;i;
“}iwas h1gher than that 1n Exper1ment 1 1t represents the

5:Upper end of the f1e]d range The concentrat1on of magnes1um;;;t;



09 - : ote ove. . oze

) ‘oLe oop otz . do.
¥20°0 - 19§°0 . £9Z°0 881°0 SIS0 SiZ°0 ovi "o s r
o LL s T 9z7gy EL°6 bL 0L LS\eT 6L L} , avs
0 Z8°0 090 Zr o L8°0 69" €5°0 J1/en’
ge o - 100 - . zoo £0°0 10°0 €0 . v0 0 oL/
[N ae} - . 80 0 : 81°0 ST°0 60°0 120 T CE'O 01/6m
vy 0 '80°0 810 sz°0 zo'0 v0°0 800 - - o1/ed
SZ°0 b N o "5 S § ©D /6w
..Wuor jed uoy HGLVCUUCOU mOFWQL uorg
z oee . OEM o8 20€ - . * 304 9g bps
z v : v 12 v : v v +0dZH
14! ve - pE ve vE . te veE €oN
81 . 89¢ : 891 844 YYE T ppy ‘ve N o1
z v . oy v v v P
s v ) - v e v v . v ]
0 © 00E ~ . oor . os ooge . 001 : 0s - eN
8 o . | og . OE 9 - 9 - ®o.
z og ° o€ -~ OE- ot (o] o€ . - Bn
A _.\U,Ev .MCOvH.WLMCUUCOU SUQY
o) > £g zg : 18 ev’ v v

Uoiinios juswiesy; ..

- . - - £

~ e

‘BdA- ‘lejijusiod dijouwso = 4p ‘Y481t /seow ..zamcm.._«n OLuo}
TUotijediuaduod toiyen L3031 = oy .N\ucwe_10QXm Ui pesn

= 7 "0}3@d uojiduospe EJ_.UOn

= . Yyvs

SUOLIN|OsS 3juajJuinu jo Uoiiisodwos 'z a(qey

«
{
¥

<



61

was Kept lower than that typically found in the field due to
solubility Timitations involved in preparing solutlons with
very high salt concentrations. The two .calcium
concentrations used represent the lower and upper“ends of
the field concentration range. | '
- The Mg/Ca ratio of 5 used in part A represents one
- of the highest values found in soil saturation extracts
during the growing season for saltgrass. It was felt that
the decrease in Mg/Ca ratio trom 5 to 1 in the treatment
solutions would be large enough to 1nfluence growth and/or
internal cation relatlons of saltgrass at 1ncreas1ng
SOlUthﬂ sodium concentratlons | |
The cgntrol solution was based on one developed by
Johnson, et al. (1957). Although no sodium W& added;’sodium
.-oontamination from distilled water air, and nutrlent salts
3 was unavoidable No attempt was made to follow the-
uexhaust1ve procedures dgl1gned to el1m1nate sodium outl1ned
: by Brownell (1965) ~Four nutrlent salts - potas51um
n1trate magnes1um sulfate calc1um nltrate and ammon1um
phosphate -- were used to prepare the control solution.
\ To determ1ne whether or not the treatments with
added sodlum were detr1mental or tox1c to growth of a
nonhalOphyte barley was grown in each treatment solut1on as
a- check. Barley was chosen because it is a common |
agr1cultural spec1es, and although it is not a halophyte it

~can surv1ve in moderateTy saline cond1t1ons (Carter 1977)

Its death in . the sodlum treatments would indicate that these



cond1t1ons cou]d be toxic to many less tolerant species.
Barley was also grown in the control solutlon to ascertain

whether conditions in the growth chamber might be‘]1m1ting.

3.4.2.2 Preparation of p]antsil

Saltgrass p]ants in frozen soil were collected
from the short Ds zone at Akasu Lake on February 28 1979
(Plate 3). The frozen soil was soaked overn1ght in water.
Rhizomes were removed from the soil, rinsed with distilled
Water, placed in large trays, and covered with verniculite
soaked with disti]led water. The trays were placed in. the
growth chamber on March 1 under conditions previously
~ described for Experiment 1, and new shoots were allowed to
sprout and grow until March 14. At that tinie shoot he1ght
was approx1mate1y 4 to 7 cm.

- On March 8, barley seeds were placed 1n?
vermwcu11te soaked w1th distilled water, and allowed to
germinate and grow. By March 14 the p]ants were ‘at the one
leaf stage, with shoot he1ght of about 7 cm and root length
of about 15 cm. : |

On March 14, plastic 2.literlcontainers}which had
been wrapped w1th two layers of black plast1c were f111ed
with the appropriate solut1ons and pH was adJusted to 5. 5 :
w1th IN NaOH. For each treatment so]ut1on ‘there were four
~ pots (repl1cates) with saltgrass and one pot with barley

Saltgrass shoots were. prepared as in ExperiT:nt 1. For eacn =

po t ten shoots were wrapped w1th foam rubbe and 1nserted ‘

3
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!

Plate 3: Collection ofishor( D. S_tﬂ_CIQ plqnts from "ffozgw _sOil.
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through a styrofoam cork. The "1ids" for the pots were |
double layers of blacklplastlc In. each pot a layer of
f1berglass screening was held by a rubber band so that 1t
formed a support for rhizomes. about 3 Cm below the upper
~ edge of the pot. The cork contalnlng shoots w1th attached
:hizomevsegments_was 1nserted into the 1id, and the lid was
held to the pot with a rubber band'(Flgure 6). Pots of B
vbarley were preparéd in the same manner, except that f1ve‘
Lrshoots were placed ln each foot, and no screenlng was
}necessary | | | |

| The - 35\pots were placed in the growth chamber in

the cond1t1ons descrlbed for Exper1ment 1. Growth progress
was followed weeKly and solut1ons were changed every two.
weeks until the end of the eight week expér1ment As the
rhizomes formed new shoots inside the contalners sl1ts were /
‘made in the plast1c lids to enable the new shoots to be- . ////
brought 1nto the llght Pots 1n whlch all plants d1ed pPlOP
ut_to the end of the experlment were removed from the growth \
: chamber and the1r plants harvested as descrlbed 1n )

| EXpeleent 1. Dead saltgrass plants ‘were not separated into
3‘shoots and roots because they had_ llttle root development
‘and 1t was necessar; to use the entlre plants to prov1de

_,wsamples of suff101ent welght for dry ashlng Var1ables .

measured for dead plants were classified as shoot data

3 4.2, 3 Water potent1al measurements

The day before plants were - harvested water
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[ oséidonnected
’ ':P'air:supply

' \
T —— Pasteur pipette ‘ '
ew shoot (from rhizome)
. inserted through slit. -
. “Q‘l in,plastic : B

~fiberglass screening

— saltgrass -
shoots S

foam rubber

styrofoam
‘cork

“rhizomes .
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biack.///

plastic opaqué two liter
(11d) plastic pot filled
" -with appropriate
- solution . T

» Lo . Te

‘Figure 6. - Cutaway view of container with plants, solution
s culture Experiment 2.. o PR



potentiallreadings were taken for eaCh surviving treatment <
using a ‘pressure bomb (PMS Instrument Co.) following the
techn1ques described by Scholander et al. {1965) . Read1ngs
were taken dur1ng the night portlon of the da1ly cycle for
'iten shoots in each treatment solutwon Immed1ately follow1ng¢$
the read1ngs shoots were r1nsed with d1st1lled water,

blotted dry and placed in prewetghed f01l pouches for fresh
weight determ1natlons  They were then oven dr1ed and added

to the rema1n1ng shoot t1ssue for the repllcate to Wthh

they belonged

. v3.4.2;4 Harvesting and tlssue'analyses“

| ": At the end of the exper1ment plants were ?'7
"harvested dry ashed and analyzed as descr1bed for
Exper1ment 1 (page 58), with the add1t1on of blott]ng and
~then fresh we1ght determ1nat1on 1mmed1ately follow1ng the '
‘ddlsttlled water r1nse Water content of shoots was-;-

“determ1ned on an OVen dry welght bas1s

’3 4 2 5 Stat1st1oal analyses , , _
Dependent var1ables from the treatments were.vl‘(l

'\b‘subJected to three stat1st1cal analyses A two- way analys1s

 of variance (ANOV25) 1ncludmg Scheffe s mulhple'

Acompar&;ons of ma1n effects was performed on data from

'treatments Al A2, A3 B1, B2, and B3 where values from B3

fvldead plants were ava1lable The lack of separate root data“

'from treatment B3 precluded the use of the two way ANOV on



root data from~the entireyexperiment; since there was an
uneven number of root data groups A one-way ana]ys1s of
'rvar1ance (ANOV15) Wh1Ch included Scheffe's mu]t1ple
,compar1sons of group means was used to compare data from aJI

,the treatments 1nc1ud1ng the control. Treatment BS whole

g plant values were analyzed w1th shoot data s1nce ‘the plants o

before they d1ed,‘showed 11ttle or no root development

h Dccas1ona11y 1t was necessary to’ substltute another -one- way
ana]ys1s of varlance (ANOV11) where a var1ab1e included 3/
group w1th zero var1ance, s1nce ANOV15 drOpped a]] such /
groups from the analys1s A corre]at1on program DESTOt) was

/

"used” to ca]culate Pearson product moment corre]at1ons
- D
wbetween dry welght of shoots and roots and all cation

“;evar1ables >For a]lvanalyses a probab141ty (p) value of 0 05

lor less was Pequ]red for. the acceptance of s1gn1f1cance
o *ffd/ftffd{skdfs t' SR ,
;"y3 5 Germ1nat1on B .h.. |
'h*3 5 1 Experimenta1 deslgng-fy- - R
o ‘:i The germlnatlon.experwment was de51gned tO teStt‘»m
‘t?nthe effects of decreas1ng water potent1als and dlfferent
'ttYpes of osmot1ca on percentage germ1nat1on of Dlstlchlisfi

~.]strlcta caryOpses (seeds) There were. four salts (sod1um i

“L7sulfate magnes1um su]fate sod1um chlor1de" polyethylenef

f?glycol) and f1ve water potent1als (0 -200 500 -1000
7-2000 kPa) w1th flve rep11cates 1n each of the twenty
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' The salts chosen included three that are found in
"areas:where sattgrass grows. SodiUm and maghesiumvsulfate
are- common in the Alberta soils where saltgrass is found,

A
‘while sodium chlor1de is the more common salt of’ many

'saltgrass commun1t1es 1n the Unlted States The influence of
.a-non- permeat1ng osmot1cum on germ1nat10n was tested with
'polyethylene g]ycol (PEG 6000) . The water potentials were

) . Lo
chosen t0~prov1de.a control (0 kPa), a Tow degree of osmotic

o ‘stress ( 200 KPa) degrees of osmot1c stress wh1ch might be

j -
fOUnd in the field (-500 and -1000 KPa) and a high degree of

streSS»( 2000 KPa) wh1ch wou 1d not frequently be exper1enced’ ‘

by saltgrass seeds 1n the f1e]d at the t1me of germ1natwon

RS

.3 5 2 Preparation of solut1ons and seeds ,f ) _}"
| '5;’ D1st1]led water was used for a]l 0 kpa treatments‘
'The concentrat1ons of the sa]t solut1ons used to produce therf»
decreas1ng osmot1c potent1als were determlned by “using . |
wtosmos1ty values (Chemlcal Rubber Company Handbook of
“-Chemlstry and Phy51cs, 1975 1976) to plot molar1ty of the i
salt in quest1on versus mo]ar1ty of NaCt Stnce water x"

?Hpotentxals of sod1um chlorlde solut1ons are Known (Lang}.v

““,1967) the molar concentrat1ons of salt solut1ons at the
: o

'y”arequwred water potentlals could be determ1ned by t.

x}y1nterpolatwon For PEG. a ca11brat1on curve from Thompson
‘r-(1978) was used t | _ | i ) "' | : |
: Prel1m1nary tr1als 1nd1cated that scar1£1cat1on of

o

“t'saltgrass seeds was necessary for germ1natg§p, and that the
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‘number of germinating seeds was greater in the tight than tn
the dark. Consequently;hforvthe experiment all seeds were
scarified-and given light - | .

o Inflorescences of short Ds plants were collected
~at Akasu LaKe on Apri] 29 1979. Each caryops1s was removed |
‘from its lemma and palea w1th forceps Seeds were stored in
g]ass vials at room temperature until used. |
| On dune 4, 1979 all seeds were dtstnfected by I

soak1ng in O 5% sodTum hypochlorlte for. about 10 mtnutes,

: 'then r1nsed 1n d1st1l]ed water for 15 m1nutes

: ‘]Dlshes were checke¢ pgm”%dﬁca“

(Choudhur1 1968)"Seeds were then allowed to dry and were '

scarvtted as un1form1y as poss1b1e w1th fine gra1n

d1s1nfected sandpaper ﬁa‘d |

Twenty seeds were p]aced 1n‘each g cm petr1 d1sh
xon two 1ayers of Whatman #1 f1lter paper and 7 m]s of the
appropr1ate so]utton were added There were 5 rep11cates for :
‘ each of 20. treatments Each dtsh was fastened w1th a rubber
band and to reduce evaporat1on Ioss, was Slaced 1n/a smal]
-ptast1c bag also held on W1th a rubber ba;z The petr1
;d1shes were then placed 1n the growth chamber 1n the

.

cond1t10ns descrlbed for solutton culture Expertment 1

{fly and germtnat1on (the

_ @:f_ :
"_v1s1b1e emergencer}f the oledptlle and/or rad1cle) was

a e
£

'aarecorded

. 9': e
5,

:tdta3 5 3 Recovery of germ1nat1on ab111ty \.f:f ﬁ;ffuiff o

After two weeks 1n the var1ous osmot1ca, a]]

TN TR TEE S
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ungerminated seeds were removed from their dishes and placed
in fresh dishes containing disti11ed.water for eight days:
,Thts waS'done‘tO‘determine the extent of neccvery ofv

-

germination ability by the seeds.

‘3 5 4 Stat1st1ca1 analyses' o
& Both one-way and two-way analyseStof yafiance.wehe"
perfofmed on the raw data (numbef of germinated seeds per~‘
‘dish) A" two-way analys1s of var1ance 1nclud1ng Scheffe’
mu1t1p1e compar1sons of ma1n effects (ANOV25) was used to
‘locate ang s1gn1f1cant d1fferences between pa1rs of sa]ts o
,and pa1rs of water potent1als For each water potent1al a L
t}onefwayﬁanalys1s of var1ance (ANOV15) was used tc compdare
p‘airs'of'fsalts while for each type of- salt ANOVH (which'
“;adld not drop groups w1th zero vartance) was used to compare ;A
pa1rs of water potent1als In a]] compar1sons a p value of

0. 05 or less was requ1red for the acceptance of a

s1gn1fwcant d1fference between pa1rs of means
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4. RESULTS

4.1 The Physical Environment

'4.1.1.MiCrometeorologica] data’

Durlng the 1978 f1eld season (May through August) .

h"da11y max1mum a1r temperatures ranged from 10 to 33 C, with

an mean of 22 C, wh11e da]]y minima ranged from 2 to 16 C,
'w1th a mean of 9 C. A week]y summary of air temperatures is

w presented in F1gure 7 Da1]y m1n1mum relat1ve hum1d1ty ~ .

var1ed from 38 to 100% w1th a mean of. 62% for the May

t’through August per1od The- temperatures recorded by

o max1mum m1n1mum thermometers (Table 3) 1nd1cate that

temperature extremes at the so1] surface were cons1stently .

t two to six degrees Cels1us warmer than above ground

j.temperature extremes A total of 24.20 cm of prec1p1tat1on |

. fe]] durvng the 1978 f1e1d season at Vegrevw]le

approx1mately 15 Km west of Akasu Lake Thts was dtstrtbuted

as’ fol]ows May 5.33 cm dune 4, 51 cm duly 4, 42 cm and

pAugust 9 94 cm. The water level of AKasu Lake dropped 20 cm L

s i A :'_' SO

| t~from May 19 to August 26 o - ”f/

4;?:4 1. 2 Soi] phys1ca1 measurements _w”li : f‘:_; 5Lf Q

5011 temperature measuneme ts for dune duly and o

‘»M;August 1978 show that the zone of short saltgrass fyfff

'iexperwenced the htghest 5011 temperatures. fol]owed c]osely

14r7by the tall saltgrass and ta]],tscattered saltgrass zones e

. M(Table 4) 3011 temperatures at: the 2 cm level fluctuated
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more than those at the 8 and 15 cm levels, but cons1derably
““less than correspondlng air temperatures duly s01l

‘1.temperaturés were h1gher than those in dune or August

l 501l mo1sture levels for all three saltgrass zones
j‘dropped to the1r lowest values from early duly to early ~_ |
WAugust (F1gure 8) 501l in th§ tall Ds zone had the h1ghest

leStUPe percentages wh1le qzat 1n the tall, scattered Ds

tiuzone had ‘the. lowest So1l from the” short Ds zone NI

._,con31stently held less water at saturat1on than- dwd soil \<;;fg

fpfrom tﬁe other two zonesi(Flgure 9) Compar1son_of‘f1eld

; if's01l mo stgre percentages and saturat1on percentages showed

'“]that for the short and tall Ds so1l zones the amount of

?‘ffwater in the f1eld/s//ls was about 66% of the ahount held at'vff~

‘:a!tsaturat1on For so1l samples from the tall )scattered Ds ‘ffﬁul‘

ivtzone f1eld so1l mowsture levels averaged aéout 33% of

o :saturat1on levels

| N LR .

_l4 1 3 SOIT chemlcal analyses ? L

_ The pH of samples from the three so1l zonesdvar1ed'

-,f\l1ttle dur1ng the field season (F1gure 10) So1l from the
:tall, scattered Ds zone had an average pH of\8 OO from ,h{a'

May 26 to August 19 The average pH for both the tall and/

‘short Ds zone $o1 1 samples was 8. 35

'Y a
Analyses of saturat1on extracts from 301l sa,

'_:of the short and ‘tall saltgrass zones revealed a cons1stent

+

pattern in conduct1v1ty and catton levels dur1ng the f1eld '

fa'season (F1gures 11 to 16) These levels were relat1vely h1gh:
’a S : }.~ .
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Tltttn‘sprlng, Tower unt1T late dune h1gh 1n m1d duTy, and |
.fTower through August These sotT cat1on TeveTs are. reTated :‘
gzdto ra1nfaTT patterns There was T1ttTe raln 1n earTy May, Arid
i heavy ra]n at the end of May and 1n m1d dune T1ttTe ra1n‘

"tfrom Tate dune to earTy August and very heavy ra1n in fﬁ'w"

'“‘~m1d August Saturat1on extractf/trom the taTT 'scattered stﬁn‘;

'Tso1T sampTes had much Tower cat1on concentrat:ons and Tess x

¥

7fpronounced fTuctuat1ons than d1d extracts from the other two T

?v5s01T zones

The eTectr1caT conduct1v1ty of saturat1on extracts 3

a'fg‘(ECe) from short and taTT Ds so1T sampTes (F]gure 11)

”Af?;1nd1cated that there were hlgh saTt concentrat1ons in thesenfffff

'?so1Ts Subsequent cat1on anaTyses ver1f1ed th1s observat1ong.j;ﬂ*

*Qd;ﬂWh1Te caTctum concentrat1ons were fa1rTy Tow (thure 12)

"fT'magnes1um (F1gure 13) and sod1um (Flgure 14) concentrat1onsf:5

'iwere much h1gher Potass1um concentrat1on5'(F1gure 15) weref}f}df

fgffextremely Tow compared to sod1um concentrat1ons TotaT

'fiffcat1on concentrat1on (F1gure 16) averaged about 400 me/T for

Tff?short and taTT Ds zones and about 75 me/T for the taT] t.fﬂ,"fﬁt

Tdtscattered Ds ZOne Ce e S S
ﬁjlf, ; The average Mg/Ca rat1os (F1gure 17) of the short
S .

’.and faTT Ds zones were qu1te h1gh (4 to 5) wh1le that of the

'fV;taTT, scattered Ds zone was fa1rTy Tow (2) The cat1on to

' *TtotaT cat1on concentrat1on rattos for the three zones

xih;(Flgures 18 to 20) cTearTy 1nd1cate the reTat1onsh1ps among

,yrthe catlons Sod1um and magnes1um dom1nated dur1ng the: N

'ff'f1e1d season they accounted for about 90% of the catlon
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: 3 .
concentrat1on of the saturation extracts The proporttontof

‘ potass1Um in- the extracts was very Tow -- about 1%, CaTc1u$
‘which was aTso present in Tow proport1ons, brought the totaT
~to 100% The most not1ceab1e d1fference among the three

‘zones was in the Ca/TC ratto ‘wh1ch was cbns1derab1y h1gher
for the taTT, scattered Ds zone than for the short and taTT

_ADs zones ,:}'. Af_“'fslvg‘_ . o T %t' ;’, : ?T

. %" The sod1um adsorptton rat1os (SAR) for the short o
“and taTT Ds. so11 zones foTTow the cat1on concentratlon

pattenh descr18ed earT1er‘ The values for aT] three zones )

1 show the dom1nanCe of sod1um 1n these 50115 (F1gure 21)

ResuTts of chem1caT anaTyses ofTAkasu Lake water

|

otsamples are presented 1n TabTe 5 The e]e.tr1ca] conduot1v— SR

'i1t1es and totaT cat1on concentrat1ons of ‘he samples_aj

' were much lower than those for so1T satunat1on extracts, butg;:
"patterns s1m1Tar to those 1n the extracts can be seen in: the,f_f
e Take water cat1on rat1os Sod1um and magnes1um accounted forf!*‘

:‘90 to 96% of the totaT catton concentrat1on CaTc1um and f'

{potass1um were present in Tow concentrat1ons and proport1ons o

- L

ﬁtof the totaT cat1on contept | |
| e The reTat1onsh1p between totaT cat1on‘f{‘.fﬁ'

vconcentrat1on and eTectr1caT conduct1v1ty of water sampTes

;}’;and so1l saturat1on extrac}s was strong, as shown by a R

:ljcorrelat1on coeff1c1ent of O 938.
: : : IR



91

 .,a..m_\xM

e , \.mmCON Amov mwmgmupmm mwgcu,

mo m—~0w EoLm muomguxm copumgzumm 40 Am<mv opumg copuaLOmUm EJPUOm

mmmﬁ GMﬁaSmm mmuma

6T q uw:w:< T L ma:h ,\.mN S mE:, 92 mmz E

.mm nmumMumum ‘rey |

N o _ w, ma“HHmvo

A.ma Jaoys

Lo

o Hor

ooy

— oz

o

iz sunByy

 ;'sjaexgxa'doIiEJQQéé?jd’ot;aalyo¢3dJOSpe'mh1pog_fl



.Qu_uMLucmucoo,fowumu._mko% =91

S . . N B
] . -
g'g 68 68 L8 . 9 S
80" ¥ 80 "¢ 00 P £€6°E . L Ll : 03
zo: . zo- zo R oi/v
468" : X g 9L/eN:

e
moo0o0O0
o}
NOOO0O
o T
MOQr coq
T 0000

DL /Bw
R O - Y U7

o]
NooOoOo
TON®M

* B

,?Q'Qﬁ-a)o
|noo00 |dw

L eDn/Bw. ,ﬂ S

m.:x.mormevCOWMNLyCWOQou

"@H:wowme.COrumu oL

0Ly C96E - " e7ge [ oRE 2 SUER Lovy oL S
870, SO Lo 8.0 E A oo T

8 1€ ‘8 1E .8 ke O LE. 0L = .

Ly 0§~ L TG Gy : S BW -

“py 81 N A 671 ° ’ : B -te) -

.W S T A_\mE. mcovuMLucwucoo

. . suodijes

9z 3snbny 8z >p33 L >,33..H -

. mmumo mcp_QEmm

wxmq Jmmx< EOLu mw_QEmm Lmumz 8L6L .30 mwm>mem rmo_Emcu

EQ&mE .>«*>*~0:UCOU _aopzuompw =03 n.., ._p
‘S ®lqey .



T'ggts

_1'4 2 Communlty Characterlzatlon

Vn4 2 1 Descr1ptlon of Spe01es present

i ‘ | | A T1st of pTant spec1es coTTected at Akasu Lake 1nt
'fthe v1c1n1ty of the. Dlstlchlls strlcta communtty 1s ,ff[; o

H‘:Tpresented 1n Tab]e 6 The twenty one . spec1es represent ten,; gﬁ{t

"fam1l1es, of wh1ch the most 1mportant are Gramtneae

ZLCyperaceae Compos1tae, and Chenopodtaceae The shore to :tlrrﬂvx

'xh;shore transect (Flgure 22) 1TTustrates the dom1nance of

%‘T_speCTes from these four fam1T1es 1n and around the saTtgrassl;?a7

'n;'communtty ChemtcaT anaTYses of so1Ts from ftve areas of the'ffﬁT

o SRR
‘ .transect show catwon grad1ents along the transect Cat1on

"'iconcentrattons 1ncreased from so1ls near shore to so1Ts 1n

J_Tivthe center of the penlnsula

sfjx4 2 2 Communtty sampT1ng

The cover classes and frequenc1es of spec1es V;af?a;,;v

_F,fpresent 1n the two Cposs shapeq\sampltng areas are presented;t_tt

':h1n TabTes 7 to 9 In area 1 the most frequently encountenediT:dtf

ihffspecues were Hordeum Jubatum Dlstlchlls strlcta and

[gi;Pucc1ne771a nuttalllana Hordeum and DIStIChIIS had the,f%*, g

"Tfh1ghest percent cover of the spec1es present Puccrne]lla

fh:TaTthough w1deTy d1str1buted 1n the area,iaccounted for onTy jtf?=*

'¢FTT to 5% cover in the quadrats sampTed The rema1n1ng n1ne

;ﬂspec1es present 1n area B were not. evenTy dlstrybuted aTong e

"the four arms Arms 1 and 3 (the north south arms)_f |
. ¢greater spec1es d1vers1ty than arms 2 and 4 probably due tont:‘

: ﬁ;;he more extens1ve mo1sture grad1ent from shore tO ShOFe
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7i?the1r frequenc1es were as fo]]ows Pucc:nellla 100%

,_99 N

atong arms 1 and 3 | o
',1 In area 2, Puccznellla Hordeum Dlstrchlls and
,:Suaeda Calceollformls had the htghest frequenc1es Suaeda
'v.;had the h1ghest percent cover in the quadrats 1n wh1chc1t

*,was found PUCCIneIIIa covered more ground than 1n area 1

f>wh11e Hordeum and Dlstlchlls (wh1ch was of the short growth SRR

Q‘z&
form) had somewhat Iower cover than in area 1 The rema1n1ng

-fspec1es 1nc1uded some wh1ch were not found 1n area 1.

: 4. 2.3 Sa1tgrass zone transects p |

On]y four spec1es were present 1n the two .2 m f'

'ftransects through the saltgrass commun1ty For~trans‘ct t,[
3ﬁjDrstlchlis 96% Hordeum 92%,3and Aster brachyactls 21°}fﬁor'
'f?transect 2 the frequenc1es were Dlstlchlls 100% Hondéﬂm
?[?96% Pucc:nellla 96%, and Aster 17% A]though Aster was

f;fpresent 1n severa] quadrats 1n both transects 1t accounted

?i@for less than 17 cover where 1t was. found The d1str1but1on j?f~if5

f:;patterns of the three maJor spec1es 1n both transects are |
;fishown in’ F1gures 23 and 24 In both transects Dlstlchlis had
Qt:the h1ghest percent cover 1n the short Ds zone and ]owest 1n
};fthe tall scattered Ds zone Where Dlstlchlls had htgh |
ﬂffpercent cover Hordeum had low cover and v1ce versa
;;?PUCCInellla had low percent cover (under 15%) 1n both

*gttransects ;;s;{f.Tg}-
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4 3 Growth of saTtgrass 1n the f1er |
4.3:1 PhenoTog1caT observatmns | , “/

| : Dlstrchlls strlcta broke dormancy 1n early to |
m1d May and began to flower in Tate May to earTy dune ‘Male
?4 fTowers generaTTy appeared f1rst but they were soon’” B
foTTowed by female fTowers By m1d du]y growth was very
'sTow and few hew fTower1ng panlcTes appeared By the end of
tAugust most pTants were dormant ” f} R e "
Throughout the summer rh1zomatous growth occurred \
v~vw1th new shoots appear1ng at var1ous d1stances from the |

eor1g1na1 p]ant Th1s vegetat1ve growth seemed to be the.

pr1mary means by wh1ch saTtgrass spread The coarse,:Tia‘t"d

Tbranch1ng rhtzomes were found 1n the top 5 to 10 cm of 5011

uuand were often severaT dec1meters Tong The coarse to f1ne

.T,;troots extendlng from the rh1zomes through the so1] were

tvconcentrated 1n the top 15 cm aTthough many penetrated moreib f

:_deeply

| 4 3 2 Shoot growth

o \g - The 1ncrease in he1ght of tagged short and taTT
saltgrass shoots 1s presented in F1gure 25 w1th the.i'_:'
correspondtng weeKTy so1T mo1sture percentages Stat1st1ca1
'analy51s (Append1x 1) conflrmed that the tall shoots were
significantly Targer (p<0 01) than the short shoots durtng
‘the ent1re observat1on pertod The average heIth of the
“short plants 1ncreased from 4 to 7 cm, whlle that of the

tall plants 1ncreased from 5 to 9 cm over the seven week
’ . ) .
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period.

4.3.3 Ftowering'percentage
: ', There were no s1gn1f1cant dlfferences in tota] or . -

'male flowertng percentages between short and tal] saltgr ss

‘1n 1977 and 1978 (Table 10 “and Appendlx 2). In 1978 there

‘were 51gn1f1cantly more female flowers in the short than in

‘the tall saltgrass quadrats Th1s dtfference may have been

- due to the rhtzomatous nature of saltgrass wh1ch resu]ts 1n -

'uneven d1str1but1on of ma]e and female plants Quadrats may '

"therefore conta1n large proport1ons of one or the other sex . (J

o The total f]ower1ng percentage ‘a more re]1ab1e parameter

) averaged from 17 to 18% for both growth forms 1n 1977 and
. 1978

f4 4 Solutlon Cu]ture Stud1es “

‘44 1Eﬁ£waﬂ1 K

'(ha4 4 1 Growth of p]ants»é _ | , |
o Saltgrass plants at all four Mg/Ca rat]os grew
‘“rap1d1y and appeared hea]thy for the durat1on of the :

"h_:exper1ment (Plate q), Growth data are presented 1n Table 11

'f.?iThere were no s1gn1f1cant d1fferences in number of shoots

qshoot he1ght or dry we1ght between treatments_(Appendlx 3)
'~__The number of shoots 1ncreased from the or1g1nal number (7)(ff

'Tby factors of four (treatment 3) ftve (treatment 2),§s1x )
(treatment 1), and.seven (treatment 4) due to rhtzome growth B

'and sprouttng Mean shoot he1ght wh1ch was 1n1t1a11y 6 cm,



105

.

. 3
, ’ ,
.
N N
: . : Ly ¥ goy iz ¥ oeer 8L61-
EV ¥ 6bi . R o LF yLoC LLBY Lo
S300ys- (e3o) T
: . : v E.T 99 . SV E vl R VX T
£°6 + v L} ) ‘E'G +EvBL ) LV LLBE- o
: S _ &, oo . SJBmOLy . ye3Oy Y
vl ¥ ooe .02 T 0%y L BLBY
T Y Le ERNANE S e
o i - ST 5. SJPMOL Y B ewaly,
Tv ¥ 0El 9’0 ¥'g'9 8L61 |
LESTT LPL 96 ¥ 66" . LLBI
. . " . SJOMO| 3} ®jew ¥
wmmkt%uuwn Bujusmoyy.

e33[J3s

s ' ' - “WJd0y
. . “BLE}.

cm>mm.m03_m>

‘g ileys-

Yimoub. yoead Low pedues mvmgumsv.m>r

B101d3s

pue LLB) U} mwo_gym‘m_pzo_uw+o,

“a.yaous

me>.vcm.XLomwvmu

¥ 30 Aimw mJC_E.Luvmd_nvumcmmE w;ﬁ.; . v
LlBe3} pue jldoys EY) mmmmucmuuma.mchmzo_u ..op,meMh :

TN




t 106

1

Plate l. Effect of mcreasmg Mg/Ca and decreosmg Ca/ TC on
growth of saltgrass in Expernment 1
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'ranged from 1" to 14 cm after $1x weeks Aor the four P

:treatments Treatments 1, 2 and 4 had fa1rTy close shoot and

’root dry wetghts but treatment 3 had cons1derab1y Tower dry

'_ we1ght There were flowertng shoots present in aTT

Ttreatments except treatment 3. Th1s exper1ment showed that
"”‘saTtgrass pTants were abTe to grow in soTut1ons w1th a wide
urange of Mg/Ca w1th Tttt]e effect on phy51ca] properttes of

| ;most pTants

4. 4 1 2 Ttssue anaTyses

| Raw data and stat1st1caT analyses of cat1on

%” L

: cohcentrattons and rattos are presented 1n Append1ces 4 and;is37 f

'“*”5 Ttssue ca101um concentrat1on tended to decrease as

r:*solut1on caTc1um concentrat1on decreased (F1gure 26) but )

~dnot 1n the same proport1ons There were no s1gn1f1cant

'_de1fferences 1n shoot caTc1um concentrat1ons between groups =

‘.fbut regresstons of shoot caTc1um on soTut1on caTc1um and on;l{§§5"'

:soTutton Mg/Ca were.slgntftcant Treatments 1 and 4 d1ffered |

fﬁfs1gn1f1cant]y w1th respect to root caTc1um concentratlon

~;fThe regre551ons of root calo1um on soTutlon caTc1um and on _L;*;f7?

:3;solutwon Mg/Ca were 31gn1f1cant at p < 0 01
el T1ssue magne51um TeveTs tended to 1ncrease “as jf}‘“

:h'solut1on TeveTs 1ncreased (F1gure 27) There were no

¢s1gn1ftcant resuTts shown by ANOV and regress1on anaTy51$ ont';ffh;

;l'shoot data, but regre551ons of root magne51um concentrat1on ’

“'on solut1on magnesvum and oh solut1on Mg/Ca were

*:fs1gn1f1cant Root tTSSUe from treatments 3 and 4 had
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s1gn1f1cant1y h1gher magnes1um concentrat1ons than d1d root

t1ssue from treatment 1

Shoot sod1um 1evels were 51m1lar for all,'

“treatments Root levels 1ncreased sl1ght1y but noti S

s1gn1f1cant1y as solut1on ca1c1um levels decreased ; |

*(F1gure 28) T1ssue potass1um concentrat1ons were by far the

'»h1ghest of the cat1ons (F1gure 29) Shoot concentrat1ons of

.f.a]] treatments were s1m1lar, exoept for group 2 wh11e root

concentrat1ons were s1m1]ar except for group 3 A]though

'fthere was a fa1r amount of var1at1on 1n total cat1on o

o .concentrat1on (F1gure 30 there was no cons1stent pattern

‘1n shoot and root ]evels and there were no s1gn1f1cant

”'-_d1fferences between groups

-tf;- The Mg/Ca rat1os 1n sa]tgrass tussue were pf.

“fbts1gn1f1cant1y affected by solut1on Mg/Ca rat1os (F1gure 31.ff:f_

- f;Append1x 5) As Mg/Ca 1ncreased in so]ut1on, 1t also

““if1ncreased'1n plant ttssue but 1n much lower proport1ons

-5ffg;Sh00t Mg/Ca ratlos were consxderably lower than

"*:correspond1ng root rat1os Regress1ons of solut1on Mg/Ca on*f:V

| httztlssue Mg/Ca were s1gn1f1cant at p<0 01

‘v”»}}The most str1k1ng d1fference was found between potass1um to?ff,f?s

A compar1son of solut1on and t1ssue cat1on to

‘"§;}total cat1on concentrat1on rat1os 1s presented 1n Flgure 32]-n7t i

'l‘fftotal catlon concentrat1on (K/TC) 1n so]ut1on and K/TC in vi*w
'“"1ffiﬁplant t1ssue for al] treatments The p]ants in all fOU" |

'"V'j]fso]ut1ons selectlvely absorbed potass1um so that 51m11ar

A'K/TC rat1os were atta1ned by all plants The Na/TC rat1o

- ( =
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also differed greatly from solution to plant tissue. In this
- case pTantslin all groups eXCTuded sodium The Mg/TC ratio
in plant t1ssue increased somewhat as soTut1on Mg/TC
’~1ncreased Treatment 3 shoot t1ssue had a s1gn1f1cant1y
‘Targer Mg/TC rat1o than d1d shoot tissue 1n treatment 1. Thev
__1ncreases in Mg/TC in root tissue of the four’ treatments
were not as ‘large as for shoot t1ssue, there were no
stgn1f1cant d1fferences between groups The Ca/TC rat1o in :
shoot tissue decreased cons1derably as soTut1on Ca/TC
'decreased (shoot Ca/TC of group 1 was three ttmes that of’
éfouh 4), but the d1fferences were not s1gn1f1cant Howeverﬂ
-a regress1on of shoot Ca/TC on- soTutlon Mg/Ca was. _ :
T's1gn1f1cant at p<0 05 Root Ca/TC decreased con51derably
'from treatment 1 to 4. There were s1gn1f1cant d1fferences ';1
between groups 1 and 3 and T and &, and a regre551on of
:’troot Ca/TC on soTut1on Mg/Ca was s1gn1f1cant at p<0 01
| | The resuTts of the test for correTat1ons between
"dry we1ght and cat1on concentrat1ons and rat1os are
f»presented in Append1x 6 Shoot dry we1ght was not.
r¥%-¥§\s1gn1f1cantly correTated w1th any of the cat10n var1abTes'
| \However, there were’ s1gn1f1cant correTat1ons (p<0 05)
between root dry wetght and magnes1um potass1um, and total
cat1on concentratlons l "'W‘ i | _ ;
| The resuTts of Exper1ment { 1nd1cate that chang1ng
; the calc1um and magnes1um concentrat1ons and PatTOS in
' u]ture solutnons d1d not s1gn1f1cantly affect growth and

external appearance of saTtgrass pTants, but d1d
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51gn1f1cantly affect some of the tissue catlon
concentrattons and rat1os lnternal concentrattons of
calcium and magne51um tended to 1ncrease or decrease in the
same d1rectlon -as solut1on concentrat1ons but not. in the

‘ same proportlons T1ssue levels of potas51um were relatlvely
h1gh, and levels of sodium were relat1vely low at all |

'treatment levels.

142 Experiment 2 |
‘4 4. 2. 1 Growth of plants o |
| The two Mg/Ca rat]os and three levels of sod1um
sulfate used in this expertment had 1ncon51stent effects on }
’}plant growth Saltgrass and darley plants are shown at two
- weeks in Plate 5 - and at elght weeks in Plate 6 There was
‘con51derable var1at1on 1n surv1val and growth of - saltgrass

eg'both w1th1n treatments and among treatments All plants in.

' *repl1cates R and 2 of treatment A3 and all plants in

gtpeatment 83 d1ed well before the end ‘of - the exper1ment Ih_-
Lsome Of the Other treatment Pep]lcates,,several of the
;,_or1glnal ten plants d1ed and were not completely replaced byr‘

'_new shoots produced by the rhtzomes This happened 1n

‘et3'treatments Al A2 82 and C In other treatments although

several of the or1g1nal plants\dted ‘rh1zome sprouttng and

"L‘t1ller1ng produced several new shoots whtch brought shoot

totals to as, h1gh as 43 (treatment A1 repltcate 4) In
- every repltcate at least one of the or1gtnal ten plants

'dted



Growth of sal ent 2
Mg/Ca was 5 inA, 1 in B, and 0.25 in C. [Na] was
0.in C, 50 in At and B1, 100 in A2 and B2, and
- 300me/l in A3 and B3. "H',":refers_té"HordeUmL |

saltgrass at two weeks in Experiment 2.
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Plcte 6 Growth of saltgrass at: eught weeks Jn/Experlment 2 |
S Mg/Ca wasSmA 1inB, andQZS in C.- [Na) wcs S
0inC, 50 in Al and B1, 100 in A2 and BZ and

3OO me/l in A3 H/refers to Hordeum



; ~ Growth yariables’(number of shoots height water

B COntent ~fresh and dry we1ghts) for sa]tgrass plants are }tu
presented 1n Table 12, The two rep11cates whtch died were :
not 1ncluded in any of the calculat1ons for treatment A3
dThe values g1ven for th1s treatment are means of the two ﬂa"'f
jsurv1v1ng rep11cates S1nce aTT p]ants in treatment 83 d1ed

;record1ng of: growth varlables (except for dry we1ght) was

i not poss1bTe

Although aTT growth vartables tended to decrease I

"1n value from treatment 1 (50 me/T Na) to treatment 3 (300
vme/T Na) there were no 51gn1ftcant dtfferences between any .

‘:_fof the groups (Append1x 7). Control pTants had Tower va]ues b

,‘"of growth var1ab]es than p]ants 1n treatments A1 and B1 but pj -

;the dtfferences were. not s1gn1f1cant | ;f“fit:
| - By the fourth weeK of the exper1ment, alT barley
'_-plants had d1ed except those 1n the contro] treatment

B

i;;gGrowth data for the dead p]ants, wh1ch were separated 1nto

":1' fshoots and roots, are presented 1n Appendxx 8 ATT dead

| ’ifp]ants had very Tow dry we1ghts There were no cons1stent

t'_;fpatterns of dlfference shown among the dead treatments

..]‘;4 4, 2 2 Water potent1a1 measurements

The resu]ts of pressure bomb read1ngs of saTtgrass

e water potent1als are presented 1n F19ure 33 (for raw datavhftf*i

nii,:and stat1st1cs see Append1x 9) The h1gh water potentta]

7( -507 KPa) of treatment C was 51gn1ftcantty d1fﬁerent from |

i.that of aTT the other groups except 81 The Towest waterj.f“tlu
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1000

600

Water potential, -kPa .

200

'H*fFjgurefBB.
‘d“i"v.f»d7f'y at various Mg/C
”,Q;E(Experlment 2).
A = Mg/Ca =
',2 =10mw/l

|

: 800 -

1400

123

T

270 2320 - 400 T 440 970
Solution osmot:ic potentiql ‘- kPa

_@ooooo

Mean water Dotent1a] of saltgrass shoots grown-fjff'd;u
ratios and salt concentrations =

‘C = control (no added sodium)
5/ »B

;\v»

Mg/Ca = 1/1 1 5ome/1 Nagf]ﬁ;f;ﬁ
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potential was that of t eatmenth3‘(-1252~RPa)‘Tthch

d1ffered 51gn1f1cant1y rom every other group There were no -

s1gn1f1cant d1fferenoes b‘tween groups in. the m1ddTe of the ‘

~

: water potent1al range There was a s1gn1f1cant postt1ve
correlat1on ( 0. 858 p<0 01) between water potenttal of

: ‘saltgrass shoots and osmot1c potent1a1 of the soTut1ons 1n

it
&

Lo

T

\«'4 4 2 3 Ttssue anaTyses

L wh1ch they were grow1ng

'“\,'55‘“ The raw data and statlst1caT anaTyses of t1ssue |
| cat1on concentrat1ons and rat1os are presented 1n Append1cest'
10 and 11, Treatment 83 f1ssue data in’ the foTTOW1ng f1gures
are shown as- shoot data onTy, due to the TacK of roots T o
T There were severaT notabTe effects of solut1on ?d

oat1on TeveTs on tlssue cat1on TeveTs The two caTc1um t"
concentratlons used 1n the A (low Ca) and B (h1gh Ca)
soTutTons resu]ted 1n cons1derable d1fferences 1n t1ssue‘f'

JTt caTc1um concentrat1ons (F1gure 34) Group A pTants had

L 51gn1f1cantly lower caTc1um Tevels 1n shoot t1ssue tﬁan
group B plants Th1s probab]y also appl1ed to root caTc1um
TeveTs,_but 1t was not poss1b1e to determ1ne th1s When the
treatments were analyzed 1ndependent1y, there were no

’v 51gn1f1cant dlfferences 1n shoot calc1um concentrat1ons

between treatments W1th respect to root ca]c1um treatment fg[.p::

B2 was s1gn1f1cant1y h1gher than A1 and A2 ATthough the |
%olut1on caTc1um concentrat1on 1n treatment C was Tow T1Ke

that 1n group A the t1ssue TeveTs were h1gh T1Ke those 1n
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Flgure 34 Mean ca%%lum concentratlon in saltgrass grown atf[ﬁfﬁf%ﬁ

‘various Mg/Ca rat1os and -salt- concentrations *
(Exper1ment 2) See F1gure 33 for explanat1on
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. group B.

wfifﬁtwas notfa great dea1 of”variation-in'shoot |
’Jmagq'siumfi ‘hat1ons among the seven treatments (F]gure
f,'35y,tahdv£h i no s1gn1f1cant d1fferences found W1th

. respellit to § ggnes1um concentratwon the . low value of

- .‘s1gn1f1cantly dtfferent from all other
treat o 'l |
- uw1dest range of va]ues was found in sod1um
"vaoncentﬁl _gn (F1gure 36) The mean sod1um concentrat1on in.

~ffsh¢§téti% fe ranged from O 05 me/g in C (wh1ch had no sod1umii'
| added;toj : solut1on) to 0. 78 me/g in B3 (300 me/l added |

.Nét,nahd root t1ssue from O 04 me/g 1n C to O 57 me/g 1ni';'””
A3 (300 me M aad

}Vadded Na) There were s1gn1f1oant d]fferences

sin shoot\sod um content between groups 1 (50 me/l of

d 3 (300 me/l) and between groups 2 (100 me/l g
c very h1gh shoot sod1um concentrat1on in
was s1gn1f1cant1y d1fferent from that 1n |

he?~treatment8 A1 B1 82 and C In root t1ssue both the 1ow

*ff'sod1um concentrat1on 1n treatment C and the h1gh one 1n A3 ‘gfdsit

-T:3d1ffered 51gn1f1cant]y from all other treatments

[

The extremely low potass1um concentrat1on 1n .f‘

gf¢$t1ssue from treatment 83 (F1gure 37) seems to have b1ased

ffrjthe two way ANDV of shoot tlssue maklng the results

jtfj1nconc1us1ve The analy51s shows that groups A and B

:fuduffered sxgn1f1cant]y thh respect to shoot pota551um

,}fconCentrat1on but the d1fferences were not COnSlstent The;iltr?”:

{r,extreme d1fference between 83 and a]l other groups was S
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Figure’ 37. Mean potassium.concentration in saltgrass gpown
o ’ at- various,Mg/Ca ratios and salt -concentrations
h (EXperimgﬁﬁ 2). See Figure 33 for explanation.
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- apparently ]arge enough to cause the 51gn1f1cant d1fferences

‘1between ‘groups A’ and B, 1 and 3 and 2 and 3. The one-way

ANOV . showed s1gn1f1cant d1fferences 1n shoot K concentrat1on

»between 83 and aTT other treatments Although the root

'potass1um contents (wh1ch were much lower than shoot

contents) tended to decrease somewhat as'solut1on sod1um '

' concentrat1on 1ncreased there were no. s1gn1f1cant

d1fferences between treatments

130 .

’ TotaT cat1on concentrat\ons 1n t1ssue are shown 1n

| Flgure 38. Although the B group had sT1ghtly hwgher shoot

'concentrat1ons than the A group, there were no s1gn1f1cant

'd1fferences found Root totaT cat1on TeveTs, whtch were not

as h1gh as those for shoots tended tﬂ 1ncrease somewhat as a

root totaT cataon concentrat1on ‘1n B2, was 51gn1f1cant1y

‘_soTut1on totaT cat1on concentratwons 1Tcreased The h1ghest

d1fferent from A1 A2~and C Treatment C wh1ch had the

.Towest concentrat1on, ‘also dlffered sagn1f1cantty from

treatment B1 »
) The use of three so]ut1on Mg/Ca rat1os Ted to
Targe dtfferences in tissue Mg/Ca rat1os of the sevén
treatments (F1gure 39). The h1gh shoot ratios in group A
were s1gn1flcantly d1fferent from the low shoot rattos in

group B. The one-way ANDV showed that each A treatment

" differed’ 51gn1fvcantly from C B1, and B3. The dtfferences

in Mg/Ca ratios in the roots were even mone Eronounced Each

of treatments At A2 and A3 (wh1ch had h1gh Mg/Ca ratros)

'd1ffered 51gn1f1cantly from treatments C, Bl and B2 (Whlch

'l
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concentrations (Experiment 2). See Figure 33
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'had much 1ower rat1os)
‘ The proport1ons of the four maJorvcat1ons‘1n the
”‘treatment solut1ons are shown in F1gure 40 Upon compar1ng
dthese to F1gure 41, wh1ch shOWS the proport1ons of the B
’_cat1ons in sa]tgrass t1ssue one can see that the: plants did_
,fnot absorb all the. cattons 1n amounts d1rect1y related to
their proport1ons in solut1onf As in so]ut1on culture v
Exper1ment 1, the plants were se]ect1ve1y absorb1ng
:potasstum more than the other cat1ons Treatment\83;
1fwh1ch all p]ants d1ed by the ha]fway po1nt of the
exper1ment “had the lowest t1ssue K/TC rat1o and d1ffered
v519n1f1cantly from all other treatments
f A]though there was no sod1um added to the contro] .
,solutwon sod1um accounted for 4 to 6% of the tota] cat1ons
_'1n shoot and root t1ssue of treatment C In. the other‘“ |

treatments the proport1on]of sod1um ranged from 15 (81) to

| ““50% (B3) of total shoot cat1ons and from 16 (Bt) to 54% (A3)

{1n the roots. These w1de ranges accounted for many

;'[stgn1f1cant d1fferences 1n Na/TC between groups and

tdtreatments (Append1x 11). Group 3 (h1gh so]ut1on Na/TC)

d1ffered s1gn1f1cantly from groups 1 and 2 (lower solut1on
| Na/TC w1%9 respect to shoot Na/TC In most cases treatmentszir
i‘w1th the hlghest (A37 83) or lowest (c) values d1ffered |
S1gn1f1cant1y from all others f d} | o | '}_
| i There was not much var1at1on in shoot Mg/TC ratloS.ﬂf
among the - treatments, and there were no s1gn1f1cant |

“h dlfferences found. Fhe,lowest.root‘Mg/TC~ratto wasvfound in
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"treatment C whtch s1gn1f1cant1y dxffered from A1 and A2

There was cons1derab1e var1at1on 1n Ca/TC rat1os B

"'Aamong'the treatments Group A (]ow so]ut1on Ca/TC) had low

. ’Ca/TC rat1os 1n the shoot t1§sue. and was s1gn1f1cant1y

“d1fferent from group B (hlgh soTut1on Ca/T& The'hngh shooth
."_Ca/TC rat1o of treatment C d1ffered 51gn1ftcant1y from those

';1n AT and A2 wh11e the h1gher value in: B3 was s1gn1f1cant1yt

d1fferent from those 1n A1 A2 and A3 There was a

-'constderable amount of between treatment vartat1on in root ‘J

ofh Ca/TC but due to the Targe fmount of w1th1n treatment

'b5var1at1on there were no s1gntf1dant d1fferences
S]gn1f1cant corre]at1ons were found between dry
ffwe1ght of saltgrass shoots,‘and magnes1um sod1um and

'potass1um shoot concentrat1onsl as weTT as shoot Mg/TC

."_Na/TC and K/TC rat1os (Append1x 12) Root dry wetght was iuuhf'T

f's1gn1f1cantly correlated w1th root potass1um cOncentrat1on t;l~":t

' “.“_,and the K/TC rat1o in the roots

The results of the barTey t1ssue anaTyses are jdﬁ

’ iig;presented 1n Appendtx 8 The t1ssue caTc1um concentrat1ons

"TVT.refTected soTut1on caTc1um concentrattohs w1th the B group T}fd

’,_haV1ng h1gher calc1um content than the A group The calc1um;faf"

-concentrat1on 1n the barTey contro] was cons1derably h1gher

’,_than that 1n the correspond1ng sa]tgrass treatment There

- sy
rd T

'5B barleyltreatments The contro] treatment aga1n had

id’somewhat h1gher magnes1um concentratlons than the sa]tgrass

‘,'controT Sod1um concentrat1ons 1n the A and B barTey

AT
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treatments were many t1mes greater than those found 1n’:"'
saltgrass t1ssue but the barley control had sod1um levels

_)comparable to those of ‘the saltgrass control The A and B-

'group barley treatments had tlssue potasswum concentrat1ons _

e whlch were generally lower than those found in saltgrass

t1ssue but the control barley treatment potass1um

.'t . concentrat1ons were h1gher than. those found Sh any saltgrass o

¢

' treatment All of the total catton concentatlons in the
. W
seven barley treatments were. h}gher than those 1n the
correspond1ng saltgrass treatments |

The Mg/Ca ratlo in barley treatments followed no

flcons1stent pattern The shjot and root Mg/Ca rat1os of the _

'\barley control were 51mllarr o those 1n the saltgrass

»-dcontrol The cat1on proport1ons 1n the A and B. barley

1'=f,treatments Were qu1te dlfferent from those 1n the

:'correspond1ng saltgrass treatments Sodlum ranged from 46 to

"72% of total shoot catlons and from 30 to 66% of total root .

‘7::gcatlons The proportlon of magnes1um 1n shoots and roots

-ranged from about 10 to 30% whlle calc1um var1ed from about

B h;10 to 70% dependlng on treatment Root calc1um proport1ons

“bﬁ{reflected the dlfference in: calc1um oontent of the A and B
‘j?solutlons K/TC rat1os were very low 1n the A and B barley
jrtreatments They ranged from 2 to 14% in shoot and root

ftlssue whtch was not nearly as- h1gh as the 20 to 55% found

"3._1n saltgrass shoot and root t1ssue grown under the same

‘l;cond1t1ons The cat1on to total cat1on rat1os in the barley R

U control -1nclud1ng the K/TC rat1o were 51m1lar to those of

\

e
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the correspond1ng saltgrass treatment

.‘ The results of Experlment 2 1ndlcate that shdgt
;water potent1als and cat1on concentrat1ons and ratlos of
3 saltgrass t1ssue were s1gn1flcantly affected by the range of
odtum concentrat1ons and Mg/Ca rat1os used 1n the growth ‘

.,solutlons However, as 1n Exper1ment 1, 1nternal changes

'1were not accompanted by slgn1f1cant external changes 1n the

"s=plants Barley grown in. the solut1ons w1th added sod1um

"sulfate d1d not survive, but control barley plants thr1ved

Tf4 5 Germ1natlon |
4. 5 1 Germ1nat1on of seeds in osmot1ca

v The results of the germ1nat1on exper1ment are
ti;dshown qan. F1gure 42 and stattstlcal analyses are presented .

| 51n Append1x 13 Decrea51ng solut1on osmotlc potent1als

’”7,delayed germ1nat1on as COmPaPed tO CO”tPO] treatments

o JitMax1mum germtnat1on percentages were reached between three

‘i‘Titand six days for essent1ally all of the dlst1lled water and.l7w"‘

”?}—200 KPa repl1cates and between s1x and n1ne days for the-[7"‘

: t;_500 and ~1000 kPa repl1cates No germ1nat1on had OCCUPped f:f;rfti

8 '_1n any of thev 2000 KPa treatments by the fourteenth day

Germ1natwon was hlghest in solut1ons of the two ff"I

"'v?f;sodlum salts, and lowgst 1n solut1ons of PEG There were

- s1gn1flcant dtfferences between the ent1re sodlum chlor1de

'f.group and both the magne51um sulfate and the PEG groups

”There were no s1gn1f1cant d1fferences 1n germ1natlon between,5

A“,salt treatments at 0, ~-200 and 2000 kPa Atl-SOO kPa 'ht:
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\ﬂfwas also s1gn1f1cant 1nteract1on between the two factors

“'ff]f4 5. 2 Recovery of germ1natlon ab1l1ty

H.;1n'd1st

[

e T 0

'two sod1um salts were s1gn1f1cantly d1fferent from both

magnes1um sulfate and PEG. At -lOOO kPa germ1nat1on 1n both

e isod1um salts s1gn1f1cantly d1ffered from that in PEG but |
:‘only the NaCl treatment was- s1gn1f1cantly d1fferent from . the

. magne31um sulfate treatment

| Decreas1ng osmot1c potent1als resulted 1n

jdecreased germ1nat1on percentages for all. four osmot1ca All;
:water potent1al groups were 51gn1f1cantly d1fferent from one
- another except 0 and 200 kPa, and -1ooo and -2000 kPa. For -

Jf_all four osmot1ca the 200 KPa treatment was s1gn1f1cantly

d1fferent from the —1000 and 2000 KPa treatments F

magnes1um sulfate sodlum chlorlde and PEG the -200 and :

‘ ‘d-500 kPa treatments were also s1gn1f1cantly d1fferent ,Forv]' b
f‘f-;-both sod1um salts the 500 and 2000 kPa treatments were
; 519n1f1cantly d1fferent wh1le the»-500 and -1000 KPa -
:‘d*;itreatments dtffered sxgn1f1cantly for only sodlum sulfate
b [SL The germ1nat1on results show that decreas1ng water 55'
;tpotentlal was not the only factor determ1n1ng the magn1tude'ﬂ'

'f"};fof germ1nat10n the type of salt Was also 1mportant Thereglﬁffpt

»

s The results of germ1nat1on recovery are presented inf,
! R”Tv1n Table 13 Recovery was poor 1n many treatments due to |
"lfmold format1on on the seeds In no treatment d1d recovery

sy1ncrease the total percentage of germ1nat1on to equal that

It 1s felt that the presence of mold

4,; e
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great]y decreased the number of germ1nable seeds, maK1ng the .

.

results 1nconclus1ve



. 5. DISCUSSION
5.1 .The“Phys_i'c"al En\(ironment o
: S.l.l'Micrbmetéorological data
‘ The temperature humldvty and prectpltatlon data
i;f'1nd1cate that the Dlstlchlls strlcta commun1ty at Akasu Lake
exper1éncedrcl1mat1c cond1ttons in 1978 whlch were typ1cal
for that area The warm dayt1me temperatures. fa1rly high -
'_relat1ve hum1d1ty, and adequate prec1p1tat10n in late spring
and early summer prov1ded favorable cond1ttons for rapid ‘

growth of plants

i
“’ -

- B.1. 2 Soil physical measurements: |
| ' ‘The co«rbmahon of 1ncr/ease}j air temperatures? and
decreased prec1p1tatton promoted 1ncreased soil temperatures ’
and a drop in soil mo1sture levels from late dune to early
‘August Th1s c01nc1ded with growth cessat1on by both tall
and %hort saltgrass plants |

| ‘: So1l temperatures were h1gher and mo1sture levels
lower 1n the short Ds zone than in the tall Ds zone,
--suggestlng that these factors affect growth l1m1tat1on

S1nce both the f1eld mo1sture levels and : the

moisture capa01ty at saturatton were lower for short Ds than«
.'tall Ds so1ls, the ratlo of saturation percent to Pw was
.'51m1lar for both so1ls This 1nd1cates that if salt ‘

concentratlons in the saturat1on extracts were swm1lar for .

“‘both 50115 the salt concentrat1ons in the f1eld s0i 1

143
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solutiOnsfwould also be simitar

| Field soil mo1sture percentages (Pw) and
saturat1on percentages (SP) from several areas in North
America are shown in Table 14, These values are from soi]s
on. wh1ch Dlstlchlls strlcta was growing as. a dom1nant or an
: assoc1ated spec1es Soil mo1sture ranges from 4% for the
Sporc¢ bolus Dlstlchlls communtty 1n Dklahoma to 61% for the
DISfTChIIS commun1ty in North Dakota. F1e1d mo1sture and
saturat1on percentages For the tall saltgrass commun1t1es

PR |

‘tended to be h1gher ‘than those for the dwarf (short)
saltgrass commun1t1es in the areas sampled &T;pough
compar ison of these measurements is l1m1ted by dtﬁferenCes
in env1ronmenta1 cond1t1ons at’ sampl1ng time, it appears
Vfthat low soil moisture contr1butes to the depressed growth
of dwarf sa]tgrass |
1 5.1.3 Soi chemi}cal analyses . |

| Compartsons of soil chemlcal data from the short
‘tall and tall scattered (Dlstlchlls—Hordeum) Ds zones of‘
-th1s,study w1:§ data from other areas are presented in
Tables 14, 15 and 16. Sowl pH ranges from 7.1 in the Suseda-
, Chenopodlum commun1ty in southern A]berta to 8. 8 1n the
dwarf sa]tgrass community in Kansas w1th most- pH values
‘falllng between 7 5 and 8. Although s011 pH may differ under
d1fferent stands of saltgrass, it tends to remain fa1r1y

constant in each soil over theé growing season as shown by

. thts study and by Hansen et al (1976).
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There is a large. range of ECe values of: so1ls in u
which saltgrass is established. Ungar (1968) reported an ECe_
of 1 9 mS/cm (wh1ch is almost as low as that of a nonsaltne
so1l) for the Sporobolus DISflCh]JS commun1ty ﬁﬁ Oklahoma,
whtle values from: 56 to 104 (mean 73) have been reported for"
- dwarf saltgrass so1ls 1n Kansas (Ungar 1967)‘ In general the‘<
‘ECe values and salt percentages for the dwarf saltgras§
commun1t1es tend to be constderably h1gher than those for-
the tall saltgrass commun1t1es although th1s is not always
the case In th1s study, the ECe of so1l under tall |
L saltgrass averaged somewhat h1gher than that for the short
'form Soil. from both short and tall zones had much htgher'
values than 501l under the tall,,scattered zone ' Tfl

| There are few data ava1lable concerntng catton

,relat1ons in so1l solut1ons of halophyte commun1t1es Dodd

. k! T
: \ :

E g?;et al (1964) analyzed so1l saturat1on extracts for several

‘: halophyte commun1t1es in Saskatchewan Akasu Lake so1l data .

(Qtfor the three Ds zones are s1m1lar to. those for the

| Puccmellra DlSt‘lChllS Dlstlchlls Agropyron and D;stzchlrs'.‘_'

':dcommun1t1es descrlbed by Dodd et al;; w1th the~except1on of N

“magne51um concentrat1ons and rat1os The h1gh magne51um f( |
}:concentratwons 1n two of the Saskatchewan 501ls resulted 1n |
| fhtgher Mg/Ca and Mg/TC rat1os and h1gher total catlon

'f(concentrattons than found 1n the Akasu Lake 501ls However

o tthe Ca Na and K concentrat1ons were 51mtlar (Table 16)

*‘-Ca/TC rat1os ln the Saskatchewan and Alberta so1ls (Table

i,16) were lower than the 0. 15 to O 20 con51dered necessary

\
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' for optimum‘crop growth, and the K/TC ratios were much lower
than those | usually found in nonsallne 301ls At Akasu LaKe
ithe tall, scattered growth form assoc1ated with Hordeum was
;grow1ng on so1ls w1th con31stently h1gher Ca/TC and K/TC
r»and lower Mg/TC than the dwarf and tall forms.
iy S The high SAR present in saltgrass so1ls 1nd1cates |
that sodlum is dom1nant over: the dlvalent cat1ons and that
"yuptake of . catlons other than sod1um w1ll be more dvff1cult
‘than in nonsallne 301ls H1gh SAR 1n the sallne sotls E
'hdescrlbed does not reflect poor soil structure because very
h1gh salt concentrat1ons Keep 501l partlcles flocculated
k - It would be 1nterest1ng to see how catlon rat1os
- vary 1n so1ls of halophyte commun1t1es across North Amerlca'
_It 1s p0551ble that the nutr1ents present 1n low proportlonsi

have as much 1nfluence on halophyte dlstr1but1on and growth,s”

uy-form as. total salt concentratlon, 51nce 1on uptake

tylstrategles can: be very dlfferent 1n dwfferent halophyte .
'jfspec1es ‘ | T | *tflf-*

Calculatlon of 5011 osmotlc potent1al us1ng the

- r5formula descr1bed by R1chards (1954) revealed that the short<;7

'ﬁg'and tall Ds zone 501ls had OPs of -2000 KPa wh1le the tall ;_..

‘scattered Ds zone 501l had an DP of only 800 KPa Slnce

"n'fECe A salt and OP are all closely related they show the

tsame trends the dwarf growth form of saltgrass 1s almost

»aﬁufalways found grow1ng in so1ls w1th htgh ECe h1gh % salt and‘b

'lvlow op, whtle the tall form usually 1s found w1th other

'hspe01es where 5011 ECe and % salt are lower and OP 1s
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“higher. 'Soﬂ-s'under the tall saltgrass form described by
other authors are comparab]e to those under the tall

}scattered form descr1bed for Akasu LaKe while the Akasu

S Lake short form so1ls correspond to the dwarf form- so1ls of

'other authors So1ls under the ta]l domnnant form descrlbed
‘f1n thls study are chem1ca11y most ltKe those of the dwarf
1growth form ‘ | |

From the 1nformat1on aval]able on so1ls of

: ‘[halophyte commun1t1esr the fo]]ow1ng conclus1ons may be ;Jf-'

{‘drawn Where so11 phys1ca1 character1st1cs are re]attvely

‘ :\constant 1ncreases 1n tota] sa]1n1ty appear to be 11m1t1ng

;to plant growth Where so11 chem1ca1 character1st1cs are ‘\2)

'-'vrelat1ve1y constant ]ow sotl mo1sture and/or h1gh so1]

k":ntemperatures become 1mportant 11m1t1ng factors

The conduct1v1ty of Akasu LaKe water samples

t: fshowed that the water was moderate]y sa11ne Th1s water

h'jfwh1ch was the source of the sa]ts present 1n the so1]s under “g .

::vthe Dlstlchlls StPlcta commun1ty, had somewhat more extreme

“e};cat1on rattos than those in the so1l solut1on The Na/TC and

. s;K/TC rattos were h]gher and the Mg/TC and Ca/TC ratlos were }};_;
~ lower than those 1n the so11 so]ut1ons o e

Rawson and Moore (1944) analyzed watéf?samples

= tffrom 53 sa]1ne 1akes 1n Saskatchewan The Akasu Lake waterjf”i”

"7.data fal] we]] w1th1n the reported ranges for these 1aKes

”They found ca1c1um concentrat1ons from O 4 to 26 me/l W1th

a med1an of 2 5 me/l The Akasu Lake calc1um range was 1 1

’““to 1. 9 me/l Magnes1um ranged from very low (Q,7Ame/ltﬂ
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"f very high (930 me/l) w1th a. med1an of 8. 3 me/l in the
| Saskatchewan lakes The Akasu Lake magnes1um concentrat1on
waswfrom 4.5 to 5.0 me/l Potass1um varied: from 0 09 to 26
| me/l w1th a med1an of 0. 57 me/] in the Saskatchewan ]akes,‘
"ﬁwh11e in- Akasu Lake it ranged from 0. 7 to 1. 3 me/] Sodium -
«concentrat1on in the Saskatchewan lakes had a range of 0.06
':to 780 me/l w1th a medlan of 4.3 me/l In Akasu Lake water
gt ranged from 32 to 37 me/l The cat1on concentrat1on
. iranges reported for sal1ne spr1ngs in Utah (Bolen»1954) are
o also s1m11ar to those of Akasu Lake The rangesSf'r‘t e,Utah'ﬁ
v.jwaters were Ca 4.1 to 6 3 me/] Mg.3t7lto'4.4kme/l,'N ;Qj‘tojk=~'

32 me/1, »and K 1.1 to 1 3 me/]
| “The rel1ab111ty of ECe in pred1ct1ng tota]

‘tion"

;concentrat1on was reported by R1chards (1954) Data from the-v

”fﬁﬁAkasu Lake so11 and water samp]es 3160 ShGWGd a strong “

.“ﬂ:correlatlon between EC and TC For rap1d 5011‘}

';flcharacter1zat1on, ECe 1s useful in- assesswng the degree of

:ﬁtotal sal1n1ty 1n var1ous{halophyte commun1t1es

[

'.5 2 Communrty Character1zat1on

‘:5 2 1 Descr1pt1on of speC1es present -

Most of the spec1 s present in the v1c1n1ty of the;;~,ak

| *:'lestlchlrs strlcta commun1ty at Akasu Lake are typ1cally

. k,pffound 1n sa11ne areas 1n Alberta (Moss 1959) and many are S

'common to ha]ophyte commun1t1es 1n several areas of North :
R oo

‘-.S[Amertca (Ungar 1974b) Three spec1es--HOPdeum Jubatum

77;Pucc1nellla nuttalllana and Suaeda calceollformls-—wh1ch are -
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most cons1stentTy assocxated w1th D, strlcta in other areas
were also found w1th saltgrass at Akasu Lake. The shore to
'shore transect showed that ‘the species present were
Tldtstr1buted as expected based on reports’ from many other ,‘i
. areas Suaeda and Dlstlchlls grew on 30113 with the htghest
' sa11n1tes whlle Pucc1nel]la ‘and Hordeum were present on
so1ls w1th somewhat lower saT1n1t1es The comp031tes were
*found on so1Ts with even Tower sal1n1t1es wh1le the |
,1T:Cyperaceous spec1es were prewa]ent on 50115 W1th very h1gh

o O .
am01sture contents (i.e. closer to shore)

:~'5 2 2 Communlty sampttng

The genera]ly Tow cover values. and Tow spectes |

'ﬂ‘vfd1vers1ty foudd 1n thts study are typtcal of many halophyte'

ihcommun1t1es in. wh1ch saTtgrass grows Ungar (1965) peported
-TbasaT area vaTues from 1 2% 1n the Dlstlchlls Suaeda:gf

"icommun1ty to 12 SA in the ta]T Dlsttchlls meadow commun1ty

;°‘Tat the B1g SaTt Marsh 1n Kansas The ]atter communtty aTso mf,"ﬂ"

jihad the greatest spec1es d1vers1ty,athere were 13 spec1es

: 7Tpresent,}a]though onTy ftve contr1buted nottceably to thetffﬂﬁ.

) af?cover vaTue SaTtgrass had the h1ghest or second hlghest

7cover value 1n most of the commun1t1es 1n wh1ch 1t occurred o

At Akasu Lake DlSthhlIS Hordeum and Puccznell:a va]T

VZA;had the h1ghest cover values in nearly aTl of the QUadratsft~?'
Tsampled depend1ng on prox1m1ty to shore In other areas,

wli1nc]ud1ng Saskatchewan Kanﬁés OKTahoma Nebraska North

’ t~DaKota. South Dakota and Colorado saltgrass also had htgh
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nre]at1ve percent cover 1n the commun1t1es in whtch it ‘was
dom1nant or codom1nant a]though total percent cover was,
”"often very Iow (Dodd and Coup]and 1966b, Ungar 1967 1968
1970 1974a, Ungar et al 1969 Redmann 1972) .

| }i In almost every commun1ty 1n wh1ch it occurs.1n"
' North Amer1ca, Dlstlchlls strlcta has - very h1gh frequenCIess
'usually close to 100% (Ungar 1955 1967 1968, 1970, 1974a

- Ungar et.aJ. 1969). Other spectes have 1ow frequenc1es in

‘the dwarf sathrass commun1t1es, and ]ow to h]gh frequenctes'-d

“'1=when assoctated w1th ta]] sa]tgrass Spec1es w1th the

’htghest frequenctes in sa]tgrass commun1t1es 1nclude Suaeda
calceol iformis (Saskatchewan, Dodd and Coupland 1966b;
b.Kansas,_Ungar 1965) ; Aster eFlCOIdes (SasKatchewan -Dodd and‘v
. Coup]and 1966b) HOPdeum jubatum (Oklahoma, Ungar 1968
 South Dakota, Ungar 19701, ‘and Puccznellla nuttalllana

(Alberta Ketth 1958) In the two areas sampled at AKasu L

L Lake the h1ghest frequenc1es were those of Hordeum

h tDlstzchlls Pucc:nell:a Suaeda Chenopodlum, and Aster

'wiabrachyactls ngh frequency va]ues d1d not necessar11y -:

-~Jh1nd1cate h1gh cover values A compar1son of frequency and

?f;{{cover values for the two areas sampled showed that commun1ty»fd:ff’

,r.fcompos1t1on could change con51derably over a short dlstance f.ﬂf~75

"”Suaeda and Puccfnellla were more abundant 1n area 2 where “f}’:!fc

| :they grew w1th the short form of sa]tgrass 1n more sallne

’.7}_50115 than 1n area 1 where they grew w1th both short and

e tall saltgrass 1n less sa11ne 501]s



e

154

5 2 3 SaTtgrass zone transects |
| The two transects through the saltgrass zone at

;. Akasu Lake clearly showed the dom1nance of Dlstlchlls |
strlcta when 1t occurred as the short gro&th form In the
short Ds. zone it formed a nearly monospec1f1c stand w1th |
‘very h1gh peroent cover The areas north and south of th1s

l=stand had Tower soil sal1n1t1es and hlgher cover of spec1es
':'other than saltgrass The ta]] scattered Ds zone is o ‘ﬁ, //,

gactually a DlStICh]IS Hordeum or Hordeum DISfICh]IS zone,\ ”‘) :
“’<because the drop in percent cover due to saltgrass co1nc1ded"v
v.w1th an - 1ncrease in percent cover of Hordeum | | Ry |
It must be emphas1zed aga1n that the dtst1nct1on
"igbetween the short and the ta]l growth forms of saltgrass 1s
‘somewhat arb1trary,.because these forms are actua]]y |
'T.endpo1nts of a grad1ent of culm hetght ‘However, certa1n
scombtnattons of edaphtc factors resuTt in: mean plant he1ghts

iwhwch tend to be near the relattvely short or relat1ve1y hﬁl' o

"f'italJ end of the gradIent

It 1s 1nterest1ng that saltgrass reefheh;its{~‘

1:5h1ghest percent cover when 1t was present as the short

ff;;growth form rather than the ta]T growth form The s01ls 'T_gfbfid

’:gﬁf;funder the short and tall Ds zones both had h1gh sal1n1ty,_:.r'?:'

!t:f T7but so11

,r sture Tevels were con51stent1y h1gher 1n the ij}w

’ 7°;ta11 Ds zone 50115 of the tall Drst;chl:s Hordeum zone. had

.‘fggmuch lower sa11n1t1es than those of both the short and ta]l

. Ds’: zones Apparently a Comb1nat1on of htgh 5011 sallnlty and

«w;}"relattvely low 5011 mo1sture reduces or eTrm1nates»tVf177i'7”

S ‘_'_____f_—,.__;__‘_‘_*_-z\s“’_,':_
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‘;competition'from‘otherfspecies a]]OWTHQ dwarf saltgrass to

. sprtead . out and dom1nate such areas This type-of spec1es

| dtstrtbut1on has been found by other authors Ungar et al.
i(1979)-suggested that some form of 1nterspec1f1c compet1tlon
’]1m1ted Sallc nia europea to so11 zones wwth less than :

.\opt1mal cond1tlons

its growth.

,755 3 Growth of Sa]tgrass 1n the-Fleld
5.3.1 Phenplog1ca1 observatlons o . | |
"‘ | . The growth patterns of Dlstlchlls stnlcta were well_‘='
'correlated w1th seasonal edaph1c changesa Cessatton of shoot g
'growth 1n mid- du]y corresponded to- the perwod when soml
E sa11n1ty and 5011 temperatures were at htgh levels and sotl
.Vipm01sture levels were at the1r Iowest Flowertng began before:f'h‘
shoot growth ceased and contlnued for some tlme after The
‘fbabove ground porttons of saltgrass plants dted back by the_t
:"f-end of August 1eav1ng the rh1zomes to prepare shoot buds
Aaﬁfiigfor the next season Although these phenologtcal changes may$?h
2?5§;5be due to endogenous factors,}work w1th sa]tgrass 1n '_ ‘d
.controlled cond1t1ons suggests that env1ronmenta] factors fﬁ:;?r"
,;f[falso play an’ 1mportant role 5 | Gl
';#;'l:f. .

L 95.3 2 Growth of tagged shoots

,"5“ﬂrf=f The sthJf1cant dtfference in he1ght of sh ts“““'_“‘“';
between ‘the short and ta]l growth forms of saltgrass was t'h;*,v”
presumably due to some edaphlc factor( ) The evvdence for |

thts ls that both forms of saltgrass in the fteld



Qafffor both sho;

e

exper1enced almost 1dent1caT mlcrometeorolog1cal cond1t1ons

and growth in controTTed cond1t1ons showed that he1ght was _

~ not- genetlcale T1m1ted Many reports 1n the T1terature

' f;suggest that the saTtgrass growth forms are’ responses to

‘Tftotal so11 saT1n1ty (Ungar 1965 1967 1968 1970 Ungar et

1969)' However, at Akasu Lake there was very thtle
d1fference between saturatwon extracts of 50115 under shoré\
,and taT] saTtgrass w1th respect to ECe TC Y- saTts, and
: catwon concentrat1ons and rat1os (see Tab es 14 to 16) _
TS1nce the rat1o of SP to Pw was very c]ose for both so1ls,“
‘~concentrat10ns at f1e1d mo1sture Tevels woqu probably be’

"s1m11ar 1n both 501Ts The maJor d1fference between the two
:so1Ts was in mo1sture Ievels SobT of the tall Ds zone N
ialmost aTways had a hlgher moistsre content than 5011 of the
rishort Ds zone PTants 1n the former zone were probably able
2vbAto grow taller in the presence of th)s add1t1onaT mo1sture
i L e v - : %.fij,d" , . 8
d f5 3 3 FTower1ng percentage | "

Py

The low totaT flower1ng p ;centages (17 to 18%)
and ta]l Dlstlchlls strlcta 1n 1977 and 1978

{°Vf_jspec1es as vegetat1ve reproduct10n Although each panlcle

'“joften up to 180 cm 1n Tength, are weTT adapted to extend1ng

:WTstands of sa]tgrass (Hansen et a] 1976) They can spread

156

- 'v’\\',

*

b ?fsuggest that sexual reproductton is not as ]mportant to th1s n;

o ?jfinot ]1Ke1y to trave] far However the rh1zomest_ﬂhl§h are ';—~

| fﬁf{may produce severaT seeds the seeds are fa1rly heavy and if_fﬁn'

"55,_Tfrom areas favorable to growth to areas where sa11n1ty 1s »f‘atl
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o =T )
higher. When cond1t10ns ameliorate, advent1tfous roots can

form and new shoots will be produced

5;4*Solution Culture Studies E t o
5.4.1 Exper!ment 1 . )
5. 4. 1 1 Growth of ‘plants:

- - The saltgrass plants used in th1s experlment were

-obtained from the short Ds zone at AKasu Lake. The hewghts
they reached in solut1on culture were cons1derably greater .
than the average helghts reached by short and tall saltgrass ”
- in the fleld Thls shows . that the growth reduct1on of the -
" short form in the f1eld is apparently not genet1cally
4 controlled for when these same plants are placed in
‘favorable condltlons they'can grow v1gorously.
| ‘é', None of the catlon ratlos used was adverse enough
fto cause a s1gn1f1cant decrease 1n shoot or root dry we1ght

of the. plants Th1s suggests that saltgrass plants can

_‘adJust readlly to a wide range of cond1t1ons It.lsu

- d1ff1cult to explaln why plants in treatmeht solugion 3 had

the lowest number of shoots, shoot ‘height, and dry wewght

" of the four treatments while plants in the less favorable
,’i_solutlon 4 grew more v1gorously/than those 1n”treatment 3

v 9
o Since the dlfferenCes were not slgntflcant they may have

been due to plant var1ab1l1ty rather than to solution’

cond1t1ons As. Trelease and L1v1ngston stated in 1924 w1thu
", - ,
respect to grow1ng plants in solut1on cultures, 1nternal

Var1ab1l1;y is generally found to be far: frOm negl1gible

,l



158

5.4L1.2 Tissue analyses

Catlon concentrat1ons in shoots -and roots of
saltgrass grown in the four solutlons show that the plants

0o ‘
. were. regulat1ng t1ssue ion contents so that they fell w1th1n

‘a nge favorable to growth When SO]Uthh calc1um |
"co:Zentrat1ons decreased by a factor of e1ght t1ssue

calc1um content fell by a factor of only three in the shoots-

L and only two in the roots: Calc1um uptake by the plants

‘compared to solut1on calc1um concentrat1on was actually ’
‘1ncreased on a relat1ve scale when SO]Uthn concentrat1ons
_dropped | \ | | | |

L1KeW1se, the 1ncrease in t1ssue magne51um '
concentrat1on was not proport1onal to the 1ncrease in. f,'
'solut1on magne31um concentratlon The plants were somehow
restr1ct1ng magnes1um'content in the tw$sue so that it was
present in a falrly narrow range of concentrat1ons
| T1ssue sodlum concentrat1ons were Kept w1th1n the

. ).
. same ma X imum range as calc1um and’ magnes1um concentrat1ons

o with none~of the three exceedlng O.Q;me/g. In contrast,

potassium concentrations were always above 0.3 me/g in shoot.

and root t1ssue, and reached as hlgh as 0. 5mefg Cons1der1ng

" the extrehely low levels of potass1um present 1n the

‘nutr1ent solutions, it must be concluded that saltgrass
roots were@act1vely absorb1ng potass1um by some hlgh
‘affinity mechanism and transport1ng.1t to the shoots.‘

The total»Catloniconcentratton in plant“tissue was

held fairly constant in ‘the four treatments; it varied from
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{

0.9 to 1.1 me/g in shoot tissue and from 0. 8 to 1.1 in root
tissue. This® probably falls within a range which is optimal
vfor saltgrass growth.
Althoughatherelwere:stgnificant differenbesi
‘between treatments with nespect to tissue,Mg/Ca'ratio,wthe
increase in tissue'Mg/Ca,from treatmenttl to @ was far from
vbe1ng d1rectly proportional to that in the solut1ons Root
Mg/Ca ratlos ‘were hlgher than shoot ratlos, and exceeded the
"two lowest solut1on ratios. However at the high solutlon
-Mg/Ca ratio, the root ratto was less than half and the, shoot
ratio less than one quarter of the solut1on rat1o The
»plants were apparently controll1ng the lnternal ratlo by
‘excludlng magnes1um from the shoots 7 | N
~ The cat1on to total cation ratlos show the

1mportance of potass1um in shoot and root t1ssue The K/TC
lrat1os were from 2.2 to 2 6 times larger than the Na/TC f

'rat1os in the shoots, and from 1.5 to 1.7 tlmes larger than

~ Na/TC in the roots. These plants mus t requ1re or: prefer h1gh

K rather than hlgh Na concentrat1ons, perhaps for use in
| osmotlc adjustment to high sal1n1ty _—

Sodium concentrat1ons and Na/TC ratios were always'v
lower in shoots than roots, suggestlng that the plants were
restr1ct1ng root to shoot Na transport or excret1ng Na ‘from
the leaves The lmportance of the latter Tn th1s experiment
is not known, s1nce the act1v1ty of salt glands was not. !
'1pvesttgated o : B |

Comparison of data from this expertmenthWith'data
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from other studies is glven in Tables 17 and 18. Due to
space limitatlons;'only shoot data are presented. Cation
;concentrations in general were much louer for saltgrass in\
this experlment than.for‘many other plants grown under_
various conditions. In_partlcular, tissue‘catjon
vconcéntratjons of D. Stnicté from‘ﬁeath Valley (Hunt and .
. Durrel1:1966) were much htgher than those of saltgrass grown
in solution culture no doubt because substrate - | .
concentrat1ons were much htgher. However; the cation ‘
j proportions were much different tn‘the‘Death'Valley plants.
»than in the solut1on grown plants of Exper1ment 1‘ Thep
‘relaA1ve concentrat1on of sod1um and potass1um was. reversedl
in the former plants .sod1um greatly exceeded potass1um in
fconcentratlon and proport1on of: total shoot cat1ons Th1s o
 ’was also shown in saltgrass from Utah (W1ebe and Walter'd |
1972 Hansen et al. 1976) It is d1ff1cult to expla1n th1sf'ih
_ld1screpancy, s1nce it 1s such a complete reversal lhertah
"and Death: Valley plants may belong to dtfferent ecotypes

fthan Akasu Lake plants, and the cat1on d1fferences may be.uﬁ-‘
due to ecotyp1c varlat1on SO1l type may also be 1mportant
's1nce the Utah saltgrass plants grow on 50115 ‘high 1n
’chlortdes, while the Albeﬁta plants grow on so1ls h1gh 1n
,:sulfates Preparatton of the t1ssue can also affect results
}-of analyses,ns1nce wash1ng is necessary to remove surface
accumulattons of jons secreted from salt glands ‘ “ l/
';'. A preference of pota551um to sodium has been shown '
in mény JL

h lophytes Beadle et al. (1957) found that 1n some
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.‘-spec1es of Atrlplex even though concentrat1ons of Na were
hlgher than K 1n leaf ttssue, K/Na rat1os in .the plant were
.cons1derably hlgher than those in the 501ls in whlch “the .
plants\were grow1ng Even when K/Na 1n the so1l was. 1/131,
_the uptake of K was not greatly suppressed suggest1ng that 3
the plant must have a h1gh aff1n1ty potass1um uptake |
‘f‘mechanlsm Eurotla Ianata grow1ng in, Utah accumulated
‘Htpota551um from 1. 6 to 2.4 t1mes greater than sod1um Th1s R

»*also suggests the ex1stence of a spec1al pota551um uptaKe

- mechan1sm Albert and Popp (1977) gave ev1dence wh1ch

'_strongly suggested that grasses and sedges as a group tend
,to have a greater preference for potass1um than sod1um
if'whtle some dlCOtS (espec1ally Chenopod1aceae) accumulate""gih'
“sod1um Tn preference to potass1um Secret1ons from salt R
-fglands Of grasses show that sod1um is secreted in much ';:'f
f'[greater proporttons than potass1um, whtch tends to be B

-‘rpeta1ned by the cells (Hansen et al 1976 Ramat1 et al

';ﬁ§1976) These stud1es 1nd1cate that many grasses and

.”l;grassl1ke plants haVe adapted to hlgh sal1n1t1es by

';tlexcludlng sod1um and act1vely absorblng potasstum

./.'

: The abtl1ty of saltgrass to malntatn Nelattvely
'low Mg/Ca rat1os 1n t1ssue would be advantageous 1n i

tvprevent1ng magnes1um tox1c1ty and/or calc1um def1c1ency

'j;Saltgrass Q@ants in th1s study grown 1n solut1ons where

‘ff.Mg/Ca ranged from 1 to 15 had shoot Mg/Ca of 1 to 4 Even o

' *fllower Mg/Ca (O 08) was found 1n saltgrass plants 1n Utah

:._(Wlebe and Walter 1972) Th1s adaptatlon has been shown 1n ;fj"‘

Lo
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serpentine plants; which gr0w on SUbstrates,with very high
'”magnesium'COntents'JWalKer~et al' (1955) found that when
} 501l Mg/Ca was var1ed from 15 to 0. 2 ‘the Mg/ba ratio. in
_;plant t1ssue of nat1ve serpentwne spe01es varied from 3 1 tot

}O 3 These plants were: able to absorb enough Ca relat1ve to

: tMg to prevent calc1um deflc1ency symptoms, wh1le cpop plant57 f’y

"lg_grown in the same cond1t1ons dled or suffered from Ca‘

\fdef1c1ency | | | |
| = The ab1l1ty of saltgrass to regulate 1nternal lon' ;“
concentratlons when grown in: adverse condltlons 1s read1ly :
r_seen when compared to thé growth of barley under 51m1har

| :cond1tlons Carter (1977) found that 1ncreas1ng Mg/Ca rattos;

X

iw1th constant sod1um concentrat1ons 1n nutrlent solut1ons

+

:3]‘resulted in decreased Ca and K concentrat1ons and greatly

:'1ncreased Mg and Na concentrat1ons 1n barley tlssue

e fﬁlnternal M /Ca ratwos a 1gh as 10 were reached 1n barley
} g

//

'4'ﬂshoot” and ylelds were con51d§:abl§‘depressed Carter

"“l:;suggested that barley was not able to absorb enough calc1um ;

‘;'hto promote K uptake and Na exclu51on In saltgrass, even

5 4 2.1 Growth-of plants

"when t1ssue Ca/TC was low sod1um content d1d not 1ncrease
»_;51gn1f1cantly. It appears that Ca/TC 1s not as cruc1al inij

_controll1ng 1on selectlvxty in saltgrass as it 1s 1n R
vglycophytes, or the cachum levels»requlred are much lowerffﬁ

v .

| f5 4 2 Experiment 2

S

Although 1ncreased sod1um sulfate sal1n1ty d1d not’“}b:"'
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_swgn1f1cantly decrease growth of saltgrass plants in thlS
exper1ment the overall surv1val and growth of plants was o
T less than that in Experlment Thls could be partlally due
.‘ \
* to the d1fferent means. of obta1n1ng shoots for the two v

eXper1ments The rh1zomes collected from frozen soil: for’

{Exper1ment 2 had been subJected to much harsher cond1t1ons

| ﬂjthan those Kept in the cold room for Exper1ment 1 I

;’add1t10n to th1s, plants 3n Exper1ment 2 were transferred ]‘

' from verm1cul1te w1th d1st1lled water lnto concentrated
t

;'culture solut1ons wh1le those in Exper1ment 1 were f1rst

“”‘allowed to sprout and grow for a short t1me 1n the so1l
w - ,

. ”iwhlch they had been collected The latter plants were

";7concentrat1on as, were the plants in: Exper1ment 2

';probably not subJected to as great a shocK in salt I

\‘ .

Although the decreases 1n dry welght of plants

'”'7frﬁfrom treatment A1 to 83 were not s1gn1f1cant 1t 1s poss1ble“mjr

1Tnithat 1ncreas1ng sal1n1ty was respons1ble for the trend of »

r.;decreased Y1elds~ The death of ent1re repllcates only 1n thehb

l-\

"Jf=hlghest salt concentrat1ons%also suggests that 1ncreas1ng

"r-.t-sal1n1ty 1nfluenced surv1val and growth of saltgrass

i'However there is no stat1st1cal ev1dence that saltgrass |

'f3grows best at low sal1n1t1es the determ1nat1on of the ff:”i*

A
Opt1mum salt concentratlon for saltgrass growth apparently |

7_requ1res a much greater range of sal1n1ty Dlstlchlis

’fstrlcta d1d not requ1re added sod1um for healthy growth of

a m1droelement was not ruled out because sodnﬁgyms l1kely

1

shoots and roots The poss1b1lity that it requ1res sodﬁum as{;‘f-fii
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present in 1mpur1t1es in ‘the chemtcals and water used 1n the'
" solutions, and- may a]so have been present in the rh1zomes
| Shoot water . content and succu]ence were sl1ght1y,
‘:but not 51gn1f1cant1y, decreased by 1ncrea51ng sa]1n1ty
Plants even in the most concentrated solutton had water.
contents greater than 250% Th1s 1s much h1gher than the '
water content of QQA reported for Dlstlchlls Strlcta in
t'nattve so11 (Al Saad1 and W1ebe 1973) Th1s 1ower va]ue may
F,rybe due to adverse fte}d condlttons or a d1fferent growth R
stage of: the p]ant T1Ku (1976) found water content “
~”decreased from 200 to 114% 1n sa]tgrass when osmot1c

-potent1a}s in solufﬁon were 1owered from 0 to - 3200 kPa by

~addmg NaCl The succu]ens%}values reported by Ttku‘were 3. O'{f'

;:to 2 2 over the same osmottc potent1a1 range compared w1th

"a,-g3 9 to 3 8 over a range of 270 to 970 kPa as found 1n th1sf7t

PR

,;,study These d]fferences may be due to the dlfferent an1°n5f;i'55‘”

= Ht}used (chlor1de vs sulfate) or the d]fferent grow1ng ﬁf1f7fcif

v'fcond1tons (greenhouse vs growth chamber) Jfaf:fﬁ

”f?ircontrol treatment 1nd1cates that these solut1ons were too

*dﬁgrowth of contro] barley 9139}5,

”'x't.concentrated for surV1val of nonhalophyt1c plahts 5The rap1dﬂy3tg;f*

- ;ngwed that the control i
af;nutr1ent solutton waéﬁ&dequaﬁb forgnormal growth and that

’:the enV1ronmental cond1t1ons)1n the growth chamber were

.tfavorable to barley growth

[* " «Aa N

-

The death of all barley plants except thoSe ‘n theffjﬁ*.i:
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”-5 4.2. 2 Water potenttal measurements
| Saltgrass plants were able to matntatn 2

vsubstanttal water potent1a1 gradtent between solutton and

'plant 1n a]] the soluttons used Leaf water potent131 ‘was atd_"

‘1»1east 280 kPa 1ower than solutton water potent1a1 1n each

treatment There was ltttle change 1n 1eaf water potent1a1 B

d'over the_ 270 to 440 KPa solut1on change but the drop of
solutton osmot1c potenttal to 970 KPa caused 1eaf water
potenttal totdecrease by an addtttona] 400 to- 500 KPa to .
',-1200 Kﬁa Potasstum 1ons may be 1mportant in 1ower1ng
‘ttssue water potentta]s '51noe they are’ absorbed 1n greater
:dQUanttttes than any other cattons ';b3 ‘:h](d' ,

Y Dther studtes show that Dlstlchlls Strlcta can fd
f,matntatn 1ow leaf osmot1c potenttals 1o surv1ve 1n saltne‘ai'

‘“50113 Harrts et al (1924) found that saltgrass 1n Utah had

V_fhtgh leaf fluwd concentrattons whtch resulted 1n osmot1c f

i potenttals of from 2000 to 4100 KPa They suggested that

*7ffthe presence of very htgh ohiortde 1on concentrattons was

&

71nma1n1y respons1ble for the htgh conduct1v1ty of leaf t1ssue ;aﬁf

4

1“.bfflu1ds Dodd and Coupland (1966a) measured leaf sap osmottc Ced

***Tf!mpotentlals of sa]tgrass over the grow1ng season 1n

o f-”ﬁ.’_Saskatchewan,, and found that 0f ranged from -2170 to. 4780

" KPa, W1th a mean of —3040 kPa ElSharKaW1 (1969) reported

bthat saltgrass was able to adJust to sa11n1ty stress by
: L3

'?ftncreased osmottc adJustment, and was able to. surv1ve

-_sa11n1ty stresses to 9000 KPa Detltng (1969) measured

t'b5]eaf water potent1a1 of saltgrass dur1ng the grow1ng season



\% in-Utah"and found alrangedof”-SOO‘to -4000 kPa' When plantS".
| - were greenhouse grown leaf -water potentlal varled from 270 B
to 4650 KPa depend1ng on so1l salt -and water percentages |
| Ti&u (1976) grew saltgrass in solut1ons in whlch osmotic
| l‘ " potent1al was lowered from 0 to 3200 KPa by add1ng NACT,
E and found that plant oP decreased from -1300 to -4700 kPa
The potent1als recorded 1n Exper1ment 2 fall w1th1n*the
franges reported in most of the above studles Saltgrass is’
~H£T" capablevof adJust1ng to lower osmot1c potent1als than those fﬂ 14

to which 1t was subJected 1n solutton culture in th1s studytv
-~ 1@ .,’f'

s Other halophytes show s1m1lar patterns of. osmottc .
adso;tment to sal1ne med1a The leaf sap osmot1c potent1alst
of Atr/plex nummularla and A lnflata were. always
cons1derably lower than solut1on osmot1c potent1als Teven in f"
the' control solutlon, they fell as low as -5500 KPa for the f,f
former and 7400 kPa for the latter specwes when solutwon DP
waé 2400 KPa (Ashby and Beadle 1957) Leaf osmotic
potent1als of A hallmus grown 1n NaCl solut1on decreased ks
Fap1dly wwth the 1n1t1al drop 1n external OP then rema1ned b_;;;'
fatrly constan% to about —900 kPa 1n the external solutwon
(Gale and PolJaKoff Mayber 1970 Mozafar et al 1970a)

Spartlna townsendll the osmotIC potentlal of shoot sap |
paralleled the Qecreas1ng OP of the NaCl solut1on 1n wh1ch“’ilfiff?

‘ 1t was grOW1ng (Storey and Wyn dones 1978b) oot o -

T T :mu"l The tmportance of the potass1um 1on.1n ‘:A'ilrdulxb“l' -
contr1but1ng to osmotlc adJustment has been dlscussed by.

Rozema (1975b 1976) fn duncus spectes and Glaux maritlma

i\\

: ',‘. ;» el
o N C):l o .' . ,::‘ -;r"
R o o . » . -



pota551um was respons1b1e for a large part of the ]eaf sap _'

op, expec1a11y at low sa11n1t1es As sa11n1ty 1ncreased K

' concentrat1on in 1eaf sap rema1ned fatrly constant in the

. duncus spec1es but the contr1but1on of C1 and’ Na to. osmot1c o

potentlal Lgoreased At most sa11n1t1es Na, K and Cl

” accounted for 75 to 80% of the OP of p]ant sap Wa]lace and .

K1e1nKopf (1974) atso found that Na and K accounted for most‘;

of the water potentlal in halophyte spec1es In other

halophytes, organic compounds such as glyc1nebeta1ne may be .

t more 1mportant 1n 1ower1ng plant OP (Storey and Wyn dones__'ﬁ*

LI RN

1978b), Albert and Popp (1977) suggested that accumu{at1on

; : of sugars in ha]ophytxc grasses is largely respons1b1e for

'/'Tf about 45% wh1le the h1gh ones were 85 to 100% The RH u5ed

%He1r low cell sap osmot1c poteht1als It 1s not Known to
P r !

what extent organlc solutes contr1bute to 1eaf osmot1c 1

potent1a1 1n Dlstlchlrs strlcta but 1n V1ew of the

i relat1ve1y low ttssue Catlon concentratlons shown 1n these .fh

exper1ments. organlc soiutes and pota551um are probably ffﬁf b

o - : P

respons1ble for the maJor port1on of 1eaf OP ,.~;j ;ﬁijﬁf[f‘°““"‘

water relatxons 1s relat1ve hum1d1ty Several authors have

1

found that h1gh re]atlve hum1d1t1es can greatly re11evé the o
suppresstve effect of sa11n1ty, so that salt tolerance of f}
plants can 1ncrease W1thout s1gn1f1cant]y changed twssue 1on"f!§g}f"

contents (N1eman and Poulsen 1967 Gale et al 1970 Hoffmaniﬁ;f'

{

- 1689

One factor 1nvolved 1n matnta1n1ng favorable planf:;;

'f.?and Raw11ns 1971 Hoffman and dobes 1978) The 1ow relat1vefn55;“h‘:

hum1d1t1es (RH) used 1n the forego1ng studles were general]yiﬂ:ff'”fh

[

_,\_.,,_‘ SRR ,,,w_ BROERR R A



,'fftérelated to plant var1abll1ty

'"“'fgl1ttle w1th 1aneas1ng sal1n1tY..and remalned at. fa1rly low

in the growth chamber experlments of thlS study was 63%

wh1ch is about halfway between the above values Th1s RH-

' Acould have lessened salt stress compared to that at a lower

Aa‘RH thus Keep1ng ylelds fa1rly hlgh It must be - remembered
that thvs RH is the average Jow, found at the Akasu Ldke
s1te 'so the saltgrass plants used were: probably adapted %9

'thxs level of hum1d1ty Use of a lower RH ln comb1natlon o

| '.:w1th sal1n1ty mlght have affected growth d1fferently ;,;Lp;

=5 4 2 3 Trssue analyses : |
; Catlon concentrat1ons and ratlos 1n‘saltgrass
z;t1ssue\1nd1cated that the plants were respondxng to external
"concentratlons, but were regulat1ng uptake to keep 1ons 1nq
7;lfavorable balance 1n the t1ssues v;fra,,‘".;fj}fgffff?t
= Calc1um concentrattons were very d1fferent 1n/
‘%'plants grown 1n solut1ons w1th two d1fferent Ca lgvels The
*?id]fference between A and B plants was matnta1ned at all
‘“1sal1n1ty levels The Ca contrnts of plants 1n the B

-hf;and C groups (30 and 8 me/l solut1on Ca respect1vely) were

vtisdh1gher than\any reached 1n Expertment 1 1nclud1ng the

°"jtreatment at 40 me/l solut1on Ca Thls d1fference may be “‘ .

T1ssue magne51um concentrat1ons changed;very

,.“

:‘fhlevels in all treatments The Mg concentrat1ons in. th1s __djff'5

?;_expertment were comparable to those ]n Expertment 1

In the plants whlch survwved to the end of the

T e



-]fexclude and%or excrete sod1um at hlgh external

"**]t1ssue may havewbeen~due to solut1on contam1natlon and/or to

Bt .'_17?1*1;

T I YRS ,

exper1ment the t1ssue soﬁ1um content was low compared to
) the ones whlch succumbed early The death of plants 1n A3
and 83 may have been partly due to thelr 1nab1l1ty to

: i
.concentratwons The presence of sod1bm 1n control plan( e
| el

;Alnherenj sodlum concentrat1on in the rhlzomes from whlch R

‘*7,‘plants were started To el1m1nate the latter source -ﬁt‘f‘” _

..:.‘:-‘

‘would be necessary to propagate plaﬁts over several
;:igénerattons in sodwum free culture solut1ons B Tj"
| ‘a The sod1um concentratfons in plants grown in 50 to ?; o
fﬂ_1oo me/l Na were comparable to thosg found in plants grown |

in 100 me/l Na in Exper1ment " In A3 (300me/l Na) the h1gh
n,'shoot Na content was not s1gn1f1cantly d1fferent from that of <ff
.‘other A or B treatments but the root concenthat1on was |

R

s1gn1f1cantly greater than that of all other treatmeﬁts Thes

‘ roots probably lost some of the1r ab1l1ty to exclude sod1um."'

[1:at th1s hlgh concentrat1on but the plant was. able to. Keep

- -Na content low 1n the shoots, probably by eXCret1on from

T sald glands

[3

The 1ncrease in sod1um éoncentrat1on 1n the root

*=tfx_}med1um seems to have caused decreased root potass1um uptake,

'but the d1fferences between treatments were not s1gn1f1caﬁ% -
*Shoot K concentrat1ons Were¢con51derably h1gher than root

‘ .concentrat1ons, and in most cases were hlgher than K

‘f.fconcentratlons of plants 1n Exper1ment 1. It 1s poss1ble ‘

B that the roots were act1vely absorblng K and transport1ng it oL

. o



~n

e

L

- concentratlon between the two exper1ments There- were no

o to the shoots, but were aTso Tos1ng ‘some- root K back to the

: externa] solut1on due to 1ncreased saT1n1ty and perhaps*some

tj.Toss of membrane 1ntegr1ty w1th respect to monovalent 1ons

~TrGreenway (1963) found - that” barley grown in h1gh'sa11n1ty,; Q

"Tow nutr1ent soTutIOns Tost a s\gn1f1cant portton of K back

.

I

fto the substrate "‘Q :'v.7_n-\)a$.f:1='3‘,;:‘.I_:j‘_:'
0 The very Tow potass1um o‘hcentraﬂ1on of twssue 1n ’

hs \treatment 83 1s correlated w1th the earty death of these

'T‘;.Plants. but whether 1t 1s a cause or a resu t of t1ssue e

-8 ~

T death is d1fficu]t to determ1ne Ih‘e1ther case saltgrass

\,\

. ;,.plants grown 1n thh saTt concentrattons seem to requ1re “3,‘“j.w

~ : ~L

k‘;75h1gh 1nternal pdtass1um concentrat1ons for surv1vaT\\These

[concentrattons may _e necessary for osmot1c adJustmeqﬁ or

‘ for ma1nta1n1ng metaboltsm under adverse cond1t10hs

TotaT cat]on concentrat1ons of saTtgras; pTants in.

Exper1ment 2 were remarkably s1m1lar to those 1n Exper1ment

';;1, constdervng the d1fferences 1n solut1on compos1t1on and

“js1gn1f1cant d1fferences 1n shoot TC over a soTut1on range of;«

~t18 to 368 me/] in Exper1ment 2 Root TC was more varIed but

'was even Tower than shoot TC These pTants were able to N

<. TC fell w1th1n a faery narrow range of oph1mum :

“.concentrat1ons Th1s constancy of tassue TC suggests

g”regulate totaT 1on uptake and lon excret1on such that F1ssue'

A
S

ttalthough 1on uptake may be 1mportant in osmot1c adJu tment

;‘tof saTtgrass, 1t is not the maJor factor 1nvolved 1n

tlower1ng tlssue osmotwc potentwal The TC of shoots 1n the

hat - . S



3 . . v .
wo g R E 173
T ‘ R N N L3N o . N . .
. N o ’ v - ’ )

”control (grown 1n a solLtlon of 60 KPa) was about the same :

.'il as. that in ‘A3 (grown 1n —970 kPa) but thElP shoot waterT;‘

*\potent1als were very d1fferent (\?10 vs ~1250 KPa)

f‘Synthes1s and accumulat1on of organ1c solutes must be

RS

:,; clearly 1llustrate the dom1nance of potassdum over sodlum 1n.1

e “;solut1on ratqos Even when solut1on Ca/TC was as’ low as O 027';f -

':respons1ble fo(/th1s drop 1n shoot water potent1al v;'f\ i_;

v;>$a fhe str1k1ng d1fferences in twssue Mg/Ca rat1os ;j_t,._

l

'j’between A and B treatments were due Fo the d1fferences in Caffof
o concentrat1on between the tw@ groups Because Ca contentsifff~5’T

‘fl'were hwgher 1? ﬁgots than 1n shoots for the B treatments, }1'

:f:ff"the1r Mg/Ca ratlos were lower 1n roots than 1n shoots The
'd‘greverse was true fgr the A treatments The tlssue Mg/Ca 4V

"'9ﬁ'jratlos in thlS exper1ment were s1m1lar to those Ain f@ﬂ-;t""“

"“*Exper1ment 1 .::;:;»,1J;Jt]fuzfzfe»*’

R

e The catlon to total cat1on concentratton ;atlos

the shobts of all plants wh1ch surv1ved the h1gh sal1n1taes T

f.tThe t1ssue K/TC rat1os were 51m1lar to those of Exper1ment :}5“"
:;1 Magnes1um proport1ons changed very l1ttle among

~}t?eatments wh1le calc1um proport1ons reflected the1r

Vifand K/TC was O 01 the plants were able to surv1ve and grow
”and were successful in ma1nta1n1ng favorable 1on pronort1onsf’

'T's'1n shoot ttssue The plants wh1ch d1d not surv1ve (B3) had

\

7fthe lowest K/TC and h1ghest Na/TC of any treatment even

though thelr Ca/TC ratlos were htgh Th1s suggests that

"fperhaps p favorable K/TC and not Ca/TC s cruc1al to

”5f:?*survival in thls-spec1es Thls is' supported by the results

-
v\-\



o o - . . o : : ‘ | .

‘ ‘-;of the oorrelation7test whlch showed that K/TC was

d 51gn1f1cantly correlated w1th both root and shoot dry |

’:Spwe1ght wh1le there were no s1gn1f1cant correlat1ons w1th

o Ca/TC {Iﬁlf”: .§‘~”~ Ll
Compar1son of saltgrass and barley t1ssue analyses

:Q:Vshows how effect\ve saltgrass was 1n controll1ng 1on

“5ZVConcentrat1ons All cat1on concentrat1ons, espe01ally §3

?jsodtum tended to be much greater in barley t1ssue than

ﬁ=lff‘saltgrass twssue The h1ghest sod1un1%kkbentrat1on in, e

"nftffsaltgrass ttssue 1n the dead plants of B3 was 0. 78 me/g, _.;f"

Lll;ﬁwh1le 1n barley 1t was as h]gh as 6 2 1n the shoots and 2 3

"’j1n the roots Barley was not able to restrlct entry of

g”excess 1ons when grown 1n these h1gh salt concentrat1ons ;ﬂlff5"”

"Tf,Th1s has been found 1n other studtes (Greenway 1963 Carter

'ey;obtatned 1n other plant stud1es us1ng several sal1n1ty

S

l=1977)

Tables 19 and 20 present cat1on concentratton data

utlevels Most of the saltgrass concentratlons tend to be

5'*4°among the lower ones found 1n plants grown in SOIUt‘O"s W]th

’;-\ :

"~added sod1um although potass1um concentrat1ons are med1um e

:‘tﬁto h1gh when COmpared w1th those of other halophytes {;txrlj_rg

Otherﬁstud1es W1th'saltgrass haée shown that. 1t 1s fn |

’4lable to surv1ve at h1gh salt concentratlons but does - not

B necessarlly prefer them Harr1s et al (1924) stated that

n"saltgPaSS had 1nherently h1gher concentrat1ons than some

i .Ijother grass spe01es, and that these concentrat1ons were not

determ1ned solely by the. eﬁy1ronment 1n whtch 1t was in'il:‘
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:‘fg decreased cons1derab1y by 1ncreas1ng sal1n1ty fpom 1 to 8%

AR

groﬁﬁng Thxs does not agree w1th the resu1ts of Exper1ment>”»

1 and 2 Th1s difference may be related to the presence of

h1gh C] concentrat1ons 1n the so1]s 1n Utah where sa]tgrass--f’
was grOW1ng, as opposed to sulfate 1n the solut1on cultureslgfff
Ecotyp1c var1atwon may also cause d1fferent’plant responsesfbug

Ah1 and Powers (1938) found that saltgrass y1elds-ff;*

were greatehvfﬁ'cool than warm temperatdres, and were

bf seawater Adams (1963) Yound that Dlstlchlls splcata from ‘Qi

“ﬁ7t‘ North Carol1na the c]&se]y re]ated coastal Spec1es grew

better 1n 1% NaC] than O or 2% NaCl,;a?d he suggested that
th1s spectes was an ob]1gate halophyte Barbour and DaV1s

(1970) who grew the coasta] spe01es from Ca11forn1a, found

’ﬁ~*that 1t d1d best 1n the low (0 1%) sa]t concentrat1on and

poorest 1n the h1gh (1 %) sa]t conoentratwon Detl]ng

(1969) remarked upon the low salt concentrat1ons 1n

.“fb sa]tgrass leaves fraq,Utah compared wwth those of

Sarcobatus vermlculatus Suaeda fPUtICOSa and S depressa

He bel1eved that th1s 1nd1cated saltgrass was able to f

g exclude excess Salts, enab11ng it io tolerate high salt

concentrat1ons T1Ku (1976) who found that sod1um ”fifg57t°“

e o

concentrat1on 1n D strlcta grown w1th added NaCl was 3 to
5 5 t1mes 1ow§r than that 1n Salczornla ﬂubra grown under

the same cond1t1ons; suggested that saltgrass 1s adversely

affected by NhC]

The above stud1es suggest that there may bea

several ecotypes of Distichlis strlcta each adapted to :f“f’h'

(



g djtqg chlor1de) present ih the. enV1ronment may strongly

e 178 -
yf d1fferent opt1mum growth condltlons, and related by thetr
f.ab111ty to surv1ve 1n salt concentrat1ons wh1ch l1m1t or

"‘hﬁ;prevent growth.of other spec1es Thl’domtnant anlon (sulfate‘

s

fr{;phnfluence'ton relatlons 1n saltgrass Thls may expla1n the'3"

'-~g§d1screpanc1es 1n t1ssue 1on contents bepween th1s stdEy,‘

,:h57where a sulfate system was used and ofher studles» where

p‘\ e

‘dh~;ﬁfchlor1de was dom1nant It 1s not lnkely that saltgrass 1s;qnl7

w*%?f;obllgate halophyte 51nce 1t usually grows best at e wl;7%§fd”

T”fbsal1n1t1es Barbour (1970b) feels that there 1s as yetﬂho;ff}f

'”ffﬂconclustve evkpence that any ang1ospepm 15 an obl1gate1fse”f¥

*'ﬂifhalopyte Accord1ng to h1s def1n1tton saltgrass wouldibe agﬂ“

7facultat1ve halophyte lf¢~;f_?idiﬁk%iﬁ“Qﬁfjaﬂﬂfg,ﬁ;'“ UL

' ~rfff5 4 3 Surv1val strategy of saltgrass

A strwktng feature of the behavior of Dlstlchlls

”";Z°stricta in solutton culture 1n thts study is 1t$ ab1l1ty to ;Jf

"';accumulate potass1um and exclude,sodtum from plant t1ssues
: / :

‘ﬁ‘fSelect1ve K accumulatlon has been reported 1n other d”

h:JSVYhtgh afftnlty mechantsm respon51ble for K uptaKe at low

iff;solut1on K concentratlons and hlgh solutlon Na

df:halophytes (Albert and PopB\lﬂ}?) There appears to be a

"'f,concentratlons Th1s mechantsm 1s probably 1ndependent of Naﬁf

Ht_concentrat1on thus enabltng the plant to absorb large

_.“hfquant1t1es of K w1thout apprec1able Na compet1t1on The

‘ﬁaffffabsorbed K may functlon 1n osmot1c adJustment and enzymatlc ;f'

'V:ireactlons if,'ftdwd* ff“:iijjfv5fff'f~7§f€'"b



The exclusloh’of h1gh salt concentrat1ons from

'plant trssues appears to be the mechan1sm enabl1ng saltgrass .;

'~Jh_to surv1ve 1n h1gh sal1n1t1es Even 1n barley,_the ab1l1ty

‘

'l'fgﬁto regulate 1on content has been found to be an 1mportant

“ngji';characterlst1c of salt tolerant var1et1es (Greenway 1962

‘(T.1973) In salt tolerant clones of Festuca rubra and Agrostlsa}i

A

g stolonlfe"a the total t1ssue 1on concentrat1ons could be

i

'fffkept at half those of nontolerant clones by exclu51on at

o f;fh1gh salw%1t1es and tolerance was assoc1ated w1th

”“?f*malntenance of almost constant 1on cOncentrat1ons -in roots

(5{:over the complete sal1njty range (Hannon and Barber 1972)

.fthhe results of the saltgrass solut1on culture exper1ments '

3§,J(ﬁare qu1te s1m11ar to those for Festuca and AQPOSfIS

lt has been suggested that salt accumulators are i

”“7j1~able to grow more v1gorously at h1gh salt concentrat1ons

ﬁﬁfﬂftthan salt excluders (Greenway and Osmond 1970) but salt

!

'3iexclus10n can be a very effect1ve means of surv1val The low.‘

' »g:~1ntepna1 salt status of salt excluders is benef1c1al 1nj,f,,;

”ffﬂterms of ma1nta1n1ng enzymat1c react1ons and salt excluders e

“f:ﬁican adJust to h1gh salln1t1es read1ly by synthesxzxng large S

"~fﬁquant1t1es of sugars (Albert and Popp 1977) Thé‘results

'jffrom the solut1on culture exper1ments w1th saltgrass show

"u'f}that 1t 1s a successful excluder iIt 1s probably also a.‘ff

A‘°fjsuccessfu] eXCPetOP s1nce 1t has salt glands which’ secrete S

}'Jwiilarge proport1ons of Na to K (Hansen et al 1976)

. -

,: jg-be expla1ned by the occurrence of several ecotYpes (Goodman ;f,,:

The w1despread d1str1but10n of some halophytes mayf;j;:



1973) Ehere are probably several ecdtypes of sabtgrass,_5 B
o P
o wh1ch may exp1a1n the var1at1on 1n sa]t tolerance and t1ssuee

'i‘.1on concentrat1ons among p]ants from-d1ffqrent ]ocat1ons f’::
( . .

e o
Prev1ous stud1es have déa]t W1th sa]tg -hs from sod1um

Lch]or1de s_bstrates, wh11e th1s study

B N

'd sal\grass from a

N Odlum SU'fate substrate

f',aQQJ:"Phe occurrence‘of saltgrass.1n sa11ne cond1t¥ons -
.wh1ch are not a]ways opt1mum for.lts growth may be due to |
lack of compet1tlon at those sa11n1t1es Where the short
growth form 1s dom1nant few other spec1e§ can surv1ve
Other authors have suggested that compet1t1on p]ays an
yh‘1mportant ro]e 1n rest1ct1ng ha]ophytes to areas of h1gh
saﬁmty (Phleger 1971 Barbour 1978 Ungar et al 1979)

~

§ rminatwn

| Germ1nat1on”of saltgrass seeds was affected by ‘

- both decreaswng osmot1c potent1a1 and type of salt Thé}?h‘:
' sod1um salts wh1ch occur natural]y 1n 1arge quant1t1es in ftﬁf
;;;fhf so1ls where sa]tgrass 1s found were least 1nh1b1tony to :
| germ1nat1on wh1le the magnes1um salt and PEG, a -
non permeat1ng solute were most 1nh1b1tory to germ1nat1on ;11
Other stud1es have shown that magnes1um sa]ts are more {4 i
:n':d311nh1b1tory than sod1um salts (Hyder and Yasmun 1972) and

that nonpermeat1ng so]utes are more 1nh1b1tory than sa]ts

(Macke and Ungar 1971) ?{;frﬁt“ | e H

At h1gh osmot1c potent1als (0 Or -200 kPa) maX1mumn?i

germ1nat1on occurred and as osmot1c potent1als°dg¢reased



"'i saTt was newther stlmuTatory or 1nh1b1tory The drop 1n Tt i;”.

germ1nat1on dropped sharply\at f1rst then gradually tb
“'zero There was. no s1gn1flcant d]fference between ~."

PR ‘
f'germ1nat1on at 0 and 200 kPa thTS smaTT amount of added

’ﬁ.-

Eiftgerm1nat1on at OPs from 200 to 500 K?a'was sharper than’fif

':»g;*the drop from 500 t6:-1000 1n aTT osmot1ca There 1si

-. ;4‘:appapent1y not % very ]arge g;ad1ent over whwch saltsJaaayma—-

SR Y
>9_[f1nh1b1t0ry Th1s\has been shown 1n other stud1es (Ungar

'thf51962 Macke and Ungan 1971)

The max1mumfgercent germ1natlon obta1ned 1n th1s

'“5;1Ltexper1ment was. Tower than that obtatned by N1elson (1956)

--(”{

'-‘3jlus1ng Dlstlchlls sth4cta seeds from Utah He found that 4{“‘*

-*tﬁiftsandpaper soar1f1cat1on gave germ1nat1on up to 72% 1n

i H{f;dtstnlled water/ It 1s not Known why germ1nat1on percentage ffff

w?ff{;for the AKaSU/LaKe seeds was SO IOW

Other stud1es on haTophyte germ1nat1on 1nd1cate

-ﬂ;b;that wh1Te Tow saTt concentrattons may st1mulate germxnat1on

'”f; 1n some spec1es. salt 1s not requ1red for germ1nat1on ~and

| jdgerm1nat1on 1s usUaTTy hlghest at Tow saT1n1t1es (Hoqan |

"11.31968,/Ungar and Caprupo 1969 Ungar and Hogan 1970 Macke fd?-3

vaand Ungar 1971 W1111ams and Ungan 1972 Ungar 1974c,:1977) ,

‘"fDlstlcths stPicta seeds f1t th1s pattern They are not

/

‘?1nh1b1ted by Tow salt concentrat1ons, but are great]y

”ytf/1nh1b1ted as salt concentrat1on 1ncreases They are

V*yyfjobv10U81y adapted to germ1nate at a t1me when sal1n1t1es are T

-fti’slow most llkely in early spr1ng

It 1s 1mposs1ble to say for certa1n whether the ;}f;
: L o SECR B e ‘
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'i-salts used were tox1c to saltgrass seeds, because mo]d

-

'z;format1on was respons1b1e for death of many seeds Ho&ever'?@"

'7511t seems 11Ke1y that some osmot1ca,vespec1a11y PEG have




Both the ecologtc&l and phys1ologtcal asDeCtS Of 'fgi

th1s study showed that Dlstlchlls stnlcta, saltgrass,;is{af“iff
halophyte due to 1ncreased compet1t1ve advantage 1n sal1ne f;i

~

so1ls and not because 1t requ1res h1gh sal1n1t1es forzﬁf,v'“”

;—Fn—ophmumgf‘owth L i e R T
.t‘r‘ ! - 2; *dfi Analyses of so1ls from under saltgrass plants.neardff
“fo;p££Vegrev1lle Alberta showed that the densest stands of L
1tifff;saltgrass (short Ds) Were found on so1ls W1th the h1ghest
f"ﬁf;;sa]1n1t1es <h;gh ECe TC,.and Mg/Ca) h1ghest temperatures
}ipfft;and low so1l mo1sture levels These plants represented the :if?
| short (warf) end of a gradtent of plant hetght e
Lhiif31gn1f1cantly taller and somewhat less dense saltgrass -
’“:ldpplants (tall Ds) were found on 301ls w1th h1gher mo1sture' |
?f:i?;levels and : lower so1l temperatures than short Ds Where so1lttﬁ
;f%&Jtdsal1n1ty was con51derably lower tall saltgraSS plants , |
.v:ﬂtf(tall,‘scattered Ds) were found w1dely scattered among othernifl
‘;fffspe01es The hetght«of saltgrass plants 1s affected by 501l-s;i5
A7L;sal1n1ty,.m013ture and temperature Any combtnatton of .“'VJ
isfgilthese's01l cond1t1ons can reduce growth by 1ncrea51ng waterf]ti
'v'istress.,l e. by lower]ng the so1l water potent1al In areasfﬁﬁl
'””i;jhwhere sotl m01sture and temperature are relat1vely constantt5fif
| s.ﬁih1ncreases in. total so1l sal1n1ty appear tq be l1m1t1ng to o
1:ﬂsefplant£érowth Where so1l salln1ty 1s reﬂatlvely constant
.ﬁfﬂ‘low sonl mo1sture and/or htgh so1l temperatures can l1m1t tjgjﬁ

3fptﬂfgrowth .f°‘




lof lake water also had low TC but agatn magne51um and a

-

- growth. F

» . \‘ . . +° .
L Saturatton extracts of tall Ds sd%ls were

character1zed by very Jow potasstum concentr/}1ons (less

: than 1% of TC) low calctum (4. to 10% of/TC) (and very htgh o
: magne51um and sodtum concentrat1ons (together 89 &o 95% of

',le) Although so1ls under tall scattered Ds- typtcally had

four to ftve ttmes lower TC than those above, the ~ﬂ' ;_lgjy.* e

| iproporttons of catlons present were s1m1lar Nearby samples'f

-sodtum accounted for 90 to 96% of €, B
- Halophyte commun1t1es at Akasu Lake giherally had\l(

.hmd\covér values and low spectes d1verstty {\\h

ty one plant

spec1es representtng ten fam\ltes were: found The speC1es 3

- most frequently found w1th saltgrass were Hordeum Jubatum
'PUCCInellra nuttalllana and Suaeda calceollformls Hordeum

E most successfully competed w1th saltgrass on 301ls of medtum

to low saltntty and m01sture Puccrnellla domtnated on very;

0

moist, moderately saltne so1ls, wh1le Suaeda was found wwthz o

‘.the short form of Dlst:chlls on very saltne moderately

moist so1ls Saltgrass had the htghest percent cover on

: sorls Wlth htgh saltntty and - low m01sture where 1t could _ W

i 'J

-

'apparently outcompete other spec1es

The short pertod of. acttvd growth of saltgrass
'

’(about 8 to 10 weeks) was correlated with favorable

m1crocl1mat1c and edaphic condifions. WHen soil salt

-

_concentrattons became high and 5011 m01sture dropped in .

X

mtdsummer, ‘thé above ground porttons o‘ the plants ceased

'ertng percentages were low,,suggesttng that

.'I_




o e

lspreadlng by"vegetathe means (rhizomes) Wasemore importantig
than reproduct1on by seeds | R
Growth chamber stud1es w1th saltgrass 1n solutﬂon |

culture showed that plants whtch~were started from rh1zome5--ht

"L: of the shgﬁt growth form were. not 1nherently short, and.

‘ could grow to "tall 'he1ghts wheh cond1t1ons were favorable Lo

*Alth\Dgh the nutr1ent sdlut1ons were based on. 501l cat1on

'concentrattons and ratlos they were not as concentrated orl_ﬁ

, var1able-as m1dsummer~so1l_'e&pt1ons and were therefore

Q; lprobably not as l1m1t1ng to grdwth Plants grown in a serlesf

ot

'h‘of solutlons wQﬁn\dlfferent sodlum concentrat1ons and Mg/Ca h
irattos d1d not s1gn1ftcantly dtffer 1n dry welght he1ght

“ff water content or suctulence,»show1ng that they were able to |

;adJust readtly to large external d1fferences Saltgrass also{»

- grew v1gor"sly w1th no added sodtum salts\\/btch 1nd1cated

’»:that 1f s¢ 1um 1s requtred for growth it must be in’ very (f_f
"small amo nts'(there may have been sod1um contamtnat1on as
-‘_,1mpurtt1es}1n other nutr1ent salts or: from endogenous sod1um?f
fi1n the rh1zomes) | o | | | "b
The plants ma1nta1ned water potenttal grad1ents
‘between shooas and nutr1ent solutlons (w1th dlfferences
ran61ng from 280 to 500 kPa) probably by means of
accumulat1on ot)pota551um and organlc solutes

| | Saltgrassgplants in these solutton culture gltx:;f"'
.exper1ments were able to regulate 1nternal ion BT
concentrattons T1ssue TC was sf&tlar in all treatments, and:

Hwas low compared to TC found in other halophyte spectes



'Plants ‘grown in solutlons w1th large dtfferences in 1;n9
. concentrat1ons\had d1fferent 1nternal ion concentratlons.:
"hbut these d1ffer§hces were not in proport1on to external |
'>ones' T1ssue calcfun concentrat1ons were low and. reflected
‘asolut1on Ca/TC rather than solut1on calc1um concentratyon
:Magnes1um and sodlum concentrat1ons were relat1vely low 1n
l shoot and root t1ssue probably due to exclus1on at root

'surfaces and excret1on from leaf surfaces Sod1um

N '.:_ . 186

L

R N

- \
".concentrattons were h1gh only 1n plants wh1ch d1ed early 1n A

athe experlment and potasswum concentrat1ons were very low R
-in these plants Healthy saltgrass plants had relat1vely .f

9h1gh potasstum contents,,probably due to act1ve uptake

§S1gn1f1cant pos1t1ve correlatlons were found between t1ssue o

ddry welght and t1ssue potass1um concentrat1ons and K/TC

fhrat1os Relat1vely large amounts of potass1um were obv1ouslyt ;3_;a

. po -
Ycruc1al to surv1vg??and growth 1n saltgrass, and t1ssue K/TC,

3

““'_}was far more 1mportantxthan Ca/TC 1n favor1ng opt1mum
'uf.lgrowth It 1s remarKable that there were such large ;~l'
“>d1fferences between solut1on or. so1l K/TC and t1ssue K/TC

’,fThese plants must possess a very eff1caent mechantsm of :‘f5‘77f i

potass1um uptake

H1gh s1ngle salt concentrat1ons and correspondlng

'low osmotxc potent1als greatly 1nh1b1ted ‘and’ delayed "
| :gé?m1nat1on of saltgrass seeds Sl1ght add1t1ons of salt
‘were ne1ther st1mulatory nor 1nh1b1tory Fhe two sod1um
'f'salts (chlor1de and squEtEl were least 1nh1b1tory, and

fmagnes1um sulfate and PEG (a non permeatlng solute) were

\-. R
N . S
]
'



. -

’lj’vndef1n1t1on of Wa1sel (1972) 1t can be called a halophyte

, most 1nh1b1tory to germ1natlon There was no germ1nat1on at
’;‘2000 KPa ( 20 bars), so 1n nature fhese seeds must
~‘germmate when salt concentrat1ons are. low most 11kely Tn '

early to 1ate spr1ng _ . . 3 b]
. B N

~.Some authors ‘may - not cons1der Dlstlchlls stn}cta a 't,

ﬁ'true halophyte, s1nce 1t does not requ1re added sod1um or

| jh1gh salt concentrattons for optlmum growth and 1t*does not~‘

;tolerate h1gh 1nterna] jon concentrat1ons It is 1n fact a.

;salt excluder and/or excretor However ‘1t 1s able to

‘;successfully compete 1n sa11ne so1ls and does cons1stentlyv5

)

'rfcomplete 1ts ltfe cycle 1n th1s hab1tat so accord1ng to the;nj:

ST {87
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 Abpendices“Abbreviations
':'SEM Standafd'erfor of7meah -

"Ds = Distichlis strlcta >1'f L N - - i_;;x;

"DE“= degrees of freedom

P= probabllity

-

M8 ;imeAﬁféqgéfe“fj;f |
325'5booese' |
: ;fklf.féécs‘[r'f ‘
| ::1Tbn% total catieﬁ concentretlon'L'ﬁji 1*:fb

?/SWC shoqt vaser content .

I

diy welght

'.,"u S

2 fEe%'efref‘f:~f7fe;e;“f_7j;“
,jffi% 51gnif1cant at p 1ess than O 05

Mg/Ca ratios (2 1evels) and

u‘[

“ijor experlment 2 X

‘:1[Y salt concentratlons (3 levels)

Group 1L= 50 me/l Na Group 2 100 me/l Na,t
: and Group 3 300 me/l Na |
'Fbr detailed descriptions of groups from Experiments l and 2

U see Tables l and 2 (pages 53 and 60)
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Appehdix L:  T- test comparison of . shoot height of tall and short
R ’ ‘ saltgrass plants - e

o o Mean height (cm) + SEM ,
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Appendix 2:"Shoft‘?nd4tall‘Saltgraés'flowering péfééntages;‘rgw
IR ‘data and't-tgsp comparison- of means. : :

R A : ST B N | . o
- Year and  ‘Total # . % Male Z'Fema%e % Male
- growth'form - shoots . flowers flowers - " ' flowers
A ebere 8 TR aq e FLogir
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o Appendix 2 (continued) Short’and tall saltgrass flowering percentages,
B oraw data and t—test comparison of aeans '

;.Variaole're”

1977 data

Total shoot. number -
R male flowers -

- % female flowers-
% /male + female

o flowers g

1978 data

) Total s oot num-ber'- . g
- % male¥flowers PR
e female flowers .. (-

“7 male 4 female
flowers

‘ngest_COmparison
- of ‘Short and Tj
CDF T

R - R B
o
2
o

8. 0022

8 .- 1.54
& . 3.000

. o 268 .
\//o 163
0:017*

0830
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-lfAAppendix 3: _Experlment 1 growth variables, raw data and one—way
' ' analyses of variance. .

Raw Data, Means and SEM

Treatment Dry Wt of Dry_wt of. Shoot S Number of
. shoots (gm) ‘Toots (gm) height(Chﬂ _ shoots

- 2.16 o 16 1_5. ) R
2507° ,ﬁ~>“.'i 14 .= 0  46 RN
L12: e 1 s T 36

4 +.1.5° 41 +3.

;.2 1
- 12.0f
RS 3

SR R S
Sl s SRR
“13.£0.9 .36+ 13 SR

e .-22 -
R 3 Ty N
AT 40. 2945

18 - 13* 06 {-:51 £
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‘ *f;Aopendix;B (continuéd) Experlment 1 growth variables, raw. data

~ and one—way analyses of variance

@ne—way Analysis of Varia ce 5
Shoot Dry Weight

| ;Source of variatlon ;; SS -7""‘MS_H"' bF D
" Groups . .. - e A.510 0 0.50 3

Error: ;gfo 3 41 11_0.435 ,":fgﬁ SI" i .” SN

ISQ'Probability matrlx for Scheffe multiple comparison of means :

‘ ’Group R R L DT e
SIS R ,} 000 0.559 " 0.999. " -
2 o fp- 0573 0.999
3T e 0,487 SR
S SR S

S

‘-,!\

‘:J'Rboq-bfy}weiéhtf'f;f
m'Source of variation SS -”1TS'MS"SS, ‘DF?“fi_<F;SS'*P5 o

”'j& Error ”:;;x,;jjg/.1 67 0. 21 ;.,»,8 xfif'-

’ “'?xProbability matrix for’Scheffe multiple comparison of meaol o:fS

Lo L 0.981 0. 426 0,8963.a~',=s._g;;"~.~_h,;:'>'»

Lty S S

Groups; . ;_,1 15 - 0.38 wﬁff£3:;;.L:83_3;0.219f*§55[*;

*1552”“_:.51-*2 .-f+,?».ao 269 o 715 -ff‘f S

Shoot Height

"ﬂ:fSource of variation f{i SS ‘;fMSf{S”:5fDFfl’7ﬁandfif?5qj;l‘ii:frfrff',.
' Groups L1209 jy' 4,31 3 21378f§.0f2287fS-1gf RS

CError . ;:ff’ 19.3: B 2. 42 | 8a,};1}’

F ratios matrix for Scheffe multiple comparison of means i'if,

R, ”.4,.57_ g 3 38 0 07
: 2 48

“y

v’”ﬁ,Ffmoét'bé greéférSrhén;12(21;£oﬁjSignificanoé,at]Pgiq.OS;Tt;
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V-Appendix 3 (continﬁéd) Experiment l growth variables, raw data '
e T “and one—way analyses of variance.

Oﬁo—Wéy Apalysis,of;Variancéb 5

Number of Shoots

lSource of variation SS _r }wMS;'v :iDF '7'_'F,k‘ P
Growps - 721 260 3. 1.1 »9.399 o
Error .- 1728 L 216 R .

varobability matrix for Scheffe multiple comparison of means

1tv:ﬁA;,‘- o 984 0. 814 0. 882
SRS R 0,950 . 0. 708 -
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Appendix 47 Experiment ! cation concentrations; raw déta,
‘ one-way analyses of variance, and linear regressions.

Raw_Data, Means and SEM

(Concentrations in me/g)

Treatment [ca] . [cal - [Mg] Mgl [Nal. [Na]
. s R S R S R
100129 . 0.083 0.113 0.137 - 0.190 0.274
‘ 0.200 " 0.077 0.223 . 0.152 0.202 0.156
0 0.372 . .0.070 0.226 . 0.185 0.167 . 0.189
0.234 0.077 - . 0.187 0.158. - 0.186 0.206
+0.072 . +0.006  + 0.037 + 0,014 +0.010 + 0.035
2 C0.104 - 0.048 .0.222. 0.206 - 0.230 . 0,308
- 20.131 0.036 0,222, 0.151 -Q.141 0.167
0.147 ~ . 0.078 . 0.213  ~ 0.192 0.108 - 0.217
0.127 ~ 0.054 0.219 - 0.183 . 0.160 . 0.231
+0.013 . '+ 0.013 -+ 0.003 + 0.017 = + 0.036 .+ 0.041
.3 0.154 0.045 - 0.386 - 0.225 . 0.259 - 0.325
0.091 - 0.057 - 0.236 .0.269 0.112° ~ 0.306
0.114 0.052 * - 0.303° - 0.259 0.19] - 0.232
, 0.120 .~ 0.051 ° 0.308 0.251° - 0.187 . 0.288
- +0.018  +0.003° + 0.043 HO.013 - +0.043 + 0.028
_ R T ST S
4 0.080 - 0.039.  0.243 0.266. - 0.188 . 0.281 .
0.072 . 0.036 - 0.290.  0.232 ©.0.190.  +0.312
ClE - 0.067 0.029 - 0.223 . 0.207 ~ 0.168. 0.251
! 'ﬁ% - 0.073 . 0.035 0.252 - -0.235 ° 0.182  0.281
R T +0.004  + 0.0

03  +0.020 + 0.017 '+ 0.007 + 0.018"
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3§ ’
' AbpendixJﬁv(aéhtinued): Experimeht 1 catibn concenﬁratidns; raw
S _ data, one-way analyses of variance, and
linear regressions. o
RawAData;'Meaﬁé and "SEM ~
(Concentrations in me/g)
 Treatment ' k]l okl el [1c]
s R . s - R
1 0.458. . 0.407 ©0.890 - 0.901
> 0,476 ¢ 0.249 1.101 - 0.634
- 0.368 - 0.359 : - 1.133 - 0.803 -
0.434 0.338 - 1.041 - - 0.779
+ 0.033 +0.047  +0.076 + 0.078
2 0.408 - 0.336 0.964 - 0.898
0.362 . . 0.360 . 0.856 0.714
0.282 S 00420 0.750 - 0.907
- 0.351 - . "0.372 _ 0.857 - 0.840:;
| +0.037  + 0.025 +0.062  + 0.063
3 ©0.540 1.265 1.135 -
. 0.513 ‘"‘f "0.914 ~1.145
0.429 « - 1.043 . © 0.972
o 049% . Ttk 1.084
. +0.033 ° +0.103-. .+ 0.058
4 0491 0.987. o 1.077.
- ' 0.400 0946 . 0.980
0.346 - 0.937 ° 0.833
0412 0.957 . 0.963
+0.062  © 40.015  +0.071
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Appendix 4 (continued): Experiment 1 cation concentrations; raw'data,
' one-way’ analyses of variance, and linear
regressions.

One-way Analysis of Variance

Shoot Calcium Concentration

Source of variation  S§ - MS . DF F o P

Groups . - 0.042 0.0 3 3,23 0.082

- Error . -°0.034 . 0.00 8 <,
-ProbabilitY,m?triX for Scheffe mnltiple‘éomparison of means

~

Group" 1 -2 B :
1 - . 0.3340.283  0.09
2. T = 04999 0.794
3 ' - 0.856
4 S -

Root Calcium Concentration- -

Source of variation -1 'MS . DF F P

Groups - 0.003 " 0.00 . 3 6.24‘ 0.017%

Error S 0 001 0’00 8

Probability matrix for Scheffe multiple comparison of means l

Growp . 1~ 2. - 34T
1~ - _0.226 0.161 . 0.018% S
2 700994 0.338
37 R - - 0.453
4 . “ R . o . - .
: Shoot Magnesium Concentration :
: Source of variation 8§ MS . F F P RS
~Groups .- . 0,024 ,0.01 '3 2.91 -0.101 l;,'“
Error ", »“' 0. 022 0 00 ”f8‘ ' o

Probability matrix for Scheffe multiple comparigon of means L

B Group 1 _' 23 b '
1 = 04906 «-0.119."0.547~4~~’
2 - 0.299 0.895 -
30 “ - 0.646
4 o EE
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'bAppendix 4 (continued): Experiment 1 cation concentrations, raw data,
: ' B one-way analyses‘bf variance, and linear

_regressions.
One—way Analysis of Variance

RootvMagnefium Concentration.

Source of variation Ss’  MS. - DF: F.oo.p
Groups . - 0.017 0.01 -3 "8.06 0.008%*
~ Error. - '» 0.006 0. 00 L 87
»Probability matrix for Scheffe multiple comparison of means
Group 1 - 23 KR
O - 0.730. 0.018%* 0.047*-
2 L= 0.080  0.206
-3 E - . 0.906
PR . : Siate

Shoot,Sodium Concentration

o ‘ : e . o :
. Source: of variation . SS. - MS - bBF . _F P

Growps. -~ 0.002 0.0 - 3 v{6;21,ro;890

Error~. o 0. 020" O OO i‘ \>,8

' Probabllity matrix for Scheffe multlple comparison of means

Group 12 3 .
1~ = 0.931  1.000° 1.000 .
2 o 00923 0.957 -

Sy -'f' Co = .0.999

Root Sodium Concentration

Source of variation o SS,;; g MS 'ri DF‘: J)'F;;j;,P,77y
Groups T O 014 .lg 0. 00 3 i.54’ 0,278'

Error - .. .00, 024 o oo ,'8,

'i.r‘Probability matrix for Scheffe multiple comparison of.’ means:.»

- f,YGroup 1= 2 3 4

1 . = 0.959  0.408. ,0;472
2 e 046720 0742
3o s 00999
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Appendix 4 (continued): Experiment l cation oncentrations, raw data

one-way analyses of variance, and linear.
regre5510ns : ‘

¢ o c‘ c'One—way Analysis of Variance .

B - Shooﬁ‘Potassium'Concentretion

Source of variation : §Ss .ngS  "DF - F ‘_vP ‘
" Groups . 0.022. 0,01 . 3 2.88, 0.103

- Error - © . .0.020. 0. OO » v‘_8 ~ : "

'Group l- : 2' 3
1" - 0322

0.9
-2 g 0.155  0.204
3T = 0.997
b4 L o

Root Pota581um Concentration

Source of variatlon_ - 88 MS . DF: -~ cF R
- Groups . o O 041 . 0.01 3. 3.15 0.086 -
Error '.‘fe o 0. 034 s 0 00 : 8,‘ ’

Probabillty matrix for Scheffe multiple comparlson of means

”‘Group 1 B 203 g 'f_‘v, T
I - ,0,938_»v0;107' J0.611 e e
23 R = .0.539 B T SRS
4 e R T ji '

Shoot Total Cation Concentratlon

o"Source of variation 'ff ss MS ~_DF R P S
¢ Groups - 0,085 . 03, 3. efl,85"0;216j L
'; Error - '»y R O 122 : 0 02 ”3:;_8g_» : .

<>Probability matrix for Scheffe multiple comparison of means~g7iﬂ-:w5”

- Group - cfl’, 2 3 . b
S - 0.398 - 0.291 - 0.870 -
2 e .0.276..-0.806
T3 IR 0.724

“ET
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A»Appendix-A (continued): ‘Experiment 1 catlon concentrations, raw
. S * .~ data, one-way analyses of variance and

linear regregsions.

One—Way_Analysis,of'Variance .

‘Root Total Cation Concentratlon

. Souroéro} variatlon, . SS ' MS . .DF . F e ? - )
Groups S 0. 165 0. 05 o 30 »4,02 »0.0SL"‘
Error o . 0. 109 0.01 -~ .8

R Probability matrix for Scheffe multiple copparlson of means .

T I

Growp 1 - . 2. 3 .o 4 B R I S
1 - 0.938  0.074 . 0.358 o e e
20 - . 0.168  0.656
3 L= 04672

‘4 ) . ) ’ : S

e o
: R : -~

,fAnaly51s of variance for.simple linear regressionsr

© Source of’ Variation ~'f"_’FDF' ' SS
. [Ca] in - solution - vs. [Ca]- in shoots
- Due to regression” (R) 7 l-~f- 0.03943
‘Deviation about’ -~ - 10 0.03633
regression (D) B T TI

!

s

0. 03943 10;85*4'

0 00363

‘[ca] 1in rocc;°; A R
o+ 0.00248 - 0.00248 18.38%
‘O 00135 0.0QOl3 R )

[Ca]*ln solu;ion'vs;

» in shoots :‘h“n”;f:
-0.01520 0.01520

ih‘[Mé]hin,solnﬁionfvs.7'
| ' £ 0.03086. 0.00309

493

‘-”;_fngiin Sdlutioﬁ'V5:;i ’ ihgrbd ,l.'g:h.ﬁf;j;;v
* +0.00860" ,‘Qloooss, e

.D[Ce]‘in shoofs

- R 10.02879 . 0, 02879
Do g g 0. 04698 ”so 00470

[Ca] in rootS/// :

0.00220" o0, 00220

h-Mg/Ca.inisolutionfvs

-~ Mg/Ca in'solution vs.

r I -’1v, : »Lsggsfﬁ'

Do Sk, :":

Mg/Ca in solution vs-.

\0 00163 0 OQQl6

[Mg] in shoots
1. 0.00650 -

10 .9,03955'5,

0,00650
0;00396:"

1.64
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. “Appendix 4 (continued): Experiment 1 cation concentrations, raw
EE L F . data, one-way analyses of varlance, and
' : llnear regressions. ' :

i"Analysis of variance for Simple llnear regre331ons (contlnued)

| Source of variatlon 'bl ~DF SS. ",r'MS“Q _H.t‘FL'-'

. »Mglca'in solution vs. [Mg] in’ roots frfﬂ’; . .

R’ e 1 4 .0.00982  0.00982 C7.59%
b 10 0.01293  0.00129 . -

PR '_f Mg/Cafin solﬁtion Vs,[Na]_in'shoops ;‘5 S
CRoT 2 L1+ 0.00008° . 0.00008 - 0.04
D . . 10 0.02115.0.00212 "

L Mg/Ca inVSOlurion [Na] in roots.  "v:;s_. _n'ku-ﬂ
RO _1.. - 0.00917 - 0.00917 -3 15
D Lo T 1o,j»f*o_029;7’ ©-0.00292 .

B "MQYCa\in‘soldtion,vs;ffK]sin_shoots_ U TR o
CRo 1 0.00499 0 0.00499 1.33° -
D 0 100 0.03738. 0.00374 . S

- Mg/Cain'solution vs. [K] in réots = - . -
LR e 21 .-0.00905 . 0.00905 1.38.
b o 06578 000658
" Mg/Ca-in solution vs. [TC] in shoots' B R
SR s T 0,00008 -.0.00008 . 0.004 .- .o
0D S e e o 20714 - _,0-02011 T

SR ,sMg/ca7iﬁ'so1utionfyé. [TC] in roots. e
SR 0,05910 - 0.05910 - 2,75

- ”;ffigF?mnst~befgréatcf_fnan*4;96;for sigttEicénCe st??‘léssnthsn O;OSSfrsj:
' T T T T e R T T

FEN B 2
. g

I
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Appéndix 5: Experiment -1 cétion ratios; raw data, . -

. one-way analyses of variance, and 1inear

regre551ons

"Raw Data, Means and SEM

Treatment Mg/Ca Mg/Ca - Na/TC,' Na/TC "ng7Tc Mg

S S ‘ 3'  $~ tR1f~S 
1 0.88 0 1.65. . 0.21 . 0.30 0.13
.20

0.87 ©2.09 . 0.18 . 0.26
Q15 £0.29 02

18
03

O MR =

0
0

- 0.61 .64 0.15 ' 0.24
0
0

ooloo o

0,02 4.0

1+
[+

23
26
.28

34
23
24

290
19
46

S 1.69
1045

ooo
BN I
oA . .

Lo oloo o
N
o

r

.26
;Mm

.59

04

"1.76 -
020

oo
o ojloo o

S
B
ocloo 6!

T O WIS &

SREE

e

S ES
T

27 -
224 .

.00
.72 .26

.29

31

oolo oo
o _
e

.90
09

29

.26 |
0L .

.0l

o olooo.
ocoloo o

0
012
.98 : . 0.18
=
0

¥

(%)

(@)

(@)
T E

I+
O
o
o
[+
. '+‘ - B
o
I+
Rk

260
32,
.30 -
.29
+0.02

82 0.19 - .
44 00,0200 -
470,18 1
-80 . 70.19 -
£20 #.0.0L . %
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oalNaio
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‘ Appendix ) ('centinued-): Experiment 1 cation ratlos, raw data
RS SU ‘ . one-way ‘analyses of variance. and linear
o regressions D A

L o o Raw Data Means and SEM _

Treatment Ca_/'VII‘C"', ' Ca/TC K/TC . "K/,TC :
s R .8 . R .

s~ w7
won

+
o
O
N
|+
S+ '
o

"1l+,
[+

b=
I+
o6
o
o
|+
I+
O
—

cos

&~ o

[N = o, K=
E 3

|
|
H
|

e
I+

O s
SR W

LA
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Appendix~5;(continued).' ExPeriment l catlon ratios, raw data,
L a ' _one-way analyses of variance, and linear

_ regre551ons

One—uay Analysis ‘of Variance

Shoot Mg/Ca Ratio

Source of variation S ss. MS " pF F P . :
“Groups - . 11.10  3.72 3 33,13 io.ooo*easz
“ o Error 0. 90 0.11 . 8 .' B
e B U -
4o Probabllity matrix for Scheffe multiple comparison of mean

-'(\_’/ Group vr’l. - 2. "3 . 4.

: ‘1o = 0.069 0. 002+ - 0.000%
2 T o 091 - 0.002*%
3 e 0.072 -
L _ S e

-—

fsfﬂ” s R '*ii‘, Root Mg/Ca Ratio

o Source of variation 85" jgff;MS I!' DF :}'ilfb' HZP'.¥ P
- Groups L i:_r 35 80.. 11.90 3 ,32;64 'OQOOO*--j
o Error» BRI 1037 _4528, R R

Probability matrix for Scheffe multiple comparison of means '-oo'fi A

1:2““ o1 ,;, 0 077 0 003* :0:000*,;3' TR e e
”,-,2,;'? k) ~_ﬁ_: o 172" - 0.002% vigd;i’;v,.-:}:._‘;s; R
- t3ﬂ~‘17uf’ﬁ'<5__"guv = 0.032% e :
S e o

FRNCo Shoot Na/TC Ratio;,;‘;_ R fj;ffify,jf.p“;f;*f
Source of variation 1- SS fff S MS C' lfDFff-"rFffu;g3 v;iﬁ-i};ix,;&‘.;
: Groups ‘ r‘*gf: 0 001 O 00 3f¢{7;0.l4v*0.932uf5. )
Error »;‘p.ji: 0 011 0 00 _f'8” ': :

Probability matrix for Scheffe muitiple comparison of means

o Group 1 "2' S 3 ""'”4 -
L. ",Ef;' 1.000 °0.990 "0;9911
2 S Ti= 0,982 20,996 ot
F S . LT L

FEEANES P
AN o -
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i Apbendix'Sf(continued):’ Experiment 1 cation ratios, raw-data |
S S T one-way analyses of variance, and llnear
regressions. : :

. One-way AnalySIS of Variance

Root Na/TC Ratio .

Source of.variation 'S8 MS ' DF - ; F'eif'P. L
Growps 10002 0.00 3. 0.38 0.771
Error 'f ‘ 0.013 . +0. OO' _ 8 IR

'lProbabillty matéix for Scheffe multiple comparison of means

Group ol 2 3 4"“,f.‘ v G SR
I = 0.992 1, 000 0.821 - . Lo BT TR

L2 = 996 204934 T

B R .~ ..0.851

R Sz

AR ~ Shoot: Mg /Tc Ritio o
Source of variation 7’ 8§ . Ms l"”t;DFt;' o
Groups“-.;fn/o -0 0.020 - f O o1 ,f3';;:35%95.FQ;OZO#p__p’

Error T _;,A:Z‘ 0,009 000 o 8”f SR f

-

:Probability matrix for Schegfe multiple comparison of means ﬂp_»

.,-:..:‘-GrOup },;1~ ZE'* 23&;]‘-.3vA'_v-14'

L= 0982 0781 0.5

BRI T 0.1020 0.029% 0.077:".”f“”1*~7'
B S 0. S0
3 = 0898

e R R Rooc Mg/Tc Ratio e R TR e A
';vSource of variation .88 7’.¢MS; "~nf*DFn'fif*F“5*v‘Pffy']f”e“-Tnva
. Groups .. ¢ 0 002 +0.00 “"? f3fﬂ.;50s88 f0-492'yfﬁvn
Error i"iﬁfﬁlf-ifv o 007 O 00 '827-"- O D AT
.:{probability matrix for Scheffe multiple comparison of means €i 
'Group ;va_*s‘jz‘ *j?* 3‘ ,4v.. : : S . B
Lot 00936 0762 T R
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o ‘Appendik 5 (continued): Experiment 1 cation ratios, ‘raw data
e O - one-way analyses of varlance, and linear
_ regressions, -

m*ay Analysis of Variance L

- %;/Tc Ratio | .

Source of variaAi} . 'MS°  DF . F P g
Groups i 1 ~0.01- - .3 3.92 0,054 .-
“Error - . ] ‘ 29 0. 00 SN 8 AT

b_: - RERE - x Lo -
'Brobabili:y? . Scheffe multiple-compariSOn_of means .

0.187 © 0.069"

YFO.8l97' 0.437

Co= 0,892

“Group;'_llw
-

2
v}”3, a

Root Ca/TC Ratio oA el
S8 . Ms - pF . F .. p . SR
10,007 - 0,000 3 " 11.88 0.003%.
0.002 L 0.00 B S

Source of variat
Groups
Error

:j Probability matrix for. Scheffe‘multiple comparison of meanszfi"fjlfh -
Grou S CEE P R TR Y T T

l ‘ ;a ”'{Q‘O7O; 0. 013* 0. 004*
. 2f‘f-c*,fuufff - & 0. 633 0 215 S TR AN PR R )

H,i¥4£:_f.f-v e N R

e Shoot K/TC Ratio R S 2
Source of variation 5} ss %3'_ MS .thi-_ JF_b_VfPﬁfﬂ”:“_V.uﬂ?_
~Groups:. .- -0.006 0. 00 }3}ﬂj.'0546ﬁi0.719?"*_ﬂ/'
Error'};'*fgcg Co 0,036 70400 g T
Probability matrix for Scheffe multipleECOmparison‘of;ﬁéaasozﬁsf7 R
Group Iff JTifQZ"”filg; ﬁj&k{AI ;foo?:- ORI N
Z- l B ia» 0 992 0,998 0'874*ﬁ“‘-
R 0-967 - 0.739

"y -



Experiment l cation ratlos, raw data, ¢
j one-way- analyses of. variance and linear
regressions :

L

Appeh&ix‘so(continued)

One—aay Analysis of Variance o ‘.’1 SRS f'“+,~"

-Source of variation

Groups

Error

o AProbability matrix for Sché fe multiple comparison of

- Group . ‘1

S -

3

",,% K/TC’

KRS

| 0.002
'fy 0. 013
e

Ratio

MS
00,00 3
0,00 8

B S
0,999
\ .0;857_ =

' Analy31s of varlance for 31mple linear regressions

‘Source of variation

fDeviation
regressi

|-
Mg/Ca in solution vs.
Due. to regression (R) 317*

.;,
|

about o ﬂ*

on (D) |

N

s
'”}fi;¥§?¢5fi“?
~*}.;(gigg/¢;;igv

»’f’Mg/Ca in

:solution

:(

'solution
wlO.

solution
' ,"il
e lO

solution

.l}'Lf

lO
s

T
1m

,,-

solution;

1";'

lq

solution
s

19

X?tDFfY?i

. SSf*"

Mé/Ca”in shoots'
10.25468 -

‘“Vx{‘79012

Vs Mg/Ca in Toots
33 82741
4 86095

Ca/TC\in shoots
- 0. 0276
0 02887

VS

Ca/TC in roots ﬁ
0.00507 -
O 00348

vs.

vs.
0,00012. -
0 01162

vs. Na/TC in roots
:0.00143 -

K/TC in shoots
©0.00533
0:0373g_ N

VS

I.v
L
.‘[ B .

b :
B

. 0.34 0.800

33, 827417
0. 48609_ -

£0.0050" ff
0.00035" .

Na/TC in shoots, :'r
-0 000121.
000116+

0. 00143i5? e
O 01359'?9 0. 00135 T

0,0053$7~’
0.00373

1'P

means”

10.25468 - - 57.
027900

"iftés:ssai,{:ifvs:
Laser

il:Qét:

1;43¥r_521j2"'
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- Appendix 5 (écﬁcinuea)}’ Experiment l cation ratlos, raw’ data one--n'“
L way analyses of " variance and linear =~ =
. regressions :

_-Analysis of variance for simple linear regre331ons (continued)
Source of variation _;l bF fv: ,SSA;-" ”ﬁsaﬁ- .nf'an

T “‘Mg/Ca in solution Vs K/TC in roots _ EE I
© R .. .1 70.00017, ©0:00017 - 0.12 -
D 4;_~vf; 7100 0.01447 . 0.00145

A Mg/Ca in solution vs. Mg/TC in shoots DT

GRS oLt 0.00683 . 0.00683 3,01
D. .~ :f, :,_-_ 10 0. 02269 '_ o 00227,f-1--- i

f,,,'Mg/Ca in solution Vs, Mg/TC in roots c e e
o 1:..7.0. 00219 .0, 00219 2.94 -

10 0. 00744_ 0. 000741- ol

CCE

';a{lFﬁmuet*be‘greete;lthénﬂ§396 fo?;signlflCancgfat-fﬂieés ;HaglOQOS;f' A
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Appendix 6: Ek}eriment‘l correlations of»dry\weight with cation
: concentrations and ratios. :

Shoot or root Correlation

variables " of shoot
‘ variables
*with shoot
, . ' dry weighq
_ Shoot height 0.669
- Shoot number 0.911
- [ca]l | -0.225
Mg 1. -0.433
. [Na ] 0.231
(k1 . 0.197
[tc ] . . =0.177
Mg/Ca . 0.081
5" Na/TC - ‘ 0.520
" Mg/TIC -0.426
- ca/Tc ~0.243

K/TC '0.363

Probability -

r=0

Ts

L4

0.017*,
- 0.000%
0.483
" 0.160

0.470
0.539

'0.583

0.083 .

- 0.167 -

0.448
0.209

-0.004

- -0.770

-0.395

_01 654 '
P =0.711
- -0.287

0.166
20.366
0.260
~0.073

r=0

-

0,991
0,003%
1 0.204

0.021%*
0.010%

0.366

0.606
0.242

0.414
0.821 °

226

Correlation Probability
of root
variables
with root
dry weight



Appendix 7:

Treatment
1] :

‘Al

Bl

A2

B2

A3

"B3

I+

two-way analyses of variance,

# S

|+
Pt
~ £

|

—
_—~g

18
30
38
23

S Ht
(cm)

24
20

17 e

25
22

Lx2

25 -

25
24
20
24
+1

Raw“Data, Means and SEM

F Wt S

~

D{Wt R Succulence

997

Experlment 2 growth variables, raw data, one-way and

"% SWC. "D WS ‘
‘ (gm) (gm) (gm)  (F Wt/D Wt)
306 6.56 1.62 °  0.68 4,06
293 2.24 0.57° 0.39 - 3.93
- 286 1.22 0.32, 0.38 3.86
277 6.84  1.81  0.74 3.77.
291 4.21 - 1.08 0.55 3.91
+6. £ 1.45 +0.37 +0.09 +.0.06
307 3.82 0.94 0.51 4.07
273 3.75 1.0l = 0.48 3.73
302 4.97 - 1.24 0.71-  4.02
297. 2.28 0.57 0.47 . 3.97
295 3.71 0.94 . 0.54 3.95
S+ 8 +0.55 4+ 0.14 . + 0.06 + 0.08
243 0.55 0.16 0.23 3.43
287 2.13 -~ 0.55 0.36 3.87-
266 3.48 0.95 ' 0.58.  3.66.
267 4.62 - 1.26 0.62 3.67
266  2.70 0.73 ~ 0.45 ° 3.66
"~ +9 +0.88 +0.24 +.0.09 +0.09
317 . 2.88 .. 0.69 0.48 4.17
218 . '0.95 © 0.30  0.45 3.18
282 3.81 .~ 1.00 - 0.67. . 3.82
2437 074 0.220  0.3% 3.3
265 2:09  0.55  -0.50  3.65
+22 #0795 +0.18 +.0.06 + 0,22
266 1.74 0.48  “0.39 ~  3.66
258 . .2.06  0.57 0.42°  3.58 -
262 . ,1.90 .0.53 . 0.40 | 3.62 -
4 +0.16 +0.05- + 0.02 - + 0.04
- < 0.32 - -
- - 0.33 - -
- - 0.36 - -
- - 0.39 - -
0.35
+ 0.02
0271 . 0.50 0.13. ®0.33  3.711 -,
279 3.03 *  0.80 0.32 3.79.
304,  3.87 0.96 0.36 4,04
281 5.40 1.42 - 0.65  3.81
284 3.20 0.83 0.42 3.84 .
+7 +1.03 +.0.27 +0.08 + 0.07

G

B~

R
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Appendix 7. (continued): Experlment 2 growth variables, raw data,
h : one—way and two~way analyses of variance.
‘ Two-way Analysis of Variance . ‘ _
='Mg/Ca ratios, Y = salt concentrations
Shoot Dry Weight o
Source : $S MS DF F \ P

X 0.140 - 0.140 = 1 ©0.75-0.399
Y 1.141  -0.570 2 3.06  0.075 -
XY o 002 - 0.001 2 0.01  0.995
E 981 0.186 16

¥

Scheffe's multiple comparisons of Y

Groups Contrast F - P

172 - 0.368 1.46  0.262 | R
1 3 . 0.571 2,80  0.09L -

2 3 0.203 - - 0. 35'- 0.708

- One—way Analysis of Variance
‘ _ Number of Shoots v L
Source of variatlon ﬂ ss MS : DF - F - P

Groups. = - -~ -390 78 > 0.60 © 0.700

Error 02087 130 16

Probability matrix for Scheffe multiple comparison of means

‘Group Al Bl A2 B2 A3 ¢
CAL - 1.000 . 0.992 - 0.910 . 0.978 - 1.000
Bl - 0.973  0.837  0.951 . 0.999
oA 0.998 = 1.000  0.999
B2 .. = . .1.000  0.964 .
A3 - R = 0,993

C. e -

Shoot‘Height

Source of wvariation . §§ MS -« . °DF - F P
Groups SR 9% 19 - 5% 1.52 .. 0.240
Error - o198 12 16 - '

'Probability matrix for Scheffe multiple comparison of means

: Group Al . Bl A2 B2 A3 c ¢,
Al - 0.984 0.937  .0.844  0.878  1.000 '
BL .~ - 0.612 0.461 0.581 ' 0,937
A2 = 1.000 . 0.999  0.984
B2 ' o ’ - 1.000 ~  §.937
A3 o o ' - 0.945

c 7/ - o 3 | .-
o | 4
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Appendix 7 (continued): Experiment 2 growth variables, raw data,
o - ‘ one—way and two-way analyses of variance.

One-way Analy$1s oﬁ Variance
. Shoot Water Content

Source of variation - 8s. MS - DF- . F '4‘P’
- Groups o . 3666 733 5 1.39 0.279
‘Error - 8422 526 16 '

Probability matrix for Scheffe multiple comparison of means B
Group Al .~ . BL - A2 B2 . A3 ¢
SAL =T 100000 0,796 0.776 0.834" 0.992
Bl .- . - 0.673  0.650  .0.741 - 0.992
A2 o - T . 1.000. 1.000  0.936 .
B2 o0 0.925
A3 R o= 0.939
¢ : - f | R \ - )

Shoot Fresh Weight

“Source of variation -~ §§ - MS  DF ¥ P R -
o Groups . Sa 2.1 A* 5 0.78 0. 577 o~
' Eiror ' DT 58, 3 59 16 . . ,

_:Probability matrix for Scheffe multiple comparison of means o

“Group Al Bl - A2. . B2 .. A3 ,.Cv o : Tl
CALY - 1,000 0.930 C0.771 0.843 0.987 e
BL- = 0.988  0.911  0.938 1,000 L v
A2 0,990 0.998 . 1.000 . .
B2 = .. 1.000  0.98] o
A3 = 0.985 .
T e
, . _ Shoot Dry Weight : . R S A F\ff»_’&_‘
\ - Source of variation SS  Ms. DF .~ F ~ . p B
'+ . Groups o L9 0025 0 Tl 1.23 ,’0.334-»,~’
-Error"~ o f ’ 3 82 - 0 20 o 19 ' Nt ‘
Probability matrix for. Scheffe multiple comparison of means R
Group Al "~ Bl A2 B2 A3 B3 c. .
Al - 1.000  0.973 - 0.827 0.908  0.530 . 0.995
VA R, 0.998  0.953  0.976 - 0.747°  1.000
e A2 oo 0.999 ~ 1.000 - “0.958 - 1.000
B2 = 1.000  0.999  0.991
A3 : I =" 1.000  0.995
B3 - 1 o _ - ..0.886
TC . L - . - DR
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Appendix 7,(continued): Experimgnt 2 grthh-yariables; raw data,
: - one-way and two-way analyses of variance.

One~way Analysis.of Variancé

- Root Dry Weight

" Source of variation = .8 - . MS DF F P - f”~
Groups . 0.066 0,01 . -5 0.58 0.716
- Error o 0 367 0. 02 : 16 ‘ :

Probability matrix for Scheffe multiple comparison of means -

Group Al ~  BL . A2 . B2 - a3 -~ .C
AL = 71,000 04969 0.999 . 0.940 '0.911
BL. - - - 0.975. - 1.000 0. 947_;7 0.923
A2 T o = 0.998 1.000 " 1.000
B2 ~ = 0.988 . 0.986
A3 S e = 0 1,000
C o . =

Succulence

) Source of variation 8s Ms YDFfF.'jr'Fp- P
: Groups o . . 0. 367 O 07 50 1.39 . 0.279.
Error. ', o 3: 0 842 f 0. 05 ) 16. - g "__ .

"Probability matrix for Scheffe multiple comparison of means _.'

Group Al . BL ' A2 - B2 A3 o N
Al = 1,000  0.796 0}776 - 0.836  0.999 .
Bl .. = . 0.673 - -:0.650 0.741  0.992

1 A2.."‘\- ! = 71.000 © °1.000 - '0:936

'-»j\ B2 T 1000 0.925

A3 e S o ”.—1.:_"cQ€939 Y



" HB3 . 0.022 - 0.020

HB3 + 0.30

© - uB3
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'Appendix 8: Barley (Hordeum vulgare) raﬁ‘data;‘Experiment 2.

: ~ 'All concentrations are in me/g ; .

: _ . DR » S - ‘ . S , ‘
Treatment DWt ~ 'Dwt. [cal T[cal [Mg] [Mg] - (Nal [Nal

- Sw R s R s R S o BT

HAL .~ 0.027 ° 0.015 1.03 0,81 1.92° 0.51. 3.75 0.81

HBL ©° . 0.094 = 0.023 0.72° 1.000 1.59: 0.44 = 2.63 1 0.96.

HA2 - - 0.051.70.022 = 0.57  0.69 1.58 -39 .3.99  0.50

- HB2 - 0.123  0.028 36 1.85 1,24 0.48  2.71 (%78

CHA3 . 0.053 0,024 0.26 - 0.65° 70.20 . 0.39  1.04  2.26

205 -3.97° 1.11" 0.33 6.18  1.19

-80° 0.30 -0.23° 0.15 0.04  '0.12

O O
o oo oo

JHCI-© . 8.280 1.618 -

kT IR frel. [TCl | Mg/ca Mg/Ca Na/TC - Na/TC
- ... 8. R . 8 R s . R .8 IR
HAL . 0.57 222 7.26 2.34 ‘ 0.34 o
CHBL 0,77 0.25° 5.71 2,64 - 0.36
HA2 . .0.25. 0.07° 6.39 1.66 0.30
“HB2 - °0 0,47 00227 5,78  3.33 0.24
_ 3

5

‘o &~

bovn ~
NN AN

HA3, ©  0.07 0.14  1.57 3,44 - ©0.66
11 .8.65 5,61 . U 0.21
200 2,130 L7700 0.07.

HO OO0 OOo.
fQﬁooNNﬁv
 ®°@°@“°“

O Nov e

.

TR 00 K.
.9 o000 0 o,

U oW o oy
oo ooooo

- HCl 1.07

‘Mg/TC . Mg/TC . Ca/IC ~ Ca/TC K/IC - K/TC.
Soo R8RSR

26 0.22 . 0,14 0:34.:.0.08 . 0.09

:28- 0,17 - 0.13 ' 0.38. 0.14 0.09 B

-25.°°0.24 10009 0.42 0,04  0.04

21 . 0.14 0724 .. 0.55 - .08 0.07

A3 0.1 0017 0,19 0.04 0.04 -

13 .0.06 . 0.12 0.71- 0.04 0.02 . -

Al 009 0.37 0.17 - 0.50 ¢ 0.68. .

w2
H.BZ'{:
.- HA3

oo oocooo
"ooooococo
coooooco

. HCL
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' prpendix 9: Experiment 2 pressure bomb- raw data, one—Way'analysisfi
' N variance, and correlation test.;' o

- Raw Data, Means and- SEM : . ,5£.

Water potential ( kPa)
; ‘ Treatment ' o ‘

Al - Bl_gj‘ A2 -sz_“, A3 ¢
620 ¢ - 720 : 850 810 1210 550
2970 770 . 660 680. . 1450 - 620 -

C 910 . 7620 680 ' 840 . 1160 . 690 -
760+ " 590 - "Ng70 790 1310. . <340 -
B4+ 850 990 720 1450 540
720000 5200 1050 - jro - - 1090 . 670
7600 680 . 970 . 630 . 1120 590 .
620 550 720 . 640 . 1150 380
- 690 . 670 770 970 . 1160 . 370
. -8l0. 5500 860 . 2800 - 1450 320 -
©o, 770650 820 760 c.o1250 0 5100
437 34;-« C+%e i 33“;.- -' -‘iH47 . +45

S , 3 One—way Analysis of Variance fj_.w:,- i

'1‘Source of variation {}i SS I MS DF _V E;fEf.’v;f,Rl‘ing;
' ‘Groups ,‘1 L3150 63 .>;* ;5’“_j738;39"~ﬂu01000*‘)
Error fvf E _.iV' 88  £;'~+;2"_ 54 S

LilﬂProbability matrix for Scheffe multiple comparison of meanszn‘r

.'f‘n'ﬂcroup Al[ ' Bl o A2 B2 A3 o ¥Cr

SUALC - gus02 V”_o 974 ?._1 000" .0, 000#5.30;003**f
COBL o .0.137° . 0.647 . 0.000% ' 0,286 = .
CA2 L ~_”i-a.-= 04934 °0.000%  0,000%
B T 70.000% --0,005%
B3l A e T e T :0.000% © e

Correlation between plant water potential and solution water potential]»}””f

o 858 . P that T =0 1is.0. ooo* i

PR T T AL - rie;iqs___“%;__s S
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' l.AppendiXIIO:

- Treatment

'“‘  A2» :51:

B2

:;2neA3;j:'

Al

:.Bl‘,

1+

\

Experiment 2 cation concentrations, raw data, two—way

“and one—way analyses of variance

-ECa] S

.089.
<115
.143
<055

Raw Data Means and SEM
Concentrationsyin me/g -

[cdlRr

056

103
086
.043

gl s

0.199
10.262
0.289

0.130 -

eNolleNoNoNog

1oL -
019

.360
556,
.208"
147

 I+LTn

0.
0.
0.
0
0.
0

072

014 :

255

339

»201

.386

Viﬁ

0.220
0.036

0.183"

- 204186
. 0.187 -

0.249 -

-

"'[Mg] R-
0 154

0,202

- 0.219
0.171

P - R

Eﬁa]us.: 

0.192
0.182

}0(316
“0.120

0,187

0.188

0.220
0.208 -

1+

0,041

U 0,186

0.166
0,154

oojloocoo

318
.091 -

169
.086 .-
071

RESS

‘vc$c>c>c>owo'

0.
- 0.
0.
=0,

295
042_

120

091

055
059 .

(

0.201 "
0 016-

0.192
0:179
0.154

oolococoo -

.192 -
1947
434 0

099 L
L0264 "

C#

0

0.

0.

081

015,;

768 o

V377
).236

0. 193
O 020"

0. 184'f5

10.310
0.164

0.207 -

f)+

. 0.203
‘i,o”oo7;

0. 2&8\»,i

0.165
0.168
0.173.
C0.174

- 0.170.
0.002" "
0,199,
. 0.190
. 0.198

'0.216

?ﬂr+‘ L

247
;063,1
072
.091.

I+

<¢yo«3«:

.54h
140

77

077

o oldo -

-c>c>¢jxa_c5c5;_

;Olo_f

2354
372 -
989
.502Q S
.163 o

423
.402
+273
.298 .

RS

l”czc)cid.:

.077-

‘c>c>c>c>c>c>Q

349
.038

T

oolooo o

4L o,
.199
.230: -
.080 . 0.
.238
.075

0.216
:0;033>=

v{i

"0.198.
0.182 . -

0.01l6 -

- 0.285
L0480
Lo 0,445

0. 222:

0.275 -
0.063 -

o+

0.2l

0.201

0,205

0.213

‘;o 077FI/
: O 102':-;'
0.077

I+

r+“~;r

0,508
00562

S 1,453
0.609 - -
0.783 =
0 224’-:

. 0.040

90,028

0.093

+0.010

0,047

0.429
0203
214
0.165
0.253.
0:060 -

o, 250]1;
0,231
/0.180 -
0.197
0.215 .~
0.016 -

0.517- .-
0.314

. 0.416 -
0,102 =

0. 0811‘]
0.039

233

[Na] R :
: 0

0.

.0.203 - 0.

185‘

178

. 0.227 - 0.
0,183 .
+0.016

0.156 -
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'-‘Appendix 10 (continued): Experiment 2. cation concentrations, raw data,
: two-way and One—way analyses of variance.

S _ ‘Raw Data, Means and SEM . f% @
- ,) o N Concentrations in me/g T
Treatment . [K]S ~ [kJ R [rc]s” “[Tc] R
Al . 0.698 . . 0%¥399 - 1.178. . 0.794
S o 00548 7 0,279 0 0 1.107 '-“?1"‘ 0.762
0.610° . '0.228 - '1.358 " - .0.689
- 0.573 - 0.413 878 0. 0.782 .-
0.607 ~ ~0.330 +130 0.757 -
#0.045 -+ 0.099 0.02 .

O O

[+

e

o

W

w
e
gl+

S L.297 - q. 969 A S
1.346 . L.080 o,
- 0.558" " "0.469  1.107 . 1.030 . . ¥~
. 0.550 g: 0.220° ~1.173  0.958

0.329 © -0.351 - 1.231 - 1,009

= + 0. 052-_n '0.055'

BLT . 0568 0,333
. 0.438 - 0.381

B
e
O
W
O
e
1t

0. 0:028
A2 fj”a01472_-fx,0w105.‘,“,lr3185 C 05730
S 0.5470-0 0,330 . 1.028 0,766 -
0.0 0.532 00,305 © 10,99 0,745 .
. 0.457-0 0.373 - 0.847 - 0.840.
- +0.5020 0,278 . 1.047 - 0.731
: . 0,059 4 0. 099';5“*”.

I+
e
o
N
[N
E H-v
1+
o
w
n

SUBZo 0678 Uh0:2700 1279 L.asy
coow 0412 00,189 U LULAS T 00963
S 04810 - 04317 1.148 00,943
v 0.497 . 0. 2122 ©© 1.335 .- 1,295 -

L.227 -
0. 048.*

|+
A
w
O
I+
*O'N
P
I+
I+
o
N
(@)Y

(e}
£
N
o
O
~i
£~
—
N
n
wn
-
o
O
.
~J

|+
o
R
N,
I+
(0]
Pt
~1
. j;,v~ij;x;
LD
(9% )
[F%)
B b T :
0
o

I+
(]
o
[
~1
S~
W
(Y]

.101_1 1.468 . 0.649 -
:327.,3“’1,169*1.a»vo,574.
71,205 . 0.618
469 S +1.087 ~0.694
0.288 ~ 1.232 - 0.659 -
077 + 0.082 - '+ 0,016

-»
o

~J

38

w

v c>o<3c5cro1'f-¢v

) S
v

o

o

N

o

v
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'Appendix ‘10 (continued):_ Experiment 2 cation concentrations, raW’data,

two—way and one-way analyses of variance ﬁﬁﬁ

. L i
Two-way Analysis‘df Variance
: : Shoot Calcium Concentration
Source . S5 MS . pF. o F = p
X 0.353'1 0. 353 .1 0 11.83 0.003%
0.046 - .0.023. 27 0.77 = 0.479

0.062 °0.031 - 2 .03 0.379 o0 L
0.477'3;.o:o3o,j1~ 16 o [ T SR S

;mjﬁle .

'-fScheffefs multiple comparisons of Y,‘ =

ﬂ'fproups@ ~n‘Contrast o F P. .
120 0 036 ' 0.09?"0.916
L 3% - -0,083. 2037 . 0.698 ¢

A

B o _ Shoot Magnesium Concentration’
. Source ' S§ - M$ DF - F . p IR
- +0.005 0.005 1 v':1.o3;-* 0.325..,
©0.002 " -0.001 200000018 - 0; 838 . -
. 0.010 " 0.005- 2 ©0.95  0.406
‘;,=o 084 ,i‘O 005s~( 16 S N

?c.

5 o

‘ Scheffe e multiple comparisons of Y

"GrOups "-_Contrast ’ifZF'~;, *Pt-f,
| 0L - 0.987 - R T
10 .0.908 ’%f.:_ e e

1

v , o .fo
o lon3t o018 o,
© 017 0.844

' *J'?jgff'i Shoot Sodium Concentration j"l

. Source 8§ f.7MSv"ﬁjr DF . F oo p. .

';ff1:o,05517_50.055’af*;ai_v,,;‘1327”“\40,277,5 S
.0.603..70.30L 26,95 0.007% ' oo
N _50;157,v -0 079?'; '2~¢g,f>1;82.;,¢o,195;;‘#jv;=_,vr_]{v“ 3

"f'{Scheffe CR multiple comparisons of Y

,ij;'Groups _';Contrast . Fo - P :
12 a0, 061 , : Og08

S200.30 f,jr—0.366 r?t;‘;4 94 0 0 1 T T T AR e T
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o o N o ‘ | 3
 Appendix 10 (continued):- Experiment 2 cation concentrations; raw data,
e s . y o two-way -and one-way’aﬂalees,of’varianoe.

I

'Two—way Analysis ofrVariance.
Shoot Potassium Concentration

Source . SS MS " DbF  F P

- AY
% .

P

P

X o 101”; 0.101 1 21.22  0.000%
. 0.362°  0.181 2 37.95.  0.000%

XY 0.156- 0.078 2 16.29  0.000% "
E. SARSOTETE e ads

- 0.076 70,005 16

'Soheffé’s multiple comparisons df Y

Groups Contrast F P'f_ .
17720 0,042 7075 - - 0.489

173 0 0.319 L 34,14 0.000%
23 0 0.2717 25.707’« 0.000% .

Shoot Total Cation Concentration )

f»Soufce : 5135_ s U DF - F R

ft#i§?<:¥

| f;z 867_‘,'o~179;.; 16 ;_,~

‘oScheffe s multiple comparisons of Y

iiGroups ;f Contrast LM F P””

12 o.0uk ’-7;f 0.02  0.979

0.341  0.341 1 *--_1;9o~_ 0,187
£ 0.184 0,092 - 2.7 0.51 . 0.609 "
‘0.130  0.065 . 2 . 0.36.-°0.702 -

23 ,,--:—0 232 | - 0.48 z:o._-'eze T

Ly

Shoot Calcium Concemtration -
3.52° 0.0l6%

‘;‘Source of variation 8§ S MS S DFt“~:
Groups 'i; ,‘, SR 0 549 :v0.09»" 6
Error e  {' 0. 494 '0 03 ,;%19;'*-

- Probability matrix for Scheffe multiple\comparison

. Group: -fAl Bl - A2 B2 A3 B3 oc
- 106 0.588

S Al = O 723 ©1.000  0.942 “1.000. 0.

One—way Analysis of Variance i?i.b

of means.

Bl . = 04716 0.999 . -0.817 0.845 1,000

A2 *e‘; & 049390 1.0000 0

103 0.580

B2 ; .= -0.960 0.557 - 0.990
A3 e e s 04227 04718, ¢

-0.929

<
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‘.Appendix‘IO (continoed); Experiment 2 cation concentrations, raw data,.
o - S two—way and one—way analyses of variance.

One—way Analysis of Variance e
‘ f'ﬁ" IR Root Calcium Concentration L e
_ SOurce of variation ) ss ;MS "*_'_DF' S ‘F“ P o
O Terbwps e 0647 fl13 T5. 0 6.28 . 0.002%
Error R ¢ 329 '0'02- L6 e
. ‘. JRN o ) - .
. dF ratios matrix for nScheffe multiple comparison of means
Group ,' Al BT A B2 - A3 L.»*c
‘-5,-A1 .= 4,83~ 0.01 _21 65% 0.00 2,65 ;
obeBL = 4.45 - 6,03 3.08. 0.33.. =
CiIA2 L e ‘1v20,83*'1~0J0Q ©2.37
CoouB2 R o = 14012 0 9,16
WV*AQ‘-, R O - '1.66
Ha} Ci ‘ ' P S R

V;F must be greater than 14 25 for significance at p<lO 05- <

ST Shoot Magnesium ConcentratiOn L R
Sou&ce of variation ss : ““'MS},,g ' DF. S F o ps _
Groups ‘;.. 04023 70,00 0 - 6. ~0.81 0.575
‘ Error e 0. 090 0 OO 19 o 'j' SR

Probability matrix for Scheffe multiple comparison of means=‘

Al . Bl A2 . BZ- A3 . By “c‘-,l,
e 1 ooo o 999 1, 000 - “o. 999 ©0.968 0.996
L= L 000 1.000- ‘,1,000 ©0.882  1.000" -
S ~1.000 . 1.000 ' 0.823 1.000 -
R .-,fﬁj. 0.999. . 0.957 7 0.998 - . .
= ‘;r, = l0.867 - 1.000
SE 0,739 Af;.f

Root Magnesium Concentration f*iﬂ SN

tSource of variation ?i: SS MS'lﬁf DF .. . F ff:’P'_frg
s 0. 036 “0.01" 5. *7¢‘24 02 105000#}
0 005 0 OO 16

o A E a2 B2 a3 e
= 0:882 0.868 0. 923.>.0.686tﬂ 0.000%
" =0 277 .1.000 " '0.991  0.000% - -
: = 0,331 0.208  0.001%
S = 0.983 0.000% .
L= 04000% T e

L e

e



: AppendiX~iO_(cOntinued): Experiment 2 cation concentrations, raw data,_.'

two—way and one—way analyses of variance
One—way Analysis of Variance -

Shoot Sodium Concentration

“Source of variation 88 : _. -;' DF .. F - »vi p -
Groups .~ 1.344 %%%‘ _,’ 6.13 7 .0.001%
* Error = { o ‘0 695 0.04 o ir I

iProbability matrlx for Scheffe multiple comparison of means

Group Al ' Bl . A2 B2 A3 By cv~,3a

Al = 1.000  1.000 1.000 0.942  0.028% 0.965
Bl . o = ~,1.000 - 1.000. '0.914 0, 022% - 0.982
A2 . - 1.000° /0.984 . 0,055  0.879

B2 =0 0,955 -0.033% 01951, -

B3 s s T 003%, {> D

: . Root Sodium Concentratiou ISR '
1Source of variation .88 MS. j;' ».DF”} F P

) Croups. . - . 0. 379 . 0.08' »5 ssu}, 79. 22 ; JO;odd**r,'“

e Brror ,‘«;»' 0.015 0.0 16

s Probability matrix for Scheffe multiple comparison of means

7«/Group ’gAl.ﬁg ‘Bl { A2 ‘B2 S A3f<“‘ ”C E _;'; ‘
Y N A 000 0. 803 0.922_f 0.000% .. ‘0. 001*:;»:- L
CUBLY - 0.635° 1 0.798: " 0.000% 0, 003% - o
o A2 o j”fﬂfﬁ;“~.:ffg;,- ¥+ 1.000- - 0.000% “0.000% .. -
B2 :,;f;-f~ﬂg_»i.fj;:;_Q;Q-rveje'o;oogﬁjsoiooo*t
T ,-‘,>.;:f13{v;q ity -o‘,y>vg =
RTINS :;“:}m"_ Shoot Potassium Concentration _ ‘
"efSource of variation 88 f¥-1vaSf7' DF SF PR
o Groups. - U0.943. -0, 16 - 6¢.: 30 47 . 0.000% .
Ertor‘*i” fvitjv' O 098 0. 01 f 19 R
,_f,Probability matrix for Scheffe multiple comparison of means '
. Group, . AL [ Bl A2 B2 - A3 B3 '*~f.c:,;- e
AL L~ 0:869 0.642 0.967 - 0.370 0. 000*: .0.991
OBl sl o 1,000 - 1.000. 0.923: .0.000%..0.458
A2 s s . .0.988 - 0.987 - 0.000%. 0.243
: B2 Tl 0,814 0.000% . 0.661
A3 o= 0.001% 0,137

X 11
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-AppéﬁdixﬂlO_(continued)é Experiment 2 cation. concentratlons, raw data,:;?f
S M . two—way and one-way analyses of variance.j

fOne—way"Analysis of Variance -

Root Potassium Concentration ’

Source of variation -+ 88 ”]' MS DF- __."7F§,‘?x~“P;7_‘
Groups o005 001 5 0096 0.469
Error- . "4f‘ o *'0‘193 .0.01 - 16 ERC I, ’

B 'Probability matrix for Scheffe multiple comparison of meang
a Group AL o 31 . A2 B2 f'f, A3 ij. RS
Al - ‘j’,ltOOO, Q 993 0.863‘«-0,822 ~0.997 . 0
"Bl =+ 0.968 0.751?.’0.723;';0a983,f-‘
A2 0,992 .0.970 1.000 D
B2 1,000 .0.982. .

Shoot Total Catisn Concentration )

"7nSource of variation a SS MS »:_ DF '5.:‘VF':J..‘P?LA: g
- ‘Groups - C L 0. 787 0 13- 6 -215'0;84 0. 551
Error .pr V: 2, 948 : 0 16 19\ R

.i~;[ Probabi1ity matrix for Scheffe multiple comparison of means 1}¥i1?lﬁ“lt¥‘5f

“" Group . FAL‘f}j‘ Bl A2 "Bz , jA3;jN\ﬂ B3 C%"."
Y S ooo 1.000-. L. 000 - '1.000 - 0. 798 By 000
Bl L ©0.998 1,000 1.000 - 0.921" 11000 .
A2 . 998 ~1.000 . -0.659 - 0. 998, \\
B2 T +1.000." 0.917 1.0 \
A3 e = 00903 a-i 000
'“:aB3C:Q;Srv£:‘?&n”:Qa.lwlis.tk'~"_ffvvigf,iilj .Lf ’ 1 000

Root Total Cation Concentration AR

s Source of variation 8§, “MSiY; 1; DF A‘FH 'tf ap?l':ﬁl
£ ‘Groups 3Iva,V5v’f;’ 0. 789 0.16 "5 9 58 & 0.000*_
o Error 0.263 0.02; 16 e [

Probability matrix %or Scheffe multiple comparison of means

. Group AL 1 A2 B2 A3 ¢
Al s ‘fofzag-: 1.000 0.015% 10;289‘v;0g942 -
Bl - = .. 0.154 . 0.718 1. 000 - 0.043% -. = - .
A2 e,,;_ﬁ 0.009% 0. -212°:0.984 .. .
CB2 o e e Cemeh 0. 949 - °0.002*
A3 = 0.079

L4



e 240
‘.Appen&ix 11: "Experiment_ 2 cation ratios; raw data, two-way and one-way
analyses of variance. - o : :
. 'Raw Data, Means and S_EM
Treatment Mg/Ca Mg/Ca Na/TC Na/TC  Mg/TC  Mg/TC

s R- 'S R- '8 R
AL 2.20  2.75 0.15 \_ 0.23 . 0.17 0.19 ,
: ©2.30 +2.00 0.16° ~0.23 0.24 0.27 ;
- 2.00 2.50 0.23 0.23 . 0.21 0.32 -
L 2.40 4.00  0.14 0.20 ° 0.15 0.22
. | 223 -2.8] 0.17 0.22 0.19  0.25
. T . &
' Bli,yﬂ/ 0.51 . 0.74 0.14 0.20  0.14 0.19
. : 0.33 ' .0.65 0.12 0.13 . 0.14 0.20
L 0.90 0.97 0.14 0.16 0.17 . 0.19
1.70 0.54' 0.19 0.15. 0.21 = .22
‘ 0.86.  0.73 0.15 0.16 - 0.17 0.20
$0.30 #£0.09 +0.02 *0.02 +0.02 +0.01
A2 1.50 " 1.40 0.33 0.32 0.19 0,29~
. 2.20 © 1.80 0.20 0.23 0:19 0.22
2.60 3.10 0.22 0.28 0.18 0.23
2.20 2.90 0.19 '0.28  0.18 0.21
2.13 2.30 - 0.24 0.28 ~ 0.18 0.24
+0.23 £0.41 +0.03 +0.02 +0.00 + 0.0
B2 . 1.10 0.26 0.20 0.15.  0.14 0.14
' 1.60 - 0.50  ¢0.20 . 0.21 0.27 0.20
0.85 0.84 0.16  0.20 0.14 0.21
0.48 0.27 0.15 - 0.13 0.16 0.17
l.ot  0.47  0.18 - 0.17 0.18 0.18
+0.24 +0.14 +0.0p  +0.02 + 0.03 +0.02 .
A3 2.75 2.70 0.41 - 0.52 0.16 0.21
1.80 2.90 0.32 . 0.56 0.17  0.19
b 228 280 0.37  0.54 - 0.16 = 0.20
*+0.48 +0.10 +0.05 +0.02 +0.01 + 0.0l
B3 0.81, = . 0.43 . - 0.24 -
0.40 - 0.50 - 0.13 -
¢ 0.45 - 0.49 - 1 0.15
. 0.76 - 0.52 - 0.19 -
0.61 0.49 : 0.18
» +.0.11 . *+0.02 + 0.02 -
c 0.58  0.17 0.06 0.05 0.17 . 0.12
0.46 0.51  0.03  0.07  0.16 - 0.15
0.62 0.33 0.03 0.09 0.14 0.12
- 0.46 .40 0.03 0.04 0.13  0.17
. 0.53 0.60 0.04  0.06 0.15 . 0.14
' £0.04 ©+0.28 +0.01 +0.01 +0.01 + 0.01



Appendix ll'tcdhtinued): Experiment 2 catjem ratios; raw data,

Treatment
< Al

Bl |

A2

B2.

A3

B3

i+

|+

I+
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two-way and one-flay analyses of variance.

Ra& Data, Means and SEM

A+

|+

I+

Ca/TC S ca/TCR K/TC S  K/TC R
0.08° 0.07 | 0.59 - 0.50
0.10 0.14 ~  0.50 0.37
0.11 ,  0.12 0.45 0.33

- 0.06 0.05 0.65 0.53

+0.09 . 0.10 . 0.55  0.43

+0.0l  +0.02 +0.05 "+ 0.05
0.28 0.26 0.44 0.34
0.41 0.31 0.33 0.35
0.19. 0.20 . . 0.50° 0.46

- 0.13 0.40 0.47 0.23
0.25 . 0.29  0.44 0.35
0.06  + 0.04 +0.04 + 0.05
0.13 0.21 -0.36 0.18

"0.08 0.12 0.53 0.43
0.07 0.07 .-.0.54  0.41
0.08 0.07 . 0.5& 0.44

0.09 - - 0.12  0.49 0.37

+0.01  +0.03 +0:046 +0.06

0.13 0.53° . 0.53 0.19

-0.17 0.39 0.36 0.20
0.17 0.25 0.53 0.34
0.33 0.61 0.37  .0.09
0.20 0.45 - 0.45 . 0.21

+0.04  +0.08 "+0.05 + 0.05
0.06° . 0.08 0.37 0.18
0.09 0.07 0.42 0.18
0.08 0.08 - 0.40 0.18
0.02  +0.01 +0.03 +0
0.30 - - 0.03 -
0.33 - - 0.03 -
0.33 - 0. 04~ -
0.25: - - 0.03 N -
0.30 ~0.03
0.02 + 0.00

10.29 - 0.68 0.49 - 0.16
0.34 0.30  °0.47 0.49
0.23 0.37 - 0.60 0.41
0.27 0.12 ° 0.57 0.68
0.28 0.37, 0.53 0.44

+ 0.02 0.12 . + 0. 0.11
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11 (continued): Expefiment,Z cétion ratios{ rawAdata,'
’ ' two-way and one-way analyses of variance.
) ‘Two-way Analysis of V;riancé .
" Shoot Mg/Ca Ratio ~
“Source SS - MS . DF ' F P
X 9.853 - 9.853 1 51.33 0.000% O
Y 0.055 . 0.027 20 0.14 © 0.869 S
.>'XY 0.245 ° 0.123 2 . 0.64 0.541
E 3.072 0.192 16 '
Scheffe's mulfiple‘comparisons of Y
Groups Contrast ' F P
1 2 .=0.024 0.01 0.994
1 3 0.102” 0.09  0.917
2 3 7 0.126 0l13.‘0.876
‘ ‘l Shoot Na/TC Ratio o
Source SS . MS DF - F P =
- X 0.001 0.001 I 70.42 0.525
Y 0.243 . 0.121 = 2 63.68 - 0.000%
XY 0.027  0.014 2 7.10  0.006%
E" 0.030  0.002 16 . e
Séheffe'svm&;tiplé gompérisons of Y |
Groups Contrast . F . P ST -j
Sl 24 -0.046 2,25 0.138 =
1. 3 4 ~-0.265 '58.99 .0.000% ' .
3. %0.219  40.20 0.000% .
- Shoot: Mg/TC Ratio : : ‘
Source  §§ M DF_ . F P
D ¢ - 0.000 “0.000 1 0.10 0.752
Y 0.000 .0.000 2 - 0.11 0.897
Xy 0.000 0.001 2 - 0.42 . 0.664
E 0.027 0.002 ‘16 ‘ '
Scheffe's mﬁltiple'compariSOns of Y y
\ s .
Groups Contrast - ~ F P
1 2 -0.003 -0.01 0.990
1 3 0.008 0.06 0.945
2 3 0.11 0.900
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Appendix 11 (continoed):
Two-~way Analysis of Variance
v Shoot Ca/TC Ratio
Source’  SS MS  DF F
X ' 0.144  0.144 1 30.19
Y 0.006  0.003 2 0.67
XY - 0.011 0.006 o2 1.16
E 0.076  0.005 16

2.3

A\

Scheffe's multiple comggpgsons of Y

.Groups Contrast . F P
12 . 0.025 . 0.26. 0.773
13 . -0.019 . 0.12  0.890
- 2.3 . -0.044 0.64 '0.540
Shoot K/TC Ratio
Source ' SS MS DF F
X 0.155 0.155° . 1 '26.68
Y o 0.287 0 0.143 2 24.75.
XY '0.085  0.043° -2 7.35
E 0. 093 ~..0.006 16 S

Scheffe s multiple comparisons of Y O

' Groups Contrast' ,=F-_' P
1 2 . 0.021" B 0.16"'305857
1 3 0,277 "21.28° - 0.000%*

0.2560 18.14- 0. 000*

© 0.000%

0.525
0.337

0.000%

0.000%

0:005%

One—way Analysis of Variance;"‘

Shoot Mg/Ca Ratio SN
DF

) Source of variation SS - MS
Groups 13.47 " 2.24 6
Error 3.09

0.16

8

F

- 13.79
19
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6 ' ; '
Experiment 2 cation ratios; raw data,
two-way . and one—way analyses of variance.

e
P
0.000%

Prbbability matrix for Scheffe multiple comparison of means

Group Al BL A2 B2__ A3 - B3
Al = . 0.012% 1.000  0.030*% '1.000 0.002%
‘Bl - 0.022% 1.000 . 0.044* 0.990
Az - 0.055 - 1.000. - 0.004%

JB2 - . = 0.089 0.912
A3 - ' o - 0.012%
B3 S : gy -

Cc .

c
10.001%
0.964

0.003% ,
0.824 |
0.008*

1.000 -
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Appendix 11 (oontinued): Experiment 2 cation- ratios, raw data,
’ : - _two—way and one-way analyses of variance.
",‘ One-way Analysis of Variance
_ Root Mg[Ca Ratio o _ L
Sourte of variation sS P MS DF F . P
Groups 22,72 4,54 5 13.27 0.000*
- Error - 5. 48 '0 34 16 S
.“Probabllity matrix for Scheffe multiple comparison’ of means
Group Al Bl A2 . B2 a3 ¢
Al -~ _0.006* 0.902 0.002% 'I.OOO - 0..003*
"Bl - 0.048* .0.995 - 0.029*% 1.000
A2 : ~ 0.016% 0.960. " 0.029%
B2 s - 0.012* - 1.000
A3 = 0.019%
Y N N .
o
| Shoot Na/TC Ratio o \
= Source of variation ss MS ~~'tDFx ~F ‘PJ s
Groups LA 04494 0.08 .- 6  50.25.. 03000*,
Error - 0.031° O 00 19 : o :
;Probability matrix for Scheffe multiple comparison of means
© Group . Al i"Bl; a2 R A3 R
- Al - - 0.991 - 0.586 . 1.000 - 0.003%* , O 000% 0.013%
o Bl = 0.214° °0.978 ~0.001% 0. 000* . 0.062 -
CAZ o ‘ R 0.673 ,'0.078*__0.000*‘30;000*f R
B2 - ‘ L= 0.004% 0.000% . 0.010% -
A3 L e 00124 0.000*
B3 S= - 0.000%
c | O
| \ 4%)‘ ) o o '
o o Root Na/TC Ratio L e L
Source of variation SS M pp “YF o p o
- Groups . ‘ - 0.339  .0.07 -~ . 5 76,98 0.000%
Error . 0.014 10,00 o e

\\th”

Probability matrix for. Scheffe multiple

Group Al - Bl

. Al - 0.176
Bl R

- B2 -

A3

c -

16

A2 B2 A3
0.286 - 0.382 0.000%
10.002% 0.996 . 0.000%

- 0.006% 0.000*

- 0.000%

244

comparison of means

c
'0.000%

0.011%

0.000%

0.004%

0.000%
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Appendix. 11 (continned): Experiment 2 cation ratios; raw data,

two—way and one-way analyses of variance.

i Error :

'~ Error

B2 T
A3 T B

| One-way Analysis of- Variance

Shoot Mg/TC Ratio

Source of variazikk\ SS MS
Groups- . ' ---0.005 0.00

Error . 0.028. 0.00

Al - 0.984  1.000°  1.000
Bl o= 0.997 1.000
A2 - = 1,000
B2 . - IR -

A3 = .o

B3

C

oF . F P
6 0458  0.745
19 | L

Probability‘matrix for Scheffe:multioie'compariSOn of means

Group Al Bl A2 B2 - A3" B3 - ¢
" 0.992

1.000

0.847
10.999
0.930 -

1.000
1.000
0.999 1,000
1.000 1.000- 0.970
- 1.000 - 1.000
SRR 0.970 -

| Root Mg/TC Ratio . ¢

Source of. varlation s LMS

0.031 0.01°

0 018

Groups

,fProbability matrix for Scheffe multiple

-Group 'V,Al*"_’ Bl A2 ,-' B2

AL =
BL o

A2 e

0,172

0.964"

‘ 0.346
€

,,0,998
- 0.807 -

0.553

Shoot Ca/TC Ratio

Source of variation 88 .. MS,o'
Groups . 0. 209
| . 0.083

K3
‘.-f;<

‘Probability matrix for Scheffe multiple
A3 B3 C
1. 000. -

Group Al "Bl A2 _ BZ
‘AL - ‘,0 104 - ,1,000, Q 472
Bl oo =0 0.113 0 0.969
A2 - “i'”';V 0.499

B3
C

0.00

- 1.000
0,935

CDFE R P
0.03 0.000% =

0.584
- 0.049% 0.089
= ~ - L.000 - AV

: 10.004%

5 5.52.
e

comparison of ‘means

f A3 L PR DRI
“o. 013% ,:jfgj;_aj"

0. 789
0,312 00
) 0.031%

0.973:-0.770

6 8.00

comparison of means '

10.035%
10.998
0.038%

0.785
0.089

0.016%
0.976
0.018%
0.579

0.199 ..
1.000

O

245
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Appendix 11 (continuéd): Experiment 2 cation ratlos, raw data,- '

One—way Analysis of Variancet

_ Root Ca/TC Ratio

Source of variation. .88 Mg ,’v DF F:' - p
~ Groups 0. 442 0.09 5 '5.07
 Error - - 0. 279 O 02 - 16 '

fProbability matrix for Scheffe multiple comparison of means

Group. Al Bl A2 - B2 A3 C," -
Al - 0. 508 :1.000 0.052 " 1.000 0,191
Bl S - 0.630 . '0.748 - 0.615 ' 0.984
A2 - . = 0.078  1.000 0.265

B2 B S S T 0.981

A3 = 0.309
C ‘ v ; " . " oo

L Shoot K/TC Ratio .

‘_;Source of variation "_SS_ o MS i "',DF':)‘ ©F -__:V‘P o
_Groups - 0741 002 6 ~0.000%
0104 oo a9 e

-'ﬂéfdup,'-;gf_xi‘1]31;wﬂ | A2 '~I-ﬁz: A3 B3 c
| S 0.978 © 0.722° 0.489 - - 1.000

0. 972 12000 " :0.999

0.005*' |

© 0,746

A2

0.197
o 272

Gfoups -
Error ,

. F ratios

' ~Group Al Bl a2 B2
AL - 0,89 0.53

BL -‘,-,f“;wo.os 2.31

o I

SB2 e e T R
- C Lo . SRR P
- F must be.greater than 14.25 to be,

- i :0.992.
B2 s 'i°”a-.,,-., .

| ' Root K/TC Ratio

Souree of variation E SS»" COMS

- 0.039"
0. 017’

6 06 -

0.880.

0. 994

“'DFf:? "
5

16

A3

4,98
2014 00,
.2.68
'10’05fi1

0 OOZ*A

f2.32

PR

‘ p“

matrix for Scheffe multiple comparison of means

"_goificsot.atsﬁQi0.05  i

246

‘ two—way and one—way analyses of variance."

k0,996 v
*0.844 -
0.606 i
- 0.000%. .

LA

10,092 f? L
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Appendixle Experiment 2 correlations of dry weight with cation
o concentrations and ratios : R @

Shoot or root = Correlation Probability Correlation Probability
variables ~of shoot . r'=0 - of root - r=0
* - - variables . " variables o
- with shoot - " with root,
. dry weight =~ - . . dry weight

oleal 0 -0.203 0 0.146 ©=0.217 7 0.332
Mg] . =0.574° . 0.002% © . 0.132 - . 0.559
[Nal- - =0.428 o 0.029% =0.043" . 0.849
R e 00417 0.034% 0.773 - ".0.000%
{rcl - . ~0.351 20,079 1 0.168 0,455 a0

.. Mg/Ca .t - .0.188 . 0.358 T 04355 ‘o 105
Na/TC - ~0.487 . 1 0.012%. =0.107 . 0.637 -

Mg/TC - 0 -0.400 T 0.043% . -0.074 . 0.744
Ca/TC o -0.248 0 0222 -0.378 - 0.083

o TK/TC S 0601 - 0.001% 0,582 . 0.005%
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':‘Appendix‘13: Germination raw data, two—way and one—way analyses of
ST variance.,' : ‘ ‘

o ... - Raw Data, Means and SEM : :
‘ Number of seeds germinated per dish (total possible = 20)

bfbsmotiCum,. . Water potential (~kPa) S
' R ' =200 - =500 - =1000 ° -2000

. NagsSoy .

O
[:]
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- Appendix 13 (continuéd) Germination raw data, two—way and one-way
I analyses of variance :

Two—way Analysis of Variance
'--Af‘jtYPe Of salt B ' water potentials - _;  -

‘Source . SS ' . MS : DF YF P

A 67 220 3 6.63  0.000%
B 1439 ° 360 - 4 106.72  0.000%
AB . - 8 7 '12 o 2.08 0.027%
E 1270 .3 80 -
_~_Scheffe s multiple comparisons of A . .
wol= Na2804 2 = MgSO4 3 NaCl 4 = PEG

Groups ; Contrast ‘ 'F : 'P X
100 1.24 o;302
. -O 68 - 0.57° 0.635
o L4000 2042 0 9.0720
Soo-1.687 3049 . 0.019%
0.40 - " 0.20 - 0.898 .
2 oe“*,-.['5'35 0. ooz*;,

wNNr—'b—-r—-
.jb?eiuxu~gxm

"Y;iiScheffe s multiple comparisons of B

0. kPa 2= =200 kPa . 3 =.—500 kPa 4 =.-1000 kPa. 5 = -2000 kPa
: roups ‘ ConLrast S F; B ”P. i - Lo '
2 v;” -'0 90nf‘hu'20g60=__0 663 ..
3. '5.90 . 25.82° 0.000% R
47095 46.89 - 0.000% .
5 00 1 .9.55. - 67.66  0.000% .
3. 05.00 - 18.55. 0.000% .
b 7,050 736,87 L 0.000% e
50 8650 55510 °0.000%
4 SOL9% o
. .000*,»-,‘_; R
5 {119

©2.050 3,12
To3.65 0 9.88
. 1.60 . 1.90

‘<: c>c:;:<:'c{ci
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Germinatlon raw data, two—way and one-way

Appendix'lB (continued):
Lo . analyses of variance.

One—way Analysis. of Variance -
All Salts at 0 kPa

v‘ Source of variation . ss. MS o DF o F P

Groups U735 20445 3 0.24 0.865
‘Error ERRY 161 60  10.10 16_' '

Probability matrix for Scheffe multlple comparison of - means

Group L Na2504 ' MgSQ,. .
v 04 5T 0.948

- MgS0;
‘*NaCl:
~+PEG

All Salts at

Source of variationv' ‘8S
Groups Co 25005
Error B - 76 80

2ooukPa3 “

NaCl PEG
0.993  0.998 .

- 0.993° 0.887

- 0.969

.DF‘;‘ :E A,~;:uP~," s
3. 179 0.190;/:
16 o -

Probability matrix for Scheffe multiple comparison of meansv

- Group L v Na2804 MgSO4

Napso;, 04725

Mgso4 N .pw o ~H:—-._;

"~ NaCl- =

. .PEG‘ F } y; . :" ,
- i ‘ All Salts at —500 kPa

Source of variation - SS
. Groupg' . 90 55
Error ;i-:ﬁﬂ”- 18 00

© _NaCl-+ - PEG .
"0.725"' 0. 999
0,192 0.648
SRR » 0;797'

L

T S e S
CDFF R
326 83, .~ 0-000%

16 .

Probability matrix for Scheffe multiple comparison of means

Group T Na2804 f ygSOA
Na2804 el i

: NaCl

Source of variation j.} ss

~ Groups - 27,60
Error o fq." -13.20

NaCl
 PEG -

o S 0. 002*
 MgS0y ';~:1_'ix~f;,t_1__ i

NaCl' ,'4 PEG _tj . f]"’”:"**

.0.993 - 0. 000*
0. 001* 04171

. - ""n, _ v,O,OOO*‘.
All Salts at —1000 kPa B e

DFflﬂfﬁ,“F'b3if P
3oos
16

':Qi‘ Probability matrix for Scheffe multiple comparison of means
~Group ”v Na2504 : M850435 =
N32804 - ) 0 15733
‘Mg50,, ;i:gf e _,f A

" NaCl *7.~ PEG

0.414 - 0. 026*'5

10.007* * © 0.780 .
Co= o 0.001%

7f90.000*pﬁ67:ﬂ.~:1’
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B F must be greater than 11 48 to

",fgSource of variation 'Q ss ﬂi MS _" DF o ::F

”fGroup Oj;'”'
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Appendix. 13 (continued)-. Germination raw data, two-way and one—way
L ' B analyses of variance

One-way Analysis of Variance o

Na2804 at All Water Potentials

) -Source of variation  'SS . ..MS - DF. .~F . P

Groups . 319 79.7 4 31.86 - 0.000%
‘Error S B 50 o2 20 .

F ratios matrix for Scheffe multiple comparison of means

‘Group 0 - -200 =500 - -1000- - -2000 - ES
0 ~ = . 0.3612.96% - 49.00%  84.e4x
7200 = ,9.00 40.96%  73.96% e ///;

=500 0 T o= 11.56% - 31.36%
-1000 co - 4.84
-20000 o S R ‘\

' significant at p 0. 05

e , MgSO4 at All Wate Potentials ’f" _,i. .:‘:‘_ tgfﬁ =
uSource of variation - SS :." MS, P F P
Error Ce a 517'*~'v‘2"6<' « 20 o - .

‘}.‘F ratios matrix for Scheffe multiple comparison of means - : .
~Group - ,0_1;‘ .f-zoo :ﬂ-soo 21000 ¢ =2000° ‘

0=, 29 ,62.50% .90, 00* 106.62%
=200 = L 20.76%. 2 37.54% 47. 85*

So=s00 o T 2,50 - 5.63 .
. =1000 ~.1 s ;‘_e~¢, R ;'j—'”* v 0.63

=2000 . ol et e

tF must be greater than 11 48 to be: significant at p 0 05 ‘

?-::~ - NaCl at All Water Potentials

L ._@‘%Vﬁfw e
Groups Tf""3 ' 379 : .94 7 :i;ff’4:' 29 05 : _‘ fﬂg-f~~

..,A‘v . - .

'IZVF ratios matrix for Scheffe multiple comparison of means':' o

<500 -1000 " -2000 FE
U 12.27% 0 33.40% “t~73 65k
| o ¥ 16.85% 137.58% :j79 79%

=500 o o Lo s g 25, 80*

0 ,,_;.ﬁ-

| <1000 :g,,’vtf' f' = 7 85 _i-i *.‘il”;:ii L

2000 T :

ﬁj'F must be greater than 11 48 to be significant at p<10 05

o



ks

Apbendix,l3'(c6ntinued) ermination raw data, two-way and one—way
e e analyses of variance.
One-way Analysis of Variancejjf
| PEG at All Water Potentials L
Source of variation - ss . MS. DF ~ F P
Groips . D432 108 4 20:92 . 0.000% '
Error-,_,- S 103 5 : 20 ' E
F ratios matrix for Scheffe multiple comparison of means 5
“Growp 0 =200 © =500 -1000  -2000 . =’
S0 = S0 _.‘,31'01* 35.83% 37, 52%
~200- - IR AT :°3L.01%  '35.83% . 37, 52%
=500 . . L e = 0417 0.31
0.02

-1000 - ;a;ri R

: ,-zooo,"w. ,{l V‘a“f

:sF must be greater than 11 48 to be significant at p<.0 05



