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ABSTRACT

This Etudy was undertaken with the objective of de-
termining if calc1um is limiting for optimum plant growth
on Solonet21c soils; and to establish useful parameters
for asseSSing the calc1um ptatus of the soil solution.
There were three main phases to the work as follows: dis-
placement of the soii solution at field moisture levels;
simulation of the displaced 5011 solution, by use of solu-
tion culture, so that, the physiological effect of the con-

centrations and ratios of ions on plant growth could be

" assessed free of any soil physical effects; and soil studies

-

to determine if results from sclution culture were an accur-
ate assessment of plant‘growth in the soil.

Analysis of displaced soil solutions at half available
moisture percentage (-1/3 + -15bar/2) indicated that a sig-
nificant decrease in salinity and magnesium to calcium ‘
ratio (MQ/Ca) and increase in calcium to total cation ratio
(ca/TC) occurred along the Solonetz to Solod soil sequence.
A decrease in soil moisture from saturation paste to half
available moisture percentage gave an increase in'salinity
and slight increase in the Mg/Ca ratio. Highng/Ca ratios
(1. 16 - 3. 57) and low Ca/TC ratios (0.04 - 0.07) were found

in the soil solution of the Ap horizons of Solonetz; and

iv

TN



-

P
s )

Bnt- horizons of Solonetz and S‘o,lodizedv Solonetz soils

uged |in the study.

Yields and root'growfh'of‘barley (Hordeum vulgare var

Galt), in solution culture, were reduced when the Mg/Ca

ratio in solution exceeded 1.0, or when the Ca/TC ratio

was lower than 0.15} regardless of levels of-salinity,

conc ntrations of calcium or maépeeium, or4diffe;ences in
ionic strength. The Ca/TC ratio\was found’to be more
versatile than the Mg/Ca ratio. These results agree with
research on.other plant. species, 'Reduced growth was fol-
lowed by sympté%s of caleium'deficiency such es withering'
of tHe emerging leaf. .Uptake of calcium was correlated

(r = 0.931) Qith the Ca/TC ratio in solution, while the
Mg/Ca ﬁptqke #atio was correlated (r =0.979) with the
MQ/Ca ratio in\solution. The Ca/TC ratio in solution and

not the potassium condentration was considered ihportant

r

in maintaining the ability of potaSSLum to compete with
sodium uptake a%d prevent pota851um def1c1ency. -

' Growth of barley in soil from various horizons of

Solonetzic soilF verified the results found in solution

culture, in that, soils shown*by displacement to have ad- .

verse ratios of calcium to other ions, soon developed

stunted‘growth/and calcium deficiency. Additioné%qf'éale Lo

cium, mixed into the soil, gave increases in g;thh, pre—

vented calcium deficiency and improved calcium and potassiﬁm

uptake.

i
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Y
INTRODUCTION

Adverse factors affecting plant growth on Solonetzic
soils are usually attributed to physical impediments which
prevent root growth, disrupt the mobility of water and

' cause poor aeration of the soil. At the same time, phys-
iological effects, such as salinity, low nitrogen, and
ion concentrations and’ratios have also been accredited
some responsibility for reducing ﬁlant growth. Investi-va.
gations into these latter efﬂects have usually concen-
trated on the role of high exchangeable sodium (Péarson
1960), a%étgeneral problems éssdciated with salinity
(Bernstein 1975). | o . |

Nutritional disturbances on Solonetzic .soils, although
mentioned in early reviews of the literature.(Magistad
1945) and those moreJrecent (Bernstein 1975) have not been
adequately researched. For instance, calcium limitaﬁigns
for plant.groch have often been considéred important
(Abraham and Szabolcs 1964: Abrol i968: Bower and Turk
1946: Bronson and Fireman 1960; Kelly 1963; Pearson 1960:
Poonia and Bhumbla 1973a: Ratneg 1938; aﬁd Russell .1970).

\\waever, inconclusive results such as calcium ammendments

increasing the calcium content of'plants but not affecting



yield (Szabolcs epAal.1957), or\incréased yield corres-
ponding to calcium loss from the soil (Cairps 1970) have
.prevented useful parameteré, concerning calcium availa-
bility, being established.

A more recent approach to assess physiologicalleff-
ects on plant growth has been to estimate tﬁe concentra-
tions and ratios of ions in the soil solution over field
‘moisture ranges (Adams 197kﬂ.w'This_is based on the theory
that the soil solution fully characterizes the environment
of the plant root'(Brewster and Tinker 1970; Lagerwerff
1958, 1960; and Olsen and Peech 1960). Determination of
concentrations and r;tiss of ions at field moisture levels
is significant for Solonetzic ‘soils due to the semi-arid
climate"in which these soils are found. Khan and Webster
(1966) found that concéntrations and ratios of ions varied
more markedly over the moisture range of a Black Solonetz
soil‘than that of an associated productive Eluviated Black
Chernozemic soil. Therefore changes and differences in‘ion
ratios may be importaht parameters by which ﬁb assess nu-
tritional factors in Solonetzic soils.

Recent research in other areas of agronomy have shown
that a certain percentage of calcium must be present in
the root environment to maintain optimum plant production
(Adams 197la; Epstein 1972; Geraldson 1971; Khasawneh 1971;

and Pearson 1971). Further to this, levels of calcium

i



which are adequate under nonsaline conditions becéme
limiting as salinity is increased (Bernstein 1975; LaHaye
and Epstein 1969). As the effect of ion ratios are mainly
important at the two extremes of nutrient supply, that is
toxicity and deficiency, the determination of critical
rafios of calcium to other iOns could provide information
concerning calcium availability. .

Therefore, with the foregoing facts in mind, the
 objectivé3of this study is to determine if calcium is
limiting for optimum plant growth onOSolonetzic soils;
and to resolve if the relatively saline conditions found
in some Solonetzic soils enhance theé need for additignal
calcium. Attention will be given to détermining useful
parameters for calcium availability. To achieve fhis
objectivé the study will be divided into four parts as
follows: R

(1) Characterization of bulk samples from A and B

horizons of several Solonetzic soils..

(2) Determination of ion concentrations and ratios
of calcium to other ions in the soil solution of
Solonetzic soils under study, over the field mois-

ture range. .

*ny
N

(3) Simulation of the ranges in sodium, calcium and

magnesium concentrations and ratios as well as salin~'



ity found'.in the soil solutions, by use of solution
culture, so that, the physiological effects of ion
concentrations and ratios of calcium to other ions

on. plant growth, could then be assessed free of any

soil physical effects.

(4) Using the A and B horizons of Solonetzic soils
to deterﬁine if results from solution cylture (simu-
lating displaced soil solutions) can predict plant
growth pérformance in the so0il. Also, to assess the
affect of addéd gypsum, mixed into the soil, on plaht

'growfh.



LITERATURE REVIEW

I - SOLONETZIC SOILS

l. Occurrence and Formation

Solonetzic soils occur in all the five continents,
being predominant in U.S.S.R:, Australia, South America,
China, Seputhern Africa, U.S.A., Eastern Europe and Western
Canada. The Solonetzic Order in the Canadian System of Soil
Classification is composed of three Great"Groups, Solonetz,

Solodized Solonetz and Solod (CDA 1976 ).

fony
Solonetzic soils can occur on a variety of parent

materials wherever brackish groundwater is, or was close.
to the soil surface. Tﬁey have developed in areas of reg-
ional or local discharge of saline groundwater or by dev-
elopment from saline bedrock. 1In many cases the ground;
water has becomexsalinized by paséagefthrough brackisi and
marine watér sediments. Due to fhe differential permeabil-
ity of the parent material and difference in local relief,
groundwater discharge-+is sporadic forming a mosg%c ofv
salinizied areas raEhér than a continuﬁm { Pawluk, 1973).
This explains the occurfence.of Solonetzic soils iﬁ assoc-
iation with soils not affected by salinity, such as Ofphic
Chernozems. |

In the past, two theoriés have prevailed concerning
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the primary method by which Solonetzic soils were formed
‘(Tyurin et al.1960). . The first theorf‘contends that‘the
1n1tial stage is the presence of a saline parent materlal,
followed hy a second stage of leachlng thch causes a de-

-

crease in soluble salts and subsequent %;5per310n of the

expansible sodium dominated‘clay mineral . such as smectite.

The second theory malntalns that saline groundwater, near
‘the surface, in areas where evaporatlon allows sodium salts
to occasionally rise to upper soil horlzons, may cause
sodium to become adsorbed onto soil\colloidé. " Subsequent
removal of excess salts by leaching, will éradually create
conditions whereby dispersion can occur.' It is generally
considered that both theories may be correct in explaining
the formationaof Solonetzic—soils. However, the first
theory could only occur if the salt;gplution has #ery hlgh
- amounts of sodium (up to 90%), as the presence of even
small amounts of calcium or magnesium during desaliniz-
ation, and dilution (under saturated conditions) of the
s0il solution will cause llttle sodium adsorption (Tyurin
et al.l1960). such cdnditioﬁs may exist, for extremely
high levels of soluble sodium, on outcropSNOf saline sedi-
mentary material; it may then be concluded ‘that the more
universai orocess involved is the upward movement and con-

centration c . +s from groundwater as outllned in the

second thenr ‘s allows upward movement of sodium under



uﬁ?aturated éonditions causing substaﬁtial adsorption of
sodium. TWg}main conditions then, must be met f&r peddgen-
esis of Solonetzic soils. Firstly, the presence of saline
‘ggoundwater near the soil surface:.and secondly élternate
humid ﬁnd dry periods; the latter éausing.a'high evaporative
demand. These two conditions will ensure capillary‘rise
of sddiuﬁ salts to form intermittent communication between
the soil horizons and saline groundwater, without™the build
up of salts (Szabolcs 1971). A

. The §olonetzic soils of Western Canada have been sub-
ject to considerabie research designed to understand the
processes behind their developmeﬁt'(Bowser 1961). The
three Great Groups mentioned earlier are considered to be
a génetic sequence because the Solod shows evidence of
onge being a Solonetz by presence éf disintegrated humate
stained peds énd other features. Tﬁ; main processes in-
volved are sodification (alkalization), desalinization and
Vsolodization. Sodificatibn‘ié.thé process whereby sodium
begomes adsorbed onto soil colloids causing dispersion of
the colloids and downward mévement of soluble humates.
‘Desalinization,is the removal of salts by leaching, due to
inc;eased precipitation or lowefing of the water table.
In Alberta, glaciation Allowed the gradual development of

"a new integrated drainage system which would result in a

lowering of the water table (PawlukE 1973). Solodizatigh



is the eluviation of the dispersed sodium Clays and humates.
The Solonetz Great Group has a typical morphology due
to godifiéation. A thin surface A horizon exists, which
has been modified by plant growth) on top of a compact;
columhar, impermeable, humate stained B horizon. Further
desalinization and initiation of solodization forms a sold—
dized Solonetz, which has a thicker A horizon due to more
vigorous plant growth,'plus an eluvial A horizon (Aé) cau-
sed by downward movement of sodium clay. and humates, to
give an illuvi;l columnar B horizon. An increase in vege-
tation coupled with a lowering of‘the water table; 'would en-
courage recyling of divalent "cations to the surface horizons
and a decrease capillary rise of.sodium salts. This would re-
" sult in the exchange and removal of sodium, either due to
exchange by divalent cations or hydrogen from hydrolitic °
réaction of water with sodium clay. A Solod would then be
formed having a thick A horizon, a humified eluviatkd A
horizonv(Ahe), and an eluviated A horizon developing at the
;xpense of the B horizon. This proceSS'continuesvwith the
darkecoloufed surface;horizon following the eluviated hori-
zon downward as ﬁhe aisintégration of the B horizon (cal-~-
~cium réplacing sodium) occurs (Bowser 1961). Therefore,
the sequence from Solonetz to Solod and resultant morpho-
logical differentiation of the soil(profile occurs when

the saline groundwater gradually ceases to influénce the



soil profile. However, renewed groundwater activity and
persistence of saline water in the solum can result in a
reverse sequence and ultimate formation of a solonetz or

even a saline soil (Tyurin et al.1960).

2. Chemicél characteristics of Solonetzic Sbils
in Western Canada

One dominant pedogenic feature found in the solonetz
and Solodized Solonetz Great Groups is the layer of salt
"accumulation in the lower B horizon and C horizon (Bowser’
1961). The predominant salts are sodium and magnesium
suiphates (cairns 1961), although bicarbonates and sulphate
salts of calcium may also be present. Electrical conduc-
tivitieé of saturation extracts (in mmhos/cm at 25°¢) range
from 1 to 6 in the Bnt horizon and from 7 to 13 in the C
horizon “(Bowser et al 1962). Often thé occﬁrrence of
readily soluble salts above iess soluble salts provides
evidence for the capillary rise of sodium salts, and their

continuing effect on these soils (Cairns 1961).

z

High exchangeable sodium and often magnesium are found
in Solonetz and Solodized Solonetz soils (Bowser et al.
1962; Cairns 1961l; and Janzen and Moss 1956). An increase

in exchangeable calcium of the Bnt horizon 'and decrease ir

exchangeable acidity of the A horizon occurs. through the

Solonetz to solod sequence (Bowser et al.1962). It has

-

been suggested by vazen and Moss (1956)‘that adsorption
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of magnesium 1is favoured'by the alkaline conditiohs found
in the Bnt horizons of these soils. Evidence is given to

show that magnesium adsorption is preferred over calcium

adsorptiop by sodium clays at high pH.:

'In the A horizons pH may range from 5.0 to 6.5, while
the range in the Bnt horizons in 6.6 to 8.0 (Bowser et al.
1962; Cairns 1961). |

Although Solonetzic soils have similar amounts of
hitrogen as associated soils in Aplhorizons of the same
depth (Bowser et al.,1962), the distribution of nitrogen
may diffe;.between Solonetzic ané assdciated Chernozemic
50113 (Khan and-Sowden 1972). ‘The proportions of nitfogen
as amino acid, amino sugar and ammonia in fulvic ac1ds
increased from Solonetz through Solod to Eluviated Cherno-
zem. Therefore, it was concluded that\pfesence of sales
had some effect'on nitrogen mineralization. -Biological
release of nitrogen has been shown to Qe lower in Solonetz
than in solodic soils. This was con51dered a pH effect \
due to the generally low pH of the Solonetz Ah horézon |
(Cairns 1973). /

Soluble carbonates are not usually-found»in the Ap and
Bnt horizons of these soils as the pH of the ﬁnt horizon
rarely gees ebove 8. Seluble chlo:ides are found_oﬁiy in
small amqunts such as 1 to 2 milliequiva%ents pef }iter or

less. ,Bicarboﬁates can range from 1 to 10 milliequivalents
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per liter. The dominant anion is sulphate (Bowser et al.
11962). “

High quantities of disbersed organic matter may be
found in water extracts from Sdlonetzic soila: Research
has shown little evidence of metallo—orgaﬁic complexes,
however, ions such as calcium may be in associéfiéﬁ with
soluble organic'forms (Khan 1970). Examination of humic
acids extractedvfrom Solonetzic and associated Chernozemic
- soils shoWed little variation in elemental composition,
physical and chemical propertieé (Khan 1971). .‘

The main criteria for c1assification of Solonetzic
soils is the'chemistr; of the Bnt horizon. In the past,
the émount of exchangeable -sodium haé been used to deter-
mine if a B horizon wés considered Solonetzic. However,

causéd problems for

high amounts of exchangeable magnesi
the usefulness of this procedure, als there was often no
relationship‘beﬁweenvwater soluble sofiium levels and exchan-
geable sodium. For instance, wat soluble sodium percen-
tages of over seventy were found when the e#changeable sod-
ium percentage was only foﬁ; (Béllantyne and Clayton 1964).
Recent claséification has used an eichangeable Ealéium to
sodigm ratio of less tﬁan 10‘as a‘criterion for Solonetzic
B ﬁorizons (cpa 1976). |
In genéral{ no frée gypsum or é;lcium carbonates are
found in the s$o0il solum (Cairns 1961; Bowser et .al.l1962).

A

Parent materials often contain calcium and magnesium car-
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bonates, therefore lime concentration horizons are found
N .

ac depth depending on precipitation. Some gypsum or car-
bonates may be found in the solum of more saline sodic
soils. o

‘Although intensive research has not been done on
évailabilityyof micronutrients, evidence indicates»tﬁét
they are not limiting for plant growth (Cairns 1973).
Russian work has found tha. the total content of micro-
'elements in Solonetzic‘soils is close to'that found in
associated soils, also'the'distribution of m?croelements

occurs according to genetic characteristics Pf the soil

involved (Gamzikov 1969). ’ i iJ

3. :Fertility and Plant Growth,

Fertility of §olonetzic soils~usual1y increases élong
the Solonetz to Solod sequence. This sequence'aiso shows
an increase in wa;;r penetration, exchanéeable calcium and
décreaoe in exchangeable sodium and salinity. According
to Tyurln et al. (1560) two main factors are responsible
for limiting the fertlllty\pf these oo’ls. Flrstly, chemi-~-
cal factors such as salinity, low concentrations of biva-
lent ions and pH,'may>cause an adverse onvironment in the
' soil solntion. Secondly, plant gfowth is retarded by poor
physical properties such as low air-water pe;meobility,
hardness, high}bulk density, lack of Stiuctufe“when moist,

and swelling. Low levels of nitrogen availability
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have also'bee;‘obServed (Cairns et al 1962). .
It is the consensus of most sources that the mainf
4liMiting factor for plant growth“is'adverse physrcal ef;
fects. Tyurin et al. (1960) in a review of Russian work
indicated that unless exchangeable sodium ekceeded 46 to
60%, little detrimental chemical effects occurred At
‘high levels of exchangeable sodium, calc1umﬁmay become
limiting. ‘Therefore, the main effect of high exchangeable
sodium was in creating adverse physical conditions . Simi—’
_lar conclusions are given by Szabolcs (1971) in a rev1ewA
of Solonetzic soils of Eastern Europe. ' Agaln, hlgh ex-~
changeable sodium affects physical and water: regime pro-
perties. Avallable nutrients may be high but deficiency
of available water, - due to high exchangeable sodium, pre-
vents nutrients from reachlng plant roots. |
However, both the above sources mention the adverse
effects of salts in_ hindering uptake of water and nutrients
by plants, as well as specific effects of salts. Salts
may also have an adverse effect on. mlcroflora, although
llttle is known in this area (Tyurin et al.1960).‘ Cairns
(1963) has shown that low microbial activity found in some
S'olonetz so0ils was due to lack ofvan'available source of
enerqgy, which limited nitrogen mineralization. |

High levels of exchangeable or soluble magne31um, in

SOIOnet21c soilg have led. to Speculatlon that it may be
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) 653
involved in affecting plant growth. . Tyruin et al.(1960)
statecithaE the affect of‘magnesium should be viewed from
a standpoint of unfavourable chemical properties and needs
further investigation. Cairns (1961) also notes the de-
é}ease in Mg/Ca ratio along.the Solonetz to Solod sequence.‘

Natural vegetation on Solonetzic soils and especially
along a Solonetz-Solod Sequence is highly indicative of
the retreat of salts and improved water regime. Solonetz
s0ils have shallow rooting planfé often xerophytic, along
with deep rooting halophytes. As the groundwater eeaSes
to play a role in dictating éhe type of vegetation; more
legu@es and tall grasses;wili predominate (Tyurin et al.
19qp). This is an indisation of the conditions which
a fpn;mic.plahts wili be subjected to in crop production
on Soloneétzic soils. ( |

Low levels of niﬁrogen reduce fertility on solonetz
and‘Solodiged Solonefé‘soils. These low levels are atpri-
buted to reduced mineralization due to lowlpﬁ or presence
of salts (Cairns 1973; Khan and Sowden 1972).

Moisture is certainly a limiting factor for optimum

plant production on both Solonetzic and associgted soils.

rHowever, Solonetz and Solodized S >lonetz have the added

d1sadvantage of salts which interfere with water uptake.
and physical effects whlch interfere with water moblllty.

Therefore water availability is a major factor affecting
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fertility of these soils.

In conclusion, the restrictions governing the fer-
tility of Solonetziz Ss0ils tend to restrict the growth of
crop plants mainly to the A horizon. This concept of
‘flower pot agriculture' has been descrited previously by

Cairns (1961). .

" 4. 4 Exchangeable Sodium

Much research has been done on the roie of exéhange:
able sodium on plant growth. Under nonsalihe conditions
. the amount of exchangeable sodium can be critical for cer-
tain crops'(Berhstein 1975). Some crops such as beans

( Phaseolus sbp) are affected at"exchangeable sodium percen-

tages (ESP) of about 10. Most crops are not affected

{

nutfitionally until the ESP exceeds 25. Certain crops such

. as tall wheatgrass (Agropyron elongatum) can withstand an

ESP of over 50 (Bernst
N

high ESP has been r

2

accumulate sodium in foliage rather than roots (Bowerland

~dleigh 1948); low calcium demand (PearSon 1960; Tyurin |
et al.1960); ion selectivity mechanisms (Russell 1970) énd‘
Lability of plants to absorb nﬁtritionally adequaﬁé‘léx .S
of cclicium and magnesium from low'concentrations of thesé
elements in the socil (Bernstein 1975).

Early Russian work indicated that the deleterious-

h
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effect‘of exchangeable sodium on cereals occurred.when the
ES;’exceeded 50 (Ratner 1935; 1938). At these high levels
of eXchangeable sodium a competitive effect between roots
-and so0il colloids for qalc1um occurs. This can result in
desorptlon of calcium from the plant roots by the soil
colloids (Tyurin et al.1960).

American work also indicated a breakdown in the cal-
cium regime and reduction iﬁ yields when the ESP was high;

Magistad (1945) in a review on sodic soils indicated that

an ESP above 40 was deleterious. Otic- work by Bower and

Turk (1946) with alfalfa (Medicago spp) showed that appli-
catiéns of caicium gave increased yields and calcium lev-
els in the foliage. | -

More intensive treatment has been given this problem
"by Bernstein and Pearson (1956). They %ound no airect ‘
relationship between composition and yield as ESP increases;
thattis a decrease in growth showed no increase. of sodium
content of the foliage.\‘They concluded that sodium accumu-
lation in the -roots may be a factor in affecting water

e

absorption. Work with cereals confirmed earlier Russian

work, indicating that wheat (Triticum spp) and ‘barley

(Hordeum spp) were not reduced in yield unt11 the ESP ex-

ceeded 40 to 50 (Pearson and Bernstein 1958). Yield was
related to exchangeable sodium rather than absolute sodlum

in ‘the soil, although ths concept was later modified to
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include the concentration of sodium in the soil solution
(Bernstein 1975). Recent USDA publidations (Pearson 1960)
advise producers to use low calcium demanding plants on soils
with high ESP. They also state that retarded growth of crops
below an ESP of 20 is due to physical effects, which is fur-
ther~aggra§ated by nufritional effects as the ESP increasés.
Increasing ESﬁ has been shown to cause an increase in ab-
sorption of sodium and decrease in absorption of calcium,
potassium and micronutrients. Although the latter decrease
may be due to 1ncrease in pH (Bains and Firman 1964).

Research has also been concentrated on soils w1th
high ESP plus high exchangeable magnesium, Many Solonetzic
soils of Western Canada would fall into this category
(Ballantyne and Clayton 1964; Bowser et al.1962; Cairns 1961).
High exchangeable magnesium may be detrimental if high ESP
is also present, as this combination ié usually indicative
of iow exchangeable calcium (Joffe and Zimmerman 1944;
Russell 1970). A high-qxchéngeable magnesium to calcium
ratio can also have adverse effects on plant growth, re-
sulting in c¢alcium deficiency (Joffe ahd Zimmerman 1944;
Vlamis 1949); Russian work ha; concentrated on the extent
“of sodium saturation of humic écids'(Tyurin:et al.1960).
They claim that high sodium humate levels can lower the
tolerance of plants to ESP; the sodium humates being more

toxic than the mineral constituent.
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In summary then, the relatively low ESP of Solonetzic
Bnt horizons in Western Canada (between 7 and 30) would
indicate only small nutritional limitations exist. However,
combinations of medium ESP and high exchangeable magnesium

does exist and could provide nutritional problems.

5. Amelioration

Methods of amelioration are usually based upon natural
pedogenic processes which occur along the Slonetz to Slod
Sequences. The aim of amelioration is to hasten these pro-
cesses, .so that hore favourable conditions are created for
Crop growth. Once these are achieved, crops will continue
the pfocegs by :ecycling divalent cations from lower hori-
zons (White 1971) and\improving porosity and soil struc-
ture by more vigorous roof growth, which in turn—givés
gréater aeration ond water infiltration (McNeal et al.l966).
'The end result is a soil solodic in\nature, showing ‘a de-
Crease in exchangeable sodium and magnesium and an 1ncrease
in exchangeable calcium. At the same time all previously

4

mentioned adverse physical and chemical effects are vastly
improved. All this of course, i; oependent'on the princi-
ple of continuing groﬁndwatéf retreatland disconnection
from the soil solum, as normally occurs along the Solonetz-
Solod seqﬁehce. |

The appllcatlon of calcium compounds is usually recom~

mended for amelioration of Solonetzic SOlls Gypsum



19

(Caso, . 2H,0) is often used due éomits abundance as a by—'
product of various industries and thus economical. Three~
main disadvantages oen be mentioned in relation to use of
gypsum. Firstly, it has a relatively low solubfiity in the
soil which is further reduced by high amounts of suiphate
ions present in the soil solution and subsequent common’iOn‘
effect. Solubility can also be reduced by protective films
of CaCO3‘or humateﬁadsorption onto gypsum particles (Tyurin
et al.i960); The result ofidecreased'solubility, is that .
the desired exchange of sodium by calcium is impeded. Fur-
ther to this, the gypsum fails to provide a sufficiently
strong e;ectrolyte solution to maintain warer infiltration
through . sodium satugated clays, which tend to diSperse under
low concentrations-of electroi&tes. This however, mey not
be a problem if the ESP is below 20 (Grawveland and Toogood
1963). The second disadvantage of using gypsum is that it
lowers the pH in the already acidic A horizon (Cairns'1972).
A third disedvantage is that a yield decreese can occur for
a few years after application of the gypsum. This has.been
#nofed‘by Cairns.(personal communication). Russian workers

e claim that the decreased‘growth is due to the slow adaptation
of microorganisms to the new environment caused by displaced
sodium., This results in decreased mineralization (Tyurin

et al.1960). However, application of gypsum plus nitrogen

will correct this decrease (Carter et al.l977);



20

Gypsum has been used successfuily for crops which
have a high calcium demand such as legumes and other
dicotyledons (Poonia and Bhumbla 19?3a). Also, in saline-
. sodic soils, where maintainence of aaequate\electrolyte
solutions is not a factor, applications of gypsum can
lmprove yields and increase calcium and pota351um uptake
(Poonla and Bhumbla 1973b). In instances where calc1um is
not a nutritional factor, applications of gypsum may only
increase uptake of calcium and not increase yield (Szabolcs
et al.1957). However, if caic1um is a llmltlng nutritional
factor, then an increase in soluble calcium may increase
yield even if n? change in exchangeable sodium takes place
(Bronson and Fireman 1960; Obrejanu et al.1970). This of
coursé%will not oecur if other limiting factors exist.

ﬁ; order to render gypsum more effective, work has
been done on applying gypsum with the seed. Small amounts
of gypsum (10-15% of gypsum equivalent) have increased
yields of cereals by 8—2%%; The reasons given for this
increase were exchange of sodium by calcium, amelioration
of nutritional calcium limitation and improvement of physi-
cal and biological soil properties in the seed zone (Abra-
ham and Szabolcs 1964; Abraham 1965). However; other re-
search has shown that long term applications of gYpsum with

.the seed gave little overall yield increase (Sambur 1963)

This indicates the danger of generallzlng from short term
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experiments. In the case of legumes (Phaseolus Spp) in-

Creases in growth, nodulation and nitrogen fixction have
been observed when CaCO3 or CaSO4.were pelleted with the
seéed on a saline-sodic soil (Chhankar et al.1971).

" The use of gYpsum in combination with other salts has.
been considered in attempting to overcome the disadvantages
of gypsum. Tyurin et al.(1960) mentions that use‘of sod-

ium chloride will increase the solublkégy of gypsum and

*”help maintain sufficient electrolyte concentration for

water infiltration. Similar results are given by Reeve

and Bower (19607 who used high salt waters to maintain floc—

culation. The saline solution contained high amounts of
divalent ions,}which according to the 'valence-dilution®
effect would be preferentially adsorbed over meno-valent
ions at hf%h dilutions. Another factor to be considered

is that mixing the gypsum with other ions will cause 1ncom—
plete exchange of sodium ions, so that ca101um will be
spread over a greater depth and- not left ,to saturate only
the surface horizons (Bolt 1976). carter et al. (1977) used
gypsum in combination with ammonlum nltrate to achieve
gypsum penetratlon Ammonium nitrate will 1ncreaSe gypsum
solublllty and was shown earlier by cmxns and van Schaik

(1968) to aid water 1nf11tration.‘ﬁIn all these techniques

~of improving gypsum penetration, the use of irrigation was

-often an lmportant aspect of Supplementing the usually low -

prec1p1tatlon.
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Mobilizing the natural calcium supplies of the s
is another ameliorative method. 1In soils which contain.
CaCO, in the surface horizon, the épplication of compounds
(€.g. sulphur compunds) to lower the pH, will cause more:
solubilization of CaCO3. Another method of utilizing
native caicium is by deep-plowing. This method can only
be used on soils which have ‘a salt accumulation (gypsum-
lime horizons) at shallow depth. Soils which have high
sodium to calcium ratios and low extractable caléium in
the lime-salt horizon do not lend theﬁselves to ¢ ~o plow-
ing (Cairns 1976). Russian work has indicated th. . : zing
the salt layer with the Bnt horizon will lead to a avo “-
"able ratio of sodium to calcium for exchange displace: =nt
of sodium (Tyurin‘et al.1960). Canadian work also indic.-es
that mixing the horizons causes a decrease in the sodium
" to calcium ratio, improved water infiltration, increased
root area, and a decrease in exChangeable.magnesium (Bowser
and Cairns 1967). Yields of alfalfa were doubled whereas
cereals showed small increases. Deep plowing has shown
promise for ameliorating soils with Qery unproductive B
horizons~(C§irns 197la).‘ Further work showed that miking
horizons stimulates microbial activity and thus increases
nitrogen availability (Cairns 1972). This was brought
‘about by an increase in pH which allowed greater symbiotic

nitrogen fixation and nitrogen mineralization. However,
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horizon mixing can be detrimental, as the beneficial
physiéal effects of the humified A horizon are often Iost
when mixed with a B and C horizons, resulting in seéaged
problems (Cairns 1976).

Although it is generally thought that the main processes
needed for amelioratior are decreases in sodium to calcium .
ratios and increased water_infiltrétion, some research has
shown that other limitiné factors are involved. Long-term
fallowing gave increased productivity and improved nitro-
gen statué, although a concomitant loss of extractable
calcium and gain of extractable sod%um in the A horizon
occurred (Cairns 1970). |

Low levels of nitrogen have been observed on sodic
soils (Cairns et al.1962; Tyurin et al.1960). Russian
wprk has shown that improvement of the nutritional regimé,
by adding nitrogen will enhance the salt tolerance of cer—A
taiﬂ crops (Tyurin et al.1960). Canadian work went further
and demonstrated thaf application of nitrogen fertilizers
improved“yields (Cairns et al.l1962); increased root growth,
uptake of nitrogen and potassium, -moisture extraction and
sodiuﬁ leaching (Cairns et al.l1967); and increased so;uble
calcium and potassium and over a long period-of time'gréd-
ually reduced exchangeable sodium below 15% to a 30cm depth |

(Cairns 1971b). Effect of nitrogen fertilizers on root

growth was especially significant. Root mass was doubled
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along with increased activity within and below the Bnt
horizon; evidently the hard B horizon is not always a bar-
rier to root growth (Cairns et al.1976). other work con-
firms the above results and stresses the ability of nitro-
gen fertilizers to increase yield and uptake of nitrogen,
phosphorus, potassium and ca101um (Abrol 1968: chander and
Abrol 1972- Latkovics 19657 Szabolcs and latkovics 1967-‘
Zayats 1972). However, the benef1c1al effects of ammonium
nitrate, espec1ally the dnmonlum ion on soil structure may
be short lived (van Schaik and Cairns 1974). Thi5¢necessi—
tates the use of calcium compounds to give permanent‘effects.
Also, high amounts of ammonium nitrate by rapidly increasing
wate; infiltration may encoufage greater sodium adsorption,
as the ammonium ion displaces calcium from the soil colloids
aﬁd in turn may be displaced by sodium (Carter et al.l977).
Phosphorus limitations have often been cited as a
possible nutritional.factor'on sodic soils. (Krogman and
Milne 1968). Other observations show that soluble phos-
phates may increase with depth (Cairns et al.1962). Rus-
sian work indicates that all genetic horizons contain ade-
quate phosphorus for plant‘growth, excep£ some lower hori--
zons or subsoils (Tyurih et:-al.1960). It may be that low
phosphorus levels are a regional problem as Tyurin et al.
(1960) reviewed work‘which showed phosphorus limitations

were common to both Solonetzic and associated Chernozemic
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'soils. However, ~ctors common to sodicity may slow phos-
phogus mineralization as it does with nitrogen. Certainly
a high pH found in the B horizon does hinder availability
of phosphorus (Srivastava et al.l1971).

In conclusion then, the amelioration of Solonetzic
soils involves the correctiop of nutritional and physical
effects. 1Invariably, the methods used in amelioration
cause‘inc:eased water infiltration whic¢h may.allow renewed '
groundwater activity to occur, in the soil solum. There-
fore caﬁtion should be used to prevent secondary salination

by a rising water table (Tyurin et al.1960). g

IT - FACTORS AFFECTING PLANT NUTRITION

l. Ion Uptake From the Soil

< !

Controversy exists as to how plant rdots obtain nutri-
.ents ffom the soil, which has an importént beafing on the
ability of Solonetzic soils tb érpvide hﬁtrients for plant
growth. -

Contact exchange, tﬁe ability of ioné to ﬁove~from}
soil colloidé to the.root cation exchange sites; is o%éen
~cited as an important factor in ion uptake (Jenny 1966). \
AThe actual mechanism has been describedvasloverlapping of
oscillating ions in the diffuse double layer of root cation
excﬂange sites and soil colloids (Lagerwerff 1960); Other

sources claim that the composition of the soil solution
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phase fully characterizes the environment of plant roots
(Brewster and Tinker 1970; Elgably 1955; Lagerwerff 1958;
dlSen and Peech 1960).

Contact exchange differs from exchange diffusion in
that the former eny}sions‘actual contaet between root and
soil colloid, while\the latter implies contact of the dif-
fuse double layers oﬁly. Contact exchaqge has been shown
to occur between root plugs and iron oxidesb(Chatley and
Jenny 1961). Work with chelates tas also shown that che-
lated iron can be directly exchanged for ions on root sur-
’faces (Wallace and Mueller 1976). Similar results'occurred
with.calcium ligends when the concentration of ionic cal-
cium was at a low level (Malzer and Barber 1976).

Models of how roots obtain ions differ according to
the acceptance or reéjection of exchange éiffusion. Some
soutces state that plant nutrients reach roots Ry root
interception (involving exchange diffusion), mass-ﬁlow
and diffusion. (Barber et al.l963); Moreover, they claim
that exchangeldiffusioﬁ will provide much of the calcium
ahd magnesium, while diffueion will account for the nitrogen
and phOSphorus‘(Barber et al 1963: Oliver and Barber 1966).
others would claim that only mass-flow and diffusion ig in-
volved, as root 1ntercept1?n is really only another aspect
of dlffu51on (Brewster and Tinker 1970). As the apical

region of the root is pushed into. unexp101ted parts of the

!
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8oil volume, the original concentrations of ions are
rapidly depleted resulting in changing rates of diffusion
(Clarkson 1974). Therefore the dynamié nature of diffu-
sion could éxpaain the mechanism of root ihﬁérception,
Further work to determine if exchange diffusién was
a factor in root uptake has beéﬂ done by Barber et al.(1971).
-They noted that the calcium to'strontium.ratio was differ-
ent in solution than on the exchange complex, due to pref-
erential adsorption of célcium over strontjum. It is al-
ready known that uptake of strontium and calcium occurs in
the séme ratio as that‘fouhd in the root medium. Therefore
utilizing this principle, plants were grown in soil ?qd'the
strontium to calcium ratio of the leaves compared to the
ratio in solution and on the exchange sites. It was found
that the ratio in the leaQes reflected that of the eichange
sites when mass-flow was kept to a minimum by felatively
high humidity. 1In cases wﬁére mass-flow was high the ratio -
reflected that of the soil solution (Bole and Barber 1971).
Other research has shown that the difference in
ability of plants to take up cations from the soil was con-
t;olled by the cation exchange capacity of the root (Drake
et al.1951). However, calcium usually predominates on the
roof cation exchange and yet potassium  is accumulétéd by -
cells at rates some 20-60 ﬁimes greater than those for

calcium (Bowling 1976). This would indicate that there is

»

A



28

\\
no relationship between exchange capacity o the root and'
subsequeﬁt accumulation in the plant. However, divalent
ions would‘only predominate on ﬁhe foot exchange sites |
under dilute conditions. According tq the valence-dilution
effect, mono-valent ic- would dominate under high sodium
saline condit;ons (Wiklander 1966).

Rec :nt research into root physiology of cereals has
found the presence of rhizoplane fibril aggfegates.between
. the root cap and root ﬁair zone. They a:e‘composed of
poly-glacturonic acids, and due to their small size (20nm)
have been pdétulated to play a role in accumulating bound
cations from the soil exchange sites (Leppard and Raman-
moorthy 1975).

In summary, the mode of ion absorption is.an im. -tant
factor for Solonetzic soils and plantfnutrition. Soil
solutions of Solonetzic soils due to colloid exchange sites,
solid salts and ads@rbed salts, often have different ratios
of ions in solution phase than those on the adsorbed phase
(Khan and Webster 1966;. Also, at low moisture contents
the diffuse.doubl@?iayer volume of the soil colloids may
,@%;ke up a large portion of the smaller pore space (Bolt
1976{; Soils of fowvcalcium‘concentration depend heavily
on aééquat% diffusibn to supply gufficient'calcium for
plant needs (ClarksoL 1974). Soils which fail to satisfy

soil solution equilibria due to impeded diffusion, may

o
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cause conditions to exist where exchange diffusion giins
in importance (Lagerwefff 1960). In other words, e:x~hange
diffusion is important where equilibrium in the soil solu-

tion becomes difficult to maintain due to low diffusivity.

2. Salinity

Several mechanisms whefeby salts affect plant.growth y
have been observed. Firstly. salts can decréase water
avallablllty to roots due to adverse water—potentlal gradi-
ents. To some extént, thlS may be overcome by osmotic ad-
jﬁstment within the plant. This is achleved by 1ncrea81ng
the sap concentégtion (deérease_osmotlc potential). However,
a time lag efiSts between osmbtic‘adjustment and increasing
salinity levels of the soil solution. Also, inability to
absorb salts at high enough rates to counteract the subse-
quent dilution from adjustment and growth, will still én—
. sure some growth reduction (Bernstein 1975: Meiri and Shal—
/ \\ hewkt 1973). Further to this, excess salts can build up
© \¥% cell walls as the supply exceeAS\the rate of ion uptake
2// ///éy cells. This will result in reduction of osmotic poten-
tial of cell walls and subsequent dessication of the vacuole
(ﬁeiri and Shalhevet 1973).

A second mechanism of salts in affecting plant growth '
is b§ changing the balance between root and shoot hormones.

Increasing- water stress will increase abscisic acid pro-

duction (growth inhibitor) and decrease_cytofinin levels
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(growth promotor) with an overall reduction in growth
(Bernstein 1975; Poljakoff—Mayber and Gale 1975; Meiri and
 Shalhevet 1973). | |

Other mechanisms arej; damagé to plant cells~and-cyto—
plasmic organelles by accumulating salts: interference
with normal metabolism, such as increaéing resp}ration and
r;ducing photosynthesis; and alteration of enzyme activity
or structure. |

External factors may aiso increase or reduce salinity
effects. ﬁigh temperatures will increase salinity damage,
although some results indicate only a summation of temper-
ature and salinity effec%s‘occur rather than an interaction.
Other external factors such as high levels of radiation and -
low air humidity can increase salinity effects. These
latter two factors are involved in'controllipg tranSpir-,
atioh rates which can alleviate or increasé water imbalance
" (Poljakoff-Mayber and Gale 1975).

“Specific ion effects can also redﬁce plant growth
(Ayoub and Ishag 1974; Lagerwerff and Eagle 1961; Wadleigh
and Gauch 1942). TIons such as sodium, chloride, boron,
bicarbonate, magnesium and\sulphate may cause specific ion -
. effects. The last two are‘important as their specific
toxic effect is mainly indirect, in that sulphate will re-
strict calcium uptaké and promote sodium uptake; while
magnesium will reduce‘ calcium uptake and causé calcium de-

ficiency (Meiri and Shalhevet 1973).
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Variations in plant response to salinity according to
Pol jakoff-Mayber and Gale (1975) are due to five factors:
1. ability to exclude salt from .sensitive tissues (compart-—
mentalizatipn); 2. ability to achieve complete osmotic ad-
juétment; 3. inherent stability of membranes, enzymes and
macromolecules to high ionic concentrations; 4. ability |
to manufacfﬁre factors to stabilize macromolecules; and 5.
abiligy t6 apply other adoptive modifications. According

to Greenway and Rogers (1963) barley (Hordeum vulgare) can

accumulaté.ions in the foliage as an adaptive mechanism
for growth on saline soils. ‘ »

An important aspect, concerning plant growth, in sal-
ine solutions is ion absorption. Research has shown éhat
potassium éan be absorbed more efficiently in saline solu-
tions by haloﬁhytes than glycophytes (Epstein 1969). Suf-
ficient potassium could be absorbed even in high sodiﬁ@‘

\ .

solutions as long as calcium was present (R;ins 1972).

High ion absorption will result in an iﬁbalance of cations
and anions within the plant. As anions become incorporated
into metabolites, the excess cations which remain need\to

" be balanced. Therefore, ability for organic acid synthesis
allows‘maintenance of intercellular ionic balance and ign
absorptioﬁ in halophytes. Further work with halophytes has.

showfi that ion absorption in saline solutions stimulates

respiration. It is thought that the extra energy required



for ion absorption influences the rate of respiration.
Therefore, ability for highbion absorption, organic acid
Synthesis and regulation of respiration are mechanisms
:lécessary for growth in saliné solutions (Rains 1972).
Calcium also plays a role in Tegulating ion transfer
in Ssaline media (Bernstein 1975 : Pol jakoff-Mayber and Gale
1975; Rains 1972); The actual role of calcium ' is explained

in another Section,

3. Solution Culture

Soil-root associations are difficult to study‘due to
the many factors involved. Since many variables are in-
- volved, methods have been adapted which are more ‘conducive
to ekperimental control. One such method jis hydroponics °
Or solution culture, which enables infensive'study on the
effect of Mmineral concentrations and ratios of ions for
plant growth (Epstein 1972). - -

S?nggf\disggvantages can be mentioned in regard to
Solution culture, First of all, root hairs commonly pres-
ent in spil-grown plants are frequently absent on roots
grown in water culture, Secondly, the microflora of the :
foot surface will differ, which could have a bearing.on
Plant growth, Thirdly, the maﬂfle q% mycorrhizal fungus
which usually develops in soil-grown roots will be absent

(Bowling 1976). These factors are of great importance for
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be so limiting for study of major cations.

o

-

!

Certainly the advantaéés of solution culture lie in
the area of assessing ﬁhe physiological role of a certain
element, determining interrelationships between certain
elements, and in characterizing.nutrient deficiencies
(Gauch 1972). In Soloneﬁdc soils it helps determirie whether
the beneficial effects of calcium enrichment are partly
nutritional or entirely due to improving the physical pro-

perties of the soils,

ITT - CALCIUM

1. Nutritional Role ¢

Although calcium is regarded as a macronutrient only
'small amounts are actually needed for plant growth; Dicoty-
ledons uéually have greater concentrations of caicium in
their foliage than monocotyledons but can absorb-calcium at
a éreater rate (Loneragan 1968)., Therefore as long as a
constant level of calcium is maintained in the root envir-
onment, the plant will have adequate calcium. This will

\ . : .

" have practical applications in soils of relatively low
calcium and impeded diffusio;. Another factor concerning
calcium nutrition is the difficulty withvwhich calcium is
retranslo;ated within the plant. jTherefore; growing tips

-+must always have an adequate supply of calcium in the root

environment (Fong and UlrichA1§7O7 Loneragan and Snowball
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1969). Moreover, this indicates that calcium deficiency ’
can occur at grow1ng points even though other parts of !
the plant have adequate calcium. This was shown by Mar-
schner and Richter (1974) who exposed plant roots to. dif-
ferent leve;s of calcium. They found that root tips would
develop calcium deficiency even though the basal roots
were supplied with adequate calcium, .Therefore no movement .
of calcium ffom basal roots\towards the growing tip occurred.

Calcium piay3’an essential role in cell wall formation.
Deposition of calcium pectate in éhe cell wall increases the
rigidity and hardens the structure. However, under low
calcium levels, normal cell walls can still be produced.
This indicates that deposition of calcium pectate may not be
that important and that the role of calcium may be more
complex (Wyn Jones and Lunt 1967).

Model systems of membranes 1nd1cate the probable role
of calcium in stablllty of membrane constltuents. Constlt—
uents of membranes like phospholipids can have their sur-
face teﬁsions.redpc?d by binding of calcium ions (Wyn Jones
and Lunt 1967).

Chromosomes and n&cleic>aéids such as DNA and RNA also
form complexes with calcium. Theicalcium iohsAfunétion as
ionic bridges, which can easil; be remoyed by EDTA. . it\
would seem as if calcium prevents dispersion and-may also-

confer specific configuration to nucleic acids (Wyn Jones

and Lunt 1967). These authors also give extensive evidenée
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of calcium involvement in enzyme activity or as an enzyme

component.

2. Physiological Role
Calcium has long been known to protect cell membrane

integrity (Epstein 1961, 1962, 1972; True 1922). The

requirement of calcium in the root medium for actual growth

purposes is actually very low. This was demonstrated by
Wallace et al. (1966, 1968) who greﬁ plants in solution cul-
tures with l/Sd or less calcium than that found in Hoagland
solution (Hoagland solutioh contains 5mM calcium). Plant
growth was norﬁal as long as copper, iron, manganese, zinc,
strontium, magnesium and other ions were kept at'low concen-
trations. Further researcb showed that calcium levelg re-
quired at the root site canfbe‘low; as long as other cation
concentrations are also low (Lund 1970).

The actual mechanism involved inﬁfalcium protection of
membranes is still not clearly understdod.(Poljakoff-Mayber
and Gale 1975). True (1922) found that very low levels of

calcium in solution allowed lack of retention and leaking

.of ions from the roots into solution. According to Jen-

nings (1969) calcium reduces ion leakage from cells by
filling pores in the plasmalemma. Calcium has been shown
to decrease the permeation of hydrated mono-valent cations

(e.g. sodiﬁg) across. the plasmalemma, but will stimulate

*"the‘permeatibn of smaller hydrated mono-valent cations such

L4
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as potassium (Jacobsen et al.1961; Waisel 1962). This
ability of calcium to accelerate potassium uptake was first
diécove;ed by Viets (1944) and is commonly referred to as
the 'Viets effect’'.

Calciﬁm has been found to moderate the influence of
salinity on ion uptake and plant growth. Proportions of
calcium in the medium tpat are adequate under nonsaline
conditions become inadequate under saline conditions, and
may result in salinity-induced calcium deficiencies (Bern-

stein 1975). Growth of beans (Phaseolis vulgaris) a salt

sensitive plant was severely repressed at 50mM NaCl and low
calcium levels; increasing thé calciuﬁ level restored .
growth and prevented uptake of high amounts of sodium.
Again, calcium protection of the plasmalemmé in modifying
the effect of other ions (especially sodium) was thoug'

be occurring (LaHaye and Epstein 1969). Other work by
Hyder and Greenway (1965) showed that barley (Hordeum
vulgare)vwas sensitive to sodium concentrations when cal-
cium levels weré low. Further to this, increasing concen-
trations of sodium at low cal§ium levels, affected.thé
relative amounts of calcium, ;odium and potassium absorbed
by barley (Elzam 1971). High‘amounts of hydrogen, aluminum
.and ferric ions can also suppress calcium uptake; improve-

ment of the calcium status can overcome this inhibition

and restore the absorption mechanism of the plasmalemma



37

(Clarkson and Sanderson 1971; Ralns et al.1l964; Toper and

‘Leach 1957).

Growth of cotton (Gossypium hirsutum) in saline solu-

tions can also be improved if adequate calcium is supplied.
Increasing sallnlty was found to reduce calcium uptake

and impair cell wall formation (Gerard and Hinajosa 1973).
Por instance, at a Salinity level of -0.8 bars, 0.25mM of

calcium was needed: at -6.6 to -12.9 bars, 5mM of calcium

"was needed. Failure to supply these levels of calcium re~

»
-

sulted in reduced root vigour, growth and cell wall for-
matioﬁ\(Gerard 1971; Gerard and Hinajosa 1973). This work
also indicated, that the ameliorative effect of added cal-
cium will only occur in low calcium éolutions where calcium
is a limiting factor. Further addition of calcium cannot

be expected to further ameliorate salinity effect or inérease
yield.

Work with two species of wheatgrass (Agropyron) which
dlffered 1n their salt tolerance, gave results 1nd1cat1ng
that low salt tolerance was correlated with low lnvels of
calcium in the root (Elzam and Epstein 1969). The ability
of roots to maintain adequate calcium uptake undér increas-
ing sallnlty levels, was considered a key element in re-
Sponse of these-plants to salinity.
Roots are usually sensitive to éalcium deficiency,

and therefore have been used for studies into the physio-
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logiéal role of calcium, Tanaka and Woods (1972, 1973)
working with oat seedlings (Avena spp) found that suppreé—
sed.elongation of root hairs in low calcium solutions was
due to toxicity'of other ions rather than lack of calcium.
Additional calcium was needed to ameliorate these toxici-
ties. | |

According to Epstein (1972) the!physiological role of
calcium is to safeguard the selective permeability of the
plasmalemma, especially against toxicity of other ions.
Low calcium levels in solutions will impair ion transport
mechanisms and retention of ions (Haynes and Robbins 1948).
This can be shown by excluding calcium and observing ions .«
such as potassium diffuse out of the celi into the solution.
Addition of calcium will cause unidirectional absorption of
potassium against the diffusive gradient (Epstein 1972).

Several workers have investigatedtthe agronomic sig-
nificance of the physiological role caiéium plays in the
s0oil solution. Howard and Adams (1965) found that for pene—J
tration of primary cotton roots into subsoils, a calcium to
total-cation ratio above 0.10- 0.1l5 was a critical factor
rather than calcium content per se. Geraldson (1970, 1971)
found that the Opﬁimum nutrient solution should contain
15% calcium. * For instance, when calcium levels went below
150 ppm Qf a 1000 ppm solution growth reduction occurred.

Moreover, when calcium levels were kept at 150 ppm and the

4
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total salt cbncentration taken over 1000 ppm, again, growth
reduction occurred. However, galcium deficiency did not
occur until the peréentage calcium fell to about 5%. This
then, demonstrates the extra calcium needed in the root
environment to maintain optimal yields.

Soils with high levels of soluble sodium and low sol;
uble calcium ha§é been shown to give reduced yields (Ballan-
tyne 1962). Observations indiéafed that it was noﬁ the
high‘levels of sodium but a combination of high sodium and
low calcigm. kTﬁesevconclusioné were also indicated by
Kelley (1563).

In summary, then, galcium has an ameliorating effect
against the toxicities of other idns in the root environ-
ment. This has special significance for plant growth if
the soil sofhtion has inédequa,e amounts of caléium. This
often occurs under saline conditions (Poljakoff-Mayber and

Gale 1975).

3. Interactions with other Ions.

Much work has been done on the effécﬁs of ions on
plant growth. ﬁnfortunately, 6nly single ion solutions
have been used which makes it difficult to relate the re-
sults to natural conditions.

Studies with éodium and calcium on growth of root

hairs, indicate that high concentrations of sodium cause

plasmdtysis (cell bursting) of root hairs to occur. The
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occurrence of plasmotysis can be reduced by addition of
calcium (Ekdahl 1953). Increasing SAR at low salinity lev-
els gave a decrease in yield of vegetables due to insuffi—
cient amounts of calcium (Lagerwerff andeolLand 1960).

KineticAsfudies have shown that potassium and sodium
are competitors for the same binding site in ion uptake.
Therefore high sodium levels can cause a decrease in po-
_tassium uptake (Huffeker and Wallace 1959). ‘Conversely,
this concept has led to the idea of“%ncreasing potassium
levels to discourage sodium uptake in saline eolﬁtions
(Heimann 1959). Further research showed that uptake .of
sodium was influenced by levels of potassium,‘and that
uptake of gota551um was more dependent on the potas51um
concentration (Helmannend Ratner 1962) However, selectlve‘
uptake of potassium is dependent on availabiliry’of diva-
lent cations (Pitman 1975). ih the experiment by Heimann
and Ratner'(l§62) high levels of calcium were used. “Elzam
(1971) showed tngl the level of calcium not potassium was
.1mpor}ant p ma;ntaln potassium uptake. Increasing sodiumr
was found to depress calc1um and potasium uptake, whlle
increasing the calc1um 1ncreased pota331um and decreased
sodium uptake._ \

Field experimenEs.on Solonetzic;soils have shown that
applications.of_nitrogen can increase the potessium and

decrease the sodium-content of the foliage (Cairns et al.
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1967; cairns 1971). This may be a result of a greater -
root cation exchange due to nitrogen fertilization (Dr&ke
and White 19615; increase in organic ions in the nlant due
to improved nitrogen status and subsequent greatei cation |
uptake (Haeder dnd Mengal 1971); or retreat of sodium by
incréased leaching to allow less competition between'pd—
tagsium and sodium for uptake %echanisms.

Calcium deficiency has been related to the ratio of cal-
cium to magnesium or ﬁotal ions and was not relaged to the
absolute concentration ©f calcium (Bamford 1931). ' Some
confusibn exists in indicating what cayses the injury'to
plants at high magnesium to calcium ratios. Either calcium A
deficiency or magnesium toxicity occurs. Treleaég and Tre-
lease (1931) choose the latter, while Mostofa and Ulrich *“
(1976) prefer the former;' However, in both cases normal
growth can be restéred by increasing the calcium. Lyle aﬁ&
Adams (l97i)'found that plant growth was redﬁced whenéber'
the magnesium to calciiim ratio Qent above 1.3 or if the .
célcium to total cations went below 0;1. qutaf§land Ulrich
(1976) also show a critical magnesium to calciuﬁ ratio of
1.3. T

In a review on ion activity and plant uptake, Khasawneh
(1951) concluded~that_attempts to find a critical magnesigm
to calcium.ratio were limited, by the fact that ion éntagon-

istic effects on calciﬁm are the resuit/of/fﬁéi%dfalfcafISH’f”/
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concentration ‘in solution and are not restricted to the
magnesium concentration. The review gives some magnesium .
to calcium ratios found to be critical, and how they dif-
fered from one another. However, if expressed as the
ratio of calcium to total cations as shown by Howard and
Adams (1965) a critical and consistent ratio was found.

Magnesium has long been known for its toxic effect to
plants (Gadéh and Wadleigh 1944). This goxicity can be
ameliorated to some extent by calcium: hence the imporﬁance
of the magnesium to calcium ratio. Moore et al.(1961)
showed that a large fraction of magnesium absorption could
be blocked by small amounts of calcium. Conversely, mag- |
nesium can interfere with célcium uptake (Mostafa and Ul-
rich, 1976).

Studies with native vegetation on high magnesium soils
(Serpentine soils) wduld confirm the above results. Toler-
ance to the high levels of magnesium was due to the ability’
of absorbing gE%ater amounts of calcium’(walier et al.1955).

.

A J

4. Factors Affecting Activity in the Soil Solution

»

The actiQity of an ion is described as the ‘effective

. concentration' and takes into consideration interactiops of
ionic calcium with other ions in solution, which would tend
to reduce the concentration of free ionic calcium over its

original concentration (Adams-197la).

Solutions with calcium and magnesium sulphates will tend
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to have a certain percentage of the calcium and magnesium
tied up as ion-pairs (Adams 1971b). As the ionic strength

of the solution increases the percentage of ion-pairs will

incréase (Bennett and Adams 1972); This is due to the con-
centration of sulphates being greater than the concentra-
tion of calcium and magnesium. For instance, between 25-48%
of célcium and magnesium can exist as ion-pairs depending
on the sulphate level (Nakayama and Rasnick 1767; Tolur et
al.1968). Therefore'c;ncentrationg of free ionic calcium
can be drastically reduced under the above conditions.
Further tc this, increased salinity levels in the soil solu-
tion due to salts or decrease in moisture has been impli-
cated in decreasing-the activity coefficients of divalent
ions fgster than monovalent salts (Ge;aldsog 1957)ﬂ |

An alternate method by which availability of calcium can .
be reduced is by complexing with soluble organic matter.
High amounts of calcium have £een ;ound as calcium;organic
complexes (Dixt and Lal 1974; Nightingale and Smith 1967).

s
2 B

However, research in Western Canada found little evidence

for complexing (Khan 1970). ‘ ,//

IV - SOIL SOLUTION DETERMINATIONS

6 ‘The sdll solution is a quasi-equilibrium solution lec-

" -~lytes that occurs in the soil under unsaturated moisture

v~ -d:-ions (Pearson 1971). Various methods have ‘evolved to

L
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derive the concentrations and proportions of electrolytes
found in‘the soil solution. Moss (1969) classifies these
methods into direct or indirect groups. Direct methods

are concerned with actual measurement of concentrations

and proportions, after extraction. They include pressure
membrane, centrifugation, displacement, filter—paper, cen-
trifuge filter paper and ceramic points. According to Moss
(1969) all direct procedures which utilize membranes or
pressure may cause alteration of the equilibrium between
soil and soil solution. Also, the application of pressure
can cause encroachment and interaction of neighbouring
dogble layers. This could cause _.some of the ions from. the
double layer to be‘included in khe’filtrate. The concensus
of many workers is that the displacement technique is the.
best met;ed for direct determination of the soil solution
(Adams 197la; Moss 1963, 1969; Parker 1921; Pearson.l9717‘

M Reitemeier 1946). - _‘

: Indirect procedures to determine composition of the soil
solution are as follows: water extract, extraction. in cal-
| cium chloride and quantitat@ve equilibrium methods$ (Moss 1969k.
The latter method has been ﬁsed with some success in non—v_ .
‘saline soils. Most of the work has concentrated on the ratio
of potassium to other ions in solutlon. Moss (1963) showed

that the ratio expressed in negatlve logarithms of pK - l/2p

(Ca+Mg) was constant only over the field range of m01sture
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(=15 to -1/3 bar). Further work, comparing quantitative
relation and displacement methods gave results that were

in good agreement (Moss 1969). Therefore studies restricted
to only two cations can be successfully used to relate solu-
tion content at one moisture level to another moisture level
(Pearson 1971). However, estimatioe of more than two ions,
or complete ionic content is not possible by indirect pro-
cedures (Adams 1971b".

“

Such indirect methods as saturation peste extracts, to
predict soil solution composition haée not been entirely
satisfactory (Pearson 1971). Research nas shown that
different.phases can become involved in both saline and non-
saline soils, and cause changes in soil-soil solution equili—
bria (Khan and Webster'1966; Moss 1963). This is further
explalned by Pearson (1971) in the context of multiple
equilibria. Electrolytes are derlved and in equlllbrlum
with free soluble salts, adsorbed salts, precipitated com-
pounds and exchangeable ions. Further to this, extractien
at saturation paste entails dilution of the soil system aﬁd
subsequent 'dilution-valency effect' (Moss 1963). There-
fore; an accurate estimation of the soil solution at field
moisture necessitates extraction within th f‘elé\moistufe
range. |

The displacement technique offers the 1--- chance for

‘change in solution composition as no membrane or excessive
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pressure is osed. It has been shown that Successively
displaced soi}l solution fractlons have the same comp051tlon
and are free from any of the displacing solution (Adams
1971la: Moss 1963, 1969: Parker 1921; pearson 1971). The
displaced Soil solution from different Samples of the same
Soil, at the same moisture content has the same composition
(Moss 1963; parker 1921). Soils can also be displaced at
various m01sture levels between =15 and -1/3 bar. In the
case of —l/3 bar levels, little dilution of the soil solu-
tion occurs. However, dlsplacement of a Soil solution below
-1/3 bar would mean that the lowest portion of the soil
would be in excess of -1/3 bar before any solution drips from
the displacement tube. A rapid equilibrium change would,
therefore, cause dlsplaced soil solutlons, at various mois-
ture contents (below -1/3), to be of identical composition
Research has shown, however, that equilibrium is not readily '
attained;(so that displaced soil Solutions at dlfferent ,
80il moistures differ in their chemical composition (Adams
e.31_97la- Moss 1963: parker 1921). Moreover, the different \
'80il. solutions displaced at various moisture levels between\

-15 bar and —1/3 bar conformed to the ratio law. Various \

ation with the dlsplac1ng solution occurs
Most displacing | Solutions used are mlsc1ble with the

Soil solution. Moss (1963, 1969) used ethanol, while



Adams (l97la) used a saturated gypsum solutlon Ac ording
to Moss (1963) the mechanism behind the dlsplacemen
nlque is piston displacement. However, extensive research
into miscible displacement indicates that some m1x1ng occurs
between the soil solution and displacing solution (Biggar
and Nielson 1967), Therefore, complete displacement of the
soilisolution by the displacing eolution cannot occur.

Mixing of the soi]l solution and dieplacing solution is
brought about by differences in Pore size and subsequent -
velocity differences, and beéause of diffusioh (Biggar and
Nielson 1967). Displacement usually gives the typlcal
sigmoid shaped breakthrough curve of the displacing . solution, -
whereby_lncrea81ng amounts of the dlsplacing solution occur
in the effluent. However, a certain amount of the original
80il solution (pore volume) can be displaced before the
mixing front becomes evident in the effluent, Therefore,

a certain volume of S80il solution, free of dlsplac1ng solu~
tion can be obtained by miscible dlsplacement (Blggar and
Nellson 1967; Cary and Horton 1968).

Examination of the soil solution (free of the dlsplac1ng
solution) in Successively displaced fractlons 1nd1cate a’
constant chemlcal composition (Adams 1971a; Moss 1963:
Parker 1921), If the 3011 solutlon dlsplaced characterizes
the whole soil Solution or only that found in‘larger pores,

depends very much on the velocity of the displacing solu-

v
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tion and the original water content of the soil. Low
velocity and use of unsaturated soils will cause slower
displacement énd greater opportunity to displace smaller
pores (Biggar and Neilson 1967). However, treatment of
the displaced soil solution. as an average‘of the pore size
or more characteristic of the larger pores, is perhaps more
realistic. Undoubtedly, as‘fhe s0il solution moves down
the soil column, reaction with the exchange surfaces of
the célloids occur, which may ‘change to some extent the
solution cdmposition. This will also result in the ais—
placed soil solution being an average of the numerous
equilibria which\exist tgxoughout the soil. However, accord-
ing to Howard and Adams (1965) if plant growth in nutrient
solutions simulating the displaced soil solution and plant
growth in s6il are the same, then a good estimation of the

TN
soil solution has\peen obtained.



CHARACTERIZATION OF SOILS

I - MATERIALS AND ME'AODS

Bulk samples were obtained of the Ap and Bnt or Bt hori-
zons of seven Sbloﬁetzic soiis of Alberta. Soils were sam~
pled to represent the three Great Groups (Solonetz, Solod-
ized Solonetz and Solod) of the Solonetzic Order. 1In all
cases, soils of the same sub-group were sampled along ad-
jacent, naturally occurring, Solonetz to Solod sequendes
(Table 1). All samples_were air dried then passed through
a 2mm sieve.

'Soil moisture determinations at -1/3 bér and -15 bar
were done using the pressure plate and.pressure membrane
extraction respectively (McKeague 1976). All soils had
complete moisture characterization from oven dry (lOSOC)‘

to saturation paste (see Apbendix‘I). Electrical conduc-
tivity was determined using a conductivity bfidge with a
micro‘dipping<typé cell. A Beckman expanded scale pH meter
was used for all pH determinations. Cationsv(Caf Mg, Na
and K) were determined by at:- i¢ absorption, using a Per-
kin-Elﬁer model 503 spectrophotometer. #

Extractable cations were obtained using 1.0ON ammonium
aceéate as outlined in Handbook 60 (UspAa 1954). Gypsum

requirement was determined by using a saturated gypsum

49
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solution (USDA 1954). Determination of pH was based on a
1:2 % soil water mixture. Soluble cations were.éxtracted
by filtration of a saﬁuration paste left to equilibrate

for over 12 hours (McKeague 1976). Cation exchange capacity
was determined usinghsodium ;cetate to saturate the soil
colloids, followed by removal of any excess with isopropyl
alcohol and subsequent exchange of sodium by ammonium ace-
tate (McKeague 1976). Exchangeable acidity was\determined

using a barium chlo#ide—triethanolaﬁine procedure (McKeague

1976).

II - RESULTS AND DISCUSSION

In general, the soil analyses (Tables 2 aﬁh 3) show
little variation from that provided by Bowser et al. (1962)
and Cairns (1961). Most of'the Ap horizons are slightly. |
acidic and a slight increase in pH occurs from Solonetz
to Solod soils. Avérage pH values for the B horizons show -

little variation between Greét Groups. .Electrical conduc-
tivity consistently decreases in both A and B horizons along
the Solonetz to Solod sequence, indicative of the desaliniz-
ation by increased leaching and reduced influence of the
saline groundwater on the soil solum.
~Sodium decreases along the Solonetz to Soldd se~
\

guence, which accounts for the earlier mentioned decrease

in electrical conductivity (Tables 2 and 3). Reduced sodiumi
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levels are more clearly indicated by comparing the soluble
sodium percentages and sodium adsorption ratic. An inerease
in calcium, to give narrow calcium to total caﬁion ratios,
occurs in the Solod A horizon. Magnesium concentrations
increase slightly in all of the A andisome of the B horizons
of the solodic soils, this is offset by the greater increase
of calcium. Increase in divalent cations»is most likelY‘the
result of improved p.ant growth and subsequent recyéling_of
ions from lower horizons.

In reg§rds‘to the exchangeable cations (Tables
2 and 3) the most obvious fact shownAby the. data is tﬂe /
increase in the calcium to sodium ratio on the soil"colloiéé
from the Solonetz to Solod soils. 'This is‘furthe: démon— |
strated by a similar decrease in the gypsum requirement, '
which indicates an imbalance of sodium to calcium if the
calculated value is positive. The thtio of magnesium to

4]

calcium also decreases in both horizons,_ this was also
observed by Cairns (1961). Both theAabqve cases emphasize

the greater calcium dominatioh of the soil exchange comﬁfgx
along the Solonetz to Soloa sequences. Actual levels of
adsorbed magnesium show no consistent decrease from a Solonetz
to a Solod soil.. Increéées of magnésium occurred in the A
horizon of bneISolod (i.e. Daysland). In general, magneéium‘

does decrease in the B horizons of the Solod ;bils (i.e.

Daysland and Halliday) in COmparison to the Solonetz or shows.
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little change (i.e. Malmo). This overlapping of levels 'of
S : \

exchangeable magnesium between Great Groups of the Solonet-

zic Order and associated Chernozemic soils has been reported

Y

elsewhere (Bowser et al. 1962).‘kIn deneral, ekchangeable
acidity decreases slightly in the Solod: soils over that of
the Solonetz soils. A large decrease is seen in the'Halli-
day soil over that of Hemaruka seil-f Differences in ex-
changeable potassium were also'ihconclusive; Soils such as
the Halliday and Duagh showed an ihcrease,over the ad jacent
Hemaruka and Malmo in both horizons, while the Daysland u
Solqd showed a decrease ower the adjecent?Killam In con-
clusion, the main dlfference on the exchange complex be—

~ tween Solonetz and Solod 501ls is the increase in calcium

andtdébrease7in sodium. Q

The correlatlon between sodium adsorption ratlo (SAR)
of the saturatlon extract and exchangeable sodium percen-
tages (ESP) on the c01101ds agrees with that reported else-
where (USDA 1954)  This reflects “the equlllbrlum between
the. soil-exchange sites and the so0il solution at saturatlon
perce?tage. USDA (1954) gives a correlation coefficient

of 0.92 between ESP and SAR, while th%%results in thlS

study give a correlatlon coefficient of 0.94 (Abpendlx IT).



DETERMINATION OF SOIL SOLUTION

I - MATERALS AND METHODS

o

Soil solutions were obtained using the disﬁlacement
>§échnique as outlined by Adams (1971a). Certain modifi;
cations were as follows: plastic tubing 5.5 cﬁs (1.D.) X
70cm was used as the ai;placing column; ,0.15N CaCl2 plus.
4% kCNS'wés utilized as & diéplacing solution. Adams
- (1971a) used a géturated CaSO, solution but this was found

4
unsuitable due to the relatively low solubility of the

Pl

CaSO4 and subsequent low electrolyte concentratic.. for;,

'Wfﬁq;ntenance of water infiltration _ .o Solonetzic soils.

The addition of KCNS to the displaci-g solution provides
. \‘ - .
a tracer; the presence of smdl amouats of CNS in-the

'aisplaced solution will give a durk red colour when one
crop of FéCl3 is added.

, éthanol was also used as a displacing solution. Ce:;éﬁ
ammonium nitrate aissoived in nitric acid was used as an
iﬁdicétor tq,detect.alcohol‘iﬁ’the displaced solutiog.'

Presence of alcohol is indicated by a change in the colour

Qf the reagent from yellow to red. e

3 R

.Vﬁhétprocedprg far displacement of the,éﬁﬁi_solution

"is outlified -as follows:  1500-2000g of air dried soil is
ﬁéﬁted to-a desired moisture percentagé»(usually half-way
s , . B s -

sl 56 .
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1

]
between -1/3 and -15 bar) using an atomizer: the moist sc 1L

is mixed well and allowed to equlllbrate for a few days
after which it is packed into the plastic tubes. The
‘packing procedure demands some praccice., being dependent
on moisture content, organic matter percentage and texture.
The latter 1is a critical“factor eSpecially for soils of
t.igh silt content (Adams 1971la). For instance,‘fhe Bnt
hotrizon of che Duaghvsilt loam fron Chipman wa. not suc-
cessfully dlspLaced due to silting up, and subsequent im-
peded water movenent The dlsplaczng Bolutlon is added
"to the top of the colwmn and maintained to give 'a constant
_head of 3cﬁ | MOVement of the displacing solution down the
1column bécurs at a steady and even rate, taking between 1
to 5 hours to complete dlsplacement. At the bottom of
vthe column a No.42 Whatman -ilter paper held in position
" by cheesecloth gauzec;s used to prevent escape of any soil
particles. ' The displaCed‘soil sontion. in 5ml consecutlwe
portions, was collected until presence of the dlsplac1ng
solutioh was inc; “—ed. jThe Sml portions were analyzed
to determine if electrical conductivity and calcium con-"

N

centrations remained constant (Fig. 1).

Determlnatlon of sulphates was done ut11121ng a turbidi-
metrlc procedure uslng Hach Sulflaver v Sulfate Reagent. &r
carbonates were determ;ned by tltrxmetry, using 0.0l1lN sto4
and tltratlng to 2 methyl orange endeLnt (pH 4.0). Chlor-

zde determlnatlons were done uslng the Molr method (Pierce
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\
and Haenisch 1956). . Although chlorides are usually only
found in low concentrations in Solonetzic soils of Wes-
tern' Canada, the use of chloride in the displacing solu-

tion, gave good reason for their determination to ensure

no:» contamination had occurred.

'II ~ RESULTS AND DISCUSSION

Analysis of the displaced soil solution (Fig. 1)
Ashowed relatively constant electrical conductivity and
calcium content in the consecutivz S5Sml displaced portions.
Small varlatlons are expected due to variations within a
soil and exper1mental error. Each portion had a SLmllar,
composition and was free of any dlsplac1ng solutlon_ .n_>
the case of the CaCl 2 1o CNS was indicated until 45ml °f;gm,
soil solution had been displaéed from a Dua;h-Bnt H;rizén}:
although an increase in‘caléium began to take élace after
20ml and the increase in.eleétrical conductivity did not
begin until 50ml had been displacéd. This Qéuld indicate
that approximately 30ml of homogenous soil sgft;ion could
be displaced which répresents 12% of the total soil mois-
ture. 1In comparison, ethanol used on a Hemaruka Bnt hori-
- zon dlsplaced up to 70ml free of ethanol, of cogstant elec-
trical conductivity and calc1um content_(Fig 1). This re-
presents 33% of the total soil moisture; although a higher,
efficiency could have been achieved if .further fractions

had been sampled. In this case, differences between the

>
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two displacing solutions was probably a reflection of tex-
ture rather than efficiency. Other sources stress the
importance of packing and the effect of texture in achiev-
ing maximum efficiency, which can reach 80% (Adams 1971la;s
Pearscn 1971). A more involved analysis of the 5ml frac-
tions displaced from a Hemaruka Bnt (Table 4) confirmed the
relatiye constancy of the ionic constituents.

In general the characteristics of the scil solutions
. (Tables 5 and 6) were- 31mllar tgythat reported elsewhere
(Khan and Webster 1966). . Sulphates were the dominant anion,.
while chloride and bicarbonate were in low amounts. The
latter were high in the Halliday Bt and Hemaruka Bnt,.al-
though the Hemaruka Bnt had very high concentrations" of
sulphate. The dominant cation in the Solonetz and Solod-
ized Solonetz soils,"especially the Bnt horizon, was sod-
ium, ‘Ehis was demonstrated by the high soluble sodium
perceﬂtages and sodiuﬁ'adsorption ratio. In each case, an
increase in calcium occurred in the A and B horizons aiong
the Solonetz to Solod sequences. This was accompanied by
a decrease in sodium and electrical conductivity. A siﬁi-
. lar decrease of magnesium also occurred in the B horizons.
;;In essence, the‘chemical analysis of the soil solutions as
'“far_as propcrtions of constituents are concerned, are skini-
.;ig§#?° those ‘found in the Bsaturation extract (Tables 2 and
353 Hcﬁeveétfipcreaseg in salinity,as the soil moisture

.- v - o7
.- - A ;} .
. . . .-
“

"
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deéreases (from saturation paste to haif available mois-
ture) will cause some chéﬁges as described below. Cer-
tainly, the displaced .socil solution gives a more accurate
picture of the ionic environment surrounding plant roqts
under field moistﬁre conditions, than that derived from
saturation paste extracts. | \

- The overall changes taking place are better expressed
by the magnesium to calcium (Mg/Ca) and calcium to total
cation ratios (Ca/TC). All the Ap horizons have .a Mg/Ca
ratio of one or less, except the Ap of the Solonetz soil.
This would tend to put the Ap hgrizons éf\Solonetz agd Bnt
horizons of Solonetz and Solodi;ed,Solonetz soils in an
unfavourable nutritional position.for plant growth, espec-
ially in the light of past research (Lyle and Adams . '1:
~ Mostafa and Ulrich 1976; Trelease and Trelease 1931). A
similar trend can be observed with the Ca/TC ratio; again
past research indicates a calcium limitétion occuis when
calcium falls below 10% of the total cations (Adams 197la:.
Howard and Adams 1965; Khasawneh 1971' Lyle and Adams 1971)

Interesting relatlonshlps occur, in concentrations =
and ratios of ions, over‘the available moisture range 1n the
B horizons'of Slonetz and Solodized Solonetz soils»(Tableé
5, 6 and 7). Electrical conductivity (Fig.'Z) i%igpown to
‘increase as moisture decreases: éimilar results were ob-

tained by Khan and Webster (1966). The increase in elec-

trical conductivity followed a linear relationsﬁip, being
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‘% H20 of Soil (Oven dry basis) "

Change in electrical conductivitymover the
soil moisture range from saturation paste
to near -l5bar of some Solonetzic soils
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Speéific for each soil. dhanges in ion concentfations also
occur with changes in mpistufe gFig. 3). All ions tend to
increase but a£ differing rates; for instance, magnesium

incréases faster ﬁhan calcium to give a higher Mg/Ca ratio
at half-available m?isture than at saturation paste. How-

ever, the increase was not marked in the non-saline Solo-

v

netzic soils (i.e. Duagh and Killam), but was significant
in the saline Hemaruka séil. *Similar increases in magnesium
observed by Khan and Webster (1966) were the result of mul-
tiple equiliﬁria between solid salt-—and collqid exchange
phases. This may also be explained by the lower guJubiiity
of calcium sulphate when compéred to mignesium sulphate
which allows subsequent enrichment of Meynesium as calcium
is removed from solution. This will be very pronounced in
saline s0ils, such as the Hemaruka, as the calcium level

;n a sulphate dqminéted system éaﬁ rarely.riSe above 25
meq/l, unless the solutiénqis highly salire. .

"The ratio of Ga/TI!increased‘over the‘moi§ture‘rangé‘
from‘saturatibn péste to half available moisture in the B
horizon of the Duagh and Killam soils (Tables 2, 5, 6 and
7). This agrees with the dilution and vaiency law, which
states that diluﬁion of a soil system with water céuses ‘
an increase in adsorpt;dn by the soil of higher valency

?iogs'(i.e. calcium), wgile lower valency ions (i.e. sodium)

decreaée (Moss 1963). in‘the case of the Hemaruka Bnt hor-
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Figure 3. Changes in the concentration of magnesium
and calcium in milli-equivalents per litre -
over the soil moisture range from saturat;on -
paste to near -15 bar of some -Solonetzic soils
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izon a constan£ ratio of'Ca/TC is found over the~r£nge
from saturation paste to near -15 bar moisture percqntage;
(Tables 2, 5, 6 and 7)., This is explained by the relatively
large increase of magnesium concentration, in éomparis$
calcium, as the soil moistWYfe decréases. .

These resu;ts confirm fhe‘conclusions of Adams (1971a)
‘ andJPearson (1971) that attempts t - reiate the composition d
of soil extracts to that of the available moistufe range,
has not been entirely satisfactory. Howevér, satgratioh
paste extracts d;'give some indication of the expected ion ‘ "\U
composition at available moisture rangesb'espeéially if the
salinity status of/the soil is known. ' " B

The Ap horizons of the Solodiéed Solonetz and Solod
Ssoils show. no nutrltlonal llmltatlons for plant growth
accordlng to their soil solutlon composition (Tables 5 and
6). The B horizons of the Solod 50113 also falled to show& \
any llmltatlon. The main nutritional llmltatlons for -plant’
growth would be in the B horizons of Solonetz aqd Solodize A
golonetz sgils, where low levels of calci: an&,h%gh 1evels >/

of other ions especially sodium and magneslum wguld present -

P SN

- a hoStlle -environment to plant roots.: Slmzlar condltlons

may exlst in many Ap horizons of Solonetz sozlc

A
<4 .
v

4

¢
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‘SOLUTION CULTURE STUDIES

I - MATERIALS AND METHODS -

1. General .

Barley- saahs(ﬁordeum vulgare var Galt) were’ germlnated

in vermlqullte and transplanted to the solﬁtxon culture

- .

at the one leaf stage. All roots were washed with distilled
{ & . : N

water before introduction to che solution. Plastic con-.

tainers (ID 27cm) were used, each containing’ 11 litres ofl

solution. The COntainers wereacovered -ith waterprqofed g

masonlte lids to. prevent llght and du Rl 1m1nat10n. A

2
- Seedllngs were suspended through holes _ne l:Ld belng : ‘

- u g

supported and protected by foam rubber, 7 seegngs- were, -

grown=1n each container. All solutions were ffrated. .. 7.

Solutlon culture experlments were arranged in a ran=
'v,;\; N 38 o

Tl

'*i;n a: growth room w1th three repllcates .
R « \\ et oo o
per treatment The. envirc ent was controlled as follows~

domlzed block des;

\

16 hours llght provrded by cool whlte £ uorescent lamps to

give LGOOO lux and temperature malntalned between 17- 21° “C.

. Other env1ronmenta parametefs, such as relatlve humldlty

RS

and cgrbon -dioxide content of the aLr, were not controlled

The, solutlon comp%sltlon was based off a modlflcatlon

- —

g»l 70.
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| of that prepared by Hoagland and Snyder (1933) andjblven
'in the appendlx (IIZ). To achieve deelred ratios and con-
centratlons of magne51um or calcium, add1t1on8 of calcium
nltrate, calc1um%sulphate and magne31um sulphate were. used.
‘*’bes:.red sodjum and sallnlty leyels were establlshed by use

‘ ™
of sodl:wate. 1 achieve a measure of pH stab111ty

- a combi 5 of n:.trate and anmonlum fornw of m.t:ogen was
3 ‘used. - The ratio between nltrate and anmond_um was maintained
bequE‘a -6 5:1 which is wlthxn the range reported by Hew1
and Smith (1975). The ammonlum ‘was’ added as anmom.um phos-
phate, monobag:l.c th.ch replaced “t'(&e potassa.um phogphate in
“thé orlglnal base BOlUthD of Hoaglatg and snyder (1933)
Gther changes were”“ the add.ttlon of éoehdm ’bicarbonate, to
slmulate blcarbonate levels fnuﬁd in sorl solutlons of Sol-

onetzlc 80118‘ and the use of sodlum nltrate 'to Jpri'ov1de a

constant nltrate level wheq calcium n:;trate was low. ‘Po-

-

' taas.mm levels were kept high _:L. i‘xperlments I I and III

"?; . to prevent any potass:.um l’mirta\émn for plant growth~ .‘ In

D &‘ e&periments IV' and V potassinmﬂrevels were reduced ‘to that

iy “found in soil solutz.ons,.of‘ Solonetz:.c so0ils tat halfh avail~ y

" “able moisture range<— A constant level of anions (S{) '+ HCO,4
and NO ) weré’ malntalned between treat pts, N that, on.'Ly

the catlon ratlos and eoncentratlons were a £ __tor in af-

-

fecting plant growth \' o @
A complete mcrmth supplement was added to ala;,

solutions. The suppleme nt (Appendlx IV) mvers all known

N
- -’?.', .



essentlal‘elements for hlgher plants (Hewitt and Smith
1975) i Irorn was added as an EDTA iron complex (to give
5pmnlof Fe) derlved from dlsodlum‘EDTA and ferrous sulphate
(Stelner and van Winden 1970). The pH of the solutlon was
maintained at-5.5 by additions .of suphuric ac1d or sodlum
hydroxide., Solut1ons were changed once ‘a week ané dlstflled

‘'water added: to maﬁntaln volume when necessary.

%‘

Barley.seedl;ngs were gtown in solution for three

weeks (experrments IV and V) or‘four weeks (experlments I,

-
')

.II and III). At harvest &gé‘ﬁzggsanﬂ shoots were separated
r Qu'{q .
welg}uad . washed and drledh g’%ﬁ Cﬁfor three days, after

whlch the sampLes were we:.ghed then grqund us:.ng/ a WJ.léy

%}; '.4
Mlll Dry ashlng was ddhe\&ccordlng to the procedure of
«Wé%

alsh (1971) and cations determirisd by atomlc a@sorptlon..

o f

The ch01&piof barley for use in thé'solutlon studles

T was based 6n séveral factors. Barley can W1thstand famrly

h1gh sallnlty leyels which are -found 1n the so;l solut:bhs

of Solonetz and Solodlzed si.:{:%z 50113. Accﬁrdlng to the

USDAv(i 4) a Sﬁﬂpercent decrease in yleld of barley occurs w"
wpen the electrlcal coﬁduct1v1ty (E. C) of the saturatlon
extract reaches 16 (mmhos/cm) Also, barley is a commonly
grown cereal and has been used exten51vely in research on o .
! sallnlty.’ Furthermore, the results from growth of barley V\TV/

at various ion-concentrations and ratios may be generalised

¢ . to include other dereals and crop species.

e . »
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- wag :8idered adequate to.

"9

In each experlment the solutlons before belng chaﬁ@ed
were analvsed to determine if any ions had substantlally
decreased. Little change was detected’ 1n concentratlon of

any of he major constituents. Therefore, due to the short

time :ich the plants were..'J? : changlng solgtlons weekly

ain a fairly constant ionic
ens onment . - -

2. §pec1f1c experlments'

‘Flve different experiments were conductLd in solution
‘culture to assess varlous factors pertalnlng to barley ,
growth  at dlfferent 1on1c concentratlons and ratios. Ex—ﬂ
perlment I (Table 8) compared the’ growth:of barley over a
magnesium to calc1um rat:Lo (Mg/C& range of O, 6- 16 5 at a
constant S.A. R (3.5), EC (2. l) and ionic strength (‘( O 037)
Sodlum levels were constant in each treatment The calcium
to total cation ratio (Ca/TC) ranged from 0. 02 to O 24,

M)

Concentratlons of sodlum, magnesium, calcium, sulphate and

¥ b1Car 2 ate were similar to those ﬁgund‘in the soil solu-

-

“tions at the half avallable m01sture percentage of Ap horl—_

zons of Solodlzed Solonetz and §plod soils (Tables 5 ‘and 6)~

Each treatment had the same sulphate concentration so that
4

«; the oniy dlfference betwgen treatments was the Mg/f£a ratio

and Ca/Tc ratlo- The . concept of constant iohic,strength
™

" for edEh treatment was considered 1mp0rtant, as . the activity

,coeff1c1ent of a partlcular ion is the ‘same - 1n all solutlons

- & .

l;.j:g‘.&',‘.
. U, qET.
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Table é.

HCO
SO
H2PO4
E.C

W,

w

Mg/ca

“ca/TC

74

Nutrient solution composition and related data
for Experiment 1

s . Treatment
1 - 2 3 4 5
" meq/1 :
8.0 8.0 8.0 8.0
6.0 ° 6.0 « 6.0 6.0
2.0 2.0 2.0 2.0
4.0 . 6.0 7.5 8.5
6.5 4.5 3.0 2.0
12.5 12.5 12.5 12.5
1.6 1.6 1.6 1.6
10.4  10.4 10.4 10.4
2.0  #H.0 w20 2.0
2.1 v 2.1 2.1 2.1
#.6 $8133 25 | gy
0.24 0.1Z, 0.11  -0.07 .
0.037M 0.037 “0.037  0.038
3.49 3.49 3.49 . 3.49
: o .‘.X
D . '
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of the same ionic strength (Adams 197lb); A constant
‘_sodium adsorption ratio (SAR) was used° as the formula for
SAR (Na/m in meq/l1) allows a constant sodium
«level with various concomitant Mg/Ca ratios. SAR is alsoi
an 1mportant parameter for Solonet21c soils. “ ‘

Experlment Iﬁ‘(Table 9) had the same salinity’ 1ével
as experlment I and similar ionic strength. Magnesium .
levels were kept constant in each treatmen& and calc1um
levels varied to give an 1ncrea81ng Mg/Ca ratio. This was .
done to determine if decreased growth was.due to magnes1um.§f
levels alope Qr an 1ncrea§§hg Mg/Ca ratlo. Sodlum coneen-
traﬁlons were varled ;n each treatment to ensure constant
E.C and ionic strength o

Exger;ment X (Table lO) was conducted at hlgh salln-é@

:Hﬂle to thath ound 1n some Ap horlzons of
S g T ‘ .
Solbnetz,soils;and Bnt horizdrs of'Solonetz and Solodized

‘ityilevelsicampa

Solonetz soils . (Tables 5 a4 6). A constant SAR (21 5)‘
and EC (8.43) was maintained between treatments ‘The ratio

of Mg/Ca and ca/TC ranged from.0.75 -7.75 and 0. 03 0. 15 T

each treatment. Pota851um was reduced: from

respectlvely.
Experlment v (Table 11) had a high level’g{ 'sodium

(42-50meq/1) &7

those levels’found in previous experlments (6meq/l) to a

-

low concentratlon ( a28meq/l) 1n each treat}nent ’ VaryJ.ng

concentrations of callcium (1- Smeq/l) %ere used between treat-

~t

PO I - g R
Tail EE T %?3
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Table 9. Nutrient sol.tion composition and related data
B for exper_ > at I°
] hl
/

3
W

‘Treatments

L ; "“ﬂf;rlz o
- M - " © meq/l
Na oo L5 4 5.75, o 7.2
St Ko . 6.0 - 6.0 . 6.0
S NHye 0 - 2.0 2.0 ; 2.0
S Mg e e 8.5 8.5 R85 T
ey - SR O : . ) .
b U\f/ . - Ca SENEN "‘:,.4 e 8.5 :‘.‘f 4. 2_5 . ’ 2.8
s gm0yt v odpla.ss 125 12.5
e 1.6 - .60 0 2106
80,0+ 10.4 . 10.47 7 10.4
“J#HZPQ4!;  .L2.O o 2.04 2.0 -
EC A : 211 . ‘ 2.1 » _2.1
Mg/Ca . 1.0 2.0 7 3.0
ca/Tc.  0.32 0.16 0.1l

R

mwo 0.040M Q038 = 0,037 -
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Table 10. Ng§rient solution composition and.related data
for experiment III "

Treatments
1 2 3 4, 5 6. T
v Q‘h
meq71
Na ‘90.0 90.0 90.0 © 90.0 90.0« 90.0 90.0

6.0 6.0 6.0 6.0 6.0 6.0 6.0

NH, 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Mg 15.0 18.0 20.0 27.0 28.0 29.0 31,0
Ca 20.0 17.0 15.0 8.0 7.0 6.0 4.0
NO, 10.0 10.0 10.0 10.0 10.0 10.0 10.0
HCO, 5.0 5.0 5.0 5.0 5.0 5.0 5.0

so,  116:0 116.0 116.0 116.0 116.0 116.0 116.0
2,0 2.0 2.0 2.0 2.0,
8.43 8.43 8.43 8.43.  8.43
HPoe’  1.33  3.37 4,00 4.83 7.7
ca/Tc 0.15. ©0.13 0.11 0.06 0.05 0.04 0.03
M 0.208M 0.208 0.208 0.208 0.208 0.208 0.208
“sar " 21.51 21.51 21.51 21.51 21.51 21,51 21.51

4

gt
ke
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o
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Table 11l: Nutrient solution compositibn and related data
for experiment IV

n Treatments
1 , 3 4 5
| "\ T meq/l
-
Na 50.0  49.0  48.0  46.0  42.0

- K 0.8 0.8 . 0.8 - 0.8 . ‘s

NH, 2.0 2.0 2.0 2.0 “ 2.0

Mg 1.0 1.5 .%o 3.0 5.0

Ca | 1.0 , 1.5 2.0 3.0 5.0

~ Nog 8.0 8.0 8.0 8.0 8.0

"~ HCo, 2.0 2.0 : 2.0 . 2.0 2.9

so,  42.8  42.8 -4%.8®b 42.8  42.8

H,PO, 2.0 2.0 _ . 2.0 2.0 2.0

EC L3737 3.7 3.7 . 3.7

Mg/Ca 1.0 1.0 1.0 1.0 1.0
ca/Tc  0.018 - 0.036  0.045  0.055  0.090
) M 0.076 10.077  0.077 . 0.C78  0.080

Y
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ments. The Mg/Ca ratio was kept constant at 1.0, whilev

the Ca/TC ratao ranged from 0.02 to 0 09. By keeping high
sodlum and low pota851um constangm?she effect of calc1um
levels can be observed on growth and also the ability to
'maintain adequate potassium uptake against sodium campetition
(Pitman l975).v Again, concentrations of ions reflect those
found in the soil solutions of Solonetzic soils. The in-
crease of calcium was followed by concomitant increases in
magnesium to maintain a Mg/Ca rati® which from past researchlflp
is not considered llmltlng (Lyle and Adams 1971‘ Trelease |
and Trelease 1931) A

¥

Expériment v (Table 12) was the same as experimtent IV,

2

except the Mg/Ca ratio was lowered to 0.5. This was done
/ ‘ ‘ v

to further ensure that %he Mg/Ca%;:io was not a limiting fac-

2N

tor. In general, the aigkggvexper nts IV and V was to examlne

o

'the relatlonshlp between%ﬁaQTC’ratlo and Mg/Ca ratlo on ’

u

yleld and the effect of these ratlos on pota551um uptake'
under sodlum competltlon. Much of the past work has con=-
centrated on sodium and potassium relationships (Helmann

and Ratner 1962) and neglected the role of dlvalent ions

in modlfylng this relatlonshlp‘(Eanm k97f7 Pitman 1975). v
. L 4 . .

-~
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P Qﬁglﬁ 12, Nutrient solution compogltyon and related data
ST LR for experiment V . - - -
Treatments
1 2 3 4
meq/1

5 so -

Na 50.5 - 49.0 47.5 44.5 |

K - 0.8 0.8 0.8 0.8

- .

NH, 2.0 2.0 2.0 . 2.0

Mg 0.5 1.0 . 1.5 ¥ " 2.5

ca 1.0 2.0 -~ FE - 5.0

NO, 8.0 - 8.0 8.0% 8.0

HCOy | 2.0, gy 2.0

504 42..8.:‘_; 4»2.8

H,PO, 2.0 - 2.0

EC 3.7 3.7 )

Mg/Ca ] 0.5 0.5

| ca/TC 0.018 0.036
s M '0.077 . 0.078 :
a » »
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II - RESULTS AND DISCUSSION

Growth,and Yield of Barley ‘ L

1. Experiment I (Mg/Ca 0.6-16.5; Ca/TC 0.02-0.24: EC 2.1
M. 0.037) -

-

This experiment was conducted at low levels of elec-
trical conduct1v1ty (EC) and ionic strenth UaJ kept con-
stant in every:treatment (Table 8). All treatments showed
similar growth for the first few days. After adweek in

solution treatments 4 and 5, which have Mg/Ca ‘ratios of

o

4.2 and 16.5 and Ca/TC rahos of O 07 and 0.02 respectlvely{

began 'to show depressed growth| followed by emergence of a-
shrivelled third leaf. This was folmowed by ‘similar symp-

toms in treatment-3 (Mg/Ca ratio 2.5; Ca/TC ratlo 0. 11)

. rr*-“‘ !
untll'a progre381ve decreaSe in yleld and 1ncrease in W1—

therlng of tHe emerglng leaf occurred from treatment 3

‘through to treatment 5. Treatments 1 and’ 2, whlcg,had k
.
)

Mg/Ca ratlos 0£.0.6 and 1 3 and Ca/TC ratlos of O. 24 andﬂ'

0.17 respectively. showed normal growth w&th none of the i

above symptoms. Therefore barley growth was dlsrupted °\"

between a Mg/Ca rat}o of 1. 3 ‘and 2. 5,_and a Ca/TC ratlo‘7"

‘o

of 0 11 and 0.17. Flnal dry, welght yields show SLgnlflcant B

dlfferences between some treatments (Table 13) Slgnlfl—’

-

‘cant growth of t0ps follow closely that of a 31mllar de— _
‘cllne in root grthh However, growth of treatment 1l is

not sxgnlflcantly dlfferent than that of treatment ? which
: . ' \ A P -

bN
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1
i
N j
|
i
|
= 5 R
e _ ’ ' e . - F M
r . '
v A OB 4 s 42 165 el *
. ;'C' v 4 ( ' ..
] j“& = .
L . a. 4 . . ‘
Effect .0f increasing Mg/Ca ratlo and Qe~;f_” Coe o

creas1ng Ca/Tc ratio on growth of barley
fln Experlment I, at constant SAR and EC

TableulB "Yield of tOpggand roots of barley from eiperi{,
N mént I (g welght) . ) ..

. . o h o ) 3 - . -
Treatments L_f 2 - 3, 4 -5 . -
Teps = 10.0la* 9.43ab 8.17ab 6.05p 0.54c
Roots ~. . . 1.g8a ‘\i'(.szab' ~1.6gab  1.18p - %. 21c
o o - SRR a 3
) . . . . L L .
+ Values in the same row that haVe a letter in common
- are not significantly different (P:E 0. 05) . _
) AN
. Xy )
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had a Mg/Ca ratio of 2.5. This may indicate greater resis- .\
’ ' . ‘ '
tance.to higher Mg/Ca ratids as the plant grows out of~the

seedling‘atage. Observatiens‘confirmEd that the initial
setback due tc an adverse Mg/Ca ratio'in:barley'seedlinga

- was in some measure restored as the blant matured. 3There;
fore at low sallnlty ledels an adverse Mg/Ca ratio (1 e. |
D>1.3) or low Ca/TC ratio (1 e.£0.17) w:ll retard seedl:.ng
growth, followed by a slow,reCOVery to w1thstand a Mg/Ca or
Ca/TC ratic of 2.5 and 0. ll resbectiveiy.' This would 1nd1—

cate that the SOll solutlons of Ap* horlzons of Solodlzed
¥y o (,\
Solonetz an& Solod SOllS as well as _the B horlzons of: the

«

latter at eld m01sture levels, have no leltatlon to

b

plant growthrdue to adverse ratlos of calc1um to other
ions. . En f : ' . }J R ' e E
: . . .,9

/ LN \

.;Exggrlment IT (Mg/Ca 1.0-3.0; ca/Tc 0. 11-0. 32: EG 2 1,
| 44 0.037-0. 040) P

- G M .
Experlment IT had the same electﬂrcal conduct1v1ty (EC)

and 31mllar 1on1c strength “4L3J1each treatment ase that

zfound in experlment I, Experlment II ‘was dlfferent from o
e «\. ’
experlment I 1n that ‘a constant magne31um level was maln—

-t

4 —

talned in each treatment whlle a coﬂcoyntanfadecjease 1n'

P

calc1um allowed an 1ncreasang M§7Ca ratlo to oc ur (Tabl

L

, '

?9). ThlS was done to determlne if magnesrum

-UMg/Ca ratlo was the l:mltlng factor. After a/week in solu-'.

tion a decllne 1n helght was observed/from 7reatmenﬂ X A;f3 $9

. . . - N w1
. S . ) . /o ) . R
L N E . L g ./ S : / %

¢
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(Mg/Ca ratio 1.0; Ca/TC ratio'0;32) through to treatment

3 (Mg/Ca ratio 3.0:‘Ca/TC,ratio.O.ll). For instance, treat—
ment 1 was at the fivefléaf stage while the tillers were at
'the three leaf stage. In comparison,.treatment 3 was at
the three leaf stage and tillers at the two leaf stage.
Treatments 2 (Mg/Ca ratio 2. 0- Ca/TC ratio O 16) and 3
showed similar symptoms observed in experiment I, that is,
withering of the emerging leaf. This usqplly-occurred on-
the third or fourth leaf. Again, this effect declined to
some extent as the plant: matured A significant decline

in yield is seen between treatment 1 and 3 for qth tops_
and roots (Table 14). This occurred.at a constan _magnesi-
um level and would indicate the importance of the magne: .um
to calcium relationship. Another factor to‘take into con-
sideration is tbat yield decline'also followed a reduction
‘in‘the'Ca/TC ratiofﬂaS'well asvan increase in the Mg/Ca‘
ratio. Fnrﬁher-to this, the results estahlish the import-
ance of caICium in ameliorating the adverse effeecs of
magnesium and other ions on plant growth cOncentrations
of magneSium pexr_se ‘o not seem to be ‘a factor as all |

-

treatments had the =ume leVel.

3. Experiment III (Mg/Ca O. 75-7.75; ca/TC 0.03-0.15; SAR
‘ 215 E0843 p.o 208)

Experiment III was Similar to experiment i except that

t:he salinity levels were raised much higher, so that, the .

] L



85
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2. Effect of increasing Mg/Ca ratio and de-
creas:.ng Ca/TC ratio on growth of barley
in experiment II, at constant magnesz.um
levels and EC : :

b

&

Table 14. Yields of topa and roots of barley from exper:.-
%ent II (g dry we:.ght)

&

Treatment .1 2 3
Tops 12,2327 9.93ab  ,5.29b oo

~ Roots © 2.59a  2.20ab 1.34b

+ Values in the same row that have a letter in common
are not s:.gn1f1cantly different (P £ 0.05)
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- effect of calcium to other ions could be assess~d under a
saline environment. Therefore increasing Mg/Ca ratios and
decreasing Ca/TC ratios were used- along with a high but
constant salt level in each treatment (Table 10). }After
@ week in solution all treatments showed withering of the
emerging‘leaf, except treatments 1 and 2 which had Mg/ca
ratis of 0.75 and 1.06 and Ca/TC ratiosof 0.15 and 0.13
respecrively. Treatment 3 (Mg/Ca 1.33: Ca/TC 0.11) showed
severe withering of the emerging leaf and reduction in
yield (Table 15).

‘As indicated in previous experiments, increasing the
Mg/Ca ratio caused a steady decline in growth of both tops
and roots. The high salinity conditions created an'osmotic
effect which gave an added expected decrease in growth of
all treatments when compared to experiments I and II. Fin-
al dry weights in treatments 1, 2 and 3 were not signifi-
cantly different, even though treatment 3 showed some of
" the earlier mentioned eymptoms (Table 15). Therefore,

13

growth began to decline above a Mg/Ca ratio of 1.33 and"

below a Ca/TC ratio f 0.11. ‘This observation is similar

to earlier experiment

4. . Correlations between riments I, II and III

-~

The comparison betwee line in,EEIaﬁive yield and

increasing Mg/Ca ratios is giwv . Relative
yield is the dry weight yield in grams ressed as"iper-

centage’ of the maximum vield. For instance, .the  highest
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SAR M5

E(;ﬁ-

40~

3. Effect of increasing Mg/Ca ratio and de-
' creasing Ca/TC ratio on growth of barley
at high and constant EC and SAR, in treat-
. ments 1 and 2 of experiment III

»

Table 15. Yields of tops and roots of barley fr experi-
; ment III (g dry weight)

Treatment . 1 2 - 3 . 4 5 6 . 7
Tops’ 6.84a’ 6.35a 5.67a 3.25b 1l.4lc 1.16c 0.39&
Roots 1.67a 1.56a 1.58a 1.07b  0.54c 0.45c 0.20c —
+

- Values in the same row that have a letter in common
are not significantly different (P£&0.05) .-

-

-
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100 r- A Roots

® Tops .

90 |-

r=-0.935

XS
o P

" logy = 2.209 + (-0.163)x

70 |-

50 +
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4. Effect of increasing Mg/Ca ratio and de-
creasing ca/TC ratio on growth of barley
at high and constant EC and SAR in treat-
ments 3, 4, 5, 6, and 7 of experiment III
. yield in each experiment is given the maximum value of 100
percent and the other treatment yields expressed as a per-‘
;centage of that value. A comparlson of the three experl-.
ments show a decline in yield as the Mg/Ca ratlo,;s increa-
sed; The correlation coefficient is given as -0.935, while
the curve is expressed as the antllog of log Y (Flg. 4)..

In a 81m11ar fashion the correlatlon coeff1c1ent be-

tween percentage relative yleid’and Ca/TC ratio is grven

as 0.898 (Fig. 5). The interesting featufe@erboth corre-
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" lations is that the decline in-yield is depeﬁdént on the
ratio of calcium to other ~ations and not dependént on the
concentration of célcium Oor magnesium per se. An example
of this is treatment 3 in experiment I and treatment 3 in
experiﬁent III. Each treatment has the same Ca/TC ratio
and similar decrease in relative yield, yet in experiment»
I 3.0 meg/1 of calcium is used as compared to 15 meq/l of
calcium inrexperiment III. Furthefmore) these relation-
ships are consistent rega;dleés of ionic strength as seen
‘in COmparing experiments I and II (ﬁL0.0BB) with experiment
III (M 0.208). | |

" Further comparisons of the daté indicate that'é‘Mg/Ca
ratio of approximately l;O is needed to ensure optimum grow-
th of barley (Fig. 4). This is a similar value\to that '
observed by Lyle and Adams (1971) which give a value of 1.3.
Trelease and Treleaser(19315 indicate that no decréase in
yield 'of wheat occurs if the Mg/Ca ratio is 1.0 or less.
In the case of the Ca/TC ratio (Fig 5) about fifteen per-
cent of the total cations need to be calcium to ensure opt%—
mum yield. This compares with other reseércﬁ by Howard and
Adams (1965) who observed a critical Ca/TC ratio of“b.l-
0.15 for optimum growth of primary coﬁton roots (Gossypium

hirsutum), and Lyle and Adams (1971) who give a critical

~

~

ratio of 0.10 for optimum elongation of loblolly pihe (Pinus

taeda L.) roots.
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In experiments I, II and III the Mg/Ca ratio and Ca/TC
ratio are in a sense a reciprocal of each.other and both
have similar correlation coefficients. The Ca/TC ratlo
takes into consideration the change in concentratlon of
all other ions relative to ca101um.- Therefore, the Mg/Ca
ratio is essentlally a part of the Ca/TC ratlo. Other
research has concluded that the Mg/Ca ratio can better be
expressed by the Ca/Tc ratio, and that the former is reallyh
only part of the latter (Khasawneh 1971). It is reasoned
that the ion antagonistic effects on calcium are the result
‘of the total cation concentration in solution and not. re-
stricted to the magensium concentration. However, in the
case ofvexperlments I and II, espec1ally the latter, mag-
nesium would have a greater contribution towardS'ionic
strength than monovalent cations. Furtherhore, calcium -

and magnes1um have similar ion act1v1ty coeff1c1ents, so

N

that, the Mg/Ca ratlo in molar concentration would be simi-

lar to the Mg/Ca‘ratio in molar activities (Lyle and Adams
- 1971). Therefore, taking/the above into consideration, and
the fact that high magnesium levels are found in some Solo-
netzic soils, the Mg/Ca'is still a useful parameter for
assessing if calcium llmltatlons ex1st in soil solutlons

In concluslon, experlments I, II andlllilndlcate that
the Mg/Ca ratio and Ca/TC ratio are useful patameters for

characterizing’the soil solution, in regards'to the cal---
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cium regime, although ﬁhe &atter ﬁgglp is more versatile,
as it is capable of evaluat}ﬁg the whoée cation env:ronment.
Observations from soil solutlons at field m01sture levels
(Tables 5 and 6) show adverse Mg/Ca and Ca/TC ratlos exist

in che Ap horlzons of the Solonetz soil (i.e. Duagh) and

Bnt horizons of Solonetz and Solodized Solonetz soils.

5. Experlments IV and V (Mg/Ca 1.0 and 0.5;: Ca/TC O 018~
0.090; EC 3. 7'[4 0.076-0.080)

Exptriments IV and-V had constant EC (mmhos/cm) in each
treatment and fairly constant ionic strength (Tables 11 gnd
- 12). The Mg/Ca ratio was constant at 1.0 and 0.5, in each
treatment of experlments IV and V respectlvely. The ob-
',jective of these two experiments was to assess the effect’
of increasing Ca/TC ratIOS,keeping the Mg/Ca ratio constantL
on growth of'Parley. At the samejtime, the potassium levels
in‘esch treatment were‘reduced to an average of those ob-
served at half available moisture percent in soil solutions
’of Solonetzic soils (0.8 meq/l), in contrast to the high
amount used in experlments I to III (6.0meq/1). This was
done to measute the effect of increasing Ca/TC ratio on
- potassium uptake,lat fairly high levels of sodium,

In regards to experlment IV 31gn1f1cant lncreases in
. yield are.shown, as the /TC ratlo 1ncreases (Table 16).

’Afteﬁ'one week of growth, treatments l, 2 and 3 (Ca/Tcratlos

0.018, oO. 036 and 0.045 reSpectlvely) showed withering

symptoms on . the emergln third leaf At the end of thr
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5. ,Effect of an incfeasing Ca/TC ra‘tio

on growth of -barley in experiment IV

Table 16. Yic<lds of tops and roots of barley from experi-
. ment IV (g dry weight) -

Treatments 1 0+ 2 3.7 a4 5
_Tops - 1.39e™ 2,094  2.67c  3.35b  3.93a
Roots 0.48c 0.58b 0.67b 0.82ba 0.96a

+ Values 1n the Same row that have a letter 'in common
are not significantly different (P<x 0.05)
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weeks, the remaining treatments 4 and S (CA/TC\O.QSS and
0.090 respectively) also had some of the above symptoms.
For instance,'symptoms were observed on 100, 100, 95, 38 o
and 14 percent of plants in treatments l 2, 3, 4 and 5,
respectively. Therefore, higher levels of calcium (:PSmeq/l
and Ca/TC 0.099) would be required to eliminate any of the
observed symptoms and‘give further yield increases'f\ *

Experiment V gave similar results as experiment IV
in regards to yleld (Table 17 ~and withering of the emer-
ging leaf. Symptoms were observed on‘lOO 76, 28 and 10
percent of plants in treatments<¢l, 2, 3 and 4 respectlvely.
This corresponds to a Ca/TC ratio of 0.018, 0.036, .0.055
and 0.090 for treatments 1-4, respectlvely.

Both experlments v and v indicate that optlmum Mg/cCa
ratios must also haveladequate Ca/TC ratlos to prevent
yield decline. .In'thds case, calcium'concentration can-be
used to'correlate with relative yield beoause both(experi—
'nents Iv and V'have the same ionic strength. wae&er,
experlments w1th dlfferlng ionic strength (such as experi-

ments I and III), as mentloned earller, w1ll give poof

correlation to relative yleld us;ng only calcium concen-

‘tration., This was also noted by Pearson (1971). Therefore,
the utlllty of the Ca/TC ratio-in predicting low calcium
levels, even when the Mg/Ca ratio is optimum, is fﬁrther

demonstrated. - \i




Table 17. Ylelds of tops and roots of barley from experi-
7 ment V (g dry welght)

4

Treatments 11 27 3 4
Tops 0.86ct 3.03b  3.18ba  4.22a
Roots 0.32d 0.77¢  0.88b 1.18a

)
i

Values in the same row that have a letter in" common
. are not 31gn1f1cantly dlfferent (P:i 0.05)

6. Calc1um def1c1ency Vs’ magnes;um tox1c1ty

In all experiments adverse Mg/Ca or Ca/TC ratlos, pro—'z
duced withering of the emerglng leaf. Another con51stent
symptom was a splralllng of the base of the withered leaf.y
Slmllar symptoms were obserVed by Trelease and Trelease.
(1931) in barley, corn, rye and wheat at the thlrd leaf
stage, when the Mg/Ca ratio exceeded 1, 0 They concluded
that the injury was mainly due to magne81um when magnesxum
concentratlon exceeds that of calc1um. High magne51um 1n
relatlon to calcium will result in rapld absorptlon of mag~
nes , whlch unless accompanied by sufficient Ealcium w1ll:;

_exert tpxlc effects Trelease and Trelease (1931) further,i;a

- {

observed that magne51um 1n3ur1es could be 1nh1b1ted by
addltion of strontlum. therefore magne31um tox1c1ty rather

thart calcium def1c1ency 1s enV131oned waeveryvln solu—
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vtion.culture_strontium can replace. calcium to some extent
.(Chapman 1966). Therefore, the evidence for magnesium
tox1c1ty may not be that conclu51ve. Mostafa and Ulrich
(l976) found that magneslum ‘induced calcium def1c1ency in
sugarbeets at a Mg/éa ratio. of over'l 0. They.concluded
"that magne81um 1nterferes ‘with calC1um uptake. In this

™ study, 31m11ar symptoms occurred at elther adverse Mg/Ca

ough the splralling phenomenon was

" ox Ca/TC ratlos, al

umore_pronounced in the foxn . It would seem as'if'the

l ‘symptoms are dueito calci; def1c1ency induced by high .
amounts of magnesium or.other 1ons, even though. calclum
levels pgr se,mg§ not be- nutrltlonally limltlng. rherefore,
ion antagonistlc effects on calc1um‘IFtake coupled W1th an‘f
1nadequate balance of calc1um to other ions, to protectl,"
absorptlon processes, is env1s1oned as the cause for symp- '
toms of cal FRVE def1c1ency. In conclus;on, the role of |

\ calc1um in regulating the physiologlcai ef*ects of other
ions on plar® growth (Lund 1970; Wyn Jones and Lunt 1967-
and Wallace et al.l1966) is evrdent at the concentratlons o
-and ratlos of ions found in the 8011 solutions of Solonet-

. : : - o
v . o B 4 /
zic soils. . e ' - . <’ '
. A
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6. (BCalc1um def1c1ency in barley 1nduced by
' low calcium and ‘high .amounts of other ions
in solutlon : : _

‘Plant Analyses R | ' Loy

~ Plant analyses for sodium, pota851um, magnes:um and - {‘
calc1um for experlments I to v are glven 1n Tables 18 to 22
1 The first observatlon is the close eorrelatlon between the .
Mg/Ca ratlo of the solutlon (in meq/l) to. that found 1n the
barley leaves (1n %).4 The calculated correlatlon coef*;c—
dent us1ng the total data was 0. 979 (Fig 6).‘ If both ratios

are expressed on a mlllaequlvalent basis then the same

o ratio approxzmately is found in. both solutlon and leaves,

Ihas of dourse, is the end result of many 1ntermediate pro-

<



Table 18. Plant analyses of tops and roots of barley
in Experlment I

o

’ Treatment
1 2 3 4 5
% : ‘  Tops | ,
ca 0.52a" 0.38b  0.28c  0.20d  0O.l7e.
Mg ° 0.24b 0.32b 0.37b 0.41b  1.04a
Na 0.74b  0.76b  0.78b  0.78b  2.18a
K 4.45a  4.77a  5.04a  4.44a - 3.56b
. ¢ o Roots ‘

ca- - .0.18a  0.16b  0.15b  0.10c  0.15b
Mg . 0.1ib  0.11b  0.15b  0.14b  0.34a
Na 0.41b  0.40b  0.52b, .0.42b  0.67a
K 3.47a .3.30a  3.96a  3.56a  2.90b

Values in the .same row that have a letter in common
are not significantly different (P% 0.05)

Table 19. ~ Plant analyses of tops and roots of barley
: ' in Experlment II

‘Treatment

o r 2 3
, % N Tops o
ca © o.slat. o0.33p - -0.20¢
" Mg 0.31a  _0.32a  0.20a
Na . 0.22c . 0.52b 0.59%a
K ' 4.73a  4.63b  3.47c
C o e Roots - 7
Ca. © 0.19a . 0.12b . 0.1
Mg 0,13a.  ~ 0.13a . 0.13a
Na 2.30b 3.20a  3.80a .
K . 4.07a 3.27b 2.57¢

. '*‘Values in the same row that have a letter in common

o}

are not significantly different (P & 0.05)

T BRI
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Taﬁle 20.. Plant analyses of tops and roots of barley
in Experiment I1I

| %
Treatment - - ' Ca Mg Na K
) Tops’ |
1 ~ o0.33a*  o0.19a 2.70d 2.33a
2 ~ o0.28b  o0.21d 2.904  2.12b
3 0.22c 0.21d 2.504 . 2.11b
T4 0.17d 0.32¢c 3.40c 1.63c
5 0.15d 0.36bc  3.60c 1.28d
6 0.17d 0.41b  4.20b 1.31d
7 0.18d Ao,77a 5.56a 1.08e
Roots \
1 ~ 0.21a 0.12¢  2.00c 2.54a
2 0.18a 0.1l3c 2.00c 2.6la .
3 0.15b 0.14bc  2.20b 2.4la
a e.12b  0.15b . 2.23b . 2.62a
5 0.12b 0.18b 2.33b - 2.25b
6 0.13b 0.18b  2.46b 2.27b
K. 0.18a o.35afJ_a/3.29a 1.99¢c
Values in the same column’ that havev a letter in com-

‘mon are not 51gm.f1cantly different (P%2 0.05)-
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Table 21. Plant analyses of tops and roots of barley in
. Experiment IV
<

. Treatment
1 2 3 4 5

% Tops ’ ' .
Ca 0.17ct  o.1l8c 0.22b 0.28a‘ 0.30a
Mg 0.14b 0.16b 0.18ba 0.20a 0.2la
Na 4.07a  3.30b 2.90c - 2.70c 2.23d
K 1.45e 1.83d  2.23¢ _ 2.57b 3.0la

| . Roots )
ca 0.14b  0.13b. 0.14b  0.13b  0.17a
Mg .0.13a 0.12a 0.1la  0.13a 0.12a-
Na 2,.23a 1.93b 2.02b l1.61c 1.56c¢
K 2,07 1.93b  2.10b  2.43a  2.45a

S

+ Values in the same row that - have a letter in common

are not significantly different (P« 0.05)

\
O

—~—

'Table 22. Plant analyses of tops and roots of barley in
Experiment V ‘

Tréatment‘ . e
1 2 3 4
Tops ‘
Ca 0.12c*  0.18b. ~ 0.19b  0.29a
Mg \k 0.07¢c 0.11b 0.13b 0.15a
Na '  5.63a 4.30b 3.53c  3.57c
K ' 0.90c  2.00b 2.07b.  2.30a
L - Roots

~ ca 0.11b = 0.11b  0.12b  0.1l4a
Mg 0.09b  0.10b  0.1l2a ~ 0.13a
Na 1.43a  1.39a  1.20b 1.26b
K 0.92c  1.93b  1.80b  2.0la

LR , -
'+ Values 'in the same row that have a letter in common
are not significantly different (P «0.05)
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Figure 6. Correlation between the Mg/Ca ratio found in
Solution to that found in the leaves of bar-

ley (dry weight) ,
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cesses in ion absorption and ddes‘not.kxd itself to specu—
lation on rates of absorptlon of calc1um and magne81um.
_Such factors as import and export of ions from leaves,
growth of leaf,‘ageh rate of tran\plratlon, temperature as
_well as composition of the solution will regulate ion con-
centration in the leaf (Pitman 1975). However, the fact
that adverse tratios of magne31um to calc1um gave similar
ra%los 1n'the leaves of barley after| a few weeks of g;owth
tcould provlde an indirect way of assess1ng nutritional
limitations. e g

Another important correlatlon is ‘the percentage of .
calc1um in the foliage and percentage of *calcium of the
total catlons in solutlon which gives a coirelatlon co—l
'eff1c1ent of 0.931 (Fig. 7). Comparison of the concentra-
tions of calcium in the various sdhﬁﬁons used and the cor-
. responding percentage of calcium in:the foliage give little

correlation. For instance, treatment 3 of experiments II

and II: have a similar percentage of calcium in the foliage

d}

and the : ca/TC ratio in solution, but concentrations of
calciw ir zion are*much‘different. ‘According to Chap-
man (196€° _ ”cium}percentage of less than 0.14 gave cal-
cium deficic o vmpttms in young wheat plants. In thls
study, calcium o Lenny symptoms were, observed on all

' plants when the —zlr~ium percentage fell below 0.22. This
occurred at different :>nd in most cases at relatively high

concentrations of calcium buv at the same ratio of calcium

Y
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to other cations. Therefore, the iﬁportance of the ratio
of calcium to other ions in assessing calcium availability
for plant growth is established This also confirms the
results of Lund (1970) and wailace et al.(1966, 1968) in .
that the calCium requirementtin solution for optimum plant
growth is dependent on the concentration of other ions in
solution.

. In experiments I, III, IV and_V, constant potassium

and sodium concentration ‘in solution at different calcium

concentrations, allow the effect of \calcium on Selectivity

of sodium and potassidh uptake to be a ssed Other re-
‘search has shown that the ability of plants to take up
pota581umvselectively appears to depend on availability of
divalent cations (Pitman 1975). Obsetvations from experi-
ments I, III, IV and V (Tables 18 - 22) indicate that sodium
uptake significantly increases, whileipotassium uptake sig-
‘,nificantly decreases, as the Ca/TC ratio declines.in the
sclution; Treatments which showed extreme calcium deficiency
gave greater indication of the above phenomenon. This would
indicate that calc1um is an essential element in- encouraging
potaSSium select1v1ty and uptake in the presence of a com-
petitive ion such as sodium. Therefore, the conclu51ons of
Pitman (1975) should be expressed as the availability of )
calc1um rather than divalent ions, as magnesium could not

replace calcium in maintaining potassium select1V1ty. ,The



‘importance of calcium for potassium uptake is more pro—
nounced in saline solutions. This can'be Sseen in Fig. 8
- ‘where relatively saline solutions (experimenté III and V)

give much iower potassium to sodium ratios in the leaves,
than non-saline solutioﬁs (experiment i), as the.Ca/TC
"ratio decreases in solution, causing potassium to approach
def1c1ency levels (0.70 - 1.50% dry weight basis) in the
leaves. Therefore, competition between potassium and
eodigmkfor uptake into the plant cannot beAcompletely under-
steod from a basis of their concentration and ratio alone,
as preposed by Heimann and Ratner (1962), nor by the con-
centration of divalen? cations (Pitman 1975). - The essenti:1l
factor is to‘supply ae adequate percentage of'calcium in
solution, this wili depend of course on the level of~salin-
ity. . Saline SOlutioﬁs found in some Solonetz A horizons

and Solonetz and So;odized Solonetz B horizons will need a
Ca/TC ratio in excess of O;l to maintain botassium levels
over 2.0%,in the leaves. MoreoVer, as long as adequate
levels of calc... are present the potassium concentration

in the soil solution can be low. This is demonstrated in
experiment IiI.(G,Oﬁqu/l) and experiment V (O.8mqu/l). In
Yegards to the latter experiment, potassium selectivity was
maintained even at very low potassium concent;ations, pro-
‘vided'the Ca/TC ratio was not limiting. This is in agree-

ment with the kinetics of potassium absorption as preposed
n M
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% K and Na in Barley Leaves
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Figure 8. Uptake of potassium and sodium at different’

evels of calcium in solution from experi-
‘ments I, III and V -
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by Epstein (1969 and 1972), in that, the mechanism which
causes the absorption of potassium at low concentrations
(&£ 1.0 megK/1) has a greater affinity for potassium than
oodium. Long term field experiments on‘Solonetzic soils
have shown that decreases in- SOil ‘sodium and increases in
SOll calc1um, by use- of various ammendments were correlated
with increased potassium levels in the .crop. In sSome cases
the potassium level in the leaves had increased from defi-
ciency_levelo'to Sufficiency levels (Cairns etial. 1967

Cairns 1971). Therefore, the principles behind.calcium
involvement 1nosod1um and pota351um uptake may be 1mportant
factors in asseSSing nutritional limitgiions on Solonetzic
soils. _ _ B . .
ln conclusion, the dynamics of potassium and SOdium
select1Vity and uptake along with yield of barley are con-
ditioned by the proportions of calcium in the 3011 solution.

>

Furthermore, calcium uptake is dependent:on the ratio of

calcium to total cations rather than the actual concentra-

"tion of calcium per_se.



OIL STUDIES

B}

1 - MATERIALS AND METHODS

. Fhe first series of s0il experiments were conducted to

determine if barley grown in Solonetzic soils, would have

N

similar cation ratios in the foliage, after ‘four weeks of
"growth, as that found in.culture solutions simulating the 1

displaced soil solution*(at half available moisture) of Sol- \
onetizc soils'(Tébies 5 and 6) 'To th%s end, barley (Hor-

deum.vulgare var Galt) was grown 1n\plTst1c pots (ID 18cm
\

X l7cm depth) whlch held between 2000\- -3000 grams of soil

(air dry ba51s) The 011 was fi- st m01stened to the half
available m01sture level u81ng an atomlser.f Reagent grade

NH NO3 and KHZPO were dlssolved ln the water. to add 35ppm,

4 4
9ppm and 22ppm of N, P and K respectlvely, to each pot, so
- that over the short growth perlod the macro-nutrlents would
‘not be limiting. - The pots were covered w1th plaetlc fllm
to prevent.evapdrétion. After germination,” the seedlinds
were thlnned to give six uniform plants per pot. Perlite
was added to the 5011 surface and the plastlc film, with
holes for each Plant, placed'over the top of each pot Dur=-
_1ng the four week growth period, dlstllied water was added

as n?eded to maintain each pot at the half avallable m01s—

ture welqht However, due to the short arowth nerlod and
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large amount of soil little waterQﬂig/éaded. The moisture,
cohtent“of each: soil fluctuated between —lS,bar'(or lower)l

and>haLf'a§ailable‘moistu;e.n Under tﬂis range.the Mg/Ca )
rstid and Ca/TC faéio does not vary‘drastically. For ex—‘
ample, a saline Hemaruka Bﬂf horizon only showed a changeA
of 3.62 to 3.50 in the Mg/Ca ratio from -15 bat to half
;avsilablé moisture pefcén;age, whiie no éhange’océurred
.with the Ca/TC ratio (Tables 5 and 7). |

5

The second series of experiments were designed to
' fdetermine‘théaeffect of g§psﬁmr(Casé4.2H29) ammendments ;

mixed iﬁtofthe soil, on the yield of barley'énd assess any
changes in the cation reﬁ%os of the leaﬁes. Only tWo soils
were used, a Killam Bnt and a Duagh Ap:(éhipmen). Gypsum

‘was mixed dry at the rate of 4.66 and 9.32 ineq/100g with

air dfy Killam Bnt horizon samples to give the equivalent

'of apprbximetely'9 and. 18 tenses of gypiggjper'hecﬁare -
15cm depth. The Duagh Ap horizon from Chipman had'enly the N
high rate of gyﬁsum mixed info the soil, Similar érocedures
were used as in thé 1rst experlment except the follOW1ng.
smaller pots were used (ID 15cm x llem depth)- weight of

s0il was 2656 grams and 1550 grams of air“dry,soil in the

case of the Killam Bnt and Duagh Ap‘respectively. All analy-

.8es of plant material were done by procedures outlined in

~
t

other sections. J o : N
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II - RESULTS -AND DISCUSSION -

1. Characteristics of barley growth.on
Solonetzxc 5011 horizons

v AE
guurd “ S ; ‘ 2,

Data g1§en inv Table 23 show thap slmllar growth perfor—

“ v

‘mance was found from soil sohnuons in situ to’ that 51mulated“a

. in nutrlent\solutlon. Those sozl horizans w1th adverse o
,‘Mg/Ca ratlos or Ca/TC ratios (e. g. Killam Bnt, Hemaruka Bnt
"and Duagh Ap) soon developed calcxum deficiency symptoms'

and reductlons in growth. Soil horizons with . extremely
hlgh.Mg/Ca rat;os (i.e KJllam and Hemaruka Bnt) develOped
’severe calc1um def1c1ency. In regards to the Duagh Ap,
only one plant:ﬂxned calc1um def1c1ency symptoms4 but all
exhzblted poor growth ~ This would 1nd1cate that growth'
.performance can be estimated by dlsplaced soxl solutlons.
Ratlos of Md/CaLand Ca/TC in the leaves were determlned_b
h and the respectlve s0il solution ratlos were calculated
‘(see Table023) u81ng the llnear regressxon equatlons deter—‘
'mlned 1n solutlon culture (Figs. 6 and 7). Comparlsons be-
-;tween the.actual ratlos in displaced solutlon (Tables 5,and
6) and the calculated ratios for the.aoil aOIution in situ
(Tahle=23) show good.agreementi Therefore; although"the
concentratlon of dons in leaves of plantS»grown in 3011 can;

dlffer to thpse grown 1n>solut10n culture, due to varlatlons

:'ln;dlstrlbutlon of 19ns and water stress in the soil (Pltman

[

. : : \
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- 7. ﬁ Calc1um def1c1ency in barley _grown on
a Killam Bnt horizon

1975); the ratios of ions, especially calcium to'ether ions,
does retain some cerreletion. This leads to the p0881b111ty.
: that the ca1c1um status of the soil soltulon could be esti-
mated by use of.a blologlcal assay such as leaf analysis.

The reletiunship between ien uptake and ion concentrations
in the ‘soil solutlon\would, of course, differ between plant
uspec1es and age of plant. Therefore, the llnear regre551on,
as given in Flgs. 6 and 7 would only be spec1f1c for barley
or perhaps the variety of barley used in this study.

Ev1dence that the soil solutlon alone characterlzes
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the environment of plant.roots is-dlfflcult to determine
from non-saline soll horizons (Table 23). rNon—saline‘soils
(i.e. Killam Ap, Malmo Ap and Halliday Bt) would maintain‘a .
similar Mg/Ca ratio in solution as;on the colloids, especi-
ally as the selectivity of calc1um and adsorptlon by clay
is only preferred aver magne31um by a factor of l 2 (Bolt

' 1976)._‘However, soils with appreC1able salt content 1n the'
"soil soFution (i.e. Killam Bnt, Hemaruka Bnt and to a lesser
extent Duagh Ap) would develop multlple equlllbrla between
colloids, 'solid salts and ions in solution, at low m01sture
levels. This three phase system would ensure higher mag—
nesium in the soil'SOlution; at’ ‘low m01sture percentage,/
due to the greater solublllty of magne31um sulphate over
calcxum sulpnate (Khan and Webster 1966) The outcome of
this would be’ a dlfferent Mg/Ca ratlo in solutlon than on
the c01101ds (Table 23). The calculatlon of-thevratlo 1n~wx
solutlon of calc1um to other 1ons, u81ng leaf analySLS, in
soils with apprec1able salts in the soil solutlon, 1nd1cates
that the SOll solution (determlned by displacement at half
avallable moisture) characterlzes the enV1ronment of plant
roots, Thls is demonstrated by the agreement of the calcu-
lated Mg/Ca ratio and displaced Mg/Ca ratio, in contrast to
fthe large difference between the calculated Mg/Ca ratio and
the Mg/Ca ratio on the c01101ds (Table_23). Thereforer,bio-

logical assessment of the calcium status of the soil solution

>

3

T
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at field moisture levels, by use of leaf analys1s, could ,
:be a useful assay of nutritional limitations 1n soils with
saline soil solutlons
Anvinteresting feature is that high magnesium in the
soil 'solution of a'Killam Bnt does not result in subsequent
high magne. um uptake by the plant (Table 23). Hewever,
Athe adverse /Ca ratio in solutlon is still reflected in
‘the hlgh‘Mg/Ca ratio in the plant as observed earlier (Fig.
/6). ‘Therefore, the ihportance of the Mg/Ca'ratio is, again,
demonst;ated over that of magnesium uptake alone.
l'Inlall cases, high sodlum uptake coincides w1th low
potasslum uptake, cau81ng potassium to reach def1c1ency
‘levels (0.70-1.50% dry weight). As the levels of potassium
'incréase_andisodium decrease a concomitant increase in cal-
'1eium uptake occurs,- Therefore, plant growth in the soil
shows similar trends to that found in solutlon culture and
1nd1cates ‘that ion uptake of sodlum and pota331um is modi-
';.fled by the calcium regime, Also, leaf analysis does’pro-
v1de an 1nd1rect assessment of the root env1ronment
| 'Root growth was sensitive to the_level of calcium to
other ions (Table 18). Soils with adverse Mg/Ca ratios
or very low Ca/TC,ratios gave Yery poor root growth. This
.agrees with past work (Howard and Adams 1965; Tanaka and
‘% Woods 1972, 1973) which ‘indicated that calcium deficiency

is most severe in roots due to poor calc1um mobility w1th1n

*®
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the plant and need for constant adequate calcium levels in

solution.

8. Calcium deficiency in barley grown on
- a Hemaruka Bnt horizon

\

i

2. Effect of ammendments on plant growtﬁ

The -effect of added gypsum (cas 4.’2H20) to supply solu-
ble calcium to soils with low calcium to other cation ratios
is given in Tables 24_and.25:.'In the case of the Killam Bnt.
horizon (Table 24) additions of'calcium gave signif¥cant

increases in yield over the check and prevented any occur-
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o
rence of calcium deficiency. Root growth was also improved.
This would 1nd1cate that soils with high Mg/Ca ratios or
low Ca/TC ratios w1ll respond to calcium ammendments as long
as the ammendment is mlxed well into the soil. The 81gn1f1-‘
cant increase in yield from 9 tonnes/ha to 18 ulﬂes/ha of
'gypsum, indiéates that even though calcium def. ... - has
'been alleviated, a calciﬁm limitatiop may still e.-ist o
_prevent optimum yield. |

Additions of ca;cium gavé marked changés in the so. .
solution of Eheiroot envirénment; This caused significant
changes in leaf compositién (Table 24). cCalcium was increas-
ed while magnesium deéreased, resuiting in éhangés in the
Mg/Ca ratio. Use of the linear regression eqﬁatiqgf\in
Fig, 6 and 7, gave the estimated Mg/Ca ratios and ca/TC |
ratios in the soil solution. Both fatiés weré-significantly
improved by the calcium ammendment, even though the Mg/Ca
ratio still appeared limiting, even at the highést rate of
gypsum. Therefore, additional rates of gypsum may give
even greater.yield'increases.* However, under natural con-.
ditions the magnesium'exéhanged by the cé%gium may be lost
fram ‘the ot environment due to leéchi-ng and éllov(r a more
favourable ratio of Mg/Ca to exist.

Comparlson of the dlfferemUAI uptake of .8odium and
potassium, indicates that an 1mproved'calcium regime allows
a significant increase in'potassium uptake, followed by é

concomitant decrease in sodium uptake. This occurs in +he
\
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absence of learhing when both soils contain the same amounts
- of sodium and Eotassium.. In regard to the_chéckj (Table 24)
\Hfﬁéwiéw 16vel of botassiﬁm in the leaves borders on the
range commonly con81dered to indicate pota551um deficiency
(0.70-1. 50% dfy Ys}ght) Therefore, the, addition of cal-
cium not oniy amellorates calcium deficiency but also pre—
vents the p0551b111ty of potassium deficiency caused by l
- impeded uptake due to sodium competition. |

Similar trends were found when gypsum was added to a
Dﬁagh Ap (Chipman}vhorizon (Tab;e 25). .Although calcium
deficienéy was.only obéerved.on one. plant (out of 18) in
* the cheék soil, the addition of calcium did signifiCantly
inqrease yield and give(sihilar changes in leaf analysis,
as found with-the Kiliam Bnt ammended séil.' Tﬁis would
indicate that calcium llmltatlons ("hidden hunger") exist.
in the Ap horizon of some Solonetz 50113 and prevent opti-
mum»yield being obtained. _

In cohclugion, the'résults from ammending soils with
calcium agree with that found in solution culture. They

also illustrate the usefulness of displaced soil solutions

~

in predicting the calcium status of Solonetzic soils. Low
. Ca/TC ratios or high Mg/Ca’ ratios, as determined by dis-
placement technique, in the soil solution were useful para-

meters for evaluating the need for calcium ammendments,
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SUMMARY AND CONCLUSIONS

Characterization of several Solonetzic eoiis gave
results in agreement with earlier work (Bowsef et al.1962:
Cairns 1961). Analysis of saturation paste extracts in- J
" dicated that an increase in calcium and calcium to total .
.{eation ratio (Ce/TC) occurred with a concomitant decrease, i
in sodium and magnesium to calcium ratio (Mg/cCa) along
vthe Solbnetz to Solod Sequence. Although the soluble Mg/
Ca ratio is lower in.the Solod soils, the actual concen~
Nﬁration of magnesium is eometimes increaeed ever that
found id the saturation paste extracts of Solonetz and
Solodized Solonetz sqils.

In regards to the excHEhgeable'cations, an‘increase

in the calcium to sodium ratio and decrease in the mag- - . 5
N i a

‘nesium to calcmum ratio occurs from a Solonetz to a ©:lod
soil. The calc1um to sodlum 1mbalance in the Solonetz or
Solodlzed Solonetz soil is demonstrated by the p081t1ve
value glven for the gypsum requlrement test, as cempared

to the Solod soil which had no gypsum requlrement Levels
of exchangeable magnesium showed no consisternt trends be;\\\\
tween Solonetz and Solod soi;ls. Therefore, both soluble

and exchangeable éhases, in generél, show an increase in

calcium and decrease in sodium along the SolonétZ'to Solod .
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sequence, aé the main chemical characféristig, .Exchange-
able sodium percentages' are below 25 in éhe Bnt horizons
of Solonetz or Solodized Solonetz soils and would not con- °
stitute a nutritional problem for most grasses or legumes
according to Bernsteih'(l975) and'Peérson (1960). How-~ |
ever, the relatively ﬁigh exchangeéble‘maghésium would
develop nutfitional problems whenlcéapled with the low
exchangeable caicium found in the Solonetz Ap or Bnt
horizons of both the Soloneﬁz and the‘Solodized Solonetz -
‘soils studied (Joffe and Zimmefman‘1944).

"Miscible diisplacement of the séil solutioh at the
moisture level bétween}f15 bar and'-l/3.bar, using<eithef
calcium‘chloridé_oi ethanol,'gave similar -and conéistenﬁ
_analytical results for ionic cbnsfituents of consecutive
 portions of the diSplacedisolution., Differences betw?én
soil solutions of Solonetz or Solodized Selonetz and Solod
soilé, at fie%é moist&fe lévels,‘were similar to thosel
explained abofe. Comﬁgrison of saturation paste extracts

. / . g .-
~and displacédsgoil_$6lutions showed an expected increase
. e Loy
in salinity as the moisture level in the soil decreased.
J - : ‘ _ , : :
This is an important fa tor, as the linear increase in 4

salinity is specific for each soil, therefore concentra-~
tions of ions cannot be extrapolated from saturation paste
~extracts alone. Magnesium to calcium ratios were similar

in the soil solution at field moisture levels as at satur-
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“ . /l .
ation paste.: However, highly saline. soil solutions (e.g.
Hemaruka Bnt) gave higher Mg/Ca ratios at fiéld moisture
levels than at saturation paste due to the relatively
greaterlsolubility‘of magnesium sulphate,over»calcium sul;
phate. In general, the Ca/TC ratio is increased at the
field moisture levels]over that'found at saturation paste. -
.Tﬁis was considered due to the dilution-addbvalency effect,
whereby the concentrating of a seil solution system causesk
;adsorpticn of ldwer valency ions (i.e. sodrum) over that'
of higher valency ions (i.e. calcium and magnesium). There-
fore, with the exception of relatively saline soil solu-
tlons, saturation paste extracts are adequate for. estl- ‘
mating ratlos of calc1um to other 1ons at fl&ld m01sture
'levels. The results from saturatlon paste extracts,
exchangeable cations aud dlSplaced soil solutlcps,'rydicate
that physioiogical factors such as high salinity and spe-
cific salt effects caused by unbalanced ratios of calc1um

to other ions, are preSent in the Ap horizon of Solonetz

and Bnt horlzon of Solonetz and Solodlzed Solonetz 501ls

studied. : ‘ A b

1%

Solutlon culture studles s1mulat1ng the concentratlons
and ratlos of ions found in the field moisture range, al-
lowed he effect of physiological factors to be assessed
free of any soil physical effects. Increasing Mg/Ca ratios

- over 1-0 agave A decreaqa in craurkh AF FarlAtr +ave A
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regardless of the salinity level of the solution. . Simil.r
" results were observed when the Ca/TC ratlo fell below 0.15.
The Mg/Ca ratlo was consldergd part of the Ca/TC ratlo, as
the latter ratio reflected the total cation env1ronment

' including maénesinm. Therefore, the Ca/TC ratio was more
versatile. However, the Mg/Ca ratzo was still a useful
parameter for high magne81um 8011 solutlons. In general,
the effect of the adverse ratios was more pronounced at

the seedllng stage. Adverse ratios produced yield declines
-wplch werepfollowed b; evidence of plant'strees ‘iagnosed ‘
.aevcalcinm deficiency. Typical/symptohs'were withering of
the ‘emerging third or fourth leaf and splralllng of the
leaf base.‘ Symptoms were' more pronounced under adverse
magne31um to qalc1um-rat;os. Yield decline and calcxum
deficiencf symptoﬁs were not’correlated with-actual con-
‘@entrations of magnesium or calcium in solutidn?but were
Qith‘the/ratio of calcium to other ions. It is coneidered
“that tﬁé uptake of calcium is‘disrupted or interfered with
ﬂpy other ions,.so that, theﬁcalciun deficiency symptoms

are ev1dence of ion antagonlstzc effects on calc;um uptake.
This could be overcome ‘by 1ncrea31ng calc1um levels to glve
optimum ratios of calcium,to other ions. Therefore, the
pnysiological role of calcium in ameliorating the detri-
‘mental effects of other 1on8 on plant growth 18 -an import- )

‘ant factor for consideration on solonetzic soils. Eurther-
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more, high corre}atlon coeff1c1ents between yields and”
Mg/Ca ratios and Ca/TC ratios provide useful parameters
to assess p0881ble nutritional llmltatlons, regardless of

sallnlty, for Solonetzic Boils. ~

The well known salinity limitation for plant growth
on Solonetzic soilé was'further demonsErated by displaced
S0il solutions. Electrlcal conduct1v1ty ‘values for Bnt
horizons of solonetz and solodlzed solonetz soils, dis-
plaped at half available moisture percentage; ranged from
6.0 - 15, O‘mmhos/cm. This indicates the potentlal salinity
stress for plant growth present in sub—surface horizons of
the above Solonetzic soils.

, Leaf and root analyses of barley grown in solution
culEure showed that the percent calcium comtent was corre-
lated with the Ca/TC‘ratio in solution (r = 0.931). Low
>Ca/TC ratios in éolution gave low calcium in the plant.
This occurred even when high amounts of calcium were used,
so that, pigh calcium (15meq/l) and low Ca/TC ratio (0.11)
would give decreased yield and low levels of calcium in
the leaf (0.22% dry weight) to cause calcium deficiengy
syﬁptoms. Therefore, the amount of calcium‘requireé in
solution for optimum plant growth depends on the‘émouné of
other ioné in. solution. Furthermore, the ratio of calcium

to other ions is shown to be important not only at the two

extremes of nutrient supply, namely toxicity and deficiency,
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but ét anyileveivof.CAICiﬁm. The ratio of Mg/Ca'in sol- =
ution was also correlated with the percent.yg/Ca in the |
leaves of barley (r = 0;979). .Sodium and potassium up-~ 5”
take as ;eflected,byéfheir percent dry weight in the
leaves was determined by the ca/TC ratio ih.solutign.
As the Ca/TC ratio in~solution decreases, sodium uptake
vincreases at the expense of ﬁotassium uptake.  This occurs
rega;dlesp of the COncentra;idns of sodium and pogassium N
in solution. It was found thét a Ca/TC fatio of greater
_than 10 percent was needed in solutiﬁn, to maintain ade-
quate potéssium levels in the ﬁlant, so that ppfassium ;
‘would not apbroach a deficiency range. |

Growth of barley on Ap or Bnt horizons of Solonetzic
soils confirmed the results found in solution culture.
:Soil horizons with adverse Mg/Ca ratios or Ca/TC ratios,
as determined ﬁy ahalysis‘of the dispiaced~soil;so}utioﬁ.
gave evidence of calcium deficiency and reduced growth.
anurtPermore, the -dynamics of sodium and'potassium uptake,
along with the modifying.eéfect of calcium were observed
in soil g;own‘plants-and were similar to that repérﬁed for
soluﬁion cﬁiture. Use of a regression equation té deter-
mine the Mg/Ca ratio in solution from the Mg/Ca ratio in
the leaves, showed that solutions disPl#ced from saline

soils adequately‘characterized the root environment..

Applications of calcium ammendments (i.e. CaSO4.2H26) im-
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‘proved growth of barley and prevented calcium deficiency,
on. those soils with adverse ratios of calcium to other
iens; as well as improving potassium uptake. Therefore,

similar\%rowthlof barley found on soil horizons and in

.‘displaced soil solutions, indicatelthat the latter is a
ﬂgood estlmate of the in situ soil solutlon. |

In conclus;on, then, the ;; horizon of the solonetz
and Bnt horlzon of the Solonetz and Solodized solonetz
'50113 studied had an adverse ratio of calcium to other
1ons, 1n‘the(soll solutlon, to give calc1um limitations
forieptimdﬁeplant growth. The problem is_not low calcium
per se bﬁﬁ low calcism and high levels of oﬁher ions which |
allow condltlons conducive for. salinlty 1nduced calc1um |
"def1c1ency., ThlS has an important appl;catlon for root
‘growthr especielly oﬁ Solodized Solenetz Seils where a ‘

favourable A horizon and inhospitabie B horizon would

affect root penetratlon and dlstrlbutlon, as well as mois-—

ture and nutélent avallablllty. Certalnly, levels of . cal-

‘cium in the B horlzon,mey have a_méﬁorfeffect on plant
growth, due to the effect on root development, regardless

if the calcium level invfhe A or C horizon is adequate.

A
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Appendix II
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APPENDIX III

Nutrient Solution (Hoagland and Snyder 1933)

meq/l of Nutrient Solution

KNO, 5
ca(N0,), 10
‘ MgSO4.7H20 4

KH,PO, ks
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APPENDIX IV

'\
Mlcronutrlent supplement (Hewitt" and Smith 1975)‘

meq/l of g/l for +

Nutrient Solution Stock Solutlon
MnSo . 4H,0 0.02 ' 2.23 E
ZnSO4.7H20 | " 0.002 0.29 g
H,B0, 0.15 3.10 ;
Na,MoO,.2H,0 0.001 0.12 ‘f
. | ’ L f
NaCl N 0.1 5.85 |
CoS0,. 7H,0 ' 0.0004 0.053/
: /
Cus0,.5H,0 . | © 0.002 | ) ofzs/

* 1 ml of stock solution required for each 1000 ml
- of nutrient solutlon ,



