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(1
ABSTRACY

The results of an extensive geographical survey of sodium and
potassium values in topdressed ryegrase=white clover pastures clearly
indicate that in many areas of New Zealand, particularly inland where
the influence of sea spray is minimsl, herbage sodium levels are below
those needed for grazing animals. Morecver, as a direct result of the
increased use of potassic fertilisers, particularly in the North Island,
most pastures now have potassium levele well in excess of plant needs.
Because potassium suppresses plant uptake of sodium and increases the
1lsaching loss of sodium from the soil, it was concluded that excessive
use of potassic fertilisers would be expected to aggravate or evgn
create an animal-nutrition problem involving sodium.

An additional snimal~nutrition problem involving sodium is dise
cussed in relation to the considerable differences measursd in the
extent to which the more important pasture and fodder apeciss grown in
New Zealand were able to absorb and translocats sodium from roots to
shoots. In this respect plants can be classified into two distinct
typas according to the sites where sodium preferentially accumuletes.

Natrophiless plants in which sodium readily
accumulates in the | leaf tigsues.

Natrophobegs plants in which sodium preferentially
accumulates in the roots or lower steme with the
result that only very small quantities of this
element are present in ths leaf tissue.

Because of thie intrinsic physiological differsnce, natrophobes
are unable to provide enough sodium for dietary needs of animals,
even in a situation where there is enough sodium in the soil to produce
satisfactory levels in natrophiles. In view of the deprsseing effects

of potassium, the high risk of leaching under the humid weather
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conditions which prevail in New Zesland, and the differences betwsen
plant species in their ability to translocate sodium, it ssems that
the most practical solution for correcting sodium deficiencies in
grazing animals would be the direct supplementation with this slement.

Apart from the fundamental differences in the sites of sodium
accumulation in natrophiles and natrophobes thers are a number of other
important features which further characterises these two distinct types
of plant, In both natrophiles and natrophobes there is a significant
relationship betwsen sodium and nitrogen. WYhat is more, both nitrats
nitrogen and nitrate reductase activity, as measured by an in vivo
method, were found to be predominately located in tissuss wherse sodium
readily accumulates. In other words, nitrate reduction in natrophiles
tends to occur in the aerial tissues whereas in natrophobes reduction
occurs mainly in the roots and stems. Furthermors,it was concluded
that the obessrved stimulation of nitrate reductase activity in tiessuss
from both natrophilaes and natrophobes, dus to the addition of sodium
chloride, was the result of an increase in nitrate nitrogen at the
sites of reduction rather than any specific effect of sodium. However,
the possibility thst sodium has a stabilising effect on tha nitratse
raductase enzyme is discussed.

From an ecological point of visw it sesms reasonable to suggest
that natrophobes have developed their characteristic distribution of
sodium and nitrate reductase activity, along with lower transpiration
rates, in ordsr to tolerate more arid conditions then those which can

be exparienced by natrophilic plants.



INTRODUCTION

Outline of Research

Although many of the requirements for major and minor essential
slements are similar in plants and animals significant differences
exiat, notably in the requirements of animals for sodium, cobalt,
iodine, and eelenium (Butler and Jones, 1973). Bscause plants can
grow satisfactorily in the absence of these slements, a danger exists
that in certain circumstences grazing animals will suffer from dietary
deficiencies.

In pastoral agriculturs, most of the loss of essential elements is
a result of such animal activity as the inefficient return of elements
in excreta, and their removal in saleable animal products (Karlovsky,
1975). Furthermore, as a result of increesing production, easily
avallable ressrves of nutrients accumulated in the soil will be depleted,
and the rate of release from more psrmanent ressrves will be too slow
to maintain high productivity. Moreover, as the nitrogen status
increases with the level of fertility of the soil, the plant develops
a high .hoot/%oot ratic (see Middleton, 1973) with the result that the
main absorptive part of the root system is confined to a relatively
shallow surface laysr of soil thereby imposing further limitetions on
the availability of nutrients from natural sources.

It is therefore argued (Middleton and Smith, 1974) that for high
producing pastoral egriculture fertiliser needs should be considered
more and more in terms of complete fertiliser mixtures, and that the
composition of such mixtures should satisfy both plant and animal
neede (Middleton and Smith, 1976).

Because of the need to consider mineral requirements of both
plants and eanimals, the following investigation into sodium nutrition

of plants was considered from two points of visws=



(a) Agricyltural

Investigations by Joyce and Brunswick (1975) into sodium
deficiencies in grazing animals in the Taupo region, and reports of
low sodium levels in mixed pasturs plants from various parts of
New Zealand, by Cullen st al. (1966), Metson et sl. (1966) and
McNaught and Dorofaeff (1968) made it evident that a comprehensive
survey of sodium values in New Zealand pastures should be carried out.

In addition, the considerable differences bstwsen species in the
extent to which they absorb and translocats sodium from root to shoot
tissue, made it clear that the more important New Zealand pasture and
fodder species nesded to bs classified according to their ability to
translocate sodium. Pasture and fodder plants have therefors been
grouped according to their ability to provide an adequate level of
sodium in their leef tissue for the needs of grazing animals.

(b) Physiologicel

Bacause sodium ie not gensrally considered to be an sssential
element for higher plante, its physiological and biochemical role in
the metaboliem of the plant has been much neglected,.

In order to slucidats some of ths more basic physiological aspects
of sodium nutrition, the effects of temperature, light, moisture streess,
and potassium, on sodium content and associated chemical composition
wore studied in a number of plants.

An additional objective was a study of the role of sodium in
nitrogen metabolism. Particular importance was attached to the ine
duction and location of nitrate reductase activity in relation to the

sites of sodium accumulation within different plant species.



REVIEW OF RATUR

(a) Sodium in Plants
(i) Function and requirements

For most higher plants sodium has not been found to have a specific
essential function according to the criteria of Arnon and Stout (1939).
However, sodium is sssential for the blue=grsen alge Anabasena cylindrica
with optimum growth obtained in media containing sodium greatsr than
218 u eq/litre (Allen and Arnon, 1955). Small quantities of sodium
are also sssential for the halophyte Atriplex vesiceris (Brownell and
Wood, 19573 Brownell, 1965), and recent evidence suggests that a
number of other species having the C4 dicarboxylic photosynthetic pathe
way also requirs sodium in minute amounts (Brownell and Crossland, 1972
1974),

Howsver, sodium has been cbserved to have a beneficiel effect on
dry weight production in a number of plants grown in field and pot
experiments, notably members of the Chenopodiaceae family (see reviews
of Harmer and Benne, 19453 Cope et al., 195335 Lehr, 19533 and Hewitt,
1963),

Hewitt (1963) concluded that the rssponse to sodium depends both
on the plant species and composition of ths nutrient supply, especially
the level of potassium. He also pointed out that the increase in yield
could be due to the effect of sodium modifying the soil, by increasing
the upteke of other ions, or to the effect of the anion associated with
the sodium upon the nutrition of the plant. Variation in the native
sodium content of soils has also led to contradictory observations ae
to the effecte of esodium on plant growth (Marschner, 1971),

Where sodium has had e pronpunced beneficial effect on growth

under conditions of insufficient supply of potassium, Marschner (1971)

concluded that sodium may be partislly replacing potassium in its non=



specific role in maintenance of the cation/anion balance end its osmotic
effects. Sodium can, for sxample, substituts for approximetely twoe
thirds of the potassium requirements of Pangola grass (Digitaria
descumbers Stent.) without causing any sppreciable reduction in grouwth.
This replacement by sodium could meke potassium aveilables for specific
functions within the cell through retranslocation within the plant from
oclder to younger leaves. However, this replacement was not sffective
when potassium content was very low (Gammon, 1953). A similaer obser—
vation was reported for Rhodes grass (Chloris gavana) (Smith, 1974).

In water culture experiments (Ulrich and Ohki, 19653 El=Sheikh
and Ulrich, 1970) and in field experimentation (Tinker, 1965) the yield
of sugar beet (Beta vulgaris) wae found to be substantially increased
by the addition of sodium chloride to the growth medium, both undsr
conditions where potassium was deficient end where potassium was ade-
quately supplied. In this case sodium has an additional function,
besidee its ability to partislly replacs potassium, since it was found
to increase ths total sucross content of the sugar beet plants esven at
high levels of potassium.

In enzymatic studies where the activity of enzymes have been
compared in the presence of either potassium, or sodium, or in combine
ation, sodium was able to substitute for potassium in some reactions
but the rate of activity was very much reduced (Marschner, 1971).

This failure was probably related to the elteration in steric configure
ations of the substrates by sodium (Evans and Sorger, 1966), However,
Hansson and Kylin (1969) and Kylin and Gee (1970) have shown that the
activity of ATPase in sugar beet roots and mangrove (Avicennis nitids)
leaves is greatest when in an ionic environment of both potassium and
sodium and not of potassium alone. Sodium has also been shown to be

more effective than potassium in increasing esterificetion of phosphate



in isolated mitochondria of rape (Brassice rapa) (Shsh and Wedding,
1968), A rsquirement for high concentrations of sodium has been found -
for maximal activity in isoleted enzymes from halophytic bacteria
(Baxter and Gibbons, 19565 Brown, 19643 Marquez and Srodis, 1973).

It was inferred that enzymes from these cells have adapted to high
cytoplasmic ion concentrations (Gresnway and Osmond, 1972). Similar
enzymatic adaptions have also been proposed to account for salt tolere
ance in higher plants (Hayward and Wadleigh, 19493 Gresnwey, 1968).
Marked responses in specific activity of certain enzymes have bsen
noted in pea root tips under conditions of both sodium chloride and
sodium sulphate salinity (Porath and Pol jakoff-Mayber, 19643 Hason=
Porath and Pojakoff=Mayber, 1969). However, Gresenway and Osmond
(1972) established that for four different enzymes, isolated from whole
roots in both ealt-=sensitive and selt=tolerant plante, thers wae an
squal sensitivity to sodium chloride, Furthermora, thers was no
altaration in the specific snzymatic activity when theae plants wers
grown under saline conditions, A similar cbservation has besn made

by Weimberg (19683 1970).

Sodium may aleo be implicated in nitrogen metabolism. Enhanced
protein synthesis has been observed in a number of plants under
conditions whers sodium chloride has been incresased ﬂKosalcr and Snir,
19693 Chatterton st al., 19713 Lengdale st al., 19733 Helal et sl.,
1975). Although there were no significant changes in total nitrogen
in these plants when sodium was increased, there was, in association
with the increessed protein synthesis, a decrease in such noneprotein
nitrogen compounds as nitrate nitrogen (Langdale 8t sl., 19733 Helal
et al., 1975).

Obssrvations that there was a connection between the absorption of

sodium and increased succulence in plants led Jennings (1968) to pro-



pose a 'Unified theory' for the succulence of halophytes and sodium.
Since the effect of sodium paralleled the effects of light and aridity
in increasing succulence, it was concluded that the one unifying
factor was ATP, ss all these processss influence the level of ATP in
plant tissue. The role which ATP might have on producing increased
succulence was unclear, but it was concluded that the increassd water
content, through the homeostatic mechanism of sodium, would aveld,
through dilution, the detrimentsal effect of high concentrations of toxic
ions. Like potassium, sodium alsc influences the water sconomy of the
plants by ite effsct on stomatel opening (Humble and Heiao, 1969}
Willmer and Mansfisld, 1970). Differences obssrved in stomatal activity
of excised lsaves between plant species, with increasing eodium concen
tration in the incubation medium, could be relatsd to membrane permea=
bility to potsssium and sodium ions (Marschner, 1971). Uhere e plant
has a high membrane permeability to sodium such as sugar beet, sodium
may partially replace potassium in this function of influencing the
osmotic pressure in the chlorophyllous stomata cells,

(11) Diffsrences between genera, species, and verieties

Although sodium constitutes en appreciable fraction of the sarth's
crust (2.6 percent) and is the predominant scluble cation in saline and
alkaline soils, there are however, considerable diffsrences in the
axtent to which sodium ie translocated to serial tissues of plents,.
As early as 1934 van Itallie concluded "that more than any other p;ant
constituent, sodium established differences bstusen grasses”. Thase
intrinsic physiological differences are not confined to any one family
or genera, but sxist even at the varietal level (van Itallie, 1934y
Collander, 19413 Geraudeaux, 19593 Kerguelen, 19603 Lehr, 1960;
Butler et sl., 19625 Copponet and Calvez, 1962) ap Griffith et al.,
19655 Davies st al., 1966; UWhitehead and Jonee, 1969) Whitshead and



Van Itallie Lehr Garaudeaux Copponet and Kerguelen Series I ap Gl.'.‘if'fith a8t al Present series
(1934) (1960) (1959) calvez (1962) (1960) (1965) Series 2 (1965
Holcus lanatus - - - - - - Holcus lanatus
- - - - - - Cynosurus cristatus
Lolium perenns Lolium perenne - - - Lolium perenne Lolium perenne* Lolium perennse
Anthoxanthum - - Anthoxanthum
odoratum = - = = odoratum
- Dactylis Dactxlie Dactylis Dactylis Dactylis Dactylis Dactylis
glomerata glomsrata* omerata glomerata glomerata* glomerata glomerata
- - - (Lolium perenns) - - - -
- - - Fastuca - Festuca Festuca -
nacea naces fL...EEEEEﬁ
- - - - - - - (Festuca rubra)
Agrostie tenuis
Poa trivialis Poa trivialis - - - - - Poa trivislis
- - Lolium Lolium Lolium - -
- ~multiflorum  multiflorum ~ multiflorum
- Festuca Festuca Festuca Festuca Festuca -
pratensis pratensis pratensis = pratensis pratensis .
Poa pratensis - - - - - Pos pratensis
—=2 patenete Fos pratensis (LoTTum wuTEXTTorum)
Agrostis alba - - - - - - -
Festuce rubra - - - Festuca rubra - - -
Alopecurus
- - - Festuca spadicea - - - -
- - - Bromus inermis** - - - -
- - - - Arrhenathesum
- = = elatins
- - - - - - - Phleum
bertolonii
- . Phleum pratense - Phleum pratense - Phlsum pratense** - Phleum pratenss

Notes

* Some varieties we:e

Species names in brackets indicats disagreement in order
exceptionally low in Sodium eg, variety Latar of Dactylis glomerats & variety Norlea of Lolium persnne

e Pritchard gt al. (1964) also find Bromus inermis & Phleum pratense to be low in Scodium

‘sble 13

Grasses arranged in descending sodium content in leaves according to different workers (after ap Griffith

and Walters, 1966)

~3



Jones, 1972). Table 1 presents the sodium content in leaf tissue of
some grasses in descending order according to different workers (after
ap Griffith end welters, 1966).

Plants can therefore be grouped into two distinct types according
to the ability to translocete sodium into their leaf tissues

Natrophilic plants (those with e high potential for sodium in
their leaves). Natrophobic plants (those with a low potential for
sodium in their leeves).

Although Marschner (1974) has previously employed both terms they
were used in en undefined and very restricted sense.

Natrophilic plants ars thoss which were grouped by Harmer and Bemne
(1945) intos (a) plants which benefittad from sodium when potassium was
deficients and (b) thoes that benefitted greatly from sodium when
potassium was adequate for plent growth. HNatrophobic plants on the
other hand form the groups which showed little benefit from sodium when
potassium was deficient and only slight to medium benefit when potassium
was adequats. Ap Griffith end Welters (1966) also observed that natro-
philic plants have a greater rengs of intervaristal variation in sodiwm
content in leaf tissue than natrophobic plants. Likewiss the sodium
content in natrophilic plants was greatly influenced by enviromment,
whereas natrophobic plants tonded toc be sffected to a much lesaser

extent by such factors.

Sodium occurs in the socll as a constituent of silicate rocks, as
an exchangeable cation, snd as inorganic sslts. fost silicates high
in sodium are weathered snd lsached with relative ease, conssquently,
in humid climates sodium levels in soils sre normally low (Russell,
1973). Exchangsable sodium in fsrtile soils, associatsd to a consider-

able extent with the organic fraction, is the major reserve available



to plant roots in nonesaline soils at any one time. In soms arid and
semi-arid soils, howsver, sodium may accumulate to such an extent that
plant growth is inhibited, eand it is not until these scils have besn
treated with gypsum and sufficient water to leach out the displaced
sodium that important agricultural plants can grow (Tisdale and Neleon,
1970).

In many cultivated British soils, sodium accounts for up to 5 pere
cent of the total exchangsable cations (Jacks, 1954). However, in
New Zealand, typical exchangeable sodium levels in the top 8 cm of asoil
ranged in a survey of 54 different soil types from 0,0-2,5 me psrcent
with a meen value of 0.4 me pesrcent i.e., 2 percent of the total exchangee
able cations (N.Z. Soil Bureau, 1968).

As a conssquence of the rather low sodium status of New Zealand
soils, low sodium lsvels in mixed pasturs plants occur in verious parts
of New Zsaland as recorded by Cullen st al., (1966), Meteon et al.,
(1966), McNaught and Dorofaeff (1968).

(b) Ffertiliser sodium
1. Natural

In addition to the sodium relsased from minerals by wsathering, a
certain amount is added to the soil in rainuater and this has consider=
ably influenced the exchangeable sodium value in some soils, as found
in Britain by Bolton (1971). Measursments in New Zsaland by Blakemore
(1953) and Gray (1888) have confirmed that the level of sodium in raine
water is criticaelly dependent on the distance fine sea epray is carried
inland by preveiling winds. The results, presented in Tsble 2,
indicate that considerable quantities of sodium chloride (200 kg/ha/yr)
may be deposited up to 6 kilometres inland, rapidly falling off tharee

after as the distancs from the coast increases.



Distance from Quantities of sodium
Location sea (km) chloride (kg/ha/yr)
Rongotal 0.5 388
Baring Head 0.5 276
Pirinoa 6.0 206
Kelburn 6.0 188
Lincoln¥ 10.0 108
Levin 10.0 89
Palmerston North 32,0 84
Te Awa 48,0 61
Waingawa 61.0 67

* Gray (1888)

Jable 23 Quantities of sodium deposited in rainwater in various

parte of New Zsaland (after Blakemore, 1953).

This influence is clearly shown in the composition of white
clover in the YWairaraepa. Sodium values in plants growing near the
coast and exposed to salt bearing winds ranged from 0.4«0.,5 parcent
whereas clover in relatively sheltered inland hill country valleys

had between 0,1«0.2 percent sodium in their tiesus (Wells, 1969),

24 Artificial

The commercial use of sodium as a fertiliser has largely been

confined to members of the Chencpodiacese family,

10

Durrant et sl. (1974), from results of 216 field experiments with

sugar bset over 12 years, point cut some of the factors which influsnce

the effect of added sodium on these plants. In the experimants they

applied potassium and sodium fsrtilisers either separately or in come

bination, and found that the average response per kilogram of nutrient
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was more in favour of sodium. It was concluded that instancee of near
perfect substitution resulted from chance combinations of weather, crop
husbandry, and with ths level of potassium in the soil, This conclusion
was based on the fact that potassium and sodium are only partially intere
changeable and because the response to sodium was less influenced by
season and time of sowing than that of potassium. Incidentally, it

was recommended that both potassium and sodium should be added to sugar
beet to avoid any possible yield loss.

Although sodium has not been extsnsively used as 8 fertiliser on
pasture, it is present as an impurity in some low grade potassium
fertiliser materials such ss manure salts and kainite (Tisdale and
Nelson, 1970). Howsver, where it has been applisd to pasture, it was
for the follouwing two reasonss first, as a means of increeeing yield
where potassium was deficient and this is the most commonly reported
situationsy second, to increess the plant sodium content where it has
fallen below the minimum level required for grazing animals.

In New Zealand, investigations into sodium use on pastures have
largely been confined to the first situation (Lynch, 1954 Bell,
1955); and by applying sodium chloride st a rete of 251 kg/he/yr to
a potassium deficient soil, McNaught and Kailovoky (1964) reported
increases in pasture yislde of up to 18 percent above that in control
plots in the first two years, thereafter falling eaway in ths third and
fourth years as the level of potassium approached its specific require-
mant, These responess to sodium were however, much smaller than thoss
whers an squivalent rate of potassium chloride was applied,

Recent rssearch has found that in widespread arsas of UWestern
Europe very low sodium lsvels axist in grsss pastures and thess lsvels
are below those rsquired for animsl needs {Lehr, 1960). In 8 number

of experiments on psstures in Holland, sodium fertilisers have been



12

used to correct this deficiency (Lehr, 1960y Oocstendorp, 1961)

Bakker, 1963). It was found that the addition of sodium nitrate was
more effective in maintaining suitable sodium contents in pastures than
agricultural salt or kainite, where equivalent amounts of sodium and
nitrogsn (limo/imnoniun nitrate) wers applied. The sodium requirsment
was greater whers the soil potassium status was high bscause of the
competition effect of potassium ions during root sbsorption.

In a long term experiment where a total of 3450 kg/ha was applied
to a pasturs over 14 years, no systematic trend in sodium sccumulation
in the soil or in the plant was found. It was therefore concluded
that large quantities of added sodium were rapidly leached from the
root zone by winter rains (Lehr et al,, 1963), A aimilar conclusion
was alac drawn by Tinker (1971) after an examination of the changes
which occurrsd in the soil following a single heevy addition of sodium
to sugar beet. By the end of the first year the level of sodium in

the s0il had fallen by half and by the third year the lsvel was the

same as that in control plots.
(e) Other fertiliser slements
The composition of fertilisers is one of the major factors

influencing the sodium content in both natrophilic snd natrophobic

plants.
1. Nitrogen

Nitrogen has a specific effect on leaf sodium. In gensral there
is a consistent increass in sadium content with increasing additions
of nitrogen. Howsver, ths nitrogen effect is somewhat offset by the
depressing effect of potassium (e.9. Stewart and Holmes 1953; Kemp,
19603 Lehr, 19603 Rehman gt al., 1960) Heminguey, 19613 Lehr et al.,
1963y Reith ot al., 1964).

Table 3 shows clearly the effect of thres levels of 'nitroechalk’
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in ths pressnce of low and high potassium on leaf sodium in mixed

pasture herbage from Scotland (mean of thres years).

Mean psrcent sodium in dry matter

Nitr A ation®
Nil 195 kg/ha 390 kg/ha
Location Low K High K Low K High K Low K High K
Fingask 0.37 0.09 0.74 0.18 0.93 0.36
Kikhill 0.52 0.22 0.80 0.33 0.96 0.50
Balluskis 0.31 0.08 0.38 0.15 0.20 0.22
Crofthead 0.36 0.15 0.61 0.18 0.60 0.32

* N rates kg/hs/yr

Table 33 Effect of nitrogen, in the presences of potassium, on sodium
contents in mixed herbage (after Reith st al., 1964).

2, Superphosphate

The addition of superphosphate to well sstablished permanent
pasture does not appear to have any specific effect on the sodium
content of leaf tissue (Stewart and Holmes, 1953j Heminguay, 1961
Reith et al., 19643 Fleming, 1973). However, it msy have an indirsct
effect on sodium. The results of Cullen st al. (1966) suggest that
the significant increases in sodium content, where an application of
lime-reverted superphosphate wae made to a pasture in the initial
stages of estaeblishment, may be related more to the changes in
botanical composition and nitrogen status. Ouring st al. (1960) also
obssrved that the addition of phosphorus and molybdenum to pasturs
consistently increased sodium in herbagej but both these elemsnts
vers found to increase the nitrogen content of the pasture.

These results suggest that the increassed sodium content, due to
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added superphosphate, was a nitrogen effect and not a specific

fertiliser affect.

3. Potassium

Of the fertiliser elements, potassium has the most dominating
influence on sodium levels in plants, It 18 well documented that ths
addition of potessic fertilisers to both natrophilic and natrophobic
plants results in a depression of sodium (s.g. Stewart and Holmes,
19533 McNeught, 19593 Ouring e% sl., 19603 Hemingway, 19603
Hemingway, 19613 Reith et sl., 1964) Henkens, 1965; Harris gt al.,
19663 Bolton, 1972).

The degree to which sodium in natrophobic plante is influsnced by
the application of potassic fertilisers is only slight in comparison to

that in natrophilic plants (see Table 4).

Mean percent scdium in dry mattsr
Rate of potassium chloride (kg/ha)

Type of plant 0 63 126 254 8502

Natrophilic

Cabbage 1.20 0.91 0.43 0.24 0.14

Sugar baset 1.80 1.62 1.35 1.51 1.05

Cocksfoot 0.91 0.70 0.16 0.11 0.04

Ryegrass 0.65 0.51 0.43 0.18 0.11
Natrophobic

Potatoes 0.07 0.07 0.07 0.07 0.07

Paspalum 0.12 0.09 . 0.06 0.05 0.04

Yable 43 Influence of potessic fertilisers on sodium concentration
in leaf tissue of natrophilic and natrophobic plants (aftsr McNaught,

1959).
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4, cium i

Uhere calcium and magnesium have besn reported to influsence sodium
in both Aatrophilic and natrophobic plants in field experiments (Cullen
8t 8l., 1966y Harris et 8l., 1966) the results suggest, as was found
with euperphosphate, that it was an indirect effect through their
influence on nitrogen and potassium levels uwithin the plant.

(d) Ssessonal and temperaturs sffects

0f the recorded investigations into ths seasonal varietions in
sodium content of herbage, (e.g. Stewart and Holmes, 1953; Reith 8t al.,
19643 McNaught and Dorofaeff, 1968), faw have found any coneistent
trends. Uhere these trends have bsen observed (Fleming, 1973), sodium
levels in iLhe herbege tended to be high and were therefors, more assoce
iated with natrophilic typs plants.

In general, sodium was found to be at a high level in the cooler
months of the year. This observation is supported by solution culture
work with perennial ryegrass. Mengel and Pfluger (1972) found that
low atmospheric humizdity and temperature promoted sodium uptake. A
similaer observation was made by Smith and Middleton (1974),

() Stags of maturity

Like most slements, sodium contsnt declines with maturity of the
plant (Thomas et al., 1952) Pritchard et al., 19643 Fleming and
Murphy, 1968). On comparing the results of Pritchard gt al., (1964)
and Fleming and Murphy (1968), larger variations were found to occur
in sodium content in the leaves of natrophiles as the plant ages, as

expected, thsn that found in natrophobes.

(1v) Absorption and translocation
Although the mechanisms whersby natrophobic plants exert a

selective effect are not well understood, the sites of restricted

sodium movement have been attributed to the following tisaues
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(e) Roots

It has besn well documsnted that plants such as maize and bush beans
readily accumulate sodium in root tissus so that only small quantitiss
pess into the transpiration stream (e.g. Uybsnga, 1957j Wellsce et sl.,
19653 Shone @t al., 19693 Marachner, 1974). To explain this, Gauch
and Wadleigh (1945) considered that movement of sodium intc the vascular
tissue of the bsan root might be restricted by the membranse of certain
extrastslar tissues. Shone gt al. (1969) aleo postulated that in
maize the movement of sodium towards the basal part of the root was
progressively slowed down by factors associated with either the walls
of the xylem or the surrounding stslar parenchyma,

When the absorption of potassium and sodium wae exemined in root
tissue over a wide concentration range, at lsast two distinct isotherms
were noted (Epstein, 1966§ Rains and Epstein, 1967). Thess two typss
have been taken to reflect transport systems or mechanisms common to
both potassium and sodiume In contrast, Jacobson st al. (1961)
postulated that thers was a single common eite for sodium and potassium
absorption. Howsver the former showed that potassium was preferentially
taken up with respsct to sodium by one of the two uptake mechanisms.

The low concentration mechanism (referred to as system 1) was characterw
ised by a high affinity for potassium with little effect from a large
excess of eodium ions or from the anions in solution. By contrast,

the low affinity mechaniem (or mechanisms) for potessium absorption
(system 2), which operated at a higher concentration than system 1, was
considered to favour sodium markedly, and wes also strongly effected by
the naturs of the anions in eclution (Bange, 19593 Epatein, 1966

Reins and Epstein, 1967). Although controversy surrounds the location
of these mechaniems, it is accepted that active ion sbsorption occurs

at the plasmalemms and at the tonoplast of root celle (Epstein, 19663

Pitman and Saddler, 19673 Laties, 19693 Nissen, 1972), To account
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for the higher potaosium/hodiua ratio found in shoots, it has besn con=
sidered (ese Latiss (1969) for s review) that only system 1, which
favoure potassium, is involved in the uptake of ions from the external

solution. That is, it operates at the plsemalemma and thersfore

results in an enrichment of potassium in the cytoplasm, Further, it
was assumed that it is the cytoplasmic salts which are deliversd from
the root cortex into the stele through a cytoplasmic continuum or
symplasm (Crafts and Broyer, 19383 Lundegardh, 19503 Arisz, 1956).
foreover, system 2, which favours sodium, is situated et the tonoplast
resulting in sodium bsing actively transported into the vacuole, The
sodium concentration in the vecuols has besn found to be three to four
times that in the cytoplasm., Ths potassium concentration, on the
other hand, was roughly ths same in both compertments (Pitmen and
Saddler, 1967). Consequently, the enrichment of the cytoplasm, with
potassium at the plasmalemma and by the active accumulation of sodium
from the cytoplasm into the vacuole, results in a high potaosiuﬁ/ﬁodium
ratio in the shoots.

On the basis of slectrochamical measurements, an alternative modsl
has been proposed (Pitmen and Saddler, 1967; Pitmen et al., 1968).
They attributad the high potassium/sodium ratic in the shoots to @
sodium efflux pump operating at the plasmalemme, while an influx pump
operates at the tonoplast. Increassd sslectivity for potassium at
all concentrations, in contrast to Epstein's (1966) and Rains and
Epstein's (1967) models, results from the trensport of potassium
inwardly and sodium outwardly from the cell at the plasmalemma, while
at the tonoplast, hoth potassium and sodium are traneported into the
vacuole. A similar model was proposed by Jennings (1967),

Calcium ions have bsen shown since the early work by Viets (1944)

to influence the absorption of potassium end sodium. Although calcium
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ions have been shown to play an indispsnsable role in sslective ion
transport mechanisms (Epstsin, 19613 Foote and Hanson, 1964), no
definite explanation has been offered sxcept that calcium may influence
the configuration of mechanism 1 such that, in 1ta'ablsnco. the site
which is normally highly selective for potassium will transport sodium
as well as potassium (Reins and Epstein, 1967),

In rejecting the concept of a common absorption site, Bange (1975)
has shoun that sodium absorption was antagonised more by calcium than
magnesium, whersas the inhibition of potassium uptake was associated
more with magnesium than calcium. On this evidence, Bange (1975)
concluded that thers were two separate mechanisms in operation, one
specific for potaessium and ths other for sodium. The interaction of
these mechanisms was assumed to be due to a competition for some require-
ment in short supply such as ATP (Bange, 1962).

(b) Stems

Stems have also besn considered as possible sites for sodium
accumulation, It is the contention of both Bernstein et sl. (1956)
and Jacoby (1965) that sodium is actively withdrawn from the transpire
ation stream into celle adjacent to the vascular tissus. Introduction
of metabolic inhibitors, such as low temperatures, snsercbic conditions,
and such protein inhibitors ss potassium cyanide, dinitrophencl, or
chloramphenicol, have resulted in en incresse in the upward movemsnt
of sodium into the leaf tissue (Pserson, 19623 Jaccby, 1965; lallace
8t al,, 1965).  These results suggested that sodium retention was
dependent on a supply of metabolic energy (Jacoby, 1965), Further
work by Rains (1969) sstablished, ss sxpected, that the highly selective
machanism associsted with sodium sccumulation in stems of natrophobic
plants was not present in natrophilic plants. Uhen the stem tissues
of the natrophobic bean plant wers separated intoc extrawcambiasl tissue

(phloem, cortex, and endodermis) and xylery tissue, it was the latter
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which was responsible for the high rate of sodium absorption at this
site.

It appears that this absorption mechanism can, under certain
conditions, become saturated (Jacoby, 19643 1965). Where natroe
phobes have been grown under conditions of high external concentrations
of sodium, this ion has been observed to penetrate gradually into the
leaf tissue (Bowsr and Wadleigh, 19483 Bernstein et al., 1956)
Huffaker and Wallace, 1959a, 1959b), such that sodium becomes more
uniformly distributed throughout the plant (Jacoby, 1964).

In contrast to the theoriss of restricted sodium transport by
preferential sccumulation in root and stem tissues, a number of workers
(e.g. Wiallace and Hemaiden, 19633 Cooil et al., 19653 Levi, 1970
marschner, 1974) have invoked the idea of retranslocation of sodium
away from the leaves. UWallace and Hemaiden (1963) have demonstrated
that downward movement of sodium in the phloem is a characterietic
assocliated only with natrophobic plants. \Uhers labelled sodium has
been applied to the leaves of such plante, it has resulted in the re-
translocation of sodium away from the leaves by means of the phloem into
the roots, where it accumulated. Subsequently it wes releassd into
the external solution (Levi, 19703 Merschner, 1974),

From such results it was concluded that dounward movement of
sodium in plents could partially account for the appearance that upward
transport of this element wee restricted (Cooil.gg.g;.. 1965), 1t is,
thersfore, apparent that natrophobic plante have developed very effecte
ive regulatory machanisms to prevent the accumulation of sodium in the
leaf tissue where, as shown by Marschner (1974), it may causs metabolic

disturbances.
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(b) Sodium in Animals
(1) Function and requirements

Sodium ie an essential element for all animals and a deficiency
causes serious physiological disturbances. In contrast to plants,
sodium not potassium, is the dominant cation in maintaining cation/
anion balance and osmotic sffects in animale. Table 5 shows the
distribution of sodium (total sodium in sheep and cattle is approx.
9.0 g/kg body weight) and potassium (total potassium in sheep and

cattle is approx. 11.25 g/kg body weight) in various body tissues.

Tissue Sodium Potassium
Body fluids 39,0 2,0
Bone 44.0 0.4
Muscle 8.0 36.0
Nervous 8.0 31.0
Secrstory - 31.0
Fat negligible negligible

Table 53 Percentage distribution of total sodium and potassium
in various tissues of sheep and cattle (Agricultural Research

Council, 1965).

As a large proportion of gsodium ie found in body fluids, esnimals
are unable to build up reserves of this slement. Therefore a cone
tinuous adequate supply is essential, especislly since over 80 percent
of the total daily sodium inteke in dairy cattle is excreted in fseces
and urine, with only 6 percent being retained in the body (Hutton st

al., 1967 ). However, the ruminant can, under conditions of sodium

deficiency, considerably reduce this loss by conservation of sodium by
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the kidneys and by re=absorption from fluide assoclated with faeces
in the lower intsstine againet a concentration gradient (Bott et al.,
19643 Brouwer, 1961).

Although the sodium requiremente in the diet for different types
of grazing animals are not exactly known it can be concluded that the
requirement for lactating animals is greater than that for animels
producing meat and wool, which, in turn is higher than that for store-
fed animals on a maintenance ration. The following teble (6) presents

the estimated requirements for the different classes of grazing animals,

® Seer’ Lactating ©
Shesp animals dairy cowe
Sodium
(percentege of dry matter) 0.07 0.10 0.20

*
Cansuming 2 kg D.M./day
+ y 8 kg D.M./day
" 12 kg D.M./day

Table 6% Minimum concentrations needed in pasture plants for
satisfactory nutrition for different classes of grazing animals

(National Research Council, 1957, 1963, 1966).

In Now Zealand, deficiencies of sodium in grazing animals have
been confirmed in the Taupo region, Joyece and Brunswick (1975) found
significant live weight gains in both sheep and dairy animals fed on
lucerne, with an average sodium concentration of 0.03 percent, when
they wers drenched with sodium chloride twice weekly.

Although hypomagnesaemic tetany is associated with low magnesium
in the blood, 8 number of authors have suggested that low sodium intake

may also contributs to the development of this disease (Kemp, 1958;
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Lehr, 19603 Paterson and Crichton, 1960y Ross, 19603 Butler st al.,
1963)., Where cows have been deliberately deprived of sodium in their
diet they have shown similar symptoms to hypomagnesaemias "shivering,
incoordination, weakness, cardiac or-hythmea, and death". Howsver,
when sodium was administered to these cows, thsy quickly recovered
(Smith and Aines, 1959). A similar result was obtained with a herd
of cows known to be suffering from hypomagnesaeemia, in that where
additional sodium was given to their dist, the symptoms of hypomagnes-
aemia disappeared (Paterson and Crichton, 1960). In a study of
magnaesium absorption from the gastro=intestinal tract of sheep, an
increasse in sodium concentration resulted in a net incrsass in magnese
ium absorption (Care st el., 1967). A similar result was also obtain=
ed with rats (Ross, 1960).

Relative to other animals, the volume of digestive sscrations in
ruminants is large. In cattls, for example, over 20 litres of ssliva
is produced daily (Bailey and Balch, 1961). Although 98 percent of
the cations in ruminant saliva are made up of socdium and potassium,
sodium is by far the major constituent (95 percent) and may represent
more than five times the sodium content of the blood plasma (Bott.gg
ale., 19643 Bailey and Balch, 19613 Phillipson and Mangon, 1959),

Although much ealiva sodium is recycled, any interference in
sodium intake or increased stimulation in the rate of digestive
secretions caused by a change of diet, could result in a coneidersble
strass on the sodium balance and circulatory homeostasis (Bott 8t al.,
1964). Although potassium, to a limited extent, can replace sodium
as the predominant cation of the salivary secretion, this imbalance
of sodium to potassium results in a substantial incrsase in aldo-

eterone, an adrenal hormone which in excesa cayses hypertension
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(Goding and Denton, 19593 Bott 8t al., 1964), Sadium stress is more
likely to be found in young growing animals grazing sodium dsficient
pastures, but may also be aggravated in adult dairy cows through

sodium lost in milk and saliva (Bott et sl., 1964).
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XPERIMEN

Becauss of the extensive nature of this investigation, the
experimental work is presented in four separats chapters. These
chapters correspond to the four basic topics mentioned in ths
Introduction under the general headings of Agricultural and Physiological
considerations, Each chapter conteins an introduction, a description
of the experimental procedure, results, and a discussion, An overall

conclusion is given at the end of the experimentsl section,

LHAPTER 1
GEOGRAPHICAL SURVEY OF SODIUM AND POTASSIUM VALUES IN

TOPDRESSED NEW ZEALAND PASTURES

INTRODUCTION
In 1962 Wells carried out a survey using sweet vernsl (Anthoxanthum

ordoratum) as en indicator plant to investigats the availability of
sodium in soils from various parte of New Zeeslands but all the 400
samplee were teken from untopdressed sites, It was falt, hnw‘ﬁar,

that to permit an adequate geographicel coverags of sodium values in
topdressed ryegrass=white clover pastures tﬁroughout New Zeeland,

which are of greater agricultural importsnce, a further survey was

required.

THO NV ATIO
(a) Materiel
Both sodium and corresponding potassium velues were surveyed from
the accumulated chemical leaf analysis data compiled by the Plant
Nutrition Saction at the Ruakura Agricultural Ressarch Centrs from
1952 to 1975. A quarter of a million plant samples were examined;

they had sither bsen taken from fertiliser field trials or from farmers
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paddocks whsre they had been sampled by Farm Advisory Officers. |‘here
there wae more than one semple from e geographical site, the mean
values ware taken., Additional samples were collected during this
atudy from certain areas to permit an adequate coverage.

A study of potassium was included beceause of its dominsting
influence on sodium within the plant.

Refersnces to the procedures used for chemically analysing the

plant samples are given in Chapter 2.

(b) Expression of Results

The results are presented according to geographical regions,
Thesa regions were chosen to reprssent, as far as possible, the major
farming areas of New Zealand. The boundaries of the regions and
diastribution of the 2767 sample sites ars given in Figs 1 and 2 for
the North and South Islands respsctively,

Although the number of sites in the South Island (381) was cone
siderably less than that of the North leland (2386) it was considersd

that the major farming areas were adequately coversd,

(1) Sodium

The distribution of sodium valuees in pastures wes determined for
each region by grouping the site results within a defined concentration
range. The resulting number of sitee within each group was expresssd
as a percentage of the total. In addition, the results were further
sumnarised according to the estimated requirements for different

classes of grazing animals (see Table 6 for estimations).

(11) Potassium

Although the results for potassium were exprsesed in a similar

fashion to socdium, the overall emphasis was on plant requiremsnts as

the animal needs for this element are considerably lower (Middleton
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Fig. 2 - Distribution of sample sites along with the boundaries

of the geographical regions within the South Island.



and Smith, 1976).

to the levels suggasted by McNaught (1970) as suitabls for sstisfactory

nlant growth,

Therefore, ths results were summarissd according

The ranges were ss followsie

Percent K Plant Requirement
1,99 conaidersd toc bes deficient
2-2,50 adsquate for active growth
>2.50 )
excessive
»>3.00 )
RESULTYS

Although the majority of individual plant samples came from field
trials, the geographical locations thsss samples represented wers cone
siderably less than those from ths Farm Advisory Ssmplss. This {e

clearly shoun in Table 7.

Percentage of Total Number of Sites

Sample Type North Island South 1Island
Field Triale 22 45
Farm Advisory 78 85
Total Numbasr 2386 381
Table 78 Source of samples representing geographical locations.

To investigate the possibility that higher rates of potsssic
fertilisers wers used in field trials than those normally associated
with farming, which would produce & falss picture of the overall

status of potassium and indirectly sodium in pastures, mean veluas



for both these eslements were calculated from field trisl snd farm

advisory semples (Table 8).

North Island South Island

Sample Typs Percent K Parcent HNa Percent K Percent Na
Fisld Trial 2.96=0.72 0.22%0.10 2.72%0.60 0.2080.15
Farm Advisory 2.9220.66 08.19:0.09 2.63%0.68 0.18%0.10

Table O3 Fflean potessium and sodium concentrations calculated from

herbage samples derived from different sources.

As thsre were no appreciable differences betwesen fisld trial-
and farm advisory ssmples, the results from the two sources were
combined to give an overall result for each of the elements.

Sodium

Detailed results for sodium ars presented separately for North and
South Islands in Figs 3 to 7 and summarised in Tsbles 9 and 10. These
regional results are arranged within the figures and tables in descend=-
ing order according to the mumber of sites (expressed as a percentags
of tha total) containing sodium values in pasture ebove 0.20 percent
of the dry metter.

from these results it can be sesn that a large number of eites in
New Zealand are below the animal requirement for sodium, especially in
relation to beef and dairy animale.

Although this survey indicatss that Taranakl was the least
deficient area in New Zealand, 35 percent of the sites wers still
below the accsptable dairy snimal requireasnt, in fact in most of ths
areas investigated over 70 percant of the sites wers below this level.
Moreover, in two inland regions, Csntral Platsau and Central Otago, a
serious sodium problem could exist for all classes of grazing animals

as over 35 percent of the sitee wers below the minimal enimal require-
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The percentage of sites within a
region which fall within the followe

Total Range Overall ing spscified sodium values -
Geographical region number sites sodium valuaes* mean <0,07 <0.10 <0.20 > 0=20
Taranaki 200 0.06=0.69 0.26 1.0 4.0 34.5 65.5
North Auckland 298 0.04=0.72 0.25 3.3 6.9 40.8 59.2
Wellington 21 0.03-0.57 0.28 4.8 4.8 42,9 57.1
Auckland .94 0.04~0.58 0.21 4.3 9.6 56.4 43.6
Rangitikei 106 0.00=1.14 0.23 13.2 34.0 64.1 35.9
King Country 122 0.04-0.45 0.18 9.8 21.2 67.2 32.8
Manawatu 63 0.05-0.55 0.19 3.2 19.0 69.8 30.2
Hauwkes Bay 288 0.01=0.98 0.18 10.4 30.2 71.5 28.5
Bay of Plenty 170 0.01-0.48 0.18 3.5 24.1 71.8 28.2
waikato 488 0.01-0.67 0.17 3.2 22.2 72.8 27.2
Thames Valley 55 0.06=0.49 0.16 3.6 12.7 76.3 23.7
Wairaraspa 97 0.04~0.62 0.18 3.1 16.5 77.3 22,7
East Coast 69 0.04=0.45 0.15S 5.7 31.7 80.8 19.2
Central Platesu 315 0.00-0.38 0.09 35.6 68.9 95,2 4.8
North Island 2386 0.00-1.14 0.20 9.2 25,7 67.3 32.7

* All sodium values expressed as percent of dry matter

Yable 93 Summary of distribution of sodium values in topdressed North Island pastures.
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The percentage of sites within
which fall within thes follouwing
spacified sodium values =

Total Range Overall
Geographical region number sites sodium values* mean <0.07 <0.10 <0.20 >0=20
Southland 67 0.10=0.65 0.25 o 10.4 41.9 58.1
Otago 38 0.10=0,63 0.24 0 5.3 44.9 55.1
Cantsrbury 100 0.02-1.02 0.23 9.0 20.0 60.0 40.0
West Coast 43 0.04-0.60 0.21 4.6 11.6 65.1 34.9
Nelson 59 0.01=0.47 0.15 22.1 37.4 76.5 23.5
Marlborough 30 0.00=0.46 0.15 26.6 43,2 79.7 20.3
Central Otago 44 0.02=0.30 0.10 3643 61,3 90.7 9.3
South Island 381 0.00=-1.02 0.19 12.6 25,2 63.5 36.5

* All sodium values expressad as percent of dry matter

Jable 10s Summary of distribution of sodium values in topdresssd South Ieland pastures.
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ment. Although dairying is not the major farming concern in these

tuc areas, over 90 percent of the sites wsre found to be below the
sodium requirement for this type of stock, Apart from the Central
Plateau and Central Otago, other areas, namsly Nelson and Marlborough
in the South and Rangitikei, East Coast, and Hawkes Bay in the North
Island, show varying degress of inadequacy of sodium for sheep and beaf
nesds.

An ovarall summary of the distribution of sodium in pastures from
the North and Socuth Islands is given in Fig 8.

In general, the results alsc confirm expectations from the results
presented in Table 2, that is coastal pastures would have higher sodium
contents than inland areas as a consequence of the deposition of sodium
chloride in sea spray. This is clearly shown in Table 11 in which the
raesults are presented according to a transect taken from the sea coast

to 43 km inland,

Distance from Sodium content in pasture

Location sea (km) (parcent dry matter)
Whakiki lagoon 0 0.29
Frasertown 1 0.15
Marumsru 18 0.1
Te Reinga - 27 0.08
Ruakituri 33 0.07
Papuni 43 0.07

Table 113 Influence of sea spray on sodium content in pasturs

plante.
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Furthermore, this influence is greater on thes liest Coast then
that of the East Coast of both Islande, due, presumably, to the
direction of the prevailing winds,

A gensralised summary of the above effects, along with the sodium

status of inland areas of New Zealand is given in Figs 9 and 10,

Potagsium

The results for potassium, Figs 11 to 15 and Tables 12 and 13, are
summarised in a similar fashion to those for sodium, except that ths
arrangement of the regions was dependent on the number of sites in
which the potassium values in the pasturs were above 3.0 percent of
the dry matter.

Only a emall percentage of the sites throughout the country were
shown in this survey to be deficient in potassium. Uellington and
the tlest Coast had ths highest number of sites with 29 percent and
23 percent respectively below 1.99 percent potassium. Housver, a
more imcortant feature of this survey was thes number of sites in which
tha potassium levels wsre above those recommended for satisfactory
plant growth., UWith the exception of Wellington and the West Coast,
50 percent of the sites within the remaining regione had potassium
lavels above 2.5 parcent. Moreover, a number of areas, namsly
Taranaki, Bay of Plenty and the Central Plateau, over 60 psrcent of the
sites had potassium levels greater than 3.0 percent,

Ths ebove results, summarised for both North and South Islands in
Fig 16, are a reflection of the incrsased use of potassic fertilisers
in New Zealand at lesast since 1950 when the sampling commenced (see
Fig 17 for data on the incrsesed use of potassium since 1950)., As a
dirasct consaquence of this trend, many areas of both Islands now have

potessium values in pastures which are well in excess of plant needs,
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The percentage of sites within a
region which fall within the follow

Total Range Overall ing specified potassium values =
Geographical region number sites potassium values* mean <1.99 2-2,50 >2.,50 > 3..00
Taranakl 200 137=5.21 3.23 4.0 14.5 81.5 63.5
Bay of Plenty 170 1.39=4,70 3.20 3.5 13.5 83.0 62.4
Central Plateau 315 1.31=5,21 3.04 Se7 14.2 80.1 60.9
Waikato 488 1.12=4,36 3.07 7.0 14.1 78.9 55.1
Thames Valley 55 2,00-4.81 3.10 0 12.8 87.2 52,7
Manawatu 63 1.18=4.84 2,98 14,3 12,7 73.0 50.7
Auckland” 94 1.64-4,66 3.05 2.1 19.2 78.7 50.1
East Coast 69 1.01=3.86 2.86 8.7 14.4 76.9 44.9
Hawkes Bay 288 1. 16=4,47 2.89 73 17.0 75.7 39.2
King Country 122 1423=4,.45 2.87 8.2 18.1 73.7 3845
North Auckland 298 1011=4,.68 2.83 7.7 19.8 72,5 36.3
Rangitikei 106 1.03=5,13 2,65 16.0 19.8 64.2 32.1
Vairarape 97 1.12=4.64 2,66 742 26.8 66.0 24,7
ellington 21 1.52=4,19 2.53 28.6 23.8 47.6 14.3
North Ieland 2386 1.01=5.21 2,93 7.0 16.3 7647 47.4

* All potassium values expressed as percent of dry matter

Isble 12s Summary of distribution of potassium values in topdressed North Island pastures.
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The percentage of sites within a
region which fall within the folloue

Total Range gverall ing specified potassium values =
Geographical region number sites potassium values* mean 2199 2=2.50 > 2.50 > 3,00
Nelson 59 1.15=4.18 2.83 13.6 17.0 69.4 47.5
Otago 38 1021=4,22 2,78 15.8 15.8 68.4 42,2
Marlborough 30 1457=4.30 2.85 6.7 23.4 70.0 40.0
Central Otago 44 0.98=3.70 2.49 15.9 27.2 56.9 34.1
Canterbury 100 1.23=4,43 2.67 13.0 28.0 59.0 26.0
Southland 67 1434=3.83 2,70 7.5 26.9 65.6 24.0
West Coast 43 1.01=4.46 2,47 23.3 27.9 48.8 23.3
South Island 381 0.98=4.46 2.67 13.4 24.4 62.2 32.1

* All potesssium values expressed as percent of dry matter

Jeble 13t Summary of distribution of potassium values in topdressed South Island pasturses.

514
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which suggests that in thase areas excessive amounts of potassium are
being applied. Furthermore, the results indicate that higher rates of

potassic fertiliser are more widely uesd throughout the North lsland
than in the South Island,

DISCUSSION

The reesults from this survey clearly indicate that topdressed
ryegrasse-uhite clover pastures in many arsas of New Zealand have sodium
contents which are below animal requirements, especially in relation to
beef and dairy animals. However, a clear cut picture of the sodium
status of these pastures has been obecured for a number of reasons.
First, many of the gaological formations in New Zealand have yielded
soils deficient in sodium for animal needs. Second, large amounts of
sodium chloride are deposited from eea spray especially onto areas close
to the /sstern Coasts of both Islands, Third, prior to 1950, low
grade potassium fertilisers were commonly used on pastures (Bell,
1955). Moreover, thess lower grade fertilisers contained considerable
quantities of sodium as an impurity. However, since that date, there
has been a considerable increase in the uss of high grade potassic
fertilisers on grassland in New Zealand. As a direct result of this
increased use of potassium many ﬁaoturee throughout New Zealand, as
revealed by this survey, now have potaseium levels well in excess of
plant needs.

Apart from the competition between potassium and sodium ions in
which the former depresses the upteke of the latter into the root
gsystem of plants, potassium also accelerates leaching of soil sodium
from the root zone as indicated from the results of McNaught and
Karlovsky (1964), Therefors, the exceseive use of potassic fertile

isers would aggravate an animalenutrition problem involving sodium or
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even create one where it may not have originally existsd.

Although very little data is availeble on the incidence of
dietary dependent disorders in grazing animals it is intsresting to
note the marked variation in the incidence of hypomagnesaemic tetany
(a disease generally asssociated with low levels of magnesium in the
blood) end associated chemical composition of pasture betwsen coastal
and inland areas (Table 14). Magnesium levels above 0,20 percent of
dry matter in the herbage are not normally associated with the incidence

of hypomagnesaemia (Kemp, 1960),

Range in incidence Pasture chemical composition¥*

of hypomagnesasmia (percent dry matter)
Location in beef cows (psrcent)* Sodium Magnesium Potassium
Inland 2,2«3,5 0.04 0.25 2,95
Coastal 0.6«0,9 0.16 0.23 2,35

* data from Cairney (1964)

¥ n " Seunders gt al. (1964)

Jable 14: Variation in the incidence of hypomagnesasmia snd
associated chemical compoeition of pasture between inland and

coastal areas.

The data summarised in Table 14 was from a survey of cattle on
477 farms in the Hawke's Bay region (Cairney, 1964) and pasture
samples were taken from a selection of these ferms (Saunders 8t al.,
1964).

An importent chenge in farm practice involving sodium should also

be mentioned (see Middleton and Smith, 1976). This has enteiled
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cessation in supplementation of hay with common salt as the hay atack
has besn replaced by the bele and barn, and concurrently, topdressing
pasturss with salt, which had been common practice in the past when
meat-works were a cheap source of sodium chloride, has also besn
discontinued.

Finally, sources of sodium other than thoss supplied by plants
should also be taken into sccount when considering grazing snimals.
In fact one of the first symptoms of sadium deficiency in grazing
animals ies an avid licking of wood, soil, and sweat of other asnimals
{(Underwood, 1966). In this regard, the ingestion of soil eithsr
directly or indirectly from soll contaminated herbage is considersd to
bs an important scurce of minersl elements for grazing animals under
certain circumstances (Mealy, 1973). Furthermore, socdium in drinking
water can alsoc constituts a sizahle fraction of the totsl intaske (Smith
and Anies, 1959). In this respect animals oating herbage low in
sodium will show a merked prefersnce for drinking uatsr containing
sodium. This is clearly seen from the results pressnted in Table 15
where water samples were collected from a farm on which cattle were
found to preferentially drink from a spring while ignoring all other
supplies. The sodium concentration in the spring water was over S0

times that found in the creek.

Concentration of slements in water*

Yater Source NH,  NO, P S K Mg Ca Na c1
Spring 242 0.1 0.16 8.5 S 3 ) 600 g4

* agll figures are in ppm
Tgble 15¢ Chemical analysis of two uater samples indiceting the
importance of drinking water as a source of sodium in an ares low
in herbage sodium.
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CHAP 2

CLASSIFICATION OF THE MORE IMPORTANT NEW ZEALAND PASTURE

AND FODDER SPECIES INTO NATROPHILIC AND NATROPHOBIC TYPE PLANTS

INTRODUCTION

Although there have been numerous reports on the differsnces which
exist between plants in the extent to which they can absorb and trans-
locate sodium, only a partial classification of some grass species
into natrophilic and natrophobic types has been made (see Literatirs
Review),

Therefore, the following investigation was undertaken to give a
classification of some of the more important agricultursl plants
grown in New Zealand according to the sites where sodium preferentially

accumulates within the plant.

XPERIMENTA CHNIQU

A glasshouse pot technique described by Middleton and Toxopeus
(1973) which involves the growth of appropriate indicator plants in
soil with the periodic addition of a complete balanced nutrient

solution was used.

(e) Soil preparation and Planting
The important agricultural plants listed in Teble 16 were grown

in a pumice derived soil, Atiamuri sand.

Before the soil was potted it was fumigated with 'Basamid
Granular' (99 percent u/h dazomet) granulee to destroy soil borne plant
pests and dissasse. The fumigant was added at the rate of one gram of
'Basamid' to one kilogram of soil. After the application of granules,
which were thoroughly mixed into the sieved soil (a 6.5 mm wire maesh

sieve was used), the soil wes moistsned and ssaled within a blsck



Common Name

Botanical Name
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Ariki ryegrass

Erl.l_@_!

Lolium x hybridum Hasusskn. cv. 'Grasse

lands Ariki!

2 Brown top Agrostis tenuis Sibth.
3 Cocksfoot Dactylis glomerata L. cv. 'Grasslands
Apanui’

4  Kikuyu Pennisetum clandestinum Rich.

5 Meadow grass Poa trivialis L.

6 Nui ryeqrass Lolium perenne L. cv. 'Grasslands Nui'

7 Paspalum Pagpalum dilatatum Poir.

8 Phalaris Phalaris tuberosa L.

9 Prairie grass Bromus unioloides Syn.(B. catharticus Vahl.)
10 Ruanui ryegrass Lolium perenne L. cv. 'Grasslands Ruanui'
11 Tall fescus Festuca arundinaces Schred. cv. 5170
12 Tama ryegrass Lolium multiflorum Lam. cv. 'Grasslands

Tama!
13  Timothy Phleum pratense L. cv. 'Grasslands Kehu'
14 VYorkshire fog Hnlcug lanatus L.
Lequmes

15 Alsike clover Trifolium hybridum L.

16 Desmodium Desmodium uncinatum Jacg. cv. Silver leaf
17 Lotus Lotus pedunculatus cav. cv. 'Grasslands

) Maku'!
18 Lucerns Medicago sativa L. cv. 'Wairau'
19 Red clover Izifolium pratensse L. cv. 'Grasslands
Turoa’
20 Soya bean Glycine mwax L. cv. 'Amsoy'
21  Subterranean clover rifolium subterraneum L.
22 Wwhite clover Trifolium repens L. cv. 'Grasslands Huia'
23  Lupin Lupinus angustifolius L. cv. 'Unicrop!
fodder plants

24  Barley Hordeum yulgare L. cv. 'Zephyr'

25 Chou moellier Brassics gleracea L. cv. 'Giant chou

moellier!

26 Kale Brassica gleracsa L. cv. 'Thousand-

headed Kale'

27 Maize
26 Jepsnase millet Mnm_w Link,

29 QOats Avens sativa L. cv. 'Algerian'

30 Rape ggggg;gg napus L. cve 'Rangi’

31 Sudax bicol (Lynn) x Sorghum

Suda nese (Piper)
ble 168 Plantes used to classify the more important New Zealand pagte

ure and fodder speciss into natrophilic snd natrophobic type plants.
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plastic shest for seven days. Subsequently the soil, wvhich was contine
ually kept moist, was exposed to the air for et least 14 days to allow
toxic gases to escape, To make surse that no gases remained to inter-
fere with seed germination, rape seeds were gaerminated in a small
quantity of soil, Once the soil was shown to be free of the gases

it wvas air dried ready for potting.

Each 15 centimetre plastic pot contained 500 grams of air dried
80il loosely filled to threse centimetres from the top, For plants
with large seeds, maize, soyabsan, sudax, and lupin, only 25 geeds
wsre planted per pot, but all other test plants had 150 sesds sprinkled
uniformly over the soil surface in each unit. The seeds were then
covered with a ona centimetre layer of soil which had been removed
prior to planting.

After germination, all leguminous test plants received seversl
applications of an squeous suspension of their appropriate Rhizobium
strain to ensure effective nodulationy the inoculum was cultured in

yeast-mannitol agar (Van Schreven, 1964).

(b) JIreatments and Design
The nutrient solution formulated by Middleton and Toxopeus

(1973) was modified to give tqo contrasting levels of potassium for
sach plant species, with ell other nutrients except chloride kept
constant. The lowsr trestment of the two, was adjusted to give a
potassium content in ryegrass of approximately 2,20 pesrcent, cone
sidered to be adequate for satisfactory plant growth (McNeught, 1970).
The corresponding sodium level was adjusted to give 0,30 psrcent of
the dry matter.

Each potassium treatment wes replicated six times. The pots
were arrenged in a randomised design on benches in a temperature

controlled glasshouss (15 Oc mine 25 °C max).



(c) Nutrient Solutions and Soil Moisture

The composition of the stock solutions of major slements (N, P,
Sy Ky Na, Mg, and Ca), which varied according to treatment end plant
species, is given in Table 17. A separate minor element (B, Co, Cu,
Fey, Mn, Mo, and Zn) stock solution was prepared and the composition

is given in Table 418.

Salt Low K High K
— a 26,7 2647
; a 3,0 3,0
KH
2P0, b 3.0 3.0
a 3.3 3.3
Ko HPO, b 3.3 3,3
a 1.7 107
S0
K250, b 1.7 1.7
a - 3.0
SO, 7H,.0 8 2.7 2.7
Mgs0,7H, b 2.7 2.7
. 0.5 0.5
CaCO, b 0.5 0.5
a 10 ml 10 ml
N HC1 b 10 ml 10 m1
S0 a 1.5 1.6
Ne,S0, b 1.6 1.6

Table 178 Composition of stock solutions of major nutriente in
grams or millilitree per litre, for (e) noneleguminous and (b)

leguminous test plants grown in soll.
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Salt mg per litre
H4B0, 3.0
CUC12.6H20 0.4
CuC12.2H20 1.0
nnC12.H20 10.0

(NH,)g M0,0,, 4H,0 0.4
ZnCL2 1.5

Table 183 Composition of stock solution of minor nutrients in

mg per litre, used with non=lesguminous and leguminous test plants.

The dilute nutrient solutions for spplication to test plants wsre
prepared as followste

200 ml of the appropriate major element solution

plus 100 ml of the minor element supplement and

made up to 4,5 litres with pure water contasining

0.15 ppm of ferric citrate.
This solution was applied at the rate of 50 ml per pot, five times a
week.

Soil moisture in sach pot was maintained during the trial st

75 percent of field capacity by the addition of an sppropriate
nutrient solution, supplesmented, according to transpiration rates of
the growing plants, with pure water. This adjustment was important

to snsure that leaching did not take place.

(d) Measursments
Asrial parts of the test plants were harvested by cutting at

five centimetres above the soil surface when the leaf tissus had

reached s height approximately 12 centimetres above the lip of the pot.
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However, plants such as chou moellier, kale, lupin, raepe, and soya
bean, where the growing point was well ebove the normsl cutting
height, individual leaves waers trimmed in such a way that encugh
young leaf tissue remeined to give rapid regrowth.

The plants were cut four times, with sach cut being teken after
an interval of approximately 21 days. After the fourth cut the roots
and stubble wers alec harvested. In this study the atubble was
considered to be ths five centimetrs portion of tissus betwsen ths
roots and harvestsed aeaerial parts. Howaver, in certain cases, thes
stubble defined in this way was really the stem tissus. Soil was
removed from the roots by washing in deionized water in such & manner
that there were no apprecisble lossss of nutrisnts from the tissues
within the root.

All harvested material was oven drised at 32.5 °c mdyoighsd to
give dry matter yields. Each replicate was then finely ground and
chemically analysed for N, P, S, K, Na, Mg, and Ca. Ths methods used
for the snalysis of K, Na, Mg, and Ca in the nitricwperchloric acid
digests have already besn described (Dorofaeff and Mchaught, 1962).
Nitrogen was determined by ths sodium phenets wsthods phosphorus, by
a method of Jackson (1958) modified for uss with an euto analyser;
total sulphur, using the nitric-perchloric acid digestion procedure
followed by a method adaptad from Mottershead (1971).

Transpiration rates wers determined for all plants excspt cats,
barley, meadow grass, prairie grass, and soya baan. Thees five
speciss were all plented at a slightly latsr dats than that of the
main group and wers therefore et a different stage of growth. The
rates wers measured on five consecutive days prior to ths first cut.
All pots in the trial wers adjusted to 75 percent of field capacity
immediately befors the commencemsnt of ths measurements. Transpiration
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rates were determined by measuring the weight loss within sach pot from
75 percent field capacity three times & day. uater lost from ths pots
in this way was corrected for surface svaporation by subtrecting the
small mean loss of watsr from six pots containing bare socil over the
same time period.

Exchangsable soil sodium and potassium cetions wers determinsd on
a single soil sampls composed of eix replicatss for each plant species
and potassium treatment. The ssmples wers taken at the end of the
fourth cut before the roots wers harvested. This method of determin-
ation involved leaching the soil with neutral normal ammonium acstate

and measuring the dieplaced sodium and potesasium by fleme photosstry.

(e) Expression of Results

All yislde are expressed as grams dry weight per pot. On the
other hand the concentration results from the chemical anslyses are
percentagee of the dry matter.

Transpiration rates are expressed as millilitres of water per grem
of dry matter per pot per day. The exchangsable scil cations as

milligrems per pot.
Anslysis of varisnce was carried out on all results.

RESULTS
The more detailed results of the effects of potassium on sodium

levels and associated chemical composition in the above plants are

discussed in chepter 3.

Although there were differences in the sodium concentration
betwsen the two potassium treatments, these differences were such that
they had littls influence on the oversll renking of the above plants
in the following classification. Therefore, the results used for
the classificastion of plants into natrophiles and natrophobss were

calculated from the pooled mesns of the tuwo potassium treatmente for
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shoots, stubble, and roots, In the cass of the shoots, ths mean of
the four cuts was used. These results are presented in Tgblo 19.

Tha plant specles are arranged in the table in descending order accorde
ing to the concentration of sodium in the leaf tissue.

From Table 19 it can be essen that most plants can be readily
classified into two distinct typesy on the one hand there is the
group which has a high sodium concentration in leaf tissue and a
relatively low concentration in roots, these are the natrophilesjp
whereas for the other group, the natrophobss, the reverse is generally
found. Morsover, the results resveal a further important character-
istic in some members of both natrophiles and natrophobesa. In
addition to the shoots or roots being major sites of sodium accumulation,
there are a number of plants in which the stubble tissue is the principal
site, with either the shoot or root, being the secondery site depending
on whether the plants are natrophilic or natrophobic.

A classification of the above plants into natrophiles and natro-
phobes is given in Table 20, along with e further subdivision within
each type according to the principsl site of sodium accumulation.
Pooled means of sodium concentrations of the plants in each sub=-
division, calculated from the results in Table 19, show the extent of
the accumulation within the different tissues.

Although brown top, meadow grass, tall fescue, and

rape, have been clessifisd ss natrophobes, according to the
results from the initial cuts, they form a group of plants which, in
some respects, could be regerded as intermediate between netrophiles
and nstrophobss (see Table 19). Another point is that with the
exception of barley, subclover, tsll fescue, meadow grass, and brown
top, there were no significant differsnces in the sodium concentration

in shoot tissue betwsen cuts. Howsver, in thess five species, which



Sodium (percent dry matter)

Plant species Shoots Stubble Roots
Phalarie 0.44 0.45 0.13
Oats .41 0.53 0.28
Chou moellier 0.41 0.23 0.14
Yorkshire fog 0.40 0.33 0.11
Kale 0.38 0.30 0.19
Subclover 0,36 0.43 0.25
Cocksfoot 0.35 0.40 0.18
White clover 0.35 0.34 0.20
Tama ryegrass 0.34 0.39 0.10
Nui ryegrass 0.34 0.37 0.14
Prairie grass 0.34 0.37 0.24
Ariki ryegrass 0.34 0.35 0.19
Barley 0.33 0.54 0.34
Ruanui ryegrass 0.33 0.38 0.15
Lotus 0.30 0.24 0.23
Tall fescue 0.24 0.23 0.19
Rape 0.23 0.48 0.28
Brown top 0.17 0.46 0.20
Meadow grass 0.47 0.29 0.24
Japansse millet 0.13 0.24 0.19
Red clover 0.07 0.25 0.44
Paspalum 0.06 0.15 0.28
Kikuyu 0.05 0.11 0.22
Timothy 0.04 0.37 0.24
Lucerne 0.04 0.26 0.42
Alsike clover 0.03 0.35 0.21
Lupin 0,03 0.14 0.74
Desmodium 0.01 0.29 0.49
Sudax 0.0 0.09 0,37
Maize 0.01 0.01 0.28
Soya bean 0.00 0.02 0.41
Standard error 0.0067 Zo.0068 20.0059

Table 193 Plant species arranged in descending order according

to the concentration of sodium in their leaf tissue,



Natrophiles

Leaf Stubble
Srasese Legumes fagder Legupes Lgdder
Ariki ryegrass Lotus Chou moellier Subelover Barley
Cocksfoot ihite clover Kale lats
Nul ryegrass
Phalaris
Preirie grase
Ruanui rysgrass
Tama ryegrass
Yorkehire fog

Shoots  Stubble  Roote Shoots _ Stybble Roote
percent fla '
(ml.d “ﬂﬂ) 0.36 0.35 0.17 0.37 0-50 0.29

Matrophobes

Stubble Root
Srasses Legunes fodder Srasses Leguass fodder
Brown top Alsike clover Millet Kikuyu Desmodium Maize
Meedow grass Rape Paspalum Lucerne Sudax
Tall fescue Lupin
Timothy Red clover

Soya bsan

Shoots _ Stubble  Roots Shoote  Stubble Roots
percent Na
(pooled mean) 0.14 0.35 0.22 0.03 0.15 0.41
Jable 20s A classification of the more important New Zealand pasturs and fodder species into natrophilic

or natrophobic type plants according to the major sites of sodium accumulation.

9



62

includes this intermediate group, there wes s significent (p = 0,001)

trend towards an increase of sodium in shoots with each cut (Table 21).

Sodium (percent dry matter)
Plant Species Cut 1 Cut 2 Cut 3 Cut 4

Natrophilesg

Barley 0.23 0.32 0.33 0.40
Subclover 0.28 0.33 0.39 0.46
Natrophobes

Tall fescue .12 0.22 0.25 0,37
Meadow grass 0.10 0.15 0.21 0.23
Brown top 0.08 0.16 0.17 0.25

Standard error 10.0065 i0.0062 :0.008 10.006
Table 213 Increase in sodium concentration in leaf tiesue of

certain natrophiles and natrophobes with cuts.

This result suggests that the main accumulation site within these
plants is more readily saturated with sodium than in the other plants.
Therefore, it is predictable that such natrophobic plants could
eventually display natrophilic characteristics if they are supplied
with a gensrous amount of sodium.

A notable featurs of this classification is the number of
tropical plants which ars natrophobic. Furthermore, the mean results
of the transpiration rates from the two potassium treatments, presented
in Table 22, indicate that there is s highly significant diffsrence in

the rate of transpiration betwsen natrophilic and natrophobic plants.



Plant Speciss
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Transpiration rate
(m1 H20/gram dry weight/day/pot)

T er Natro lga

Ariki ryegrass 987

Chou moellier 2181

Cocksfoot 1206

Kale 2873

Lotus 1067

Nul ryegrass 1047 Standard error :69
Fhalaris 1208

Ruanui ryegrass 1209

Subclover 1314

Tama rysgrass 965

“hite clover 1153

Yorkshire fog 1445

Mean 1388%

<) N [<]

Alsike clover 660

8rown top 831

Lucerne 1182

Lupin 625 Standerd error =49
Rape 1653

Red clover 938

Tall fescue 649

Timothy 1222

Maan 970

Jropical Natrophobes

Desmodium 675

Kikuyu 418

Maize 371 Standard error & 24
Millet 561

Paspalum 777

Sudax 401

Maan 534%

# All values significantly different from each other p<0.001

Jable 22t Trenspiration rates of natrophilic and natrophobic plants.
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In general, the natrophiles, which were comprised solely of
temperate plants, had a considerably higher transpiration rate with
a mean value of 13868 ml H,0/gram dry weight/day/pot, than that of both
temperate and tropical natrophobes. 1In fact, within the netrophobe
group, ths tropical plants had a transpiration rate far lower than
their temperate counterperts, with mean rstes of 534 and 970 m1/g/day/
pot respectively,

This difference in transpiration rate betwsen natrophiles and
natrophobes is reflected not only in the eodium composition of these
plants, but also in ths concentration of other elements, notably

nitrogen and potassium (Table 23).

Jomperate Natrophiles

(Results expressed as percent dry matter)

Elemant Shoots Stubble Roots
Nitrogen 4,67 2,99 2.21
Potassium 2.64 1.43 0.39
Sodium 0036 0.38 0.19
Jemperste Natrophobes
Nitrogen 4,99 2,75 2,30
Potassium 2.56 1.53 0.56
Sodium 00 11 0. 29 Bc 32

Iropical Netrophobes

Nitrogen 3.67 2,39 1.97
Potassium 2.16 1.08 0.58
Sodium 0.04 0.16 0,32
N Zo.11 Z0.09 20,08
Standerd error K £0.02 2o0.02 0.0
Na <0.007 20.007 20.006

Table 233 Mean chemical composition of natrophilic and natrophibic

plants,
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Although no precise measurements were made in this study of the
rate of sodium taken up by natrophiles and natraphobes, it is evident
from the construction of a balance sheet for sodium from the results
of the individual plant species, that there are conoidergble differe
ences in the rate of uptake between these two types of plants. The
balance sheet, Table 24, takes into account the initisl amount of
sodium in the soil, the totsl emount of sodium applied in the nutrient
solution, the amount recovered in the plant, and finally a measure of
the amount remaining in ths soil after the completion of the experiment.

A close examination of Table 24 reveals that the total upteke of
sodium by natrophiles is approximately twice that of natrophobes after
a 90 day interval, in spite of the significent difference (p = 0.001)
in total plant yield between natrophobes (pooled mean of 28.83 g/hry
metter/pot) and that of natrophilas (pooled mean of 23.10 g/dry matter/
pot). Moreover, this striking difference in uptake bstween natro-
philes and natrophobes is further reflected in the amount of sodium
remeining in the soil at the end of the experiment. Thp natrophiles,
with their higher rate of sodium uptake, depleted the soll reserves of
this element from an initial level of 30 milligrams/pot down to a mean
level for this group of 17 milllgramo/bot. On the other hand for the
natrophobee, in accord with their lower rate of uptake, an accumuletion
of sodium occurred in the soil. In fact, ths mean soil level for the
natrophobes of 40 milligrems of sodium/pot was 10 milligrems higher

than the originel soil level, and over twice that found for the natroe=

philes.



Sodium (Results expressed as milligrams/pot)
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Total 4 cuts Total Total Soil Contribution  Soil Sodium*
Plant Species Shoaots Stubble Roots Plant Applied by difference after 4 cuts
Jemperate Natrophiles
Ariki rysgrass 671 10.6 10.0 87.7 66,7 21.0 10.4
Barley 3144 7.0 9.0  47.4 66,7 - 2.9
Chou moellier 59.0 11.1 6.1 7662 66.7 9.5 19.6
cocksfoot 69.2 12.8 702 89.2 6607 2205 1004
Kala 5902 1301 6.2 78.5 66.7 1108 21.9
LDtUS 45.0 4.6 3.5 5301 6607 - 25.3
Nui ryagraaa 70.8 1101 601 88.0 6607 21.3 1004
Dats 39;2 501 7‘9 52.? 66.7 - 15.0
Phalaris 65.6 12,9 5.9  B4.4 6647 17,7 17.3
Prairis grass 37.0 6.2 10.2 53.4 6647 - 17.3
Ruanui rysgrass 60.5 16.5 ?02 84.2 66.7 17.5 12.7
Subclover 51.0 6.4 4.0 61.4 66.7 - 23.0
Tama ryegrass 7003 7.5 4.1 81.9 66.7 1502 1308
white clover 56.5 4,3 2.8 63.6 66.7 - 27.6
Yorkehire fog 74,8 7.5 4.1 06,4  66.7 19,7 9,2
ﬂaaﬂ 57.1 9.1 603 72.5 66.7 10.4 17.1
Jemperate Natrophobes
Rlsike clover 4,8 4,4 2.1 11.3 66,7 - 54.1
Brown top 32.4 18.1 7.6 58.1 66,7 - 35,7
Lucerne 3.4 2.0 3.8 8.2 66.7 - 52.9
Lupin 2.9 8.2 20.7 31.6 66.7 - 27.6
fMeadow grass 19.0 4.0 5.1 28.1 66.7 - 28.8
Rape 41.6 15.9 12.5 70.0 66.7 3.3 18.4
Red clover 6.0 1.8 S.5 13.3 66.7 - 41.4
Tall fescue 46,2 9.6 3.0 64.8 66.7 - 25,3
Soya bean 0.4 2.0 29.8 32,2 66,7 - 36,8
| an 16.2 T2 10,2 33.6 6647 - 34.1
Tropical Natrophobes
Dgsmodium 1.1 5.1 11.4 17.6 66.7 - 34.5
Kikuyu 16.2 7.6 1.3 35.1 66.7 - 73.6
Raize 1.9 0.5 33.4 35.8 66.7 - 27.6
B BB g1 O
aspalum . . . . . - .
Sudax 2.6 5.1 2623  36.0  66.7 - 6a0a
Mean 13.0° 7.3 19.4 39.7 6647 - 87,2

% Initial soil sodium = 29.9 milligrams/pot
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DISCUSSION

AR most significant feature of this classification of plants into
natrophiles and natrophobes is in relation to animal nutrition,

Because of their intrinsic physiological difference, natrophobes are
unable to provide feed containing enough sodium for dietary needs of
animals, even in a situation where thers is enough sodium in the soil
to produce a satisfactory level in natrophiles. As a conssquence,
direct supplemsntation of the animals with sodium will, in general,

be nscessary where natrophobes form a substantisl part of the diet.

On the other hand, supplsmentation of natrophiles will only be reqguired
when the plants are grown on sodium deficient soils,.

Moreover, with the trend towards the incressed use of asuch high
yielding plants as maize, sudax, and millet, as fodder crops, their
natrophobic characteristice should be teken into account when assessing
their potential es enimal feeds.

Apart from the fundamental differences in the sites of sodium
accumulation in natrophiles end natrophobes, there are tuwo closely
related physiological aspscts which further characterise these two
distinct typee of plant,

It is well known thet plant species differ in their transpiration
rates (e.g. Brigge and Shontz, 1914), morsocever, plants possessing the
C4—photosynthet1c psthway have lower rates than those with the cj-plth-
way (Downes, 1969y Forde gt gl. 1974). However, it is of interest
that the natrophiles, which in thie study were solely made up of Ca
temperate plants, not only had higher transpiration rates than their
natrophobic counterperts, but also higher ion uptske rates, partic-
ularly sodium. Furthermors, within the natrophobes, the temperate

C.. group had a higher mean transpirstion rate, as expected, than the

3

c4 plants.



Therefore, the observed difference in the rate of sodium uptake
by natrophiles, as opposed toc natrophobes, could be a result

of the differing transpiration rates.
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CHAPTER 3

ENVIRONMENTAL FACTORS AFFECTING THE SODIUM CONTENT IN PLANTS

NYRO ON

Because sodium is not generally considered to be an essential
element for higher plants, many of the basic physiclogical aspects
of sodium nutrition are unknown. Therefore, to elucidate some of
these aspects, three separate experiments ware undertaken in which
the effects of the following environmental factors on sodium nutrition
wers esxamineds
Experiment 1) Climstic factors
2) High substrate potassium
3) High substrate sodium
The results and discussion from each experiment are presented

separately.

EXPERIMENT 13 FACTOR
Due to the lack of suitable experimental facilities few controlled

investigations have been made into the climatic factors which may
influence mineral composition of plants. Therefore, to examine the
effecte of light, temperature, and moisture stress on sodium content
in natrophiles and natrophobes, the following study was carried out in

the D.S.I.R. Climate Laboratory facilitiss at Palmerston Ncrth.

EXPERIMEN CHNIQU
In general, the experimentsl procedures were the same as those

described in Chapter 2.

(s) Soil As for Chapter 2.

(b) Jest Plants



Thres species* were usedie

* Botanical names are given in Tabls 16.

Natrophiles Natrophobes

"Grasslands Ariki" ryegrass "wairau® lucerne

"Grasslands Huia™ white clover
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Initielly the plants wers grown in a temperature controlled glass=

house (15° min- 25° max) until they were four centimetres above ths pot

rim, At this stags the plants wers transfarred to the Climate Rooms.

During this sstablishment period, the clover and lucerns plants
raceived several applications of an squeous suspension of their

appropriate Rhizobium strain to ensure sffective nodulation.

(c) Design and Treatments

The design of the experiment was as followss

///// High moleture stress

Room 1 High Light .
High Temperature T~ Low moisture stress
High moisture stress
Room 2 High Light /
raturs )
Low Tempera T~ Low moisture stresse
High moisture strees
Low Light —
Room 3 High Temperature ~—_ | . moisture stress
High moisture stress
Low Light _
Room 4

Low Temperature  —_ Low moisture

The values selected for temperature and light in the high treat-
mente were considered to be representative of midegummer conditions
found in the more temperate parts of New Zeeland. The contrasting

low temperature end light treatments were chossn to simulate typical
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midewinter conditions.

The plots wers arranged in six randomised blocks per plant

speciss on benches within each Climate Room.

(d) Detailed Climate Room Conditions
The lighting system consisted of a combination of 1000 uatt

Sylvanie Metalarc high pressure discharge lamps, and 100 Wett Philips
tungsten iodide incandescent lemps. The high light rocme had four
each of the sbove two typss of lamps; while the low light rooms had
only two of each.

Temperature in the high temperature roome was maintained at 25 °c
(20.5 °C) during the day with a change to 16 °C (20.5 °C) at nights
low tempersture rooms had a day temperature of 12 °C (=0.5 °C) end a
night temperature of 5 °C (20.5 °c).

Tha relative humidity was kept constant (<5 percent) in ell four
rooms during the day et B85 percent changing to 75 percent at night.

The photoperiod for the high light rooms was 16 hours and for
the low light rooms 12 hours. There was an abrupt lightedark change.
On the other hand, the day to night humidity changes occurred over two
hoursy the photoperiod beginning or ending halfway through the change-
over.

Carbon dioxide concentration was smbisnt at 300=-400 ppm and the
air flow down through the plants was 0.3=0.5 m/had-1, measured at the

top of the canopy.
A summary of the climatic conditions in esch room is given in

Tabla 25.
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Relative
Temperature Humidity Light*
(0.5 ©°c) 1s¢) Inteneity
Room Treatment Day Night Day Night (um=2)
High light
1 High temp. 25 16 as 75 174
High light
2 Low temp. 12 5 85 75 183
Low light
3 High temp. 25 16 85 75 87
Low 1light
4 Low ¢ . 12 S 85 75 87

* mean light intensity - measured at the start and finish
of the experiment

Jable 25% Summary of climatic conditions.

(e) Nutriont Solytions and Soil Molsture Stress
For a description of the nutrient solutions, ses deteils of the

"low" potassium complete nutrient solutions for leguminous and non=
leguminous plants given in Chapter 2.

The dilute solution was applied at a rate of 50 ml per pot three
times a wesk.

Two soil moisture stress treatments were imposedj; the soil in the
low strees pots was maintained by addition of an appropriate nutrient
solution, supplemented, where required, with pure water to give 75 pere
cent of field capacityj whereas in the high moisture strees situation,

the addition of moisture to the soil was adjusted to give only 50 per-

cent of field capacity.

(f) Messurements

The methods of harvesting and chemically analysing the plants
were the same as those described in Chapter 2. However, the time

of cutting was determined by the height of plants grown under the
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low moisture stress (75 percent of fisld capacity) treatment. Four
cuts wers taken.

Analysis of variance was carried ocut on all results,

RESULTS

The results are presented according to plant species.

(a) Perennisl ryagrass

Treatment means for sodium contents in shoots, stubble, and roots
are given in Table 26,

A combination of high liqht, low temperature, and a high moisture
stress, resulted in a marked incrsase in sodium concentration in all
tissuas of the plants compared with other treatment combinations.

On the other hand, low light, tempsrature, and moisture stresss resulted
in sodium concentrations within the plant which were much lowser than

that found for the other treatment combinations.

Tre n Sodium (percent dry matter)
Moisture :
Light Temp,. stress Shoots Stubble Roots
H H H 0,37 0.47 0.19
H H L 0.29 0.42 0.17
H L H 0,58 0.81 0.32
H L L 0.44 0.72 0.22
L H H 0.37 0.6 0,23
L H L 0.27 0.52 0.21
L L H 0.20 0.31 0.17
L L L 0,15 0.28 0.12
H = High S€ = =0.04 0,08  0.03
L = Low
Jablg 263 Mean sodium concentration in psrennial ryegrass as

affected by combinations of light, temperature, and moisture stress.
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An examination of the results of the main effects from the three
trestments, presented in Table 27, indicetss that light hes the most
dominating influence on sodium within ryegrass plants. An increass
in light intensity from typical midwinter to that of midsummer
conditions, resulted in a significant increase in sodium throughout
the plant. Total plant dry matter yields (shoots + stubble + roots)
ware also significantly increased (P = 0.001) from 3.18 grams per pot
to 3,20 grams per pot with increasing light.

High moisture stress also significantly increassed sodium through-
cut the plant. However, in contrast to light, this effect can be
accounted for by a marked reduction in yield. Total yields for ths
high moisture stress conditions were significantly lower (P = 0.001),
5.09 grams dry matter per pot, than for the low moisture stress plants
which yielded 6.29 trams per pot.

Temperature on the othar hand had no significant effect on sodium

soncentration.
Sodium (percent dry matter)
Treatment Shoots Stubble Roots
High 0o 42%9n 0,610 0,230
Light
Low 0025 0.43 0.18
Moisture High 0,384 0, 55%%* 0, 23%%
stress Low 0.29 0.49 0.18
High 0033 N.s. 0.51 NQSQ 0023 N.S.‘
tur
Temperaturs | ow 0.34 0.53 0.21

*x% Sign. diff, P = 0,001
e " " P = 0.01

NeSe Not .19“. difrf,

Table 278 Effects of light, moisturs strees, and temperature on

sodium concentration in perennial ryegrass.



(b) White clover

Although the sodium content in white clover responded to the
various combinations of light, temperature, and moisture stress, in

a2 similar manner to that found for ryegrass, the degres of change was

somewhat less in this species (Table 28).

Treatments Sodium (percent dry matter)
Moisture

Light Temp. stress Shoots Stubble Roots
H H H 0.28 0.24 0.30

H H L 0.24 0.27 0.29

H L H 0.36 0.39 0.45

H L L 0.35 0.35 0.41

L H H 0.30 0.27 0.25

L M L 0.30 0.21 0.29

L L H 0.22 0.2 0.27

L L L 0.21 0.17 0.27

H = High L = Low SE 2£0.02 20.02 20.02

Table 288 Mean sodium concsntration in white clover as affected

by combinations of light, temperature, and moisture stress,

The results of the main effects of the three treatments arse

pressnted in Table 29.
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As observed in ryegrass, light intensity significantly (P = 0.001)

increased sodium in all tisesues of the plant, However, increased

moisture stress only slightly (P = 0.05) increased sodium in both

shoots and stubble with no chenge in root sodium.

In epite of the highly significant (P = 0.001) decrease in

sodium in the roots with increasing temperature, it did not signife

icantly affect sodium in other parts of the plant.
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Sodium (percent dry matter)

Treatment Shoots Stubble Roots
Light High 0, 315 0,315 0, 36%%%
Low 0.26 0.22 0.27
Moisture High 0,29% 0.28% 0.32 NeSe
stress Low 0.28 0.25 0.32
High 0.28 N.Se. 0.25 N.S. 04 28%%#
Temperature Low 0.29 0.28 0.35

* " " P = 0,05
NeSe Not Bigno diff,
Table 293 Effects of light, moisture stress, and temperature on

sodium concentration in white clover.

sry matter yields were adversely affected (P = 0.001) by both
high temperature and moisture stress, whsreas, increased light

intensity greatly (P = 0.001) increased yields.

(c) Lucernse

As expected, the major changes in sodium concentration in lucerns,
in response to light, temperature, and moisture stress, occurred in
the roots. Moreover, in contrast to ths natrophilic rysgrass and
white clover, there was no particular combination of factors which
increassed or decreased sodium consistently throughout the plant

(see Table 30 for treatment means).



Treatments

Moisturs Sodium (percent dry wt)
Light  Temp. stress Shoots Stubble Roots

H H H 0.09 0.12 0.49

H H L 0.08 0.12 0.30

H L H 0.09 0.26 0.76

H L L 0.07 0.24 0.63

L H H 0.12 0.20 0.25

L H L 0.10 0.22 0.20

L L H 0.10 0.16 0.28

L L L 0.06 0.17 0.27

H = High L = Low 20,02 20.03  Z20.07
Table 303 Mean sodium concentrations in lucerns as affected by

combinations of light, temperature, and moisture stress,
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Contrary to the results for natrophiles, increased light intensity

influenced the sodium content only in the roots, where there was a

marked (P = 0.,001) increass (Table 31).

Sodium (percent dry matter)

Treatment Shoots Stubble Roots
High 0.08 N.S. 0.19 N.S. 0,554
Light Low 0.10 0.19 0.25
High 0. 10%+ 0.19 NeS.  0,45%
Moisture strees g, 0.08 0.19 0.35
High 0.10#* 0. 174 0, 3%
Temperature Low 0.08 0.21 0.49
*%% Sign. diff. P = 0,001
w " " P = 0,01
* " " P = 0,05
NeSe Not eign. difrf.
Table 31% Effects of light, moisture stress, and temperaturs, on

sodium concentration in lucerne.
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As a result of a decrease in dry matter yield, sodium sccumulested
in shoots and roots of plants growing under a high moisture stress
condition: In addition, high temperature enhanced the translocation
of sodium from the roots, and to a leseser extent the stubbles, into the
shoot tissus of lucerne.

An additional feature, common to all thres test plants, was the
effect of light on shoot nitrogen, phosphorus, and potassium, An
examination of the results presented in Table 32 reveals that an
increase in the light intensity resulted in significant increases in

all three slements.

Mean pesrcentage of shoot dry matter

Nitrogen Phosphorus Potassium
Plant Species LL HL LL HL LL HL
Ryegrasse 3.90 4,00% 0,26  0,439% 2,59 2,93%k*
White clover 3.60 4,22%wn 0.25 0,30+ 2,18  2,40%%%
Lucerne 3,81 4,53 0.27 0, 35%e% 2,36 2,88

LL = Low light HL = High 1light

%¥#% Sign, diff, P = 0,001
*» n " P = 0,05

Jable 323 Effect of light on the concentrations of nitrogen,

phosphorus, end potassium in shoot tissue.
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DISCUSSION

There is little doubt that of the three factors investigated,
light intensity had the greatest influence on sodium concentrations in
both natrophiles and natrophobes, especially in areas of high sodium
accumulation, Sodium concentration also increased in plants growing
under conditions of high moisturs stress, howesver, this sffect can be
accounted for by the marked decrease in plant ylelds, as measursd for
oxample in this expsriment.

Sodium on the other hand was less ssnsitive to temperature changes,
except in lucerne where there uwas a slight enhancement of the transe
location of this element from roots to shoots.

It is interasting to note that there have besen a number of obser-
vations to the effect that changss in sodium concentration can influence
succulence in plants (see Jennings, 1968). Moreover, increased light
intensity and aridity can also cause an increass in plant succulence
(watson, 1942). As a possible explanation to the above phenomena,
Jennings (1968) proposed that succulence ia controlled by changes in
sodium concentration within the plant through the action of light
and aridity on ATP synthesis, How these changes in sodium concentration
directly influenced plant succqlance were not revealed.

The level of nitrogen in plants hss long been known to cause
changes in tissue succulence (see Russel, 1973; Bailey, 1973).
Moreover, the results from this experiment reveal that chaenges in ths
concentration of both nitrogen and phosphorus, brought about by light
intensity, were identical to those for sodium. In addition, both
phosphorus and sodium (sse Chapter 4 for the role of sodium in nitrogen
metabolism) are implicated in nitrogen metabolism. Thersfore, these
results suggest that changes in plant succulence, resulting from alter-

ations in sodium concentration, are most likely caused by fundamental
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changes in nitrogen metabolism within the plant,

EXPERIMENT 23 EFFECY OF HIGH SUBSTRATE POTASSIUM

It ies well documented (ses Literature Review) that an increase
in potassium depresses sodium in leaf tissue of both natrophiles and
natrophobes, However, the extent to which potassium depresses sodium
in other sites within the plant, especially in natrophobes, is unknown,
Therefore, the influence of potassium on the main sites of sodium
accumulation along with the effect on other major nutrient elemente

was investigated in a wide range of plant species.

PERIMENT, CHN

Ses Chapter 2 for details,

RESULTS

The results from the two potassium treatments are presented
according to the clessification of natrophiles and natrophobes given
in Table 10.

Sodium

Increased potassium significantly (P=0.001) depreesed sodium in
shoot tissus of both natrophiles and natrophobes. Howsver, an exame
ination of the results presented in Table 33 indicates that the most
pronounced effect of potassium on sodium tended to bs centred on ths
main sites of sodium accumulation. It is also interesting to note
that with the exception of the natrophobss in which the root system
is the main site of sodium accumulation, sodium increased significantly

(p<0,001) in the roots as a result of additional potassium.
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Main site

of sodium Sodium (percent dry matter)
Flant Type accumulation Tissue Low K High K*
Shoots 0.38 0.34
Leaf Stubble 0.35 0.33
Roots 0.16 0.18
Natrophiles
Shoots 0.38 0.35
Stubble Stubble 0,52 0.48
Roots 0.28 0.30
Shoots 0.15 0.11
Stubble Stubble 0.38 0.34
Roots 0.21 0.24
Natrophobes
Shoots 0.06 0.05
Roots Stubble 0.16 0.16 N.S.
Roﬂt. 0. 40 0. 36

* All high potassium values, except thoee marked N.S., are significantly
different from the low treatment. (Shoots P=0,0013 Stubble P=0.01j
Roots P=0,001)

Table 33s Effect of potassium on sodium concentration in natrophiles

and natrophobes.

Nitrogen
.dditional potassium, significantly (P-=0.001) decreased the

nitrogsn content in leaf tissue of all plants (Table 34), Moreover,
the nitrogen concentrations in leaves of natrophobes (pooled mean of
4.44 percent of dry matter) were much lower than their natrophilic

counterparta (pooled mean of 4.72 pesrcent dry matter).
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Main si
o: sa:iz; Nitrogen (percent dry matter)
Plant Type accumulation Tissue Low K High K
Shoots 4, 73 4,55
Leaf Stubble 3.02 2.97
Roots 2,20 2.10
Natrophiles
Shoots 4,82 4,79
Stubble ‘tubble 2,99 3.01
Roots 2,49 2.40
Shoots 4,37 4,31
Stubble Stubble 2,42 2,62
Roots 2. 24 2.258
Natrophobes
Shoots 4,57 4,50
Roots Stubble 2,82 2,94
Roote 2.08 1.95

¥ All high potaseium values sre significantly different from the low
treatment (Shoots P=0,0013 Stubble P=0.0013 Roots P=0.05.)

Table 343 Effect of potassium on nitrogen concentration in natro=

philes and natrophobss.

Although thers were no consistent trends in the nitrogen content
of stubble and roots, in general, additional potassium tended to
increase the nitrogen content of the stubble while decreasing it in
the roots.

Another important point is the close relationship between sodium
and nitrogen levels in the tissuss of both natrophiles and natrophobes,
as revealsd by an examination of Tables 33 and 34. In fact, the
resylts from a correlation matrix, calculated from the pooled means
of the two potassium treatmente for the individual tissues and
presented in Table 35, clearly indicate a highly significant positive

correlation (P=0.001) between the lsvel of sodium in shoots, stubble,



and roots, and the correeponding nitfogan content in these tissues.

Sodium
Tissue Shoots Stubble Roots
shoots 0.230 - -
Nitrogen Stubble - 0.346 -
Roots - - 0.291

Criticsal valus of r for P=0,001 = 0,173

Table 353 A correlation metrix betwsen the level of sodium and

corresponding nitrogen content in various plant tissuss.

In other words, any increaes or decreasse in the sodium level
within the plant is accompanied by a corresponding change in the

relative level of nitrogen and vice versa.

Potaseium

As expected, ths potassium levels increased throughout the plant
as a result of additional smounts of this element in the nutrient
solution, However, there was a relatively larger change in the
potassium concentration in the leaf tissue than in the other tissues.
In addition, the potassium concentrations in the natrophobes, like

nitrogen, were much lower than those recorded for natrophiles

(Table 36).

83
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Main si
o: eo:iE: Potassium (percent dry matter)
Plant Typa accumulation Tissue Low K High K*
Shoots 2,30 2.88
Leaf Stubble 1.11 1.52
Roots 0.32 0.41
Natrophiles '
Shoots 2,55 3.12
Stubble Stubble 1.64 2,19
Roots 0.40 0.60
Shoots 2.25 2,86
Stubble Stubble 1.09 1.66
Roots 0.34 0.47
Natrophobes
Shoots 2,07 2.50
Roots Stubble 1.09 1.53
Roots 0.57 0.78

* All high potassium values are significantly (P=0.,001) different
from the low treatment.

Table 363 Distribution of potassium in natrophiles and natrophobes.

The effect of extra potassium on total plent ylelds over the
90 day growth period was minimel, in fact, in most species there was
only a slight increase in dry matter production as indicated by the
following pooled meansy low potassium 25,0 grems dry matter per pot
(5.E. <0.45), high potassium 26,8 grams dry matter per pot (S.E.

+0.48). The pooled means were calculated from the results of all the

individual species.

Iranspiration Rates

Additional potessium significantly reduced the transpiration rate

in both natrophiles and natrophobes (Table 37).
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Transpiration Rate *
(ml Hzn/bram dry weight/day/pot)

Plant Type Low K High K
Natrophiles 1448 1334

Natrophobes 731 701

* All values are aignificantly different from sech other
(P=0.001).

Table 373 Effect of potassium on transpiration rates in natrophiles

and natrophobes.,

A discussion concerning the pronounced differences in transe
piration rates between natrophiles and natrophobes is given in

Chapter 2.

DISCUSSION

The most notsble feature recorded in this experiment wes the
significent relationship between sodium and nitrogen in both natroe
philes and natrophobes. Furthermore, an increase in the level of
potassium above thet normelly associated with satisfactory growth
resulted in a reduction, not only of the concentration of sodium in
the aerial parte of plants but also in the nitrogen content,

In his book "Soil Conditions end Plant Growth", Ruseell (1973),
when discussing the functions of potassium with respect to nitrogen,
makes the following statements "Thus potsssium acts as a corrsctive
to the harmful effects of nitrogen, covnse™e It may be deduced from
the above statement, in light of the results pressnted in this

experiment, that this neorrective effsct” of potassium is brought about

by a reduction in the overall sodium and nitrogen levels within the plant.
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Furthermore, in relation to tho-ansumption that succulence in plants
is related to the levels of nitrogen and sodium (see Chapter 3
Experiment 1), Goodall et al. (1957) reported that potessium deficient
lettuce plants were more succulent than plants with adequate amounts
of potassium. In addition, tropical grasses, which have much lowser
eo“ium and nitrogen contents than their temperate counterparts (see
Chapter 2) contain less water within their tissuse (Bailey, 1973).

A further feature of this experiment was the observed reduction
in the transpiration rate dues to an increasa in applied potassium.
It is relevant toc note that the addition of sodium chloride to cotton
plante (Gossypium hireusum) resulted in an increase in ths rate of
transpiration (Boyer 1965). Moresovsr, in soms plants such as
Commelina communis, sodium is reported to be more effective in keeping
the stomata of the lsaves ocpen than corresponding amounts of potassium
(willmer and Mansfisld, 1970)., ' It is also known that with en increase
in the rate of transpiration there is a decrsase on the part of the
root to exert a selsctive effect on the ratio of potassium to sodium
reaching the shoot (Pitmen, 1965, 19663 Jennings, 1967). In other
words, as the rate of transpiration increases the ratio of potassium
to sodium reaching the shoot changee in favour of sodium. This would
explain the decrease in sodium content in aerial tissue and the
corresponding accumulation of this element in the root systems ocbserved
in most of the plants receiving additional potassium.

However, in the natrophobes in which the main sits of sodium
accumulation is in the root, additional potassium not only decrsesed
sodium in the asrial tiesues but also caused a reduction of sodium in

the roots. This overall decrease could be due to the operation of o

potassium stimulated sodium efflux pump in the root tissue as suggested

by Pitman and Saddler (1967) end confirmed by Jeschke (1972).
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EXPERIMENT 3s EFFECY OF HIGH SUBSTRATE SODIUM

Although sodium is not normally translocated into the leaf tissue
of natrophobes in any quantity, it appesrs that under conditions of
high sxternsl concentrations of sodium the main sites of accumulation
become saturated such that sodium slowly accumulatse in the lsaf
tissue (sse Literature Review).

In order to investigate this phenomenon further, a detsiled
examination was made into the effects of high concentrations of sodium
in the root zone on the yield and chemical composition of three plant

species.

EXPERIMENTAL TECHNIQUE

The basic glasshouse pot technique employed in this study ie

described in Chapter 2,

(a) Growth Medium and Yest Plents

Plants were grown in 15 centimetre plastic pots containing one
kilogram of acid (hydrochloric) washed river send. The particle size

of the sand was between 0.2=-0,7 millimetres,

The three plant species investigated are listed below according

to the main sites of sodium accumulation.

Main eite of sodium

accumulation Plant spscies*

Leaf "Grasslands Ariki" ryegrass
Stubble Timothy

Root "weirau® lucerne

* Botanical names are given in Table 16.



(b) Design and Ireatments

Five levels of sodium were imposed on the three test plants.
The pots were arranged in six randomised blocks per plant

species on benches within a temperature controlled glasshouse (15 oC

min- 25 °C max).

(c) Nutrient Solutions and Moisture Stress
The composition of the dilute complete ma jor element solution

added to the test plants is given in Table 33,

Millisquivalents/litre

Sodium level N P S K HWMg Ca Na Cl
1 18.3 1.8 1.4 2,6 1,1 2.4 0.9 0.9
2 " " " " " " 3.6 3.6
3 " " " " " " 642 6.2
4 " " " " " " 9.0 9.0
5 " " " " " n 11¢6 11,6

Table 383 Composition of the dilute major element solution used in

the sodium sand experiment.

Details of the preperation of the dilute complete nutrient
solution from separate concentrated stock solutions for major and
minor elements are given in Chapter 2.

Nutrients were supplied three times a week, and the moisture

level in sach pot maintained at 75 percent of field capacity,
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(d) Measyremants
The cutting interval and methode for harvesting and chemically

analysing the plante are described in detail in Chapter 2.

RESULTS

Details of the effects of high sodium concentration in the root
zone on the accumulation of this ion in various tissues from the test
plants are presented in Teble 39,

Re expected, sodium readily accumulated in the aesrial parts of
the natrophilic perennial ryegrass at all levels, However, no sub=
stantial accumulation of eodium occurred in the roots of this plant
at any lavel. Although sodium incrsased in the shoots of beth netro=
phobes at the higher levels of sodium, it was not until after the
second cut that any appreciable quantities of sodium were translocated
into the leaves. This slow initisal movement intc the shoots at these
high levels suggests that there is a progressive saturetion of the
main accumulation sites. Once these sites reached a certain lsvel,
sodium readily moved into the lsaves. This is clearly recorded in
the third and fourth cuts. However, the degree of saturation at the
end of the experiment was such that it was still poseible to diatinguish
the main sites of accumulation even at the highest level of sodium
chloride. it ie also important to point out that in order to produce
a comparable sodium concentration in the shoots of lucerne and timothy
(refer to the mean of four cuts) to that found in the natrophilic
rysgrass for the lowest sodium treatment, it was necessary to spply a

nutrient solution containing approximately ten times the concentration

of sodiume.



Shoots

Sodium ( Percen\ oArey ma\'\er)
Perenniel Rysgrass

90

Shoot
Treatment Cut 1 2 3 4 Vean Stubble Roots
0.9 * 0.30 0.15 0,20 0.23 0.22 0.25 0.07
3.6 0.44 0.33 0.43 0.45 0.41 0.41 0.07
SeAium
londde 6.2 0.63 0.54 0.79 0,67 0.66 0.54 0.08
9.0 0.76 0.80 1,08 1.13 0.94 0,62 0.08
11.6 0.98 1.20 1.74 1.82 1,44 0.64 0.07
Standard srror :0.03 :0.03 :0.01
Timothy
0.9 0.04 0.04 0,07 0,03 0.05 0.10 0.12
3.6 0.04 0.05 0.07 0,09 0.06 0.28 0.17
Scdium 6e2 0,05 0.09 0,28 0.27 0.17 0.56 0.24
chloride
9.0 0.07 0.18 0.46 0,48 0.30 0.80 0.27
11.6 0.09 0.21 0.54 0.91 0.44 0.84 0.26
Standard error :0.01 :D.DS :0.03
Lucerne
0.9 0.01 0.03 0.00 0,01 0.01 0.06 0,09
3.6 0.04 0.06 0,05 0.09 0.06 0.29 0.34
Sodium 662 0.07 0.12 0.12 0.20 0.13 0.61 0.63
chloride . 4 0.15 0.23 0.30 0.50 0.30 0.80  1.11
11.6 0.18 0.27 0.49 0,50 0.46 0,97 1.37
+ +
standard error Z0.04 «-0,02 =0.02

# Millisguivalents per litre in dilute nutrient solution added to plants.

Table 393

Effects of increasing sodium chloride in the root zone on the

accumulation of sodium in various tissuss of three different test plants.



Perennial Ryegrass
(grams dry matter/pot)

Treatment Shoote™ Stubble Roots
0.9* 9,65 2,22 4,28
3.6 9,74 2.26 5¢52
Sodium
chlopide 642 9,91 2,24 4,20
9,0 9,57 2,08 4,92
11.6 B8.42 1.58 3.43
Standard error :0.61 :0.23 :0.76
Timothy
0.9 10,32 1.64 4,14
3.6 10.11 143 4,44
Sodium
chloride 662 9,67 1.26 3.59
9.0 8,43 0.81 2,62
11.6 4,96 0.58 1.20
Standard error 20,45 20.15 Zo0.54
Lucerne
0.9 8,85 227 4,59
3.6 8,92 2.53 4,73
Sodium .02 2.35 4,66
chloride 6.2 9.0
9.0 8,24 24,23 4,05
11.6 5.92 1+41 2427
+ +
Standard error 20,77 «0,19 0,32

* Yotal for four cuts

* Milliequivalents per litre in dilute nutrient solution added
to plents.

Table 40% Effects of incresesing sodium chleride in the root zone

on dry matter yields of perennial ryegrass, timothy, and lucerns.



Perennial flysgrass

Treatment percent N percent K psrcent N percent K percent N percent K

0.9% 4.11 2,06 2.16 1.71 1.20 0.20
3.6 4,12 1.64 1.97 0.68 0.91 0.16

Sodium
chloride 6.2 4.16 1.28 2,27 0.54 1.06 0.18
9.0 4.21 0.87 2,43 0.40 1.11 0.13
11.6 4,33 0.49 2.79 0.30 1.10 0.08
Standard error 20.14 20.05 *p.15 20.11 20.18 10.02

Timothy
0.9 4.14 2.18 2.00 1426 0.73 0.20
Sodium 3.6 4.16 1.80 1.84 1.01 1.01 0.15
chloride 6.2 4,42 1.40 2,01 0.68 1.06 0.14
9.0 4,73 1.07 2.74 0.51 1.32 0.14
11.6 5.08 0.77 3.15 0.45 1.37 8.11
Standard error 20.14 20.07 20.16 Zo.08 g.14 3p.03
Lucaerne

0.9 3.54 2.56 1.57 2,28 2.35 1.17
Sodium 3.6 3.67 2.28 1.90 1463 2.07 0.77
chlorida 5.2 3087 1.94 1.96 1.37 2044 0. 52
9.0 4.13 1.53 1.95 0.76 2,43 0.31
11.6 4.44 1.13 2.63 0.36 2.13 0.20
Standard error 2o.11 Zo.08 20.16 20.08 0.14 2o.06

* Milliequivalents per litre in dilute nutrient solution added to plants.

Table 41¢ Influence of sodium chloride on the concentration of nitrogen and potassium in peremnial ryegrass,
timothy and lucerne.

26
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Ory matter yields for both ryegrass and lucerne were only
adversely affected by the highest sodium treatment. On the other
hand, for timothy, which appears to be less tolerant of high levels
of sodium chloride, yields decreassed progressively at ell cute as the
concentration of this selt increased in the nutrient solution
(Table 40).

The pronounced effects of sodium on nitrogen and potasaium
composition of the test plants ars clearly shown in Table 41, The
shoot values presented in this table are the means of four cuts.
tiithout exception, sodium chloride increased the nitrogen concentratiocn
in the shoots at all levels, Potassium, on the other hand, was
severely depressed in all tissuss as a result of increased sodium.
Although not shown, there were no significant effects on the other

nutrisnt slements.

DISCUSSION

The results confirm sarlisr observatione of Huffaker and Wallace
(1959a3 1959b) and Jacoby (19643 1965) that in order to increase
substantially the translocation of sodium into leaf tissue of natro=
phobes, very high concentrations of this element are required in the
root zone.

Because of the location of the main eccumulation sites and the
lower rate of uptake recorded for natrophobes (see Chapter 2), con-
siderable differences still existed betwesn natrophiles and natro=
phobes in the level of sodium in the shoots sven at high external
concentrations.

Although sodium severely depressed the uptake of potassium such
that the concentrations in the shoots were well below the level con=

eidered by McNeught (1970) to be required for satisfactory growth in
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all but thes lowest sodium treatment, dry matter yields for both rysgrass
and lucerns were not adversely affected until the concentrations in thg
nutrient solutions ware very high. Therefore, it must be concludsd
that sodium was maintaining plant growth by substituting for potassium
in a number of metabolic processes. However, once the level of
potassium fell below an absolute minimum, which varied according to
plant species, plant yields were affected, This beneficial effect of
sodium on plants growing under conditions of marginal potaesium
dJeficiency has been recorded in numercus experiments (see Litsraturs
Raview).

Timothy, on the other hand, belongs to the group of plants in
which the addition of sodium under conditions of potassium deficisncy
has no beneficisl effect.

One possible cause of the detrimental effect of sodium on yielde
of salt sensitive plants, apart from that due to the depression of
potassium uptake, is that observed by Marschner and mix (1973). They
found that if leavee of the natrophobic bean plant (Phassolus vuylgsris)
were exposed to high concentrations of sodium for any length of time,
pronounced swellings occurred in the fins structure of the chloroplasts.
Moreover, thers was a strong efflux of potassium from these leaves.
However, it is unlikely that a similar effect could have contributed
to any axtant to the decline in the yields of the two natrophobes in
this experiment. In both plants the concentration of sodium in the
leaves did not increase to any high level until after the second cut,
by which time the yields were noticeably depressad. In fact for
timothy, yields had declined even at the lower sodium treatments.

Considering the significant reletionship between sodium and
nitrogen, it is more likely that the decline in plant yislds et high
concentrations of sodium is related to some aspect of nitrogen metabo=

lism.



95

The most significant biochemicel change which takes place in
plants growing under conditions of high sodium in relation to nitrogen
metabolism, is the accumulation of intermediariss of protein synthesis,
in particular amino acids (Strongonov, 19623 Plusenneke and Joham,
1972), A similar accumulation of emino compounds tekes place under
conditions of water stress (Barnett and Naylor, 1966); a condition,
incidentally, which alsoc significantly increases the sodium concentrate
ion within the plent (see Chapter 3s Experiment 1).

As both potassium and magnesium ions are essential fo; the
incorporation of amino acids into proteins (Lubin 19633 Lubin and
Ennis, 19643 Evans and Sorger, 19663 Boulter, 1970y UWilson, 1971)
it is therefore not unexpected to find these non protein compounds, in
particular the diamine putrescine, accumulating 1n}ths shoot tissue of
plants suffering from such deficiencises (Richards and Coleman, 19523
Murty, et al., 19713 Basso and Smith, 1974), Moreover, where sodium
has been substituted for potassium in enzyme studies, the rate of amino
acid incorporation into protein is markedly reduced (Lubin and Ennis,
19643 Ben=Zioni gt al., 19673 Kahane and Pol jekof feMayber, 1968).

Considering the specific requirements of potessium, it is not
surprising that small additions of this slement to high sodium plante
enhances the incorporation of labelled soluble amino compounds into
protein, thersby reducing the free amino pool (Helal et al., 1975).

gecause the concentration of magnesium in plants ia either not
affected by sodium, as recorded in this experiment, or can in fact be
(vhitehead and Jones, 1972), this ion is not considered to

snhanced

play any significant part in the accumulation of amino compounde under

conditione of high external sodium,



Therefore, the detrimental effect of sodium on plant growth at
high concentrations is not a direct effect, but rather the result of
an exceasive accumulation of intermediaries of protein synthaeeis

caused by an induced potassium deficiency.

96
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CHAPTER 4

THE ROLE OF SODIUM IN NITROGEN METABOLISM, ESPECIALLY

IN RELATION TO NITRATE REDUCTION

INTRODUCTION

In discussing the functions and requirements of sodium in plants
(sees Review of Literature) e number of refersnces suggest that sodium
may be implicated in certain aespects of nitrogen metabolism (Kessler
end Snir, 19693 Chatterton sf al., 19713 Pluenneke and Joham, 1972
Largdale gt al., 19733 Helel gt al., 1975). In the experiments
concernsd where various fractions of total nitrogen had been measured,
reduced forms of.nitrogen wers found to be promoted by incrsases in
the concentration of applied sodium. Moreover, Sankhla and Huber
(1975) have observed that sodium chloride markedly stimulated ths
in vivo sctivity of nitrate reductase in leaves of Phaseolus aconiti-
folius seedlings. A similer observation was mede by Marquez and Brodie

(1973) using an extreme halophilic bacterium Halobacterium salinorium.

They found that no nitrate reductase activity occurred in the absence

of sodium chloride.

In general, plants can be broadly grouped into those in which
the root is the major site whers incoming nitrate is reduced and
those where the reduction process is mainly confined to leaf tissue
(vellace and Pate, 1967). However, bstwsen thass two extremes there

is a wide spesctrum of plants which show varying degrees in their

ability to reduce nitrate within their roote and shoots (Bollard,

19573 19603 Pete, 1973). In fact it is significant that of the

ma jor cations present in the plant, sodium is the only slement which

preferentially accumulates in different sites throughout the plant
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according to plant speciss.
Therefors, to investigate the posaibility of a link betwsen
sodium and nitrate reduction within the plant, the following three

experiments were undertakens-

Experiment 1) Distribution of nitrate reductase activity in s
selection of natrophilic and natrophobic plants.

Experiment 2) Influence of sodium chloride on nitrate reductase
activity in perennial ryegrass and timothy.

Experiment 3) The effects of sodium and potassium on the

induction of nitrate reductase activity in a selection of natrophiles

and natrophobss.

(1) EXPERIMENTAL TECHNIGUE

Although the basic experimental procedurss are described in

Chaptsr 2, the additional techniques employed in the threes sxperiments

are as followss=

(1) EXPERIMENT 1

(a) Growth Medium and Jes lants
The growth medium was the same as that described in Chapter 33

Experiment 3.

The ten test plante investigated are listed in Table 42 according

to ths main sites of sodium accumulation.
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Natrophiles* Natrophobesg*
Leaves Stubble Roots
'Ariki' ryegrass Alsike clover Lucerns
Chou moellier Timothy Maize
Cocksfoot Rape Sudax

'Huis' white clover

* Botanical names for the above plants are given
in Table 16.

Table 423 Plants used to investigate the distribution of nitrate

reductase activity in natrophiles and natrophobes.

(b) Design

Thres pote of sach test plant were arranged in randomised blocks

on benches within a temperature controlled glasshouse (15 °c mine 25 °c
max)e

(c) MNutrient Solution snd Moisture Level

The composition of the dilute major element solution used for all

plants is given in Table 43.

N . P -] K Ne Mg Ca Cl
1.4 2.6 0.9 1.1 2.4 0.9

Milliequivalents/litre 18.3 1.8

Table 433 Composition of dilute major element nutrient golution

applied to the test plants in all sand experiments.

Details of the preparation of the dilute nutrient solution from
eta

te concentrated stock solutions for ma jor and minor elements,
separa

te of trient addition, and moisture level mainteined in each pot,
rate of nu
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are given in Chapter 2.

(d) Harvesting

The plante were harvested 21 days after seed germination and
dissected into shoot, stubble, and root tissue according to the
description given in Chaptsr 2, A further explanation of the

standardisation of assay samples is given in the results.

(e) Determination of Nitrate Redyctase Activity
A modification of the intact tissue assay method of Jaworski
(1971) was used. Because of the diurnal activity of this enzyme, as

indicated by Thibodesu and Jaworski (1975), all tissuse were sampled

at 11 am.

Approximately two grams of finely chopped fresh plant tissus was
prepared from each replicate. The finely chopped material was
thoroughly mixed and two 500 milligram wet weight sub-samples were taken.
Each sub=sample was placed in a 25 millilitre screw cap vial containing

five millilitres of the following potassium incubation mediumi=

Potassium Incubation Madium

0.1 M potassium phosphate buffer pH 7.5
0.1 M potassium nitrate

5% nepropanol

é drope chloremphenicol (0.5 pg/ml) as

an antiseptic

The vials were sssled and kept in the dark at 28 °¢ for two hours.

Nitrite releesed into the medium after the two hour incubation period

was determined by treating two millilitre aliquots with five milli-

litres of the following solutions-
0.001% N—1-napthylethenediamine dehydrochloride

0.06% gulfenilamide in 0.2 N HC1
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The reaction mixture was diluted if necessary and ite opticsl

density measured at 540 nm after 20 minutes.

8lank incubations minus tissue were run identically,

(f) Expression of Results
Nitrete reductase activity is expressed in ymoles ND2 per gram

fresh weight per hour.

(11) EXPERIMENT 2

The plant material assayed for enzymatic activity in this experie
ment was derived from the two test plants ryegrass and timothy used in
Chapter 33 Experiment 3. Except for a description of the time of
harvest and the determination of nitxate, all experimental procedures

including a description of the assay samples are given elsewhere.

(a) Harvesting
frash tissue was dissectad from the test plants at the time of the

fourth cut and immediately assayed for enzymatic activity.

(b) Determination of Nitrats Nitrogen

Nitraste content was determined in shoots (tissus from the fourth

cut), stubbles and roots, according to a modification of the automated

method described by Kampheke et al. (1967).

(111) EXPERIMENT 3

Except for the sodium assay medium, ell experimental details and

plants used to assay for enzymatic activity are described in Expsriment

1 of this Chaptser.



102
(a) Sodium Incubation Medium
0.1 M sodium phosphate buffer pH 7.5
0.1 M sodium nitrate
S%X nepropanol

2 drops chloremphenicol (0.5 pg/ml) as an antiseptic.

(2) RESULTS

In order to standardise on the selection of samples for assay,
a preliminary expsriment wes undesrteken. In this experimant nitrate
reductase activity end corresponding molybdenum concentrations were
measured in various segments of leaf, stubble, and root tissuse. The
segments were selected from young maize plants harvested 29 days after

sead germination, Details of the dissected segments are as followss-

Basic tissue Sagment Comments
tip 0-5 centimetre segment from lsaf tip
Leaf base remaining leaf tissus
whole completé tissue
upper 0-5 centimetrs segment immediately
below leaf
Stubble lower remaining stubble tissue
whole complete tissus
apical zone 0-5 centimetre root tip ssgment
Roots mature zone remaining root tissue
whole | complete tissue

The results from this investigation, displayed in Table 44, demone
strate the considerable differences in nitrate raductase activity
according to the basic type of tissue sslected and also according to the

position from within these tissues that the assay samples were taken,
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In addition, the concentration of molybdenum is to a large extent s

measure of the degree of activity of this enzyme in the various tissue

segments,
Nitrate reductase activity Molybden
Tissue Segment* (umolee NOz/b fresh wt/hr) p;m i
tip 2.18%0.16 0.21
Leaf base 1.9630.18 0.25
whole 1.9820.13 0,34
upper 1.0940.18 0.17
Stubble lower 0.8450.11 0.20
whole 0.880.02 0.12
apical 2.3420.10 0.44
Root mature 0.8420.11 D.32
whole 0.7920,08 0.39

+

* see text for explanation stand error 10.05

Jable 443 ODistribution of nitrate reductase activity and molybdenum

concentration in various tissue segments from young maeize plants.

Because the veriation in nitrate reductass activity was relatively
small within the various segments of tissue teken from leaves and
stubble, no prefersential selection of assay samples waes considered
necessary for these two tissues. Therefore, for the following investe
igations, enzyme activity was measured using the lsaf and stubble tissue
dissscted according to the description given in Chspter 2, On the
other hand, becsuss the meseured level of nitrate reductase activity in
the root was critically depsndent on the position from which the assay

sample was taken, it was decided to_etandardise on the segment of tissue
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with the highest snzyme activity for all subseguent experimente. In
addition to being the asrea of highest nitrate reductass activity the
spical region of the root is also one of the major zones of ion upteks
(Loneragen, 1973) as well as being an ares of high metebolic activity
(Machlis, 1944). Therefors, it was concluded thst any metabolic
changes occurring in the plant which could affect nitrate reductase
activity would tend to be reflected more readily in the root tip than
in the remaining root tissue,

Results from the individuel expsriments outlined in the introduction

to this chepter are pressnted ssparately as followai~

(1) EXPERIPENT 1

Distribution of nitrate reductess ectivity in a selection of natroe

philic and natrophobic plants.

Resylte
Detailed results of the distribution of nitrate reductase sctivity
in a sslection of natrophilic end natrophobic planta are given in

Table 39. The results ars arrsnged in the tsble sccording to the main

esites of sodium accumulation.

Although thers were considerable differences in the degree of

enzymatic activity bestween plant specles, the results in Teble 45
indicats that within the individual plants, nitrate reductase sctivity

was most pronounced in the asites whers there is & preferantial accumu-

lation of sodium. As a definite sxample, & MOT® doteilad examination

of data for meize roots (Tsble 44) showed that the concentration of

sodium end nitrste reductase ectivity were both highest in the root

spex (Tsble 46).



Nitrate Reductase . ctivity
(Wmoles NOz/b fresh wt/hr)

Plant Species Shoot Stubble Root
Leaf* Netrophiles

Chou moellier 15.69=0,40  10.03%0.77 10.84-0.75
white clover 5.4320.14 4.5120.54 1.14%0.49
Cocksfoot 3.530.15 1.73%0.30 1.5120.11
Perennial ryegrass 2.9120,17 1.48%0.16 0.8720.02
Stubble* Natrophobes

+ + +

Rape 8.86=0.54  10.08%0.11 9,75%0.63
Alsike clover 5. 1620.81 4.78%0.62 0.510.16
Timothy 2.08<0.11 2.64%0.30 1.68%0, 41
Root* Natrophobes

Maize 1.9820,13 0.88%0.11 2.3420.10
Lucerne 1.25%0.11 7.2130.13 B,56%0.22
Sudax 1.1240.05 0.600.05 1.4220.10

* Refers to the main site of sodium accumulation within the plant -

(ese Chapter 2).

Jabls 453

of natrophiles and natrophobss.

Dietribution of nitrate reductese activity in a selection

Sodium

Nitrate reductase activity*

Root Segment (+moles NDz/b fresh wt/hr) (percent dry matter)
+ +

Apical zone 2,34=0.10 0.31=0.02

Mature zone 0.84=0,11 0.18%0.01

Whole root 0.7920,08 0.22%0.02

% Taeken from Table 44.

Table 463 Veriation in nitrate reductass activity and corresponding

sodium concentrations in maize root segmente.
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Of the individual plant species studied, the two brassicas
(chou mosllier and rapes), which are both temperate plants, were
found to have by far the highest enzymatic activity; by contrast
the lowsst enzymatic activities were measursd in the two tropical

plants, maize and sudax.

(11) EXPERIMENT 2
Influence of sodium chloride on nitrate reductase activity in

perennial ryegrass and timothy.

Besults

The pronounced effects of increasing concentrations of sodium
chloride on nitrate reductass activity in verious tissues of psrennial
ryegrass and timothy are displayed in Table 47.

Sodium chloride markedly increessed nitrate reductase activity in
both test plants, particularly in the tissues where sodium eccumulated.
In natrophilic ryegrass these changes were largely confined to the
shoot tissus with only small differences occurring in the stubble and
roots. Although changes in nitrate reductase ectivity were very
marked in the stubble of timothy, it was aleo prominent in ths shoot

tissus at the higher concentrations of sodium.



Treatment

Nitrate Reductase Activity
(«moles Nﬂz/b fresh wt/hr)

Persnnial Ryegrass

Shoot Stubble Root
0.9* 2.1050,05 1.60%0.07 0.76%0.06
3.6 2.48%0.07 2.14%0.17 0.56%0.02
Saodium
chloride ©6°2 2,9320.21 1.98%0.03 0.6420.06
9.0 3.4840.29 2.0930,20 0.84%0.06
11.6 4.3620.08 1.8620.05 0.8020.06
Jimothy
0.9 1.29%0.15 1.68%0.09 1.13%0.16
3.6 2.30%0.08 2.6450.54 1.85%0.25
Sodium 6e2 2.4920.05 2.84%0.18 1.32¥0.23
chloride
9.0 2.7140.60 3.1720.20 1.0740.14
11.6 6. 2620.23 6.0720.26 1.03%0.02

# Mmilliequivalents per litre in dilute nutrient solution

epplied to plants

Table 47s

in various tissues of perennial ryegrass and timothy.
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Influence of sodium chloride on nitrate reductase activity



Nitrate Nitrogen

Pes 1l rye
Leaf Stubble Roots
NO, percent of NOg percent of NO, percent of
Treatment (ppm) total leaf N (ppm)  total stubble N (ppm) total root N
0.9 500 1.24 407 1.89 113 0.94
Chlﬂrid' 5.2 600 1.‘2 Sm 2.20 88 0083
9,0 875 2,02 763 3.14 83 0.75
11.6 1000 2,18 691 2.48 93 0.85
+ + +
Stendard error «89 - =60 - «10 -
Jimothy
Treatment
0.9% 875 2.10 813 4,07 75 1.03
3.6 890 2,10 763 4,15 63 0.62
:;’:‘:; 4 62 975 2.23 1000 4,98 138 1.30
9.0 1025 2.15 1435 S5.24 425 3.22
11.6 1425 2,60 2683 8.52 517 3.77
Standard error 2116 - 2120 - 24 -

* Milliequivalents per litre in dilute nutrient solution applied to plants.

Yable 483 Influence of sodium chloride on nitrate concentretions in various tissues
of psrennial ryegrass and timothy.

aotL
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Nitrate nitrogen was also influenced by sodium chlorids. Although
the actual concentration of nitrate increassed within most tissuss of
both plents with increasing sodium, these chenges wers very small when
compared to the overell incrseses in total nitrogen.{Table 48).
Another important point concerning nitrate nitrogen is in relation to
the accumuletion of this compound in various sites within the test
plants. In ryegrass the highest nitrate concentrations wers measured
in the leaf tissus, whersas in timothy nitrate tendsd to accumulate in
the stubble (ses Table 48). PFMorsover, in conjunction with the ebrupt
increase in the concentration of sodium in the aerial parts of both
plants at the higher concentrations of applied sodium chloride there
were alsoc sharp increasses in both thas concentration of nitrate and
nitrate reductsss activity within these sitss. (A summary of the
above effects ars given in Table 49a for psrennial ryegrsss and for

timothy in Table 49b.)
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P a ras
Shoots
Nitrate'
reductase Nitrate Sodium
Treatment activity (ppm) (percent dry matter)
0.9% 2.10 500 0.23
3.6 2.48 475 0.45
Sodium
chloride 6.2 2.93 600 0.67
9.0 3.48 875 1.13
11.6 4,36 1000 1.82
Stubble
0.9% 1.60 A07 0.25
3.6 2.14 382 0.41
Sodium
chloride 6.2 1.98 500 0.54
S.0 2.09 763 0.62
11.6 1.86 691 0.64
foots
0.9% 0.76 113 0.07
3.6 0.56 125 0.07
Sodium .64 as 0.08
chloride 6.2 °
9.0 0‘84 83 n.m

+ pmoles Noz/bran fresh waight/hour
* milliequivalents per litre in dilute nutrient solution applied
to plants

Jable 49as Summary of the influence of sodium chloride on nitrate

reductase ectivity, nitrate content, and sodium concentration in

persnnial rysgrass.
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Jimothy
Shoots
Nitrato+
reductass Nitrats Sodium
Trestment asctivity (ppm) (percent dry matter)
0.9* 1.29 878 0.03
3.6 2.30 890 8.09
Sodium
chloride 6.2 2.49 978 0.27
9.0 2.71 1025 0.48
11.6 6.26 1425 0.91
Stubble
0.9% 1.68 813 0.10
Sodi 3.6 2,64 763 0.26
dium
chloride 6.2 2.81 4000 0.56
9.0 3.17 1435 0.80
11.6 6.07 2683 0.84
Roogs
0.9% 1.13 75 8.12
3.6 1.85 63 8.17
Sodium . 138 0.24
chloride °°2 1.32 '
9.0 1.07 425 0.27
11.6 1.03 517 0.26

+ s moles Noz/htan fresh weight/hour
» millisquivelents per litre in dilute nutrisnt solution applied
to plants
Jable 49bt  Summsry of the influence of sodium chloride on nitrate

reductase ectivity, nitrate content, and sodium concentration in

timothy.
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(111) EXPERIMENT 3
The effects of sodium and potassium on the induction of nitrats

reductase activity in a selection of natrophiles and natrophobes.

Results

The rssults, which ars pooled means of the individual plant
species pressnted in Table 50, indicats that the potassium based
incubation medium induced slightly higher nitrate reductass sctivity
in all aessay samples. However, the variation in enzymatic activity
(ss indicated by the standard srror) waes in general lower for the

sodium based medium than that associated with the potassium medium.

Nitrate Reductase Activity
(vmoles NDz/b fresh wt/hr)

Shoots Stubble Roo
Fedium Medium Madium
Plant type K Na K Na K Na
Leaf natrophile 6.89 5.80 4.44 3.70 3.59 2.77
Standard error 30.22 2p.22 ¥5.44 20,29 dp.32 Zo.18
Stubbls n.tmphﬂb. 5.37 4.‘3 5083 5,44 ‘008 30&
Steandard error :0.49 :'0032 10034 :0.23 :0.40 :0029
Standard error Z0.10 Zo.08 0.22 2p.10 ¥5.14  20.17

JIsble 50s Influence of potassium and sodium incubation media on the

induction of nitrate reductass sctivity in a sslection of natrophiles

and natrophobes.
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R possible cause of the slight difference betwsen the tuwo
incubation media mey have been related to the somewhat higher cone
ductivity of the potassium medium as opposed to that measured for
sodium. The conductivitiss of the two solutions were 25.9 x 10°°
mhos end 20.5 x 107 mhos respectively. However, when the conduo=
tivity of the sodium medium was adjusted with either sodium ehloride
or sodium sulphsts to the level measured in the potassium medium, ths
level of nitrats reductase activity (inducad in 21 day old perennial
ryegrass leaves) was still below that measured in the potassium medium.
Thers was however, a slight incrsase in enzymatic activity with the

additions]l sodium salts (Table 51).

conductivity Nitrate reductase sctivity

Incubation medium (at 25 °c) (smoles 802/9 frash wt/hr)
potassium 25.9 x 10~ mhos 3.2630.17
sodium 20.5 x 10.3 mhos 2.31"-"'0.09
sodium + 25.7 x 10~ mhos 2.61%0.07

sodium + 25.9 x 10> mhos 2.6730.12

Isbls Sis The effect of increasing the conductivity of the sodium

incubetion medium on nitrats reductase activity in young Ariki

ryegrass leaves.
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(3) oiscussion

It is clearly evident from the above results that sodium is in
soms way associated with the reduction of nitrats within the plant.
Moreover, it is significent, in light of the wall documentsd obserw
vation that plants have differsnt abilities to reduce nitrate within
their shoots and roots (eg. Wilson, 1943; Bollard, 19575 19603
Wright and Davison, 19643 Miflin, 19673 uWellace and Pate, 19673
Besvers and Hegeman, 19693 uWeissman, 1972; Pats, 1973), that both
high nitrate nitrogen and nitrate rsductass activity should occur in
tissues where sodium accumulatss. In other wordse, it is s featurs
of natrophilic plants that the reduction of nitrate occurs mainly
within their asrisal tissues with only small smounts of nitrate being
reduced within their roots; wherses in natrophobic plants reduction
occurs mainly within the root and stsm tissuss. But once the accumu=
lation sites within the roots or stems of natrophabes have besn
saturated, both sodium and nitrate nitrogsn greatly incresse in the
asrial tissuss along with a marksd stimulation of nitrate reductass
activity. In view of the fact that nitrats reductass is induced by
nitrate (sse review by Besvers and Hagemen, 1969) it is not surprising
to find that e high nitrate content within plants coincides with a
corresponding high nitrate reductass activity.

Although the addition of sodium chloride to both natrophiles and
natrophobes resulted in the stimulation of nitrate reductase activity
and incressed the level of nitrate, the level of nitrate nitrogen
aluays remained a small, rslatively constant fraction of ths total
nitrogen content within these plants.

In order to maintain chemical neutrality within the plant during
reduction of nitrate to sn amminical form, it has been suggested (eg.

Burstrom, 19453 D4 jkshoorn, 1958) that thers is a simultansous
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production of organic snions at the time of reduction. Such a cone
tention is supported by cbssrvations that plants have higher carboxy-
lats contents when growing in media in which the concentration of
nitrats ions has been incressed (Dijkshoorn, 19623 Kirkby and Fengel,
19673 04 jkshoorn ot al., 19685 van Tuil, 1970). As a consequsnce of
such a hypothesis, it would be expscted that ths site at which nitrate
is reduced would not only influence the trsnslocstion of cetions but
also the accumulation of organic acids. In other words, nitrats must
bs transloceted to thes site of reduction with sn sccompanying inorganic
cation and on reduction of nitrate the charge on the accompenying ion
would pass dirsctly to en organic anion. Therefore, the leaves cof
natrophiles would be sxpscted to have higher concentratione of both
cations and orgenic acids than corresponding natrophobic plants if
nitrats was predominently rsducsd in the zoots of the latter. In
fact, dsta by Piesrce snd Appleman (1943), Kirkby (1969) and Coic (1971)
presentsd in Table 52, snd slsc the notable differsnces in cation
composition bstwesen natrophiles end natrophobes recorded in the preced-
ing chapters of this study, would support the cbserved differences in
location of nitrate reductase activity between these tuwo different
types of plant.

The sbove cobservations would suggest that in contributing, with
potassium, calcium, and magnesium, to the maintsnance of cstion-enion
balance within the plant, sodium tends to be associsted with nitrate.

Although it has been reported (Yottingham et al., 1934) that
nitrate is taken up mors readily from nutrient solutions prepared
with potassium nitrate than those preparsd with calcium or sodium
nitrate, thereby lending support to ths theory that potassium is the

preferentisl carrier of nitrate within the plant (Di jkshoorn, 1969

Lips gt al., 1971), field svidence and experimental cbssrvations from
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Leaf tissys
Total organic nitrogen
Plent acids potassium sodium socurce
Natrophiles
Best” 428 152 - NO,
Spinecht 380 187 - "
Tomato' 270 82 - "
Tomato™ 242 58 19 »
Tomato® 26 11 - "
Natrophobas
Alfalfe’ 186 93 - NO,
wheat’ 122 173 - "
Blus grass’ 109 142 - "
Rye™ 78 86 1 "
Maize® 12 13 - "

* Data from Pierce snd fppleman (1943)
* o, » Kirkby (1969)

® w " coie (1971)
All velues ere given in milliequivelents per 100 g of dry matter.

JIsble 523 Varistion in total organic acids, potsesium, and sodium

in leaves of natrophiles snd natrophcbes.

this investigation do not support such a finding. For exsmple, in

the field Lowry gt al. (1936) found that adding potassium decreassd the
nitrates content of xylem sep exuded by corn plants. A similar effect
has bssn recorded in bluse panic grass where potassium had no effect on

nitrate content (uright at al., 1960). In addition, the results of
Sorensen (1960) clesrly indicats that in peticles of sugar bset,
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whers nitrats prefsrentially accumulates, there is an inverse relation-
ship betwesn nitrate content and potassium. Furthermore, 2s a com=
ssquence of adding nitrogen as 'nitro-chalk' to pastures, Reith st sl.
(1964) obssrved that the concentration of sodium in the leaves
incressed with increasing additions of nitrogen even in the presence
of additional potassium (see Table 3). On the other hand, additional
nitrogen reduced the corresponding concsntrations of potassium within
thess tissuss. This inverss relationship betwesn potassium end
nitrogen is confirmed in the results presentsd by Jones (1961) and
Freeman (1967). They found that nitrate accumulated in tissues of
plants growing under potassium deficient conditions. Such conditions
are also known to increese the uptake of sodium significently.

Studiss on the effecte of light intensity on chemical composition
of plants have alsc yislded some intereeting results. In addition to
promoting nitrets reductase sctivity (Candsla gt sl., 19573 Hegeman
and Flesher, 1960), light also incresses thes uptake of sodium
(MecRobbis and Dainty, 1958) slong with nitrate (Nagai and Tezewa,
1962y Besvers gt sl., 1965), but contrary to the preferential nitrate
carrisr theory, light causes substantial losses of potassium, sven ss
high ss sightfold (MacRobbie snd Dainty, 1958),

Considering the close association betwsen nitrate reduction and
orgenic acid formation along with the epparent sbility of sodium to
asccompany the nitrate ion within the plant, it is not surprising

thersfore to find sodium equally effective as potassium in promoting

malate formaticn in red beet (Splittstoesser and Besvers, 1964).

In fact, malate production persisted longer with sodium phosphate

then it did with the corresponding potassium salt. The sffectivensss

of malats es an orgesnic snion to counterbalance i{norgenic cations is

well dooumentsd (Ulrich, 19413 Jacobson and Ordin, 19543 Van
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Steveninck, 19663 Jacoby and Leties, 1971), especially during the
reduction of nitrate (Ben-Zioni gt al., 1970). Moreover, malic acid
is located predominantly in the vacuoles of beet cells and not in the
cytoplasm (Osmond end Laties, 1969). It is thersfore significent
that the concentration of sodium in the vacuoles of barley roots is
reported to be three toc four times that in the cytoplasm, while the
concentration of potassium on the other hand was roughly the same in
both compartments (Pitman and Saddler, 1967). In addition, a recent
investigation by Poocle (1971) indicetes that the uptake of sodium in
ted best cells inhibits the transfsr of potassium into the vecuole,
howesver sodium had no effect on the concentration of potassium in the
cytoplase which remained at a constant lsvel. This is particulerly
importsnt in visw of the fact that the oxalate isolated from Setaria
sohacglaty was sodium oxalats and not potassium (Jones and Ford, 1972).
It has also been cbserved that the total organic acid content increases
in csrtain potassium deficient plants (Vickery and Palmer 1957;.
Fresman, 1967 D4 jkshoorn gt gl., 1968), particularly in the presence
of sodium (van Tuil, 1970). Such & condition would not be expectsd
to occur if there wers a dirsct relationship between nitrate content
and potassium.

Therefors, contrary to the unfounded suggestion by Lips st al.
(1971) that the prssence of sodium in the plant would prevent the
preferentisl uptske of nitrate by the roots at moderate concentrations,

the results of this investigstion would suggsst that sodium is highly
trate ion within the plant. Morsover,

immabilise mslate, or

effective in acoompanying ths ni
there is no reason to believe that sodium would
jor orgenic scid for that matter, in the sense that Lips
as all sodium selts of the important orgsnic
slightly less soluble then the

sny other ma
at al. '(‘971) imply,
scids found in the plent ars only
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corresponding potsssium salts. Uhet is more, sodium is highly mobile
within the phloem of a number of plants (Cooil st al., 1965; Levi,
19703 Clarkeon, 19743 Marechner, 1974).

In view of the above findings it is proposed that one of sodium's
main functions in the plant is to accompany the nitrate ion to the
major site of reduction, thereby forming a pool of raducible nitrate.
On reduction of nitrate, the resulting sodium ion, along with the
other cations accompanying nitrate, would immediately combins with an
organic enion. Some of these organic salte, psrticularly sodium,
would subsequently accumulats in ths vacuoles of the cells end thereby
contribute to the osmotic pressure. Such a proposal would account
for the irregular distribution of sodium in plants, in fact correspond=-
ing to the uneven dispcosition of the nitrate reductase enzyme. FMore-
over, it sppesrs that the stimulation of nitrate rsductase activity by
sodium chloride in plants, as recorded in this investigation and by
Sarkhla and Huber (1975) is most likely the result of the increased
translocation of nitrate into ths tissues whers nitrate reduction
preferentislly occurs.

In addition to the general role of meinteining chemical neutrality
within the plant it is possible that sodium may have s spscific effect
on the nitrats reductess snzyme as suggested by Marquez and Brodie
(1973) for halophilic becteris.

It is well documented that meny enzymatic geysteme in halophilic

bacteris requirs high concentrations of sodium chloride for maximal

sctivity (Baxter end Gibbons, 19543 19565 19573 Larsen gt al.,

19623 Brown, 1964; Larsen st al., 19673 Lenyi, 19693 Liesberman

and Lanyi, 1971). Several hypotheses have been suggested concerning

the stability of halophilic enzymes in salt solutions. Baxtsr (1989)

coneidered that this stasbility could be escribed to electrostatic
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intsrsctions, this suggestion was later extended to implicats the
shislding of negative charges found on proteins (Brown, 19653 Holmes
and Halvorson, 19655 Kushner and Onishi, 1966). The latter hypoth=
esis was supportsd by ths findings that halophilic proteins contain
an excess of acidic smino acids, namely aspartic and glutamic acids,
which could bs shislded by sodium snd other cations (Brown, 1963;
Bayley, 1966). In addition to slectrostatic shielding, Lanyi and
Stevenson (1970) suggested that the high selt requirement of halow
philic enzymes is due to the prssence of hydrophobic bonds. These
bonds are considersd to give the snzyme stablility and are promcted by
sodium chlorids. 1In the absence of salt it is suggested that the
enzymss are almost completely unfolded and inactiv.; However, as

the concentration of sodium chloride is increased, the native conforme
ation is resched through ths intsraction of hydrophobic groups as their
sclubility in water is decreased.

Therefors, it appears that sodium chloride, and to a lesser extent
other sodium salts (Lanyi and Stevenson, 1970) have the ability of
promoting snd stabilising certain enzyme systems in bacteria, thise
offect has also bsen observed in certain higher plants. Prisco end
Vieira (1976) reportsd that sodium chloride delayed the breskdown
and turnover of proteine in germinating serido bean Vigns sinensis
ssads. This stabilising effect of sodium salts may account for the
variation in nitrate reductase activity recordsd in

generally lower
this study when sodium rather than potassium was in the incubation

wedium However, having dus regard for the non spscific nature of

the substrate required for inducing the nitrats reductase enzyme

(Besvers end Hageman, 19693 Knyph, 1974) and the slight advantage of

based incubation medium over a similar

(two hours), it would appear thst

i sodium medium in
a potassium

short term in viyo experiments
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sodium doss not have a significent ocvsrall effect on this enzyms

by compariscon with potassium.



122
LONCLUSTONS

Becauss of the fregmentary nsturs of the data concerning both
the practical and physiological significence of sodium in plant
nutrition an sttempt is mads in this section to drew the results of
this investigetion, together with existing data, into a generalised
conclusion presentsd undsr the following thres general headingss—
agriculturel, physiclogical, and scological.

(o) AGRICULTURAL

It is now evident from this investigation that & largs number
of topdreessd rysgrass-whits cloverpastures {n New Zgaland have
sodium lesvels which are below those required for grazing animals.
Low sodium in the diet of animals can reeult in s number of sericus
metabolic disorders.

There are a number of factors which have contributed to the
generally low sodium status of New Zealand pasturse. In addition
to the geclogical formstions which hsve yislded scils naturally
deficient in sodium, thers have been & series of changes in faming
practices over the past thirty yeers. Since 1950 there hes been s
ocongiderables increass in the use of high grade potassic fertilisers on
pastures throughout the country. As & dirsct consequence of this
trend pestures in most aress now have potessium lesvels which sre well
in sxcess of plant needs. Morsover, potassium not only depresses
the uptake of sodium into the plant, but also sccelerstes the lsaching
lossse of soil sodium from the root zone,especially under the mmid
climstic conditions which preveil in New Zesland. Therefore, the
sxcessive use of potassic fertilisers would be axpected to aggrevats

en snimal-nutrition problem involving scdium or even crests one wherse

it mey not have originally sxisted. (hat is more, the sbandoning of
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the practices of applying sodium as a fertiliser and in many cases the

direct supplementation of snimal fesds with salt has coincided with

the increassd use of potassium. However, in comparison tc inland

sress, the problems sssociated with low herbage sodium in cocastal
regions are offset by the largs quantities of sodium chloride deposit-
ed from ses spray, as a conssgusnce of which higher sodium levels are
maintained. In addition to herbage sodium other socurces of this
slement, such as drinking water and in certain circumstancss ingested
soil, can form important fractions of the total dsily intake by
snimals.

An additional snimalenutrition problem involving sodium arises
from the considerable differsnces bstwsen plant speciss in the extent
to which they sccumulats sodium in root and shoot tissus. In this
respect plants can be classified as followsi-

Nstrophilees plents in which sodium readily
accumulates in leaf tissues.

Natrophobess plents in which sodium preferentially
accumulates in the roots or lowsr stems with the
result that only very small quantitiss of thie

element are present in the leaf tiesus.

As a consequence of their inherent physiological differences,
natrophobes ars unable to provide food rations containing snough
sodium for distary needs of grazing snimals, sven in a situstion
where thers is snough sodium in the soil to produce a satisfactory
level in natrophiless sn snimal nutrition problem is thersfore likely
to cccur whers natrophobic plants form a substantial part of the
snimals dist. From a practical point of visu the uss of sodium

fertilisers to increase the sodium content in plant tissues to an

scceptable level for animel nutrition would only be sffective if natro=-
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philic plents wers involved. Furthermore, the succese of sodium
fertilisers would depend to a large extsnt on the potessium status of
the soil in which the plents were grown and also on ths sodium salt
irwvolved. In this context it sppsars that sodium nitrate is more
effective in increasing the sodium content in leaves of plants than
other sodium selts (Lehr, 19603 \allace gt sl., 1965). This result
is not surprising in view of the close sssociation betwesn sodium and
nitrats nitrogen within the plant. Rlthough it ie possible to
increass the sodium content in ths lsaves of natrophobses under certain
conditions, the high concentration of scdium required in the root zone
to raiss the levsl of this element to one which is acceptable for
animel nutrition could result in depressed plant growth and would
certainly bs unsconomic to schieve. Morsover, the application of
foliar sprays containing sodium to the leaves of netrophobes would be
squally ineffective as sodium is rapidly translocated sway from the
leaves of natrophobic plants via the phloesm into the roots {Wallace
end Hemaidan, 19633 Cooil et al., 19655 Levi, 19703 Marschner,
1974). Therefors, the most prectical solution for correcting sodium
deficiencies in grazing animals, particularly in view of the depress-
ing effects of potassium and the high risk of leaching, would sppear
to be dirsct supplementation of the animal either by means of salt
licks or by the addition of sodium to the drinking water.

In the sbsence of any field trial data it ie predictable from

the close rslationship which exists between sodium, nitrate nitrogen,

and the activity of the molybdenum containing nitrate reductsss enzyme

within the plant, that both the levels of scdium and molybdenum in the

ssrial parts of natrophilic plants should follow clossly the ssasonal

In Britain for example, high levels of
during spring snd sutumn

changes in nitrate nitrogen.
nitrate ars reportsd to occur in pastures
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(Jones gt al., 1961). Seasonal changes in leef sodium in natrophobes
on the other hand would bs very emall considering the location of this
olsment within thess plants. Sodium would aleo be expected to
incresse in the leaves of natrophiles as the level of nitrate nitrogen
in the ecosystem increases with pasture development. In fact,

sxperimental obssrvations by Cullen gt al. (1966) would lend support
to this point.

(b) PHYSIOLOGICAL

One of the most notable features of this study wes the significent
relationship measured bstwesn sodium and nitrogen in the tissues of
both natrophiles and natrophobes. Morsover, the greater part of
nitrate reductase activity in plants, as msasured by an intact tissue
method, was centred in areas whers both sodium and nitrate nitrogen
prefersntially accumulate. In other words, in natrophiles nitrate
tands to be reducsd predominantly in the asrial tissues, wvhereas in
natrophobes reduction of nitrate is gensrally confined to the stems
and roots. Moreover, nitrats reductaes activity in roots occurs
mainly in the spical zone. It is also svident from this study that
the application of sodium chloride to both natrophilic and natrophobic
plants, in the pressence of adequate amounts of nitrogesn, not only
resulted in & marked stimulestion of nitrate reductase sctivity but
also incresassd the level of nitrate nitrogen and the overall total
nitrogen content. However, a most important point was that the level
of nitrats nitrogen always remained et s small, relatively constant
fraction of the total nitrogen content within the planta.

In addition to stimulating nitrogen metabolism, high external

concentrations of sodium can result, as measured in this investigation,

in the prsferential accumulation sites for sodium in natrophobes
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becoming saturated such that both sadium and nitrate nitrogen move
freely into the lesaves. In their experiments Wallace and Pate
(1965; 1967) have clearly shown thet on saturating the reductass
cepacity in ths roots of certain plants with high levels of nitrate,
fres nitrats nitrogen moves up into the shoots. As expected the
capacity to saturate the nitrate reductase enzyms with nitrate differs
greatly for different plant species (Beevers and Hageman, 1969). It
is slso intsresting to nots in light of the sbove obsarvations, that
the spplication of metsbolic inhibitors to the roots or stems of
natrophobes greatly enhances the movement of sodium into the leaves
(Pearson, 19623 Jacoby, 19653 Uallace st 8l., 1965). Unfortunately
No measurements wers made of ths nitrate levels in the plants from
thess expesriments.

In view of the fact that the synthessis of the nitrats reductase
enzyme is induced by nitrate (see review by Besvers and Hagemen,
1969) and the close aesocistion betwsen sodium end nitrate within the
plant, it would sppsar that the stimulation of nitrate resductess
sctivity by sodium chloride is the result of en increass in nitrete
nitrogen at the site of reduction. Therefore the circumstantial
svidencs strongly suggests that one of the main roles of sodium in
plants is to accompsny the nitrate ion. fMorsover, it is envisaged
that in order to maintain chemical neutrality when nitrats is reduced,
sodium combines with the resulting carboxylic snion.  Such a

proposition would in fact sccount for the irragular accumulation of

sodium in plants, particularly in view of the uneven distribution of

both nitrate snd the nitrate reductase enzyms. It would also explain

why, of the thres snvironmental factors, 1ight, moisturs stress, and
]

has the most dominating influence on sodium. In
lates nitrate reductase sctivity

temperaturs, light
this respect light not only stimu
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(Candals gt gl., 19573 Hagemen and Flssher, 1960) but also the uptake
of nitrats into the plant (Nagai end Tazews, 1962; Beevers et al.,
1965). It is also interesting to note that plants which have high
molybdenum requirements (During, 1972) and high nitrats contents in
their tissues (Wright and Davieon, 1964) are speciss which, in gsneral,
have besn found to bensfit from sodium fertilissrs, as for example
members of the Chenopodiacsae and Crucifsrae families. It may also
be conjectured that one of the maeny causes of the irregular end often
conflicting reports sbout the stimulating effects sodium has on dry
matter yields could bs closely related to ths level of nitrate pressnt.
Apart from the general role of maintaining chemical nsutrality
within the plent, sodium does not appsar toc have a specific effect on
the nitrate reductass snzyme when compasred with an identical potaseium
based incubation medium in short term (two hours) in vivo experiments,
ss carried out for example in this study. However, there have been
a number of speculations to the effect that sodium may stabilise and
prevent the breakdown of proteins (Lanyi end Stevenson, 19703 Prisco
and Viers, 1976). Moreover, in relation to the nitrste reductass
enzyms, Huffaker and Peterson (1974) stats that this enzyme is the
only specific plant protein for which definits evidencs of protein
‘turnover' has besn obteined so far (see Zielke and Filner, 1971).
Vcr!.ouo. estimates have been reported for 'turnover' retes of this
snzyms and thess rates ere found to vary considerably according to
plant speciss and prstreatment (Huffsker and Psterson, 1974).  There=

fore, in order to examine wore fully the possibility thet sodium could

have s stabilieing effect on nitrste reductass, mors detailsd end

longer term experimente then thoss employed in this study will be

required.
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(e) £COLOGICAL

In 1ight of the fundamental characteristics which distinguish
natrophilic and netrophobic plants as revealed in this investigation,
it is interesting to speculate on ths possible scologicel reasons why
plants should have evolved such contrasting sites for an identical
physiologiceal sctivity.

It is apparent from the study of plants possessing the Cs end C4
photosynthetic pathuways that water conservation within the plant has
played a mejor part in the evolution of the C4 system (Brown, 19583
Black gt al., 19693 Downes, 19693 Black, 19713 Hetch and Boardman,
19743 Lasetsch, 1974). Thus transpiration rates in C, plents are
much lower thsn those mesasursd in C, plants (Oocwnes, 19693 Forde
st al., 1974). It is thersfore most significant that all C, plants
sxanined wers natrophobes; also the rates of transpiration and ion
uptake, particularly of sodium, in all natrcphobes, that is both Cs
snd C‘ members, wsre much lower than those measursed in natrophilic
plants grouwn under the same conditions. As expscted, howevsr, C3
natrophobss had higher trenspiration rates than the 04 natrophobes.
Therefors, in view of the similaritics between C, and C, nstrophobes
in a number of basic physiological fsatures namely, the preferential
sites of sodium and nitrate sccumulation, the distribution of nitrate
reductass activity, the rate of ion upteke,and the rate of trane-
piration, it would seem most likely that natrophobes have developed
these modifications in ordesr to conserve water. Furthsrmore, thaese

adaptions would enable natrophobes to tolerate more arld conditiona

than those which could be endured by natrophilic plants.
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