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ABSTRACT 

The results of an extensive geographical survey of sodium and 

potassium valuea in topdresaed ryegrsee-white clover pasturee claarly 

indicate that in many areas of Naw Zealand, particularly inland where 

the influence of sea aprey is mini11al, herbage sodium levels are below 

those needed for grazing animals. l'loraover, ea a direct reeult of the 

increased uea of potaesic fertilisers, particularly in the North Island, 

most pastures now have potassium levels well in exceee of plant need■ • 

Because potaeeium auppreaees plant uptake of sodium and incraaaaa the 

leaching lose of eodium from the soil, it was concluded that excessive 

use of potaasic fertilisers would be expected ta aggravate or even 

create an animal-nutrition problem involving sodium. 

An additional animal-nutrition problem involving sodium ia dis­

cussed in relation to the conaidttrable differencea measured in the 

extent to which the more important pasture and fodder apaciaa grown in 

New Zealand were able to abaorb and tranalacata sodium from roots to 

shoots. In thia respect plants can be clasaifiad into two distinct 

types according to the aitee where sodium preferentially accumuletea. 

Natrophilea, plante in which aodium readily 

accumulates in the leaf tiaauaa. 

Natrophobaa1 plants in which sodium preferentially 

accumulates in tha roots or lower atams with the 

result that only vary amall quantities of this 

element are present in the leaf tiaaue. 

Because of thia intrinsic physiological difference, natrophobea 

are unable to provide enough sodium for dietary needa of animals, 

avan in a situation lllhare there is enough sodium in the aail to produce 

satisfactory levels in natraphilas. In view of the dapnsaing effects 

of potassium, the high riak of leaching under the humid weather 
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condition• which pr■vail in N■w Z■aland, and the dift■renc~s between 

plant apeciea in their ability to tranelocate sodium, it••••• that 

the most practical solution for correcting sodium deficiencies in 

grazing animal■ would be the direct eupplementation with thia alell8nt. 

Apart from the fundamental diffarenc■e in the site• of aodium 

accumulation in natrophilea and natrophobea there era a number of other 

important features which further charactariae thaae two distinct types 

of plant. In both natrophilea and natrophobaa there is a aignificant 

relationship between sodium end nitrogen. What ia 110re, both nitrate 

nitrogen and nitrate r■ducta•• activity, ea measured by an !!l~ 

method, ware found to be predominately located in tiaauaa where sodium 

readily accumulate■• ln other words, nitrate reduction in natrophiles 

tends to occur in the aerial ti■suea whereas in natrophobaa reduction 

occurs fflainly 1n the root• and ate•• rurtharmore,1t waa concluded 

that the obeerved stimulation at nitrate reductaaa activity in tissues 

from both natrophilaa and natrophobea, due to tha addition of aodium 

chloride, waa the result of an increau in nitrate nitrogen at the 

aitea of reduction rather than any specific effect of aodium. However, 

the poaaibility that aodium haa a atabiliaing affect an tha nitrate 

raductaaa enzy• is diecuaaed. 

from an ecological point of viaw it •••ms reasonable to auggaat 

that natrophobaa have developed their charecteriatic dietribution of 

sodium and nitrate reductau activity, along with lower tranapiration 

rat••• in order to tolerate 1110n arid canditiona than tho•• which can 

ba experienced by natrophilic planta. 



INTRODUCTION 

Outline of Raaparch 

Although many of the requir-nta for major and minor ••••ntial 

elements are eimilar in plants and anitnala aignificant difference• 

exist, notably in tha raquire•nta of animals for sodium, cobalt, 

iodine, and eelanium (Butler and Jonea, 1973). Because plants can 

grow satisfactorily in the abaanca of thaae el9Mnta, a danger exiata 

that in certain circumatancaa grazing animals will ■utter from dietary 

deficianciaa. 

1 

In paataral agriculture, moat of tha loaa of eaaantial elementa ia 

a result of such animal activity aa the inefficient return of elements 

in axcrata, and their removal in aaleabla animal producta (Karlovaky, 

1975). rurthel'IIOra, aa a result of increeaing production, eaaily 

available reaervea of nutrient• accumulated in the ■oil will be depleted, 

and the rate of relaaea from more permanent raaervas will ba too alow 

to maintain high productivity. Moreover, aa the nitrogan atatua 

increaaea with the level of fertility of the aoil, tha plant davelopa 

a high ahoot/raot ratio (aee Middleton, 1973) with the reault that the 

main abaorptiva part of the root ■yet•• is confined to a relatively 

shallow surface layer of ■oil thereby impoeing further limitation■ on 

the availability of nutrient■ from natural aourcaa. 

It ia therefore argued (~iddleton and Smith, 1974) that for high 

producing paatoral agriculture fertiliaar needa ehould be coneidarad 

mare and more in tarma of c0111Pleta fertiliaer mixturaa, and that th• 

compoaition of euch mixture■ ahould aatiafy both plant and ani11al 

needs (Middleton and 51111th, 1976). 

Becauea of the need to consider Mineral raquir ... nta of both 

plant• and eniula, the following inveatigetion into ■odium nutrition 

of plant• wae conaiderad from two points of viaw,-



(a) Agricultural 

Invaetigatiane by Joyce end Brunewick (1975) into eadium 

deficiencies in grazing ani■ela in the Taupa raglan, and report■ of 

low sodium levela in mixad paature planta from variaua parts of 

2 

New Zealand, by Cullen.!!..!!• (1966), Pltttaon .!1.!!.• (1966) and 

~cNaught and Oarofaaff (1968) made it evident that a ca•prahenaive 

■urvay of aodium valuaa in New Zealand paaturee ehould be carried out. 

In addition, the conaiderabla differencae between epeciee in the 

extant ta which they abeorb and tranalacate a0diU11 troa root to ■hoot 

tissue, made it clear that the more important New Zealand paature and 

fodder apeciaa needed ta be claaaified according ta their ability to 

tranalocate sodium. Paeture and fodder planta have therefore bean 

grouped according to their ability to provide en adequate level of 

sodium in their leaf tiaau■ for the need■ of grazing anillala. 

(b) Phveialpaical 

Because ■odium le not generally coneidered to be an ••••ntial 

ela•nt for higher plants, lta phyeiolagical and biochemical role in 

tha matabol18111 of the plant haa been much neglected. 

In order to elucidate ■01118 of th• more baelc phyaialogical aapecta 

of sodium nutrition, the effects of temperature, light, 1110ieture etraea, 

and potassium, on ■odium content and aaeociatad ch■•icel composition 

ware atudied in a fflJIIIHlr of planta. 

An additional objective waa a atudy of the role ot eodium in 

nitragan Mtaboliem. Particular importance waa attached ta the in-

duction and location of nitrate reductaea activity in relation to the 

aitae of eodiua acCU111Ulation within different plant apaci••• 
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REVIEW or LITERATURE 

(a) SodiUII in Plante 

(i) rynctlon and regui£!!11nta 

ror moat highar plants sodium has not b•en found to hav• a ■pacific 

essential function according to th• criteria of Arnon and Stout (1939). 

However, ■odium ie aaaantial for the blu-green alga Anabeana cylindrica 

with optimum growth obtained in •dia containing aodi1.111 greater than 

218 µ sq/litre (Allan and Arnon, 1955). Saall quantities of sodium 

are also aaaantial for the halophyta Atrlplex vaaiceria (Btownall and 

Wood, 19571 Brown•ll, 1965) 1 and rac•nt avidenca auggeata that a 

number of other apaclea having the c4 dicarboxylic phatoaynthatic path­

way alaa require aodiUII in ■inute a110unte (Brownell and Croaaland, 19721 

1974). 

However, eadiUII haa ba•n obeerved to have a beneficial effect on 

dry weight production in a numbar of planta grown in field and pot 

experiment■, notably mallbera of the Chenopodiacea• family (aee reviews 

of Harmer and Benne, 19451 Cope .!1.!!•• 19531 L•hr, 19531 and Hewitt, 

1963). 

Hewitt (1963) concluded that th• reapone• ta sodium depends both 

on the plant specie• and caepoaition of the nutrient supply, ••pacially 

the level of potaaaium. H• aleo pointed out that the increa•• in yi•ld 

could be due to the effect of aodium modifying the aoil, by increaaing 

the uptake of other iona, or to the effect of the anion aaaociat•d with 

the aodium upon the nutrition of the plant. Variation in the native 

aodium content of aoila ha• alaa lad ta contradictory abaarvationa aa 

to the effect• of ■odium on plant growth ("arachner, 1971). 

Where aadiUII haa had a pronounced ban•ficial •ft•ct an growth 

under condition■ of 1neufficiant supply of pataaaium, Maraohnar (1971) 

concluded that sodium may b• partially replacing p0taaai1.111 in ita nan-
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specific rola in inaintananca of tha cation/anion balance end ite oamotic 

effects. Sadiu■ can, for example, eubetituta for appraxillately two­

thirds of the p0taaai1.111 raquiramant■ of Pangola graee (Oigitarie 

deacUtDbera Stent.) without cauaing any appreciabl• reduction in growth. 

Thia replacement by ■odium could male• potaeei1.111 available for ■pacific 

functions within the call through retranalocation within the plant fr011 

older to younger leave■• However, thie raplac-nt waa not effective 

when poteaaium content waa very low (Gammon, 1953). A eifflilar ob■er­

vation waa reported for Rhodes grass (Chloris gayana) (Saith, 1974). 

In water culture axperi111ents (Ulrich and Ohki, 1965t El-Shaikh 

and Ulrich, 1970) and in field experimentation (Tinker, 1965) the yield 

of sugar beet (Bata vulgaris) was found to be eubatantially increaaad 

by the addition of eodium chloride to the growth mediut11, both under 

conditions where pataaaium was deficient end where potae■iUIII waa ade­

quately aupplied. In thi■ caaa sodium haa an additional function, 

beside• it■ ability to partially replace potassiut111 since it waa found 

to increase the total aucroae content of tha sugar bnt planta avan at 

high levels of potaeeium. 

In anzyMtic studies where the activity of enzymes have bean 

compared in the praeance of either potaaaium, or ■odium, or in cOflbin­

ation, sodium was able to substitute tor poteaaium in SOM reaction■ 

but the rata of activity was very much reduced ("arachner, 1971). 

Thie failure was probably related to the alteration in ateric configur­

ations of the substrates by eodium (£vane and Sorgar, 1966). However, 

Hanaaon and Kylin (1969) and Kylin and Gae (1970) have ahown that the 

activity of ATPaae in sugar beat roots and mangrove (Ayicennia nitide) 

leaves ie greatest when in an ionic environment of both potaaaium and 

sodium and nat of pataaaiUtl alone. Sodium hea alaa been ahown to be 

more affective than potae■iUII in lncrea■ing •■tarificetian af phoaphate 
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in isolated mitochondria of rapa (Braaeica rape) (Shah and Wedding, 

1968). A require•nt for high concentration• of ■odiUII ha■ been found -

for inaximal activity in ieoleted enzy•a fr0111 halophytic bacteria 

(Baxter and Gibbon•, 1956J Brown, 1964t Marquez and Brodi•, 1973). 

It was inferred that enzymes fr011 theN cell■ have adapted to high 

cytoplasmic ion concentrationa (Greenway and 08110nd, 1972). SWlar 

enzymatic adaptiona have alaa bNn propoHd ta account for aalt toler­

ance in higher plants (Hayward and Wadleigh, 1949t Greenway, 1968). 

~arked raaponaaa in ■pacific activity of certain enzy•a have bean 

noted in pea root tips under conditions of both ■odium chloride and 

sodium sulphate aalinity (Porath and Poljakoff-Playber, 19649 Haaon­

Porath and Pajakoff-Playbar, 1969). However, Greenway and Demand 

(1972) aatabliehed that for four different enzy••• isolated from whole 

root■ in both aalt-Nnaltive and ■alt-tolerant planta, there wae an 

equal aen■itivity to ■odium chloride. rurthermora, there waa no 

alteration in tha ■pacific anzy•tic activity when th••• plant• were 

grown under aaline conditions. 

by Weimbarg (1968t 1970). 

A aillilar observation haa bean made 

Sodium uy aleo ba implicated in nitrogen metaboliam. Enhanced 

protein ayntheeia hae been obaarved in a nUltber of plant■ under 

conditions where sodium chloride haa been increaeed (Kaealar and Snir, 

19691 Chatterton .u, .11•, 1971t Langdale .!1 JI!•, 19731 Halal J1 .!!•, 

1975). Although there ware no aignificant changes 1n total nitrogen 

in theae planta lllhan aodium waa incraaaed, there waa, in aaaociation 

with the increaaad protein eynthaeia, a dacr■aN in auch non-protein 

nitrogen compounda •• nitrate nitrogen (Langdale .11 &•, 1973t Halal 

.!! .Bl·, 1975). 

Obearvatione that there waa a connection between the abaorption of 

■odium end increaaad aucculance 1n plante lad Jenninge (1968) to pro-



poae a 'Unitlad theory' for the eucculenca of halaphytaa and eadium. 

Since the eftact ar ■odium paralleled tha arracta of light and aridity 

in increasing eucculence, it wae concluded that th• one unitying 

6 

factor wee ATP,•• all th••• prcc••••• lnfluanca the leval of ATP in 

plant tieaue. Th• role which ATP llight hava on producing incraaaad 

succulence waa unclear, but it waa concludad that tha increaead water 

content, through tha hotaao■tatlc 11achaniu of aodium, would avoid, 

through dilution, the detri.Mntel afract at high concentration■ of toxic 

iona. Lika potaaaita, aod1La aleo influencae tha watar economy or th• 

planta by ita effact on at0111atal opening (Humbla and Haiao, 19699 

Willmar and "•nafiald, 1970). Diftarencea obaervad in atotUtal activity 

of excised leaves between plant apaci••• with increaaing aadium concen­

tration in the incubation •dium, could be related ta •mbrana parmaa­

bility to potaaaium and aodium lane (Plarechnar, 1971). Where e plant 

has a high llllllbrana parmeability to aodiUII auch ea auger beet, eodium 

may partially replace potassium in thia function of influencing the 

osmotic preeaure in the chlorophylloua etoaata calla. 

(ii) Oiffer:,ncea between ganpra, •e•ciea. and v9rietip• 

Although aodium conetitutea an appreciable fraction of the aarth'a 

cruet (2.6 percent) and 1■ the predOllinant eoluble cation in aalina and 

alkaline eoila, there ant hawvar, considerable difference■ in the 

extant to which sodium la tranelocated to aerial tieeuea of plants. 

As early•• 1934 van Itallia concluded "that nt0re than any other plant 

conetituant, sodium eetabliahad diftarancaa between gr■••••"• Th••• 

intrinsic phyeiological diffarancea are not continad ta any one family 

or genera, but axiat even at the varietal level (van Ital.lie, 19341 

Callander, 19411 Gareudeaux, 19599 Kargualen, 19601 Lahr, 19609 

Butlar .11.!1•• 19629 Copponet and Calvez, 19629 ap Griftith .11.!!•• 

19651 Davi•• .!1.1.!•• 19661 Whitehead and Janae, 19699 Whitehead and 



Ven Itallie 
( 1934) 

Holcus lanatus 

Lolium perenne 
Anthoxanthum 

odoratu111 

-
-

Lahr 
{ 1960) 

Lolium eerenne 

Oectylis 
,s!omerata --
-

Paa trivialis Poa trivialis 

-
-

£2! .e,ratensis 

Agroatia .!!!?!, 
festuce rubra 
Alopecurus 

eratenels 

-
-
-

-
festuca 

,e.ratensis 

-
---
-

. Phll!!!!! R.£.,a.te_"ae 

Garaudsaux 
(1959) 

Dactylis 
.s!_omerata* 

-
-
-
-

featuca 
_2ratensia 

-
---
-

Copponat and 
Calvez (1962) 

-
Oactylis 

glomerata 
(Lolium perenne) 
featuca 

arUhdinacea 

-
Lolium 

multiflorum 
restuca 

,eratenaia 

-
-
-

festuca spadicee 
BrOlllla _inermia...., 

Ph1-.ewn ,2£.e_t1mae 

Kerguelen 
( 1960) 

---
Dactylis 

.51.lomerata -
-
-

Series I 
(1965) 

-
Lolium e,erenne 

Dactylis 
.9.lomerata* -

festuca 
arbndinecaa 

-
Lolium Lolium 

multiflorum multiflorum 

-
~ .e,ratenaia 

-
featuca rubra 

--
-
-

faatuca 
,eratanais 

-
--

--
Phl11U111 .e,ra_taneeif-lt 

Species names in brackets indicate disagreement in order 

ap Griffith ,tl al Present series 
Series 2 (1965) 

Lolium e_erenne* 

Oactylie 
.9!.omerata -

featuca 
afbhdinacea 

--
festuca 

2ratenaia -
-. -

-
-
-
-

l-lolcus lanatus 
Cynosurua E!!tetua 
Lolium perenna 
Anthoxanthull 

odoratum 
Dactylia 

.9!011arata --
(featuca rubra) 
Agroatia ~ia 
Paa trivialia 

-
-

Poa pratenais 
(LoII'um multiflorum) 

--
-
--

Arrhanathe_elllll. 
elatina 

Phleum 
bertolonii 

Phl8Ulll .e,raten•• 

Note1 

* 
-Iii-

Some varieties 1111.ere. exceptionally low in Sodium ag, variety Later of Dactylia glomerats & variety Norlaa of LoliUIII 2.nnne 
Pritchard .!t .!!.• (1964) also find Br011Ua inermis & Phleum .e.,r_Qtansi to be low in SodilJfll 

',tale 11 Grasses arranged in descending sodium content in leaves according to different workers (after ep Griffith 
and Walters, 1966) 

--1 
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Jones, 1972). Table 1 preaenta the sodium content in leaf tiuue of 

some gra .... in daacending order according to different workers (after 

ap Griffith and waltera, 1966). 

Plants can therefore be grouped into two diaUnct typae according 

to the ability to tranalocate aodim into their leaf tiaatMI 

Natrophilic plant& (tho .. with• high potenUal for aodium in 

their leaves). Natrophobic planta (tho• with a low potential for 

sodium in their leavea). 

Although Marachnar (1974) haa previously amployad both tel'll8 f:hev 

were used in an undefined and very restricted aenae. 

Natrophilic plants ara those which were grouped by Harmar and Barnt 

(1945) into, (a) plants which benefittad from sodit.a when potaaaium was 

deficient, and (b) tiloea that banefittad greatly from aodilat lllhtN, 

potaaaiua waa adaquate for plant growth. Natrophobic plents an the 

other hand form the groupa which ehowed little benefit fl'OID eod1uaa when 

potassium waa deficient and only alight to 11&dlum benefit when potuaium 

was adequate. Ap Griffith and Walter• (1966) alao obeerved that netro­

philic plants have a greater ranga of intervarletal variation 1n aodiua 

content in leaf Unue than natrophobic pl.ante. lik-1• the aoditat 

content. in ~nph111c planta wu graaUy influenced by anviroraant, 

whereas natrophobic plants tended to be affected to• IIUCh leaaer 

extent by such factore. 

(ill) Ohr factprp WJypnping 19rlj•p in plfnh 

(a) !el podiyp 

Sodita occurs 1n the soil aa a conaUtuant of e111cata rocks, as 

an exchangaabla cation• and•• inorganic ealte. Ploet ailicatas high 

in sodium are weathered and leached with relative eeae, conaequantly, 

in hlaid cllaate• aodha level• in aoila era noraally low (Russell, 

1973). ExchangNbl.e aodiUllt in fertile eoila, aaaoclatad to a coneidar­

able extent with the organic traction, la the •Jor raearve available 
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to plant roota in non-aaline aoila at any one ti•• In eotR arid and 

semi-arid aaile, however, aodiu• MY accu•ulata to auch an eKtent that 

plant growth ia inhibited, and it ia not until these aoila have bean 

treated with gypaum and sufficient water to leach out the diaplacad 

sodium that important agricultural plant■ can grow (Tisdale and Neleon, 

1970). 

In many cultivated Britiah aoile, eodiUII account■ for up to 5 per­

cent of the total axchangeabl■ cation■ (Jacka, 1954). However, in 

Naw Zealand, typical axchangeabla sodium levels in the top 8 011 of ■oil 

ranged in a aurvay of 54 different aoil typaa from 0.0-2.s • percent 

withe mean value af 0.4 • percent i.e. 2 percent of the total exchange­

able cation■ (N.Z. Soil Bureau, 1968). 

Aa a connquence of the rather law sodium etatua of New Zealand 

soils, low sodium lav■l• in mixed paatura plants occur in various parts 

of Naw Zealand ae recorded by Cullan .11.!!•• (1966), Mataon n.!!•, 

(1966), l'lcNaught and Oorofaaff (1968). 

(b) rartiliear aocliym 

1. Natural 

In addition to the aodiua releaaed fr011 Minerals by weathering, a 

certain amount le added to the aail in rainwater and this haa consider­

ably influenced tha exchangeable sodium value in 80118 aoila, aa found 

in Britain by Bolton (1971). Pleaeuramenta in New Zealand by BlakaMore 

(1953) and Gray (1888) have confirmed that tha level of sodium in rain­

water is critically dependent on the dietance fine••• apray ia carried 

inland by prevailing winda. The raaulta, preaanted in Tabla 2, 

indicate that conaidarable quantities of sodium chloride (200 kgft,a/yr) 

may be deposited up ta 6 kilometres inland, rapidly falling off there­

after•• the diatanca fr0t11 the coaat increa•••• 



10 

Distance fraa Quantiti•• of aodium 
Location aaa (km) chloride (kg/ha/yr) 

nongotai o.s 388 

Baring Head o.s 276 

Pirinoa 6.0 206 

Kelburn 6.0 195 

Lincoln-!C· 10.0 108 

Lavin 10.0 89 

Palmerston North 32.0 84 

Ta Awa 48.O 61 

l~aingawa 61.O 67 

* Gray (1888) 

Tabla 21 Quantities of aodium dapoaited in rainwater in various 

perte of New Zealand (after Blakemore, 1953). 

Thia influence ia clearly shown in the composition of whit• 

clover in the hlairarapa. Sodium valuaa in planta growing near the 

coast and axpaaad to aalt bearing winda ranged fr011 D.4-0.5 parcant 

l&lhereaa claver in relatively ahaltered inland hill country valleya 

had between 0.1-0.2 percent sodium in their tiaaue (W.lla, 1969). 

Artificial 

The 001MN1rcial use of sodium as a fertiliaer ha• largely bean 

confined tc •llll>era of the Chanopodlaceae family. 

Durrant .!1 !!• (1974), from reaulta of 216 field e,cparinnte with 

sugar beat over 12 yaara, point out aome of the factora which influence 

tha effect of added aadium on thaaa planta. In the a,cparill9nta they 

applied potaaaium and ■odium fartiliaere •ither Nparately or in com­

bination, and found that the average naponu per kilogram of nutrient 
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was more in favour of aodiua. It waa concluded that inatancea or near 

perfect aubatitution reaultad fr011 chance colllbinationa of weather, crop 

husbandry, and with the level of pataaaiua in the aoil. Thie conclusion 

~a• baaed on the tact that potaaaiUII and aodium are only partially inter• 

changeable and because the rasponaa to aodiUII waa l••• influenced by 

season and time of sowing than that of potaaaium. Incidentally, it 

was recommended that both potaaaium and aodium ahould be added to auger 

beet to avoid any possible yield loss. 

Although sodium haa not bean axtenaivaly uaad u • fartiliaar on 

pasture, it 1■ present ea an impurity in 80118 low grade potaaaiua 

fertiliser material• auch •• manure aalta and kainita (Tiadala and 

Nelson, 1970). However, where it haa bean applied to paatura, it was 

for the following two reaaonaa tirat, •• a Mane of increaaing yield 

where pataaaium waa deficient and thia ia the moat comaonly reported 

situation1 second, ta incnaaa the plant aodium content where it haa 

fallen below th• minialull level nquired for grazing anlule. 

In New Zealand, lnvaatioaUona into sodium uae an puturea hav• 

largely been confined to the firat aituatian (Lynch, 19541 Ball, 

1955)1 and by applying aodium chloride at a rate af 251 kg/1,a/yr ta 

a potaaaium deficient eoil, l'tcNaught and Karlovaky (19'4) nportad 

incraaaas in pasture y1alda of up to 18 percent above that in control 

plota in the firat two yaara, thereafter falling away in tha third and 

fourth yaara as the level of potaaa1UII approached ita apecific require-

ment. Then raaponeee to eodlut1 were however, a,ch eullar than thoaa 

whara an equivalent rate of pataaeium chloride wae applied. 

Recant nnarch hae found that in wideepraad arNe of lllaatern 

Europe vary low aodiua lavala aMiat in grua paatuna and th••• lavala 

are below thou required tor ani•l nnde (Lahr, 1NO). In a number 

of axparianta on paaturaa in Holland, aodium fart111aera have bean 
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used to correct thi■ deficiency (Lehr, 19601 Ooetendorp, 19611 

Bakker, 1963). It was found that tha addition at aodiUIII nitrate waa 

mora affective in maintaining suitable sodium contents in pasture■ than 

agricultural salt or kainita, where equivalent a110un\e at aodium and 

nitrogen (11ma/ ... onium nitrate) were applied. Th• ■odium raquiraMnt 

wee greater where the ■oil potueiwn etatue wu high bacauae of the 

competition affect of potaeaium iona during root abaorption. 

In a long term expari11ent where a total of 3450 kg/ha waa applied 

to a pasture over 14 year■, no eyat1111atic trend in ■odium accUMUlation 

in the aoil or in th• plant waa found. It was therefore concluded 

that large quantitiea of added aodium 1119n, rapidly leached frotn the 

root zone by winter rain• (Lehr ll ~•, 1963). A aiailar conclueion 

wae alao drawn by Tinker (1971) attar an eKMination of the change■ 

which occurred in th• aoil following a ainole heavy addition of ■odium 

to sugar beet. By the and of the fir■t year the level af ■odium in 

tha sail had fallen by half and by the third year the level wee the 

earne as that in control plota. 

(c) OW,,£ tartllipr el.,.nt• 
The campoeition of fertili•r• ia one of the ujor factors 

influencing the sodium content in both natrophilic and natrophobic 

plants. 

1. Nitrogen 

Nitrogen has a apecific eftect on leaf aodiua. In general there 

i• a coneietent incraaea in aodium content with incraaaing addition■ 

of nitrogen. However, the nitr0G9n effect 1• ■OMWhat offaet by the 

depreaaing etfect of pota■aiUII (e.g. Stewart and Hol•• 19531 Kup, 

19601 Lehr, 19601 Rahllan J1 .!:l.•• 19601 Hemingway, 19611 Lehr ,!1 .!!•, 

19631 Reith J!1.!1• • 1964). 

Table 3 ahowe clearly the effect of three levela of 'nitro-chalk' 



in tha presence of law and high pataaeiUII on leaf sadiUIII in llixed 

pasture herbage from Scotland C•an of three yeara). 

Mean percent aadium in dry matter 
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Nil 
Nitrggpn Apo~catign* 

195 k a 390 kg/ha 

Location Law K High K Low K High K Law K High K 

Fingask 0.37 0.09 o.74 0.1a 0.93 o.36 

Kikhill o.s2 0.22 o.ao 0.33 o.9& a.so 
Balluakie 0.31 o.oa 0.38 o.,s o.2e 0.22 

Crofthead 0.36 0.1s 0.61 o.1e 0.60 o.:s2 

* N rates kg/ha/yr 

Table 31 Effect of nitrogen, in the prseenca of pataasium, on sodium 

contents in lllixad herbage (after Raith.!!.!!•• 1964). 

2. Superpha•phate 

The addition af auparphoaphat• to well established pel'fllanent 

pasture does not appear to have any specific effect on the ■odium 

content of leaf tiaeua (Stewart and Holmes, 1953t Hemingway, 1961t 

Reith.!!.!!•• 1964t flaming, 1973). However, it may have an indirect 

affect on sodium. Th• raaulta of Cullan .11.!!• (1966) auggest that 

the significant incraaeaa in aodium content, where an application of 

lime-reverted euperphoaphate waa made to a paature in the initial 

atagee of eetabliahment, may be related more to tha changaa in 

botanical compoaiUon and nitrogen status. During .!1.!!• (1960) eleo 

observed that th• addition of phaaphorua and 110lybdant.111 to pasture 

conaiatantly incraaeed sodium in herbages but both thaae el8ffl8nta 

were found to increaee the nitrogen content of the pasture. 

Thaae naulta sugge■t that the incraaaad aodium content, due to 



added euperphoaphat•, waa a nitrogan aff•ct and not a ap•cific 

fertiliaar •ff•ct. 

Potaaail.111 

Of the fertiliaer •lementa, pataaaium hae the •oat dominating 
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influence on sodium lev•l• in planta. It ia Wttll documented that the 

addition of potaaeic fertiliaera to both natraphilic and netrophobic 

plants reaulta in a depr•aaion of sodium (a.g. Stewart and Hal••• 

19531 l'lcNaught, 19591 During .!1.!!.•, 19601 He■inoway, 196Dt 

Hemingway, 1961 t Reith .11 .!!•, 19154t Henkana, 19651 Harrie .11 .A!.•, 

19661 Bolton, 1972). 

Th• degree to which sodium in natrophobic planta 1a influenc•d by 

the application of pataaaic fartiliaera ia only alight in comparison ta 

that in natrophilic plants (aee Tabla 4). 

Type of plant 

r~atrophilic 

Cabbage 

Sugar beat 

Cockafoot 

Ryegraaa 

Natrgphobic 

Potatoes 

Paapalum 

Mean percent sodium in dry matter 
Rate of potassium chloride (kg/ha) 

0 63 126 251 502 

1.20 

1.ao 

0.91 

0.65 

0.07 

0.12 

0.91 

0.51 

0.07 

0.43 

0.16 

0.43 

0.07 

0.06 

0.24 

0.11 

0.1a 

0.07 

o.os 

0.14 

1.05 

0.11 

0.01 

Tabla 41 Influence of potaaaic fertiliaera on aodium concentration 

in leaf tieeua of natrophilic and natraphobic plant• (after McNaught, 

1959). 
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4. CalciUII and meeiUIII 

Where calciUIII and ugnaaiUII have b■-n reported to influence ■odium 

in both natrophilic and natrophobic plants in field expariante (Cullan 

.!! .!!•, 19661 Harrie !1.!!•, 1966) the r■ault• auggeat, ea wae found 

with euperphosphate, that it waa an indirect affect through thair 

influence on nitrogen and pa\aeaiua level• within the plant. 

( d) Seaeanal .!!lQ tuperatun efffCU 

or the recorded invaetigatiana into the aeaaonal variation■ in 

sodium content of herbage, (e.g. Stewart and Holmes, 19531 Reith ll.!l•t 

19641 "cNaught and Oorotnrt, 1968), few have found any conaietent 

trends. Where th••• trends have been obaarvad (flaming, 1973), aodium 

levels in ~he herbage tended to be high and were thar■tora, more aaaoo­

iatad with natraphilic type plants. 

In general, aodium waa found to be at a high level in the cooler 

monthe of the year. Thie abaarvatian ia supported by solution culture 

work with peraMial ryagraea. l'lengel and Pfluger (1972) found that 

low atmospheric humidity and temperature prOfflOtad aodium uptake. A 

similar obaervation was made by Smith end 1'11.ddlaton (197_4). 

(e) Stage .2!. maturity 

Like moet elements, eodium content declinea with maturity of the 

plant (Thomae .d, ~•, 1952t Pritchard ,ll .!!•, 19641 rleming end 

Murphy, 1968). On COfllP8ring the raaulta of Pritchard.11~•• (1964) 

and rleming and Murphy (1968), larger variation• ware found to occur 

in sodium content in the leave• of natrophllas •• the plant agaa, aa 

expected, then that found in natrophobas. 

(iv) Absorption and tr9nalocation 

Although the •chaniama whereby natrophobic planta exert a 

eelectiva effect are not well undaratoad, the aitea of reatricted 

sodium movement have been attributed ta tha fallowing tiaeua1 
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(a) Rggte 

It haa bean well docuaentad that plants such•• maize and bueh beans 

readily accumulate eodium in root tiaaue ea that only amall quantities 

peas into tha tranapiration atraa (■ •Q• Wybenga, 1957f Wallace.!!.!!•, 

1965J Shone.!!..!!•• 1969f Marachner, 1974). To explain thie, Gauch 

and Wadleigh (1945) coneidarad that 110ve•nt of eodium into the vaacular 

tissue of the bean root might be raatricted by the lllftlbrane• of certain 

extraetalar tia■uea. Shone .ll..M.• (1969) alao poatulated that in 

maize the 1110ve•nt of eodiutn toward• the baeal part of the root wee 

progressively ■lowed down by factors eaaociated with either th■ wall• 

of the xylem or tha eurrounding ■talar parenchyma. 

When the abeorption of potaeaium and aodium waa axa11ined in root 

tissue over a wide concentration range, at leaat two diatinct iaothante 

were noted (Epatain, 1966f Rains and Epatain, 1967). Thaaa two typea 

have baen taken-to reflect tranaport ayatama or Mchaniaaa common to 

both potassium and aodi1.111. In contrast, Jacobean .11.!!• (1961) 

postulated that there waa a single c01111on aite for aodium and potaaeium 

absorption. However th• former ahowad that potaaaium was preferentially 

taken up with reapact to aodium by one of the t.wo uptake 1118chaniama. 

The low concentration •chanlam (referred to•• ayatea 1) waa character­

ised by a high affinity for potaaaium with little affect from a large 

exca•• of sodium ion■ or from the anion• in solution. By contrast, 

the low affinity mechani■ffl (or •chaniama) for potaaaiua abaorption 

(syetam 2), which operated at a higher concentration than ayetem 11 was 

considered to favour sodium markedly, and wee alao ~trongly affected by 

the nature of the anions in aolution (Benge, 1959f Epstein, 1966f 

Raina and Epatein, 1967). Although contraveray aurrounda the location 

of then machaniama, it ia accepted that active ion abaorption occur• 

at the plaamaleaaa and a\ the tonoplaat of root calla (Cpatein, 1966f 

Pitman and Saddler, 19671 Lati••• 19691 Niesen, 1972). To account 
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for the higher potaeaiU111/aadium ratio round in ahaota, it haa been con­

sidered (aee Latiea (1969) far a review) that only ■yet•• 1, which 

favours potaeai1.111, ia involved in th• uptake or iona rram the external 

solution. That la, it operates at the plaell&laMa and therefore 

results in an enrichment of pataeaium in the cytapla•• rurther, it 

was assUMd that it ie th• cytoplautic ealte which are delivered frant 

tha root cortex into the atele through a cytapla•ic continuulll or 

eymplasm (Craft• and Brayer, 193Bs Lundegardh, 1950s Ariez, 1956). 

Moreover, eyatam 2, which ravoure aodium, is aituated et the tonoplaat 

resulting in eodiUII being actively traneported into the vacuole. The 

sodium concentration in the vacuole haa bean found to be three to rour 

timea that in the cytopla•• The potassium concentration, on the 

other hand, waa roughly the aame in both compartNnta (Pitman and 

Saddler, 1967). Conaaquently, the enrichment of the cytoplaa■, with 

potaaaium at th• planal .... and by the active accumulation of ■odium 

from the cytoplaam into the vacuole, raeulta in a high potaaaium/eodium 

ratio in the ehoote. 

On the baaia of alect~chamical •••un111enta, an alternative 1110del 

has bean propoead (Pitman and Saddler, 1967s Pitman .11~•• 1968). 

They attributed the high pataaaium/aodiwa ratio in the ehoota to a 

sodium efflux pump operating at the plaamal•-• while an influx pump 

operate• at the tonoplaat. • Incraaaed aelectivity far potaaaium at 

all concentration■, in contraat to Epatain'• (1966) and Raina and 

Epstein's (1967) 11t0dela, reaulta rrom the tranaport of pataaaium 

inwardly and aodiurn outwardly rro111 the cell at the plallfflal.emma, while 

at tha tonoplaat, both potaaaium and aodiUfll are tranapartad into the 

vacuole. A allllilar 110dlll waa proposed by Jenning■ (1967). 

Calcium 1one have bean ahawn einca the ea,ly work by Viet■ (1944) 

to influence the ab■orptian of pataaaium and aodiU11. Although calcium 
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ions have been shown to play an indispen■able role in ■elective ian 

transport •chanistu (Epstein, 1961t raate and Hanaon, 1964), no 

definite eKplanation ha■ been offered except that calcium may influence 

the configuration ar mechaniem 1 auch that, in ita ab■anca, the aita 

which ie normally highly aelactiva far potaa■ilJftl will transport eodium 

as well ae pataeaiu■ (Rein■ and Epatein, 1967). 

In rejecting the concept of a coMOn abaorption aite, Benge (1975) 

haa shown that eodium absorption was antagoniHd aore by calcium than 

maGnesiUtn, whareae the inhibition at potaaaium uptake ~a• aaeociated 

more with magneaium than calcium. On this evidence, Benge (1975) 

concluded that there were two separate fR8chaniema in operation, one 

specific for potaeaium and the other for sodium. Th• interaction of 

these mechanisms waa aaaumad to be due ta a competition for aome require­

ment in ■hart aupply auch •• ATP (Benge, 1962). 

(b) Stems 

St•• have alao bean coneiderad ea poaaible ■ita■ for eodium 

accumulation. It le the contention or both Bernatein .!!.!!• (1956) 

and Jacoby (1965) that aodium i■ actively withdrawn from the tranapir-

etion streu into cell■ adjacent ta tha vaecular tiasue. Introduction 

of metabolic inhibitor•, auch •• low teaperaturea, ena■robic condition•, 

and such protein inhibitor• aa potaaaiura cyanide, dinitrophanol, or 

chloramphenical, have naultad in an increaae in the upward move•nt 

of sodium into the laar tiaaua (Pearson, 19621 Jacoby, 1965t Wallace 

J!i.!!•, 1965). Thea• reeulta suggested that eodiua retention waa 

dapandent on a .upply of metabolic energy (Jacoby, 1965). rurthar 

work by Raina (1969) aetabliahed, •• expected, that the highly salactive 

Mchaniam aa■ocieted with sodium accumulation in at■- of natraphobic 

plant• was not preeant in natrophilic plants. When the st.a tiaauaa 

of the natrophobic bean plant were nparated into aKtra-cambial ti■aue 

(phloem, cortex, and andodermi■) and xylary tisaua, it wae the latter 



which was responsible for the high rate of sodium absorption at this 

site. 

It appears that this absorption niechaniam can, under certain 

conditions, become saturated (Jacoby, 19641 1965). tdhare natro-
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phobes have bean grown under conditions of high external concentrations 

of sodium, this ion has been observed to penetrate gradually into the 

leaf tissue (Bower and Wadleigh, 19481 Bernstein ll.!!•• 19561 

Huffaker and ldallace, 1959a, 1959b), such that sodium becomes more 

uniformly distributed throughout the plant (Jacoby, 1964). 

In contrast to the theories of restricted sodium transport by 

preferential accumulation in root and stem tiseuea, a number of workers 

(e.g. 11!allace and Hemaiden, 19631 Cooil .!! .!!.•, 19651 Lavi, 1970f 

Marechner, 1974) have invoked the idea of retrsnalocation of sodium 

away from tha leavee. Wallace and Hamaiden (1963) have demonstrated 

that downward movement of sodium in tha phloem is a characteristic 

associated only with natrophobic plants. hlhera labelled sodium has 

been applied to the leavaa of such plant■, it has resulted in the r­

tranelocation of sodium away from the leaves by means of the phloem into 

the roots, where it accumulated. Subeequently it wae released into 

the external solution (Lavi, 1970, l'larechner, 1974). 

From such raaulta it was concluded that downward movaR1ent of 

sodium in plants could partially account far tha appearance that upward 

transport of this element wee restricted (Cooil .!!.!!!.•, 1965). It is, 

therefore, apparent that natrophobic plant• have developed vary effect­

ive regulatory machenisma to prevent tha accumulation of sodium in the 

leaf tissue where, as shown by Marechnar (1974), it may cause matabolic 

dieturbancaa. 



(b) Sodium in Animals 

(i) runctian J!.ns! requirements 

Sodium ie an aaaantiel element tor all ani•ala and a deficiency 

causes serious phyaiological diaturbanc••• In contreat to planta, 

sodium not potaeaium, 1■ the dominant cation in maintaining cation/ 

anion balance and OlllltOtic effect■ in animal■• Table 5 ahowe the 

distribution of sodium (total aodiUIII in aheep end cattle ia approx. 

9.0 g/kg body weight) and potaaaium (total potaaaium in ■heap and 

cettla ie approx. 11.25 g/kg body weight) in varioua body tiesuaa. 

Tissue Sodium Potaeaium 

Body fluids 39.D 2.0 

Bona 44.0 D.4 

l'lu■cla a.a 36.0 

Narvoue s.o 31.0 

Secretory - 31.0 

rat negligible negligible 

Tabla 51 Percentage distribution of total ■odium and potaaaium 

in various tiaauas of ■heap and cattle (Agricultural Reaaarch 

Council, 1965). 
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A■ a large proportion of aadiUII ia found in body fluids, animals 

are unable to build up raaerv•• of thia element. Therefore a con-

tinuoua adequate supply is eeaantial, aapecially since over BO percent 

of the total daily ■odium intake in dairy cattle ia eKcreted in taacaa 

and urine, with anly 6 percent being retained in the body (Hutton .!1 

~ •• 1967). Hawver, tha ruminant can, under conditions of sodium 

deficiency, con■iderably raduca this loaa by con■arvation of aodium by 
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the kidneys and by re-abaorption tram fluid• aaaociated with faeces 

in the lower intestine againat a concentration gradient (Bott .!1.!!•• 

19641 Brouwer, 1961). 

Although the sodium requirement• in the diet for different types 

of grazing animals are not exactly known it can be concluded that the 

requirement for lactating animals la greater than that for animal• 

producing meat and wool, which, in turn ia higher than that for store-

fed animals on a maintenance ration. The following tabla (6) praaanta 

the estimated requirHenta for the different claaaee of grazing animals. 

Sodium 

(percentage of dry matter) 

* 
+ 

• 

Consuming 
n 

" 

2 kg D.1'1./day 

8 kg o.M./day 
12 kg D.Pl./day 

* Sheep 

0.07 

Beef+ 
animals 

0.10 

Lactating• 
dairy cows 

0.20 

Table 61 l'linillURI concantrationa naaded in paatura plant• for 

satisfactory nutrition for different cla•••• of grazing animals 

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

In New Zealand, deficiencies of sodium in grazing animals have 

been confirmed in the Taupo region. Joyce and Brunawick (1975) round 

significant live weight gains in both aheap and dairy animals fad on 

lucerna, with an average sodium concentration of 0.03 percent, when 

they were drenched with sodium chloride twice weekly. 

Although hypomaonaeaemic tetany ie aeaociated with low magnesium 

in the blood, a number of authors have auggeated that low sodium intake 

may also contribute to the development of this diaaasa (Kamp, 19581 
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Lehr, 19601 Pateraon and Crichton, 19601 Roaa, 19601 Butler .!ill!.•• 

1963). hlhare cows have bean deliberately deprived of sodium in thair 

diet they have shown similar aympt0111t1 to hypomagneaania1 "shivering, 

incoordination, waakneaa, cardiac ~nhythmila, and death". However, 

when sodium waa adtniniatared to th••• cowe, they quickly recovered 

(Smith and Ainaa, 1959). A aimilar reault waa obtained with a herd 

of cows known to be suffering from hypo11agneaaamia, in that where 

additional sodium was given to their diet, the ayinptoma of hypomagnae-

aemia disappeared (Pateraon and Crichton, 1960). In a atudy of 

magnesium absorption from the gaatro-intaatinel tract of ehaap, an 

incrseaa in sodium concentration resulted in a net incraasa in magnes­

ium absorption (Cara at el., 1967). A similar result waa also obtain---
ad with rats (Ross, 1960). 

Relative to other animals, the volume of digestive aacretiona in 

ruminants ie large. In cattle, for example, over 20 litres of saliva 

is produced daily (Bailey and Balch, 1961). Although 98 percent of 

the cations in rUR1inant saliva ara made up of sodium and potassium, 

sodium is by far the naajor constituent (95 percant) and may represent 

more than five ti.mes th• aodium content of tha blood plaama (Bott .!1 

.!l•• 1964s Bailey and Balch, 19611 Phillipson and Mangon, 1959). 

Although much saliva ■odium 1a recycled, any interference in 

sodium intake or increaaad atimulation in the rate of digeativa 

secretions cauaed by a change of diet, could raault in a conaiderabla 

atraea on the aodium balance and circulatory holll8oetaeie (Bott .!1.!!•, 

1964). Although potaaaium, to a limited extent, can replace sodium 

as tha predominant cation of the aalivary ■aeration, thia imbalance 

of sodium to potaaaium reaulta in e aubatantial increase in aldo­

atarona, an adrenal hor110na which in exceaa cauaaa hypartanaion 
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(Goding end Danton, 1959f Bott.!!.!!•• 1964). Sodium atraee ia more 

likely to ba found in young growing animal• grazing ■odium deficient 

pastures, but may also ba aggravated in adult dairy cowa through 

sodium lost in milk and saliva (Bott.!!.!!•, 1964). 



Becaun of' the e,ctenaive nature of thie 1nveet1gatlan, the 

experimental work la preeented in tour eeparate chapters. Theae 
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chapter• correspond to the four beeic topic• mentioned in the 

Introduction under the general headinge of Agricultural and Phyeiological 

considerations. Each chapter contain• en introduction, a deecription 

of the experi111ental procedure, raeulte, and• diacuee1on. An overall 

conclua1on ia QJ.ven at the and or the experimental eection. 

CHAPTtR 1 
GEOGRAPHICAL SURVEY or SOOILJfll ANO POTASSIUPI VALUES IN 

TOPORESSEO NEW ZEALAND PASTURES 

INTROOUCTION 

In 1962 Walla carried out a survey uaing aWNt varnel (AnthoxanthUffl 

ordoratym) aa an indicator plant to investigate the availability of 

sodium in eolla from various parta of New Zeelandt but all the 400 

sample• were taken from untopdreaeed eitn. It 111aa felt, h01118var, 

that to peralt an adequate geographical coverage of eodium values in 

topdreaaad ryegraae-white clover paetuna throughout New Zeeland, 

which are of greater agricultural importance, a further eurvey waa 

required. 

r,:THoo gr JNVESTJGATJON 

(a) Plat.rial 
Both ■odium and corresponding potasaium values were eurvayed from 

the accumulated chHlcal leaf analyala data compiled by the Plant 

Nutrition Section at the Ruakura Agricultural RaHarch Centre tr0111 

1952 to 1975. A quarter ot a million plant aamplea were ex8ftlined1 

they had either been taken tr011 tertilinr tlald trlala or trom tarMra 



paddock• where th•Y had bNn eamplad by ral'II Adviaary Offic■ra. 

there waa 1110re than one ■8111pla from• geographical eita, th• Nan 

values wera taken. Additional aampl•• were collactad during thia 

study from certain areas to parait an adequate coverage. 

A study of potaaaiua waa included bacauae of it• dollinating 

influence on sodium within the plant. 

Refarencea to tha procedure• used for chuically analysing the 

plant samples are given in Chapter 2. 

(b} Exprepaion of Raaulta 

The reeulta are preeanted according ta geographical regions. 
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These region■ ware choaen to represent,•• far aa poaaible, the major 

farming areas of New Zealand. The boundaries of th• regiona and 

distribution of the 2767 aapla aitea are given in riga 1 and 2 for 

the North and South lalanda reapectively. 

Although the number of site• in the South Ialand (381) was con­

siderably leas than that of tha North laland (2386) it was considered 

that the major farming areas ware adequately covered. 

(i) Sodium 

The distribution of ■odium value• in paatures wa■ determined for 

each region by grouping the site reaulta within a defined concentration 

range. The reeulting number of aitaa within each group was expraaaad 

as a percentage of the total. In addition, the re■ult■ ware further 

summarised according to the estimated require•nta for different 

classes of grazing animals<•• Table 6 far eatilllationa)~ 

(ii) Pota■■1UIII 

Although the reeulta for pota■aium war• expr••••d in a aimilar 

fashion to ■odium, the overall empha•i• wee on plant requir ... nte ea 

the animal needs for thia elaMnt are coneiderably lo1119r (Middleton 
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Fig. 1 - Distribution of sample sites along with the boundaries 

of the geographical regions within the North Island. 
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Fig. 2 - Distribution of sample sites along with the boundaries 

of the geographical regions within the South Island. 
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and Smith, 1975). Therefore, the reaulta ware au11111ari■ed according 

to the lavala eugga■ted by McNeught (1970) a■ auitable for aatiafactory 

olant growth. The range• ware•• follow■ a-

Percent K 

1..1.99 

2-2.so 

> 2.so ) 

) 3.00 ~ 

Plant Requirement 

considered to be dafici■nt 

adequata for active growth 

excaesiue 

RESULTS 

Although the majority of individual plant eamplea cama from field 

trials, the geographical location• th••• samples represented ware con­

siderably leas than tho•• from the ram Advisory Samplaa. This is 

clearly ahown in Table 7. 

Sample Type 

f"ield Trials 

farm Advisory 

Total Number 

Percentage of Total Number of Sitae 

North Jeland 

22 

78 

2386 

South leland 

45 

55 

381 

Tabla 71 Source of samples repreaenting geographical locations. 

To invaatigata the possibility that higher rate■ of potaaaic 

fertiliser• were uaed in field trials than those nol'llally a■■ociatad 

with farming, which would produce e fal•• picture of the overall 

statue of potaeaium and indirectly aadiUIII in paaturea, mean valuaa 



for both theH e1&118nta ld81'8 calculated fr011 field trial and fare 

advisory aa11pl•• (Tabla a). 

Sample Type 

rield Trial 

Farm Advieory 

North Island 
Percent K Percent Na 

+ + 2.96,;.o.72 o.~.10 
+ + 2.9~.66 o.1g.;.o.09 

South Ieland 
Percent K Percent Na 

+ + 2.1~.60 0.20,:.0.15 
+ + 2.~.68 o.1~.10 

Tabla 81 !'lean potaeaium and eodium concantrationa calculated from 

herbage samplee derived from different eourcea. 

As there were no appreciable differences between field trial, 

and farm advisory aamplas, the rasulu from the two eourcea wre 

combined to give an overall reault for each of the •1-nta. 

Sodiyp 
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Detailed reaulta for sodium are preaented aaparately for North and 

South Islands 1n f"iga 3 to 7 and 8Ulll88riaed in Tables 9 and 10. These 

regional results are arranged within the figure• and tablas in daacend­

ing order according to the maber of aitee (axpreaaed •• a percentaga 

of the total) containing sodium values in pasture above 0.20 percent 

of the dry tDettar. 

From these result.alt can be seen that a large number of eitea in 

New Zealand are below the aniaal requinmant for sodium, especially in 

relation to beef and dairy anJ.mala. 

Although this eurvey indicates that Taranakl 111&a the laeat 

deficient area ln New Zealand, 35 percent of the aitea were etill 

below the acceptable dairy anillal raquiremnt. in tact 1n lll08t of the 

araaa inveatlQated ouar 70 percant of the aitaa wan below thia level. 

Ploreover, in two inland reglana, Central Plateau and Central Otago, a 

serious aodia problall could axiat tor all claa- of grazing animal.a 

as over 35 percent or tha aitea were below the ■lnilllll an1aal require-
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Total Range Overall 

The percentage of sites within a 
region which fall within the follow-
ing specified sodium values -

Geographical region number sites sodium values* mean <0.07 -::: 0.10 <D.20 -,.0-20 

Taranaki 200 o.06-0.69 0.26 1.0 4.0 34.S 65.5 

North Auckland 298 0.04-0.72 0.2s 3.3 6.9 4O.B 59.2 

Wellington 21 O.O3-0.57 O.28 4.8 4.8 42.9 57.1 

Auckland 94 o.04-0.sa 0.21 4.3 9.6 56.4 43.6 

Rangitikai 106 0.00-1.14 O.23 13.2 34.O 64.1 35.9 

King Country 122 0.04-0.45 0.18 9.B 21.2 67.2 32.8 

l'lanawatu 63 o.os-o.ss 0.19 3.2 19.O 69.B 30.2 

Hawkn Bay 288 0.01-0.98 0.10 10.4 30.2 71.5 28.5 

Bay of Planty 170 O.O1-0.48 D.18 3.5 24.1 71.8 28.2 

Waikato 488 O.O1-0.67 O.17 3.2 22.2 72.8 27.2 

Th8IIN Valley 55 0.06-0.49 0.16 3.6 12.1 76.3 23.7 

blairarapa 97 D.04-0.62 O.18 3.1 16.5 77.3 22.7 

Eut Coast 69 o.04-0.45 O.15 s.1 31.7 so.a 19.2 

Central Plateau 315 O.00-0.38 O.09 35.6 68.9 95.2 4.B 

North Island 2386 0.00-1.14 0.20 9.2 25.7 67.3 32.7 

* All sodium values expreeaed aa percent of dry matter 

Tgla 91 Summary of distribution of aodiUIII values in topdraaaad North Island pastures. 
c,a 
UI 



The percentage of sites within 
which fall within the following 

Total Range Overall specified sodium values -
Geographical region number sites sodium values~· mean .:.0.07 cc0.10 cc0.20 >0-20 

Southland 67 0.10-0.65 0.25 0 10.4 41.9 58.1 

Otego 38 0.10-0.63 0.24 0 5.3 44.9 55.1 

Canterbury 100 0.02-1.02 0.23 9.0 20.0 60.0 40.0 

Weat Coaat 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 

i"larlborough 30 0.00-0.46 0.15 26.6 43.2 79.7 20.3 

Central Gt.ago 44 D.02-0.30 0.10 36.3 61.3 90.7 9.3 

South Island 381 0.00-1.02 0.19 12.6 25.2 63.S 36.5 

* All aodiua values expreaeed aa percent of dry Ntter 

l_ab_l._1t_1.0t Suaaary of distribution of aodiwa values in topdreaeed South Island pastures. 

~ 
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ment. Although dairying ia not tha major farming concarn in thaaa 

two areaa, over 90 percent of the aitea were found to ba balaw tha 

sodium raquireMnt for this type of atock. Apart from the Central 

Plateau and Central Otago, other area■ , na111ely Nelaon and l'larlbarough 

in the South and Rangitikai, Eaat Coaat, and Hawk•• Bay in the North 

Island, ehow varying degreaa of inadequacy of aodiwn for eheap and baaf 

needs. 

An overall aummary of the diatribution of aodiua in paaturaa from 

the North and South Ialanda ia given in rtg e. 

In general, tha results alao confirt11 expectation• from the raaulta 

presented in Table 2, that ie coaetsl paaturee would have higher sodium 

contents than inland areas ea a canaaquanca of the depoeition of sodium 

chloride in see epray. Thia le clearly ahown in Table 11 in which the 

results are prannted according to a tranaact taken from the aaa coeat 

to 43 km inland. 

Distance from Sodium content in pasture 
Location ••• (kin) (percent dry 111attar) 

Whakiki lagoon 0 0.29 

rraaertown 11 0.15 

Marumaru 18 0.11 

Ta Reinga 27 o.oe 
Ruakituri 33 0.07 

Papuni 43 0.07 

Table 111 Influance of••• apray on aodium content in paatura 

plant■• 
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Fig, 9 A generalised summary of sodium concentrations in herbage 

from topdressed North Island pastL1i-es, 
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Fig. 10 A generalised summary of sodium concentrations in 

herbage from topdressed South Island pastures. 



further110ra, this influence is greatar on the Weet Coa■t then 

that of the tast Coast of both lalands, due, presumably, to the 

direction of the prevailing wlnda. 

41 

A generalised aUlllll8ry of the above affects, along with th• aodium 

status of inland areas of New Zealand ia given in Figa 9 and 10. 

Potassium 

The results for potea■ium, Fig■ 11 to 15 and Tablas 12 and 13, are 

summarised in a similar fashion to those tor sodium, aMcapt that the 

arrangement of the regions waa dependent on the nUllber of aita■ in 

which tha potaaeium values in the pasture ware above 3.0 percent of 

the dry matter. 

Only a amall percentage of the aitaa thrOtJghout the country ware 

sho~n in thia aurvay to be deficient in potaaaium. Wellington and 

the hleat Coast had the highest number of aitaa with 29 percent and 

23 percent respectively below 1.99 percent potaaaium. Holdtlvar, a 

more imr::ortant feature of thia aurvay waa the number of ■itaa in which 

the potassium level■ were above those racOIMl8ndad tor satisfactory 

plant growth. With the exception of Wellington and the bleat Coaat, 

50 percent of the aitee within th• remaining regions had potaaaium 

levels above 2.5 parcent. "oreover, a number of areas, namely 

Taranaki, Bay of Plenty and the Cantrel Plateau, over 60 percent of the 

sites had potaaaium lavela greater than 3.0 percent. 

The above reaulta, &Ulllariaad tor both North and South Island• in 

fig 16, are a reflection of the inareaeed use or potaeeic fartlli■are 

in New Zealand at laaat ■inca 1950 when the sa111Pling c01MN1ncad <••• 
fig 17 for data on the incraaaad uu at potaasium ■inca 1950). As a 

direct conaaquenca of this trend, many areas of bath laland■ now have 

poteeeium values in pa■turea which are wall in axcea■ of plant naadtJ, 
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Fig. 12 Distribution of potassium concentrations in herbage 

from topdressed North Island pastures. 
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The percentage of si tee wi. thin a 
region which fall within tha follow-

Total Range Overall ing specified potassium values -
Geographical region number sites potassium values* mean s_ 1. 99 2-2.so >- 2.50 > 3 •. 00 

Taranaki 200 1.37-5.21 3.23 4.0 14.5 81.5 63.S 

Bay of Planty 170 1.39-4.70 3.20 3.5 13.5 83.0 62.4 

Central Plateau 315 1.31-5.21 3.04 s.1 14.2 80.1 60.9 

bfaikato 488 1.12-4.36 3.07 1.0 14.1 78.9 55.1 

Thallea Valley 55 2. DD-4. e 1 3.10 0 12.a 87.2 52.7 

Planawatu 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 so.1 

East Coast 69 1.01-3.86 2.86 8.7 14.4 76.9 44.9 

Ha,kea Bay 288 1.16-4.47 2.89 7.3 17.0 75.7 39.2 

King Country 122 1.23-4.45 2.87 B.2 18.1 73.7 38.5 

North Auckland 298 1.11-4.68 2.83 7.7 19.8 72.S 36.3 

Rangitilcei 106 1.03-5.13 2.65 16.0 19.8 64.2 32.1 

htairarapa 97 1.12-4.64 2.66 7.2 26.8 66.0 24.7 

hfellington 21 1.52-4.19 2.53 28.6 23.8 47.6 14.3 

North tel.and 2386 1.01-s.21 2.93 7.0 16.3 76.7 47.4 

* All potassium values expressed as percent of' dry matter 

Tele J2t Summary of distribution of potaaaium values in topdreaeed North Island pastures. 

l:. ..... 



The percentage of sites within a 
region which fall within the follow-

Total Range Overall ing specified potassium values -
Geographical region number sites potassium valuaa* mean f: 1.99 2-2.so ~ 2. 50 >3.00 

Nelson 59 1.15-4.18 2.03 13.6 17.0 69.4 47.5 

Otago 38 1.21-4.22 2.78 15.8 15.8 68.4 42.2 

l'larlborough 30 1.57-4.30 2.es 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 1.34-3.83 2.10 7.5 26.9 65.6 24.0 

IJJest Coast 43 1.01-4.46 2.47 23.3 27.9 48.B 23.3 

South bland 381 0.98-4.46 2.67 13.4 24.4 62.2 32.1 

* All potaaaiua values expreaaad as percent of dry matter 

Table 13a Sullllllary of dietribuUon of potaaeium valuaa in topdreaaed South Island paatures. 

• ID 
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which suggests that in these er••• exceaaiva amounts ot potassium are 

being applied. rurtharmora, the reaulta indicate that higher rates of 

potassic fertiliser are more widely uaed throughout the North Island 

than in the South Island. 

DISCUSSION 

The results from this aur~ey clearly indicate that topdraaaed 

ryegraes-white clover paeturea in many araaa of New Zealand have eodium 

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 pasturaa haa been obscured for a number of reaaona. 

First, many of the geological formationa in New Zealand have yielded 

soils deficient in sodium for animal needs. Second, large a1110unta of 

sodium chloride are depoaitad from aaa spray especially onto areas close 

to the Western Coasts of both lslande. Third, prior to 1950, low 

grade potassium fertilisers were commonly used on paaturaa (Bell, 

1955). Moreover, theaa lowr grade fertiliaara contained conaidarable 

quantities of aodium as an impurity. However, since that data, there 

has been a conaidarabla increase in tha uaa of high grade potaaaic 

fertilisers on graaeland in New Zealand. Aa a direct reault of thia 

increased uae of potassium many paatures throughout New Zealand,•• 

revealed by this survey, now have potassium lavela well in excaas of 

plant needs. 

Apart from the competition between potesaium and sodium ions in 

which the former depraaaae the uptake of the latter into the root 

system of plenta, potaaaium also accelaratea leaching of aoil aodium 

from the root zone aa indicated from the results of ~cNaught and 

Karlovsky (1964). Tharatora, tha axcaaaiua use of potaaaic fertil• 

isers would aggravate en animal-nutrition problem involving aodium br 



even create one where it may not have originally existed. 

Although very litUe data la available on the incidenc• of 

dietary dependant diaordera in grazing animals it ie intaraeting to 

note the marked variation in tha incidence of hypomagnaaaemic tetany 

(a disease generally associated with low lavala of magnesium in tha 

blood) and associated chemical composition of pasture between coastal 

and inland areas (Tabla 14). l'lagneaium levels above 0.20 percent of 
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dry matter in the herbage are not normally aaaociatad with the incidence 

of hypomagnaaaemia (Kemp, 1960). 

Location 

Inland 

Coastal 

Range in incidence 
of hypomagnesania 

in beef cows (percent)+ 

Pasture chemical composition* 
(percent dry matter) 

Sodium ~agneaium Potaaaium 

0.04 

0.16 

0.2s 

D.23 

2.95 

+ data from Cairney (1964) 

* n " Saunder• ,u. .I!.• ( 1964) 

Tabla 141 Variation in the incidence of hypamagnaaaemia and 

associated chemical composition of pasture betlll98n inland and 

coastal araaa. 

The data aummariaad in Tabla 14 was from a survey of catUe on 

477 farms in the Hawke's Bay region (Cairney, 1964) and paeture 

samples were taken from a selection of these farma (Saunders .!1.1!.•• 

1964). 

An important change in farm practice involving sodium ehould aleo 

be mentioned<••• ~iddleton and Smith, 19"6). Thie haa entailed 
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cessation in supplementation of hay with coaaon aalt aa the hay stack 

has been replaced by the bale and bam, and concurrenUy, topdreasing 

pastures with salt, which had been cOIIIIOn practice in the past when 

meab-works were a cheap source of aodilD chloride, has also bean 

discontinued. 

finally, sources or sodium other than thoae supplied by plant• 

should also be taken into account when coneidaring oruing anJ.mals. 

In fact one of the first aymptama of sodium deficiency in grazing 

animals 1a an avid licking of wood, soil, and -..at of other ardaala 

{Underwood, 1966). In th1a regard, the ingestion of soil alther 

directly or indirectly from soil contaminated herbage 1a coneidentd to 

be an important source of llinllral. el.111118nta f'or grazing aniaala under 

certain ciraaatancea (Healy, 1973). f'urthaftlOre, sod.ha 1n drinking 

water can aleo conatltuta • eizable fraction of.the total intake (5111th 

and Anies, 1959). In thla reepact aniula eating herbage low in 

sodium will show a mark•d preference for drinking water containing 

sodium. This is clearly nen from the raaults preaented in Tabla 15 

where water samples wen collected front a farm on which cattle were 

found to preferentially drink fl"DII a spring llfh.1.la ignoring all other 

supplies. The aodium concentration 1n the spring water was over SO 

times that found 1n the creek. 

Concen~ration of al8118nta in water"'-

Water Source NH4 N03 p s K PIO Ca Na 

Creek 0.1 0.1 0.04 5 1 4 26 11 

Spring Z.2 0.1 0.16 o.s 5 3 5 600 

* all figures are in ppa 

Table 151 Chemical analysia of two water aanplee indicating the 

1mport.anca of drinking waur as a eourca of sodi&a 1n an area low 

in harbaQII aodiwl. 

Cl 

13 

94 
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CHAPTER 2 

CLASSirICATION or THE "ORE I"PORTANT NEW ZEALAND PASTURE 

AND ro□OER SPECIES INTO NATROPHILIC ANO NATRDPHOBIC TYPE PLANTS 

INTRODUCTION 

Although there have baen numaroua reports on the differences which 

exist between plants in the extent to which they can absorb and trans­

locate sodium, only a partial claaaification of some grass epeciee 

into netrophilic and natrophobic types has bean made (aae Literature 

Review). 

Therefor■, the following investigation was undertaken to give a 

classification of some of tha more iaportant agricultural plants 

grown in New Zealand according to the aitea where sodium preferentially 

accumulates within tha plant. 

EXPERIMENTAL TECHNIQUE 

A glaaahouae pot technique described by "iddlaton and Toxopeua 

(1973) which involves the growth of appropriate indicator plants in 

soil with the periodic addition of a complete balanced nutrient 

solution was uaed. 

(a) Soil preparation and planting 

The important agricultural plants lieted in Tabla 16 were grown 

in a pumice derived soil, Atiamuri eand. 

Before the soil was potted it waa fumigated with 'Baaamid 

Granular• (99 percent w/w dazomet) granules to daatroy eoil borne plant 

pests and di••••••• The fumigant was added at tha rate of ona gram of 

'Basamid' to one kilogram of aoil. After the application of granule■, 

which ware thoroughly mixed into the ai■vad aoil (a 6.5 11111 wire maeh 

sieve was uaad), the aoil wae moiatanad and eaaled within a black 



Common Name 

1 Ariki ryegresa 

2 Brown top 
3 Cocksfoot 

4 Kikuyu 
5 Meadow graae 
6 Nui ryagraas 
7 Pespalum 
8 Phalaria 
9 Prairie grass 

10 Ruanui ryegraaa 
11 Tall feacue 
12 Tame ryegraaa 

13 Timothy 
14 Yorkshire fog 

15 Alsike clover 
16 Oesmodium 
17 Lotus 

18 Lucerne 
19 Red clover 

20 Soya bean 
21 Subterranean clover 
22 White clover 
23 Lupin 

24 Barley 
25 Chou mcalliar 

26 Kale 

27 Pleize 
28 Japanese millet 
29 Oats 
30 Rape 
31 Suda>< 
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Botanical Name 

Graaaea 

Lolium x hvbridum Hauaakn. cv. 'Grass­
lands Ariki' 

Agroatia tanuia Sibth. 
Oactylia glo•rata L. cv. 'Grasslands 

Apanui' 
Panniaetum clandaatinum Rich. 
Es.a t.ivialia L. 
Lolium perenna L. cv. 'Graaalanda Nui' 
Paepalum dilatatua Pait. 
Phaleris tubaroaa L. 
Bromus unioloidea :syn.(!. catharticue, Vahl.) 
Lolium perenne L. cv. 'Gra1alanda Ruanu1 1 

restuca arundinacea Schred. cv. 5170 
Lolium multiflorum Lam. cu. 'Graaalande 

Tama' 
Phlaum pratanae L. cv. 'Grasslands Kahu' 
Holcus lanatua L. 

Legumes 

Trifolium hvbridum L. 
Desmodium uncinatum Jacq. cv. Silver leaf 
Lotus pedunculatue cav. cv. 'Graaalande 

l'leku' 
Madicago satiya L. cv. 'Wairau• 
Trifolium pratanee L. cu. 'Graaalenda 

Turoa• 
Glycine max L. cv. 'Amaoy' 
Trifolium aubterraneum L. 
Trifolium rapene L. cv. 'Graaslands Huie' 
Lupinua anguatifoliua L. cu. 'Unicrop' 

f"odder plants 

Hordeum yulgara L. cv. 'Zephyr' 
Braseice oleracaa L. cv. 'Giant chou 

rnoalliar' 
Brassies oleraeea L. cv. 'Thoueand-

haadad Kale' 
Zea J!!,11_ L. 
Echinochloa frumpntacaa Link. 
Ayana aativa L. cu. 'Algerian' 
Brasaica napua L. cu. 1Rangi 1 

Sorghum bicolr• (Lynn) >< Sorahum 
Sudanaae Piper) 

Table 161 Plenta used to classify the more important New Zealand past-

ure and fodder specie■ into natrophilic and natrophobic type plants. 
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plastic sheet for aeven daya. Subsequently the soil, which waa contin-

ually kept moiat, waa exposed to the air far et leaat 14 daya to allow 

toxic gaaaa to aacape. To make aura that no gaaea remained to inter-

fare with aaed germination, rape aeede were germinated in a amall 

quantity of aoil. Once the eoil wee ahawn to be free of the gaaaa 

it was air dried ready far potting. 

Each 15 centimetre plaatic pot contained SOD grams of air dried 

soil loosely filled to thraa centimetre• fr011 the top. ror plants 

with large seeds, maize, aoyabean, audax, and lupin, only 25 aaeda 

ware planted per pot, but all other teat plants had 150 aeada aprinklad 

uniformly over the soil aurface in each unit. The aaada ware than 

covered with a one centimetre layer of eoil which had bean ra110vad 

prior to planting. 

Attar garmination, all legundnoua teat plants received several 

application• of an aqueous suapanaion of their appropriate Rhizobium 

strain to ensure affective nodulation1 the inoculUffl waa cultured in 

yaaat-mannitol agar (Van Schravan, 1964). 

(b) Treatmentp and Daaign 

The nutrient aolution formulated by "iddleton and Toxopeua 

(1973) was modified to give two contraating levela of potaaaiu■ for 

each plant apeciee, with all other nutrients except chloride kept 

constant. The lower treatment of the two, was adjusted to give a 

potassium content in ryegrasa of approximately 2.20 percent, con­

sidered to ba adequate for satisfactory plant growth ("cNaught, 1910). 

The corresponding sodium level was adjusted to give 0.30 percent of 

the dry matter. 

Each potaaaium treatment waa replicated aix ti••• Th• pota 

were arranged in a randomised deaign on banchea in a temperature 

controlled glaaahouae (15 °c llin-25 °c ux). 



(c) Nutrient Solutipna and Soil Ploiature 

The composition of the atock eolutione of major al811enta (N, P, 

s, K, Na, ~g, and Ca), which varied according to treatment and plant 

speciaa, ia given in Table 17. A aeparata minor alamant (B, Co, Cu, 

Fe, Mn, Pio, and Zn) atock solution waa prepared and tha compoaition 

is given in Tabla 18. 

Salt Low K High K 

a 26.7 26.7 
NH4 NO:, 

b - -
a 3.0 3.0 

KH2 P04 b 3.0 3.0 

a 3.3 3.3 
K2 HP04 b 3.3 3.3 

a 1.7 1.7 
K2so4 b 1. 7 1.1 

a - 3.0 
KCl 

b - 3.0 

a 2.7 2.1 
MgS047H2D 

b 2.1 2.1 

• o.s o.s 
CaC03 b o.s o.s 

a 10 ml 10 ml 
N HCl 

b 10 ml 10 ml 

a 1.6 1.6 
Na2so4 b 1.6 1.6 

Tabla 171 Composition of stock aolutiona of major nutrients in 

gram• or millilitraa per litre, for (a) non-legu111inoua and (b) 

leguminous teat planta grown in aoil. 
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Salt IIQ per litre 

H3eo3 3.0 

coc12.6H2o 0.4 

Cuc12.2H20 1.0 

l'lnC12.H2o 10.0 

(NH4)6 M07024.4H20 0.4 

ZnCL2 1.s 

Table 181 Compoaition of stock solution of minor nutrient■ in 

mg per litra, used with non-leguminous and leguminoue taat plants. 

The dilute nutrient solutions for application to teat plants war• 

prepared as followaa-

200 ml of tha appropriate major element aolution 

plus 100 ml of the minor element auppla111ent and 

made up to 4.5 litres with pure water containing 

D.15 pprn of ferric citrate. 

This solution was applied at the rate of 50 ml per pot, five timaa a 

weak. 

Soil moiature in each pot waa maintained during the trial at 

75 percent of field capacity by the addition of an appropriate 

nutrient solution, aupplamantad, according to tranapiration rataa of 

the growing planta, with pure water. Thia adjuetlllent waa important 

to anaura that leaching did not tak• place. 

(d) Mapyre.,,.nt• 

Aerial parts of the teat plants ware harveated by cutting at 
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five centimetres above the aoil surface when the leaf tieaue had 

reached a height approdmately 12 centimetres above tha lip of the pat. 



However, plants such as chou _,.lller, kale, lupin, rape, and soya 

bean, where the growing point waa well above the noraal cutting 

height, individual leaves ware trialed in such a way that enough 

young leaf Uuue remained to give rapid regrowth. 

The planta were cut four t1f88a, with each cut being taken after 
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an interval of approximately 21 days. After the fourth cut the roots 

and stubble were alao harvested. In this study the stubble waa 

considered to be the five centilletra portion of Uaeue between the 

roots and harveatad aerial parts. However, in certain caaea, the 

stubble defined in thia way was really tha atem tiuue~ Soil..,.. 

removed from the roots by waehing in deionized tdatar in such a manner 

that there were no apprecJ.able loa-• of nutrient• from the Uaeues 

within the root. 
0 All harvested material waa oven dried at 32.5 C and weighed to 

give dry -tter yielde. Each replicate wu than finely ground and 

chaically analyNd for N9 P, S, K, Na, Pig, and Ca. 1he •thoda U88d 

for the analyala of K, Na, Pig, and Ca 1n the nitd.c-perchloric acid 

d1gnta have already bnn daacr1bed (Oorof•ff and fltcNautht, 1962). 

Ni trogan waa dllteralned by the sodha phenate llltthodJ phoaphorua, by 

a lll8thod of Jackaon ( 1958) •cllfied for use 1111th an auto analyaer1 

total sulphur, uaing the nitrio-perchlorlc acid dignUon procedure 

followed by a -thod adapted from l'lottershead (1971). 

Tranapiration :rataa were determined for all plant. except oata, 

barley, meadow graes, prairie graaa. and aoya bean. Th8ae five 

apecJ.ea 11111tre all planted at a allghUy later data than that or the 

main group and were therefore d a different stage of growth. The 

rate• ldllre ,_.aurad on ,five cort89cuUve daya pl'ior to the first cut. 

All pota 1n the td.al were adjueted to 75 percent of field capacitv 

iwdiately before the c0111Nnc■•nnt of t.t. waur1■1nta. Tranepiration 
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ratea were determined by -•wring the weight lo• tdthJ.n each pot froa 

75 percent fiel.d capacity three UmN a day. IIJater lost from the pota 

in this ..ay waa corrected for aurtaca evaporation by subtracting the 

small 1111an loaa of water from aix pota contain1ng bare aoJ.l over the 

same tiae period. 

ExchangNble eoll sodium and potaaalua catione •re datandnad on 

a single soil eaaple coapoaed of six ntplicatee for each plant apeciea 

and potaaaita treetamt. The aemplss were taken at U. end of the 

fourth cut before the roota were harvested. Thia aethod of deterllin­

aUon 1nvol.ved leaching the eoll with nautral nonral -.n1aa acetate 

and 11BUUring the diaplaced sodium and pot-•ium by fl- photoaetry. 

(a) Expregion of Reeulta 

All yial.de are expreaaed as grama dry weight par pot. On the 

other hand the concentrat.lon results from the chelllical analy8N are 

percentage• of the dry matter. 

Tranapirat.lon rates are expreaaed ea 1111.llilitrea of water per gram 

of dry matter per pot par day. The exchangeable soil cationa ae 

milligrams par pot. 

Analysis of varianca was carried out on all. resulta. 

RESULTS 
The -,re detailed reaul.ta of the etfecta of po'taaalua on aod1ua 

lavala and asaociated cheai.cal composition 1n the above planta are 

discuaaad in chapter 3. 

Although there were differat'1C88 in the eodlUII conamtration 

between the two potaaaiua traataanta, thees diffareneea W91'tt euch that 

they had litUa influence on the overall ranking of the above plants 

in the following classiflcation. Therefon. the reaulte uaed tor 

the cl-ificaUon of planu into natrophilee and natrophobaa •re 

calculated fr0111 the pooled•-- of the two pata.aiull treatment• for 
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shoots, atubbla, and roota. In the caae of the shoots, the mean of 

the four cute~•• uaad. Thaaa reaulta ara praaentad in Table 19. 

The plant species are arranged in the tabla in daacanding order accord­

ing to the concentration of sodium in the leaf tieeua. 

From Tabla 19 it can ba seen that moat plants can ba readily 

classified into two diatinct typaef on the one hand there is the 

group which haa a high sodium concentration in leaf tiaaue and a 

~elatively low concentration in roots, thaae are the natrophileaf 

whereas for the other group, the natrophobae, the revarn ie generally 

found. Ploreover, the raaulta reveal a further important character­

istic in aoma member■ of bath natrophilaa and natrophobaa. In 

addition to the ahoota or roots being major aitea of sodium accumulation, 

there are a number of plants in which the stubble tisaua is the principal 

site, with either the ehoot or root, being the aacondary aita dapending 

on whether the plants ara natrophilic or natraphobic. 

A classification of the above plant• into natrophilea and natro­

phobes is givan in Tabla 20, along with a further eubdivieion within 

each type according to the principal aite of sodium accumulation. 

Pooled maana of sodium cancantrationa of the plants in each sub­

division, calculated fr011 the raaulte in Table 19, ■how the extant of 

the accumulation within the diffs~ent tissues. 

Although brown tap, meadow greea, tall faacua, and 

rape, have bean claeaified •• netrophobee, according to the 

results from tha initial cute, thay form a group of plant• which, in 

soma raapecta, could be regarded ae intarmadiata between natrophiles 

and natrophobee (aaa Table 19). Another paint ie that with the 

exception of barley, aubclovar, tall feacua, Madow graae, and brown 

top, there were no significant diftarancaa in the eadiaa concentration 

in shoot tieaua between cute. Hawevar, in th••• fiva epeciea, which 



Plant apeciea 

Phalaria 

Data 

Chou moelliar 

Yorkshire fog 

Kale 

Subclover 

Cock afoot 

White clover 

Tama ryegraaa 

Nui ryegraaa 

Prairie grass 
Ariki ryegraaa 

Barley 

Ruanui ryegraaa 

Lotus 

Tall feacue 

Rape 

Brown top 

Plaadow graaa 

Japanese millet 

Red clover 

Paapalum 

Kikuyu 

Timothy 

Lucerne 

Aleike clover 

Lupin 

Deamodium 

Suda>< 

l'laiza 

Soya bean 

Standard error 

Sodium (percent dry inatter) 
Shoo ta Stubble Roota 

0.44 

0.41 

0.41 

0.40 

0.38 

0.36 

0.35 

0.35 

0.34 

0.34 

0.34 

0.34 

0.33 

0.33 

o.:so 

0.24 

0.23 

0.11 

0.17 

0.13 

0.07 

0.06 

0.05 

0.04 

o.04 

0.03 

o.o:s 

0.01 

0.01 

0.01 

o.oo 
!o.0067 

0.45 

0.53 

0.23 

o.33 

0.30 

o.43 

0.40 

0.34 

D.39 

o.37 

o.:s1 

0.35 

0.54 

0.38 

0.24 

0.23 

0.48 

0.46 

0.29 

0.24 

0.25 

0.15 

0.11 

0.37 

0.26 

0.35 

0.14 

0.29 
o.og 
0.01 

0.02 

.:0.0068 

0.13 

0.28 

0.14 

0.11 

0.19 

0.2s 

0.10 

0.20 

0.10 
I 

0.14 

0.24 

0.19 

o.34 

0.15 

0.23 

0.19 

0.25 

0.20 

0.24 

0.19 

0.44 

0.2s 

0.22 

0.24 

D.42 

0.21 

0.74 

0.49 

0.37 

0.2a 

0.41 

Table 1SJI Plant apeciaa arranged in deacanding order according 

to the concentration or aodiutn in their leaf tiaaua. 
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Grass11 
Ariki ryegraaa 
Cockafoot 
Nui ryagraaa 
Phalarls 
Prairie grua 
Ruanui ryegrau 
Tama ry•grue 
Yarluattlre fog 

percent Na 
(pooled IINn) 

itNHI 
Brown top 
"8adaw graaa 
Tall fNCUlt 
T1-thy 

percent Na 
(pooled •an) 

Leaf 

Legumes 

Lotus 
l11hit.a clover 

5!:!22i1 ltubhl1 

0.36 0.35 

Stubble 

blauaee 
Alalke clover 

ShooS1 §tubbl9 
0.14 0.35 

Na~rophil~s 

rogger 
Chou aoellier 
Kale 

Rooy 

D.17 

t!ltrooholl!1 

(gddllr 

Aillet 
Rape 

Baa 
0.22 

begumes 

Subclouer 

Stubble 

f"gdder 

Sarley 
~Jats 

shoots stubbl• Roote 
o.37 o.so 0.29 

Root 

!il:1111! b•9YM• 
Kikuyu Oe8110d1UII 
PupalUID Lucerne 

Lupin 
Red clover 
Soya bean -

ib25!b §lfiib&z~I Rapt• 
0.03 0.15 0.41 

[gdc:18£ 
~z• 
Sudax 

Tabla 201 A classification of the aora important New Zealand ?••tura and fodder species into natrophilic 

or natrophobic type plants according to the major sites of sodium aceta.1lation. 
(JI ... 
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includes thia intermediate group, there waa a significant (p = 0.001) 

trend towards an increaaa of aodiu• in ahoote with each cut (Table 21). 

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

Natrophilaa 

Barley D.23 0.32 0.33 0,40 

Subclover 0.2a 0.33 0.39 D.46 

Natroehobee 

Tall fescua 0.12 0.22 0.2s D.37 

l'leadow graaa 0.10 0.1s 0.21 0.23 

Brown top o.oe 0.16 0.11 0,25 

Standard error !o.0065 !o.0062 !o.ooe !o.006 

Tabla 211 Incraaae in aodiu■ concentration in leaf tiaaua of 

certain natrophilea and natraphobaa with cute. 

Thia result auggests that tha main accumulation aita within thaaa 

plants ia more readily saturated with aodium than in the other plants. 

Therefore, it ia predictable that such natrophobic plants could 

eventually display natrophilic characteristic■ if they are supplied 

with a generous amount of sodium. 

A notable feature of thia claaaification is the number of 

tropical planta which are natrophobic. furthermore, the mean reeulta 

of the tranapiration rates from the two pataaaiUII traatmanta 1 presented 

in Table 22, indicate that there ia a highly significant difference in 

the rata of transpiration bat111ttan natrophilic and natrophobic planta. 



Plant Species 

Ariki ryegraea 

Chou moellier 

Cocke foot 

Kale 

'=otue 
Nui ryegrass 

Phalaris 

Ruanui ryegrasa 

Subclover 

Tama ryegraaa 
1,,hi te clover 

Yorkshire fog 

Mean 

Alaike clover 

Brown top 

Lucerne 

Lupin 

Rape 

Red clover 

Tall fescua 

Timothy 

Mean 

Oesmodium 

Kikuyu 

Maize 

Millet 

Paepalum 

Sudax 

Transpiration rate 

(ml H20/gram dry weight/day/pot) 

Temperate Natrophilea 

987 

2181 

1206 

2873 

1067 

1047 

1208 

1209 

1314 

965 

1153 

1445 

1388* 

Standard error ! 69 

Jneerata Natrophobfa 
660 

831 

1182 

625 

1653 

938 

649 

1222 

970* 

Standard error ! 49 

Trgeical Natrophobea 
675 

418 

371 

561 

777 

401 

534* 

Standard error ! 24 

* All valuas aignificantly different from each other p~0.001 
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Tabla 221 Tranapiration rat•• of natrophilic and natrophobic plants. 
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In general, tha natrophilea, which were compriead solely of 

temperate plants, had a considerably higher transpiration rate with 

a mean value of 1388 ml H2o/gram dry weight/day/pot, than that of both 

temperate and tropical natrophobaa. In tact, within the natrophobe 

group, the tropical plants had a transpiration rate tar lower than 

their temperate counterparts, with mean rates or 534 and 970 ml/g/day/ 

pot respectively. 

This difference in tran■pirat1on rate batwaen natrophilas and 

natrophobea is reflected not only in the aadium c0111p0aition or theee 

plants, but also in the concentration of other elementa, notably 

nitrogen and potassium (Table 23). 

Element 

Nitrogen 

Potaaeium 

Sodium 

Nitrogen 

Potassium 

Sodium 

Nitrogen 

Potassium 

Sodium 

Standard error 

(Ra■ults 

Shoots 

4.67 

2.64 

o.36 

4.99 

2.56 

0.11 

3.67 

2.16 

0.04 

N !o.11 

K ~.02 

Na !o.001 

I9111D8re~a Na~rogh&i•1 
expreasad as percent dry matter) 

Stubble Roota 

2.99 2.21 

1.43 0.3g 

D.38 0.19 

TemelEIH ~•trseb.szli!II 
2.75 2.30 
1.53 0.56 

D.29 0.32 

IE2B&5ii!l !l~EBR!:!2111 
2.39 1.97 

1.oe o.ss 
0.16 0.32 

!o.og !o.oa 
!o·.02 !o.01 
!o.001 !o.006 

Table 231 

plants. 

l'lean chemical compoaition ar natrophilic and natraphibic 



Although no precise Naauremente were made in this study of th• 

rate of sodium taken up by natrophilaa and natraphobea, it is evident 

from the construction ot a balance aheat for sodium from the result• 

of the individual plant apaciaa, that there are conaiderable differ­

ences in the rate of uptake between thaea two typae of plants. The 

balance sheet, Tabla 24, tekea into account the initial amount of 
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sodium in the eoll, the total amount of sodium applied in the nutrient 

solution, the amount recovered in the plant, and finally a measure of 

the amount remaining in the soil after the completion of tha experiment. 

A close examination of Table 24 reveals that the total uptake of 

sodium by natrophilas is approximately twice that of natrophobee after 

a 90 day interval, in apita of the aignificant difference (p = 0.001) 

in total plant yield between natrophobea (pooled mean of 28.83 g/dry 

matter/pot) and that of natrophilae (pooled mean of 23.10 g/dry 11atter/ 

pot). Moreover, thie atriking difference in uptake between natro-

philea and natraphobea ia further reflected in the amount of sodium 

remaining in the soil at tha and of the experiment. The natrophilea, 

with their higher rate at eodium uptake, depleted the soil raeervea of 

this element from an initial laval of 30 milligrama/pot down to a mean 

level ror this group of 17 milligre111a/pot. On the other hand for the 

natrophobaa, in accord with their lower rate of uptake, an accuniulation 

of sodium occurred in the eoil. ln fact, the mean soil level for the 

natrophobea of 40 milligrams of sodium/pot was 10 milligram■ higher 

than the original aoil level, and over twice that found tor the natro-

philea. 



Sodium (Results expressed as milligrams/pot) ... 
a, 

Total 4 cuts Total Total Soil Contribution Soil Sodium-¥ 0-
I-' 

Plant Species Shoots Stubble Roots Plant Applied by difference after 4 cuts 
m 
I',.) 

Temeerate Natroehiles 
t:,. -Ariki ryegrass 67.1 10.6 10.0 87.7 66.7 21.0 10.4 

Barley 31.4 7.0 9.0 47.4 66.7 - 21.9 u, 
0 

thou moellier 59.0 11.1 6.1 76.2 66.7 9.5 19.6 a. .... 
Cocksfoot 69.2 12.s 7.2 89.2 66.7 22.5 10.4 C 

3 

Kala 59.2 13.1 6.2 78.5 66.7 11.8 21.9 D' 

Lotus 45.0 4.6 3.5 53.1 66.7 - 25.3 Ill .... 
Nui ryagrasa 70.8 11.1 6.1 ea.a 66.7 21.3 10.4 ID 

::, 

Oats 39.2 5.1 7.9 52.2 66.7 - 15.0 n 
(II 

Phalaria 65.6 12.9 5.9 84.4 66.7 17.7 17.3 • 
Prairie grass 37.0 6.2 10.2 53.4 66.7 - 17.3 :r 

18 

Ruanui rysgrass 60.5 16.5 7.2 84.2 66.7 17.5 12.7 CD 
rt' 

SUbclover 51.0 6.4 4.0 61.4 66.7 - 23.0 "'1) 

Tama ryegrass 70.3 7.5 4.1 81.9 66.7 15.2 13.8 0 
t1 

White clover 56.5 4.3 2.a 63.6 66.7 - 27.6 .. 
York!lbire fog 74.8 7.5 4.] 86.4 66.7 19.7 9.2 ::, 

a. 
!'lean 57.1 9.1 6.3 72.5 66.7 10.4 17.1 .... 

C 

Temperate Natrophobas ,~ 

C 
Alsike clover 4.8 4.4 2.1 11.3 66.7 - 54.1 ID .... 
Brown top 32.4 18.1 7.6 58.1 66.7 - 35.7 

"O 
Lucerne 3.4 2.0 3.8 9.2 66.7 - 52.9 .... 
Lupin 2.9 e.2 20.7 31.6 66.7 27.6 

m - :, 

Pleadow grass 19.0 4.0 s.1 66.7 28.8 
rt' 

28.1 -
Rape 41.6 15.9 12.5 70.0 66.7 18.4 

t/1 
3.3 "O 

CD 
Red clover 6.0 1.a 5.5 13.3 66.7 - 41.4 0 

Tall feecue 46.2 9.6 9.0 64.8 66.7 25.3 
.. - CD 

Timothy 4.8 5.9 5.7 16.4 66.7 29.9 
CD - • 

So:r:a bean 0.4 2.0 29.B 32.2 66.7 - 36.8 
!Ileen 1ii.2 '1.2 10.2 33.6 66.7 - 34.1 

Troeical Natroe!Jobes 
Dasmodium 1.1 5.1 11.4 17.6 66.7 - 34.5 
Kikuyu 16.2 7.6 11.3 35.1 66.7 - 73.6 
Maize 1.9 o.s 33.4 35.8 66.7 - 27.6 
Millet 38.6 14.2 8.1 60.9 66.7 - 42.6 
Paspalum 17.3 11.2 24.0 52.5 66.7 - 40.3 0\ 

OI 
suaax 2.6 s.1 28.3 36.0 66.7 - 64.4 

Mean 13.0 7.3 19.4 :39. 7 66.7 - 47.2 

* Initial soil sodium= 29.9 milligrams/pot 



DISCUSSION 

A most significant feature of this classification of planta into 

natrophilee and natraphobaa is in relation to animal nutrition. 

Because of their intrinaic phyaialogical diffarenca, natrophobae are 

unable ta provide feed containing enough sodium far dietary neada of 

animals, even in a situation where there ia enough sodium in the soil 

to produce a aatiefactory level in natrophilea. Aa a connquence, 

direct aupplamntation of tha animals with sodium will, in general, 

be necessary where natrophobaa form a aubetantial part of the diet. 
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On the other hand, aupp1111119ntatian of natrophilaa will only be required 

when the plants are grown on sodium deficient soil■• 

l"loreovar, with the trend towards the increased uea of auch high 

yielding plants aa maize, audax, and millet,•• fodder crops, their 

natrophobic cheractariatics should be taken into account when •~•esaing 

their potential aa animal faeda. 

Apart from the fundamental differancae in the aitea of sodium 

accumulation in natrophila• and natraphobee, there era two claaaly 

related physiological aapacta which further characterise than two 

distinct typaa of plant. 

It is well known that plant spaciaa differ in their transpiration 

rates (e.g. Briggs and Shontz, 1914), moreoavar, planta poaeeaaing tha 

c4-photosynthetic pathway have lower rataa than thoae with the c3-path­

way (Downes, 19691 rorda .11.ll• 1914). However, it ia at intareat 

that the natrophilea, which in thie study ware solely •de up of c3 

temperate plants, not only had higher tranapiration rates than their 

natrophobic counterparts, but also higher ion uptake rates, partic-

ularly sodium. rurthermore, within the natrophobea, tha temperata 

c3 group had a higher •an tranapiretion rate, aa expected, than the 

c4 planta. 
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Therefore, the obaarvad difference in the rate of sodium uptake 

by natrophilaa, aa opposed to natrophobaa, could be a result 

of the differing transpiration rat••• 



CHAPTER 3 

ENVIRONf¥1£NTAL rACTORS ArrECTING THE SOOIU" CONTENT IN PLANTS 

INTRODUCTION 

Because sodium ia not generally considered to be an essential 

element for higher plants, many of the baaic phyeiologicel aspects 

of sodium nutrition are unknown. Therefore, to elucidate some of 

these aspects, three separate experiments ware undertaken in which 
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the effects of the following environmental factors on sodium nutrition 

were examineda 

Experiment 1) Climatic factors 

2) High substrate pataeaium 

3) High aubatrata sodium 

The results end diacuaaian from each axperifflent are presented 

separately. 

EXPtRJM£NT 11 CLIMATIC rACTORS 

Due to the lack of suitable experimental facilities few controlled 

investigationa have been made into the climatic factors which may 

influence mineral c0111poaition of plants. Therefore, ta examine the 

effects of light, temperature, and moisture stress on sodium content 

in natrophiles and natrophobes, the following study was carried out in 

the o.s.I.R. Climate Laboratory facilities at Palmerston Ncrth. 

EXPEAIPIENJAL TECHNIQUE 

In general, the experimental procedures were the 8111118 aa those 

described in Chapter 2. 

(a) 

(b) 

Soil Aa for Chapter 2. -
Teat Plante 



Three species* were useda-

* Botanical names era givan in Tabla 16. 

fJatrophilee 

"Grasslands Ariki" ryegrasa 

"Grasalanda Huie" white clover 

Natrophobea 

"Wairau" lucarne 
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Initially tha plants were grown in a tamparatura·controlled glass­

house ( 15 ° min - 25 ° max) until they ware four cantlmetree above the pot 

rim. At this ataga the plants were transferred to the Climate Rooms. 

During this establishment period, the clover and lucarna plants 

received eaverel applications of an aqueous euapanaion of their 

appropriate Rhizobium strain to ensure affective nodulation. 

(c) Design and Treatments 

The design of the experiment waa as follows• 

Room 1 

Room 2 

Room 3 

Room 4 

High Light 
High Temperature 

High Light 
Low Temperature 

Low Light 
High Temperature 

Low Light 
Low Temperature 

/ High moisture stress 

----- Low moisture atreaa 

/ High moisture atress 

.....____ Low moisture atreae 

/ High moisture atreaa 

---- Low moisture etraae 

/ High moietura ■treas 

---- Low moisture 

The values selected for temperature and light in tha high treat­

ments were considered to be representative of mid-summer conditions 

found in the more temperate parts of New Zealand. The contraating 

low temperature and light treatments were chosen to simulate typical 



mid-winter conditiona. 

The plots were arranged in aix randomised blocks par plant 

species on benches within each Climate Room. 

(d) Detailed Climate Room Conditiona 

The lighting ayatam consisted of a combination of 1000 Watt 

Sylvania l'letalarc high praaaure discharge lamps, and 100 Watt Philips 

tungsten iodide incandescent lamps. The high light rooms had four 

each of the above two types of lamp■ f while the low light rooms had 

only two of each. 

71 

Temperature in the high temperature rooms was maintained at 25 °c 

(!o.5 °c) during the day with a change to 16 °c (!o.s 0 c) at nightJ 

low temperature rooms had a day temperature of 12 °c (!o.s 0 c) and e 

night temperature of 5 °c (!o.s 0 c). 

The relative humidity wae kept constant (!s percent) in ell four 

rooms during the day at 85 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 waa an abrupt light-dark change. 

On the other hand, the day to night humidity changes occurred ovar two 

hours, the photoperiod beginning or anding halfway through the change-

over. 

Carbon dioxide concentration was embiant at 300-400 ppm and the 

./ -1 air flo~ down through the plants was O.J-0.5 m,aec , measured at the 

top of the canopy. 

A summary of the climatic conditions in each room i• given in 

Table 25. 



Relative 
Temperature Humidity Light* 

Room 
(!O.s 0 c) (15%) Intensity 

Treatment Day Night Day Night (w.r-2) 

1 High light 
25 16 85 75 174 High temp. 

2 High light 12 5 85 75 183 Low temp. 

3 Low light 25 16 85 75 87 High tamp. 

4 Low light 12 5 85 75 B7 Low temp. 

* mean light intanaity - ~aaured at the start and finish 
of the experiment 

Iable 251 Sumnaary of climatic conditions. 

(a) Nutrient Solutiona and Soil l'lgiatura Streea 

ror a description of the nutrient solutions, aae details of the 

"low" potassium complete nutrient solutions far leguminous and nan­

leguminous plants given in Chapter 2. 

The dilute solution waa applied at a rate of 50 ml par pot thraa 

times e week. 
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Two soil moisture atraaa traatmsnts ware impoaedf the aail in the 

low stress pots waa maintained by addition of an appropriate nutrient 

solution, supplemented, where required, with pure water to give 75 par­

cent of field capacityf whereas in the high moisture atreaa situation, 

the addition of moisture ta tha aoil was adJuatad to giva only 50 per­

cent of field capacity. 

(f) r!!••YEIND\I 
The methods of harvesting and chemically analysing th• plants 

were tha aama •• those deecribad in Chapter 2. However, the time 

of cutting was determined by the height of plant• grown under tha 



low moisture atre■s (75 percent of fiald capacity) treatment. rour 

cuts were taken. 

Analysis of variance was carried out on all results. 

RESULTS 

The results are presented according to plant apeciea. 

(a) Perennial ryaqraea 
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Treatment means for aodium contents in ehoota, atubble, and roots 

ere given in Table 26. 

A combination of high li~t, low temperature, and a high moisture 

stress, resulted in a marked increase in sodium concentration in all 

tissues of the plants compared with other treatment combinations. 

On the other hand, low light, temperature, and moisture atreaa resulted 

in sodium concentration• within the plant which were much low.r than 

that found for the other treatment cambinationa. 

Treatment& §odium (percent dry matter) 

Ploisture 
Light Temp. atraaa Shoots Stubbla Roots 

H H H o.37 0.47 0.19 

H H L 0.29 0~42 0.11 

H L H o.se 0.01 0.32 

H L L D.44 0.12 0.22 

L H H 0.37 0.61 D.23 

L H L 0.27 o.s2 0.21 

L L H 0.20 o.31 0.11 

L L L 0.1s 0.2s 0.12 
+ !o.oe !o.03 H High SE= -0.04 

= 
L = Low 

Tabla 261 Mean ■odiu• concentration in parenniel ryagraaa aa 

affected by comblnatlona or lightt temperature, and moisture atreaa. 



An examination of the results of the main affects from the three 

treatments, presented in Table 27, indicates that light hes the most 

dominating influence on sodium within ryegraaa plants. An increase 

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 yialde ( ■hoots+ stubble+ roots) 

were also significantly increased (P = 0.001) from 3.18 grams per pot 

to 8.20 grams per pot with increasing light. 

74 

High moisture stress also significantly increaaad eodium through-

out the plant. However, in contrast to light, this effect can be 

accounted for by a marked reduction in yield. Total yields for the 

high moisture atr••• conditions ware significantly lower (P ~ 0.001), 

5.09 grams dry matter per pot, than for the low moisture straaa plants 

which yielded 6.29 trams per pot. 

Temperature on the othar hand had no significant affect on sodium 

concentration. 

Traetment 

Light 

Moisture 
stress 

Temperature 

N.S. 

High 

Low 

High 

Low 

High 

Low 

P = 0.001 
P""' 0.01 
Not aign. diff. 

Sodium (percent dry matter) 
Shoota Stubble Roots 

0.4~ 0.61-ltff 0.23'"" 

0.2s 0.43 0.18 

0.38 ..... o.ss....., 0.23ff 

0.29 0.49 0.1a 

0.33 N.S. o.s1 N.S. 0.23 N.s; 
o.34 o.s3 0.21 

Table 271 Effects of light, moiature atraaa, and temperature on 

sodium concentration in perennial ryegreaa. 



(b) White clover 

Although the sodium content in white clover responded to tha 

V8rioue combinations of light, temperature, and moisture atreaa, in 

a similar manner to that found for ryegraea, the degree of change was 

somewhat less in this species (Table 28). 

Trgatments Sodium (percent dry matter) 
Moisture 

Light Temp. atraaa Shoots Stubble Roots 

H H H o.2e 0.24 0.30 

H H L 0.24 0.27 D.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 H L 0.3D 0.21 0.29 

L L H 0.22 0.21 0.27 

L L L 0.21 0.17 0.27 

H = High L Low SE + + + 
,: -0.02 -0.02 -0.02 

Table 281 l'lean sodium concentration in white clover as affected 

by combinations of light, temperature, and moisture atraaa. 

The reaulta of the main effects of the three traatmanta are 

presented in Table 29. 
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As observed in ryegrasa, light intensity significantly (P = 0.001) 

increased sodium in all tissues of the plant. However, increased 

moisture stress only slightly (P = o.os) increased sodium in both 

shoots and stubble with no change in root aodium. 

In spite of the highly significant (P = 0.001) dacraeaa in 

sodium in tha roots with increasing temperature, it did not signif­

icantly affect sodium in other parts of the plant. 



Treatment 

Light 

f'loieture 
stress 

Temperature 

·~-!H( Sign. diff. 
n n 

High 

Low 

High 

Low 

High 

Low 

P = 0.001 
p = o.os 
Not sign. diff. 

Sodium (percent dry matter) 
Shoo ta Stubble Roots 

0.31 ....... 

0.26 

0.29"' 

0.28 

0.2a N.s. 

0.29 

0.28* 

0.2s 

0.25 N.S. 

0.28 

0.36«-H-

0.27 

0.32 N.s. 

0.32 

D.28 ..... 

o.3s 

Table 291 Effects of light, moisture atreea, and temperature on 

sodium concentration in white clover. 

Ory matter yields ware adversely affected (Pa 0.001) by both 

high temperature and moisture stress, whereas, incraaaad light 

intensity greatly (P = 0.001) increased yields. 

(c) Lucerne 
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As expected, the major changaa in sodium concentration in lucarne, 

in response to light, temperature, and moisture straaa, occurred in 

the roots. l'loreover, in contrast to the natrophilic ryagraae and 

white clover, there was no particular combination of factors which 

increased or decreased sodium conaiatently throughout the plant 

(see Tabla 30 for treatment means). 
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Treatments 

l'loiature Sodium (percent dry wt) 
Li~ht Tame• atraae Shoote Stubble Roots 

H H H 0.09 0.12 0.49 
H H L o.oe 0.12 a.:so 
H L H 0.09 0.26 0.76 
H L L 0.01 0.24 0.63 

L H H 0.12 0.20 0.2s 

L H L 0.10 0.22 0.20 
L L H 0.10 0.16 0.20 

L L L 0.06 0.17 0.21 

H -- High L:.: Low .!o.02 !o.03 !o.01 

Table :sga Mean sodium concentrations in lucerne as affected by 

combinations of light, temperature, and moisture straee. 

Contrary to the raaulta for natrophilea, increased light intensity 

influenced the aodiaa content only in tha roots, where there was a 

marked (P = 0.001) increase (Table 31). 

Treatment 

Light 

Moisture etreee 

Temperature 

~ Sign. diff. 

" 
" 

N.S. 

High 

Low 

High 

Low 

High 

Low 

P = 0.001 

P "" 0.01 
p = o.os 
Not aign. ditf. 

Sodium (percent dry matter) 
Shoots Stubble Roots 

o.oe N.s. 0.19 N.s. o.ss-M-ff, 
0.10 0.19 0.25 

0.10H 0.19 NeS• 0.45~ 

o.oe 0.19 0.35 

0.10* 0.17ff- 0.31ff--ft 

o.oe 0.21 0.49 

Table 311 tffacta of light, moiature etreaa, and t9111Paratura, on 

sodium concentration in lucarne. 
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As a reault at a decrease in dry matter yield, sodium accumulated 

in shoots and roots of plants growing under a high moisture atreaa 

condition. In addition, high tamperatura enhanced the tranalocation 

of sodium from tha r00ta, end to a laaaar extent tha stubble, into the 

shoot tissue of lucarne. 

An additional feature, comon to all three teat plants, was the 

effect of light on shoot nitrogen, phoaphorua, and potassium. An 

examination of the results presented in Table 32 reveals that an 

increase in the light intensity resulted in significant incraaaaa in 

all three elements. 

Mean percentage of shoot dry matter 

Nitrogen Phoaphorua Potaaaium 
Plant Species 

Ryegraas 

l.tlhi te clover 

Lucerne 

LL= Low light 

~~ Sign. diff. 

* n " 

LL HL 

3.90 4.00* 

3.60 4.2~ 

3.81 4.53-IHHt 

HL =Highlight 

P = 0.001 

p - o.os 

LL Hl LL 

0.26 0.43 .... 2.59 

0.25 o.3~ 2.18 

O.27 0.3!5 ...... 2.36 

Table 321 Effect of light on tha concantrationa of nitrogen, 

phoephorua, and potaaaium in shoot tissue. 

HL 

2.93'4HHf-

2.40M* 

2.88-IHHt 
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DISCUSSION 

There is little doubt that of the thrae factors invastigated, 

light intensity had the greatest influence on aodium concentrations in 

both natrophilas and natrophobaa, eapacially in areas of high sodium 

accumulation. Sodium concentration alao increased in plante growing 

under conditions of high moisture etraae, howavar, thia affect can be 

accounted for by tha marked decrease in plant yielde, aa measured for 

example in this experiment. 

Sodium on the other hand was lees aanaitive to t911peratura chang..,, 

except in lucarna whare there waa a alight enhancement of the trana­

location of this element fr0111 roots to ahoota. 

It ia interesting to note that there have been a number of obur­

vations to the effect that changes in sodium concentration can influence 

succulence in plants (eaa JaMinga, 1968). l'loraovar, incraaaad light 

intensity and aridity can also cause an increase in plant aucculance 

(u!atson, 1942). Aa a possible explanation to the abova phenomena, 

Jennings (1968) proposed that succulence is controlled by changes in 

sodium concentration within the plant through the action of light 

and aridity on ATP synthes1a. How theae changes in aodium concentration 

jirectly influenced plant succulence were not revealed. 

The level of nitrogen in plants hes long bean known to ceuaa 

changes in tissue aucculance C••• Rueael, 1973f Balley, 1973). 

Moreover, the result• from this experiment reveal that changes in the 

concentration of both nitrogen and phoaphorua, brought about by light 

intensity, ware identical to those for sodium. In addition, both 

phosphorus and aodium (ne Chapter 4 for the role of aodium in nitrogen 

metabolism) are implicated in nitrogen metabolism. Therefore, these 

results suggest that changea in plant succulence, resulting from alter­

ations in sodium concentration, are most likely caused by fundamental 



changes in nitrogen metabolism within the plant. 

EXPERIMENT 21 ErrtCT Of HIGH SUBSTRATE POTASSIUM 

It is well documented (aae Literature Review) that an increase 

in ootaesium depresses sodium in leaf tiaaue of both natrophiles end 
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natrophobes. However, the extent to which potaaaium dapresaae sodium 

in other sites within the plant, especially in natrophobee, is unknown. 

Therefore, the influence of potassium on the main aitaa at ■odium 

accumulation along with the affect on other major nutrient elements 

was investigated in a wide range of plant species. 

EXPERIMENTAL TECHNIQUE 

Sae Chapter 2 for details. 

RESULTS 

The results from the two poteaaium treatments are presented 

according to the clasaificetion of natrophilas and natrophobes given 

in Table 10. 

Sodium 

Increased potasaium significantly (P=0.001) depreaaed sodium in 

shoot tissue of both natrophilaa and natrophobas. However, an exam­

ination of the raaulta praaanted in Table 33 indicataa that the moat 

pronounced effect of potaaaium on sodium tended to b8 centred on ths 

main sites of sodium accumulation. It ia alao interaating to note 

that with the exception of the natrophobea in which the root aystBtR 

is the main sita of sodium accumulation, aodium increased significantly 

(p~o.001) in the roots ae a result of additional potaasium. 
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Plain site 
of sodium 

accumulation 
Sodium (percent dry matter) 

Plant Type Tiaaue Low K High K * 
Shoots O.38 O.34 

Leaf Stubble O.35 O.33 

Roota D.16 0.10 
Natrophiles 

Shoots D.38 O.35 

Stubble Stubble O.52 O.48 

Roots 0.28 O.3O 

Shoots D.15 0.11 

Stubble Stubble O.38 0.34 

Roots 0.21 D.24 
Natrophobea 

Shoots O.O6 o.os 
Roots Stubble 0.16 O.16 N.s. 

Roots D.40 O.36 

* All high potassium values, except those marked N.s., are significantly 
different from the low treatment. (Shoots P=D.OO11 Stubble P=O.O1, 
Roots P = 0.001) 

Table 331 Effect of potassium on sodium concentration in netrophilas 

and natrophobea. 

Nitrogen 

dditional potassium, significantly (P=0.001) decreased the 

nitrogen content in leaf tissue of all plants (Tabla 34). Moreover, 

the nitrogen concantrationa in leaves of natrophobes (pooled mean of 

4.44 percent of dry matter) 1119re much lower than their natrophilic 

counterparts (pooled maen of 4.72 percent dry matter). 
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Main site Nitrogen (percent dry matter) of sodium 
Plant Type ac cumulation Tieaua Low I< High K 

Shoata 4.73 4.55 
Leaf Stubble 3.02 2.97 

Aoota 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 2.25 
Natrophobes 

Shoots 4.57 4.50 

Roots Stubble 2.a2 2.94 

Roots 2.08 1.95 

~ All high potasaium values are aignificantly different from the low 
treatment (Shoots p.0.001, stubble P-=0.001, Roots Pa 0.0S.) 

Table 341 Effect of potassium on nitrogen concentration in natro-

philes and natrophob••• 

Although there were no coneiatant 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 relationahip between sodium 

and nitrogen lavela in the tiaeuas of both natrgphilee and netrophobea, 

as revealed by an examination of Tables 33 and 34. In fact, the 

results ,ram a correlation matrix, calculq\ed from the pooled means 

of the two potaaaiua treatments for the individual tiaauee and 

presented in Table 351 clearly indicate a highly aignificant positive 

correlation (P=0.001) between the level of sodium in shoats, atubble, 



and roots, and the corresponding nitrogen content in thaea tiaauaa. 

Sodium 
Tissue Shoots Stubble Roots 

Shoots 0.230 - -
Nitrogen Stubble - 0.346 -

Roota - - 0.291 

Cr·itical value of r for P= 0.001 = 0.173 

Table 351 A correlation matrix between the level of sodium and 

corresponding nitrogen contant in various plant tiasuaa. 

tn other words, any increaaa or decrease in the sodium level 

within the plant is accompanied by a corraaponding change in tha 

relative level of nitrogen and vice varaa. 

Potassium 

As expected, the potassium levels increased throughout the plant 

as a result of additional amounta of this element in the nutrient 

solution. However, there waa a relatively larger change in the 

potassium concentration in tha leaf tiaaua than in the other tiaauaa. 

In addition, the potassium concantrationa in the natrophobea, lika 

nitrogen, were much lower than those recorded far natrophilea 

(Table 36). 
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lflain site Potaseium (percent dry matter) of sodium 
Plant Type accumulation Tieaue Low K High K* 

Shoota 2.30 2.00 

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 o.so 

Shoots 2.25 2.86 

Stubble Stubble 1.09 1.66 

Roots o.34 o.47 
Natrophobes 

Shoots 2.01 2.so 

Roots Stubble 1.09 1.53 

Roots 0.57 0.10 

* All high potassium values are significantly (P= 0.001) different 
from the 101&1 treatment. 

Table 361 Distribution of potassium in natrophilaa and natrophobae. 

The effect of extra potaaaium on total plant yields over the 

90 day growth period was minimal, in fact, in moat species there was 

only a slight increase in dry matter production ea indicated by the 

following pooled meanat low potassium 25.0 grams dry matter per pot 

(s.E. !o.45), high potaaaium 26.a grams dry matter par pot (s.E. 

!o.4a). The pooled means were calculated from the results of all the 

individual epeciaa. 

Transpiration B•\•• 
Additional potaaaium significantly reduced the transpiration rata 

in both natrophilaa and natrophobea (Tabla 37). 



Plant Type 

Natrophiles 

Natrophobes 

Tranepiration Rate * 
(ml H2□/gram dry weight/day/pot) 

Low K High K 

1448 

731 

1334 

701 

* All val~ee era significantly different from each othar 
(P = 0.001 ). 

Table 371 Effect of potassium on transpiration rataa in natrophilea 

and natrophobaa. 

A diacuaaion concerning the pronounced diffarencaa in trane­

piration rates between natrophilea and natrophobea is given in 

Chapter 2. 

DISCUSSION 

The moat notable feature recorded in this experiment was the 

significant ralationahip between sodium and nitrogen in both natra-

philes and natrophobea. rurthermore, an increase in the level of 

potassium above that normally aaaociated with aatiafactory growth 

resulted in a reduction, not only of the concentration of sodium in 

the aerial parts of plants but also in the nitrogen content. 
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In his book "Soil Conditions and Plant Growth", Rueeell (1973), 

when discussing the functions of potaaaium with respect to nitrogen, 

makes the following statement, "Thus poteaaium acts as• corrective 

to the harmful effects of nitrogen, ••••••"• It may be deduced from 

the above statement, in light of the reaulta presented in this 

experiment, that this "corrective effect" of potaaeium ia brought about 

by 8 reduction in the overall sodium and nitrogen lavale within the plant. 
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furthermore, in relation to the a■eumption that succulence in plants 

is related to the levele of nitrogen and sodium (eee Chapter 31 

Experiment 1), Goodall .!1.11• (1957) reported that potassium deficient 

lettuce plants were more succulent than plants with adequate amounts 

of potassium. In addition, tropical grasses, which have much lower 

eo:-:ium and nitrogen contents than their temperate counterparts (see 

Chapter 2) contain l••• water within their tiaauea (Bailey, 1973). 

A further feature of this e~periment was the obaarvad reduction 

in the transpiration rate due to an incraasa in applied potaeeium. 

It is relevant tc note that the addition of sodium chloride to cotton 

plants (GoeeypiUIII hirautum) raaultad in an increase in the rate of 

transpiration (Boyer 1965). Ploreover, in some plants such aa 

Commelina c9P9unia, sodium is reported to be more affective in kaep~ng 

the stomata of the leaves open than corresponding amounts of potassium 

(lilillmer end l'lanafiald, 1970). • It is also known that with an incraaaa 

in the rate of transpiration there is a decrease on the part of the 

root to exert a selective effect on the ratio of potaaaium to sodium 

reaching the ahoot (Pitman, 1965, 19661 Jennings, 1967). In other 

words, as the rate of transpiration increase• the ratio of potassium 

to sodium reaching the ahoot changes in favour of aodiunt. Thia would 

explain the decrease in aodium content in aerial tissue and the 

corresponding accumulation of this element in the root ayateme observed 

in most of the plant• recaiving additional potaaaium. 

However, in the natrophobea in which the main site of sodium 

accumulation ia in the root, additional potassium not only decraeaad 

sodium in the aarial tiaeuea but also cauaed a reduction of sodium in 

the roots. Thia overall dacraaaa could be due ta the operation of a 

potassium stimulated aodlUII efflux pump in the root tiaeua as auggaatad 

by Pitman and Saddler (1967) and confirmed by Jeachka (1972). 
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EXPERIMENT 31 ErrtcT or HIGH SUBSTRATE soo1u" 

Although sodium ia not nol'lll8lly tranalocated into the leaf tisaua 

of natrophobaa in any quantity, it appear• that under conditions of 

high external concentrations or aodium the main eitaa of accumulation 

become saturated such that sodium slowly accumuletaa in tha leaf 

tiaeue (aae Literature Review). 

In order to investigate thia phenomenon further, a detailed 

examination waa made into the affects of high concentretiona of sodium 

in the root zone on the yield and ch11111ical composition of three plant 

species. 

EXPERI~ENTAL TECHNIQUE 

The baeic glasshouse pot technique employed in this etudy ie 

described in Chapter 2. 

(a) Growth l'lttdiuaa and Teet Plante 

Plants were grown in 15 centimetre plastic pots containing on■ 

kilogram of acid (hydrochloric) waahed river aand. 

of tha eand was between 0.2-0.7 milli•tres. 

The particle aiza 

The three plant epaciaa inveetigated are liated below according 

to the main ait•• of aodium accumulation. 

Main eite of eodium 
accumulation 

Laat 

Stubble 

Root 

Plant apaciea* 

"Graaelande Arik1" ryagraaa 

Timothy 

"Wairau" lucarna 

* Botanical name an given in Tabla 16. 



(b) Design and Traatmanta 
rive levala of •odium were illpoaed on th■ three teat plants. 

The pate ware arranged in eix randDfliaad blocks 0per plant 

species on benches within a temperature cantrollad glasshouse (15 °c 

min- 25 °c max). 

(c) Nutrient Solutions and M9iature Streae 

The composition cf the dilute complete •~Jar element solution 

added to tha taat plants ie given in Tabla 38. 

"illiaquivalente/litre 

Sodium level N p s K Pig Ca Na Cl 

1 18.3 1.e 1.4 2.6 1.1 2.4 0.9 0.9 

2 " " .. If " " 3.6 3.6 

3 n " " " n .. 6.2 6.2 

4 " " " " " n 9.0 9.0 

5 " " " " " n 11.6 11.6 

Table 381 Composition of the dilute major element solution used in 

the sodium sand experiment. 

Details of tha preparation of the dilute complete nutrient 

solution from separate concentrated ■tock solutions for major and 

minor elements are given in Chapter 2. 

Nutrients were supplied three times a weak, and the moiatura 

level in each pot maintained at 75 percent of field capacity. 
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( d) l'leaaunmenta 

The cutting interval and mthoda for harvesting and chemically 

analysing the plants are described in detail in Chapter 2. 

RESULTS 

Details of the affect• of high aodium concentration in the root 

zone on the accumulation of this ion in various tiaauaa fr0111 the teat 

plants are presented in Table 39. 

As expected, sodium readily accumulated in tha aerial parts of 

the natrophilic pereMial ryegraaa at all lavals. Holil8ver, no aub-

stantial accUtRUlation of sodium occurred in the roots of this plant 
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at any level. Although sodium increased 1n the shoots of both netro-

phobea at the higher levels of sodium, it wee not until after the 

second cut that any appreciable quantities of eodium ware translocated 

into tha leaves. Thia alow initial movement into the ahoota at these 

high levels auggaata that there is a progressive saturation of the 

main accumulation aitaa. One■ the■e aitea reached a certain level. 

sodium raadily moved into the laavae. Thia is clearly recorded in 

the third and fourth cuts. However, the degree of saturation st the 

end of the experiment was such that it was still possible to distingyiah 

the main sites of ec0Ut1ulation even at the highest level of sodium 

chloride. It is also important to point out that in ord9r to produce 

a comparable sodium concentration in the shoots of lucarna and timothy 

(refer to the mean of four cuts) to that found in the natrophilic 

ryegraaa for the loweat sodium treatment, it waa nacaaaary to apply a 

nutrient aolution containing approximately tan tine the concentration 

of sodiLIII• 
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Soc:,l;.,.N\ ( perc.e'"'\ olr~ 1\-\oJ\e.r) 

Perennial Ryegraaa 

Shoots Shoot 
Treatment Cut 1 2 3 4 Mean Stubble Roots 

o. 9 • 0.30 0.15 0.20 0.23 0.22 0.25 0.01 
:5.6 0.44 0.33 D.43 0.45 0.41 0.41 0.07 

So,-!iL;m 6.2 0.63 0.54 0.79 0.67 0.66 chloride 0.54 O.OB 
9.0 0.76 o.ao 1.00 1.13 0.94 0.62 o.os 

11.6 0.98 1.20 1.74 1.a2 1.44 0.64 0.01 

Standard error !o.o3 !o.03 + -0.01 

Timothx 

0.9 0.04 o.o4 0.01 0.03 o.os 0.10 0.12 

3.6 0.04 o.os 0.07 0.09 0.06 0.2s D.17 
Sodium 6.2 
chloride 

o.os 0.09 0.2a 0.27 0.11 o.scs 0.24 

9.0 0.01 D.18 0.46 0.48 0.30 o.eo 0.21 

11.6 0.09 0.21 o.s4 0.91 0.44 0.84 0.26 

Standard !o.01 + !o.03 error -0.03 

Lycarne 

0.9 0.01 0.03 o.oo 0.01 0.01 0.06 0.09 

3.6 0.04 0.06 o.os 0.09 0.06 0.29 o.34 

Sodium 6.2 0.01 0.12 0.12 0.20 0.13 D.61 0.63 
chloride 

9.0 D.15 0.23 0.30 a.so D.30 o.ao 1.11 

11.6 0.10 0.21 0.49 0.90 0.46 o.97 1.37 

!o.01 + + 
Standard error .. 0.02 -0.02 

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

Table 391 Effects of increasing sodium chloride in the root zone on the 

accumulation of sodium in various tiaeuaa of three different taet plants. 



Pgrenn!gl Rli'.19raas 

(grams dry matter/pot) 
Treatment Shoots+ Stubble Roots 

o.9-1 9.65 2.22 4.28 
3.6 9.74 2.26 s.s2 

Sodium 
chloride 6.2 9.91 2.24 4.20 

9.0 9.57 2.os 4.92 

11.6 8.42 1.sa 3.43 

Standard error + !o.23 + -0.61 -0.76 

Timo~h): 

0.51 10.32 1.64 4.14 

3.6 10.11 1.43 4.44 
Sodium 6.2 chloride 9.67 1.26 3.59 

9.0 8.43 o.a1 2.62 

11.6 4.96 o.sa 1.20 

Standard error !o.45 !o.1s !o.s4 

Lucerne 

0.9 a.as 2.27 4.59 

3.6 B.92 2.53 4.73 
Sodium 6.2 9.02 2.35 4.66 
chloride 

9.0 a.24 2.23 4.05 

11.6 5.92 1.41 2.21 

Standard !o.77 + !o.32 error -0.19 

+ Total for four cuts 
* Milliequivalants par litre in dilute nutrient solution added 

to plants. 

Table 401 Effects of increasing sodium chloride in the root zone 

on dry matter yialda of perennial ryegraae, timothy, and lucarne. 
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Perennial n~ras~ 

Shoots Stubble Hoots 
Treatment percent N percent I< percent N percent K percent N percent K 

0.9'4t 4.11 2.06 2.16 1.11 1.20 0.20 
3.6 

Sodium 
4.12 1.64 1.97 0.68 0.91 D.16 

chloride 6.2 4.16 1.2a 2.21 0.54 1.06 0.10 

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 o.oa 
Standard error !o.14 !o.os !o.1s !o.11 + -0.18 !o.02 

Timoth:t 

0.9 4.14 2.10 2.00 1.26 0.73 0.20 
3.6 4.16 1.ao 1.84 1.01 1.01 0.1s 

Sodium 
6.2 4.42 1.40 2.01 0.68 ,.06 0.14 chloride 
9.0 4.73 1.01 2.74 o.s1 1.32 0.14 

11.6 s.oa 0.77 3.15 0.45 1.37 0.11 

Standard error !o.14 ±o.07 ±o.16 ±o.oe !o.14 Z0.03 

Lucerne 

0.9 3.54 2.56 1.57 2.28 2.35 1.11 

Sodium 3.6 3.67 2.20 1.90 1.63 2.07 0.77 

chloride 6.2 3.87 1.94 1.96 1.37 2.44 0.52 
9.0 4.13 1.53 1.95 o.76 2.43 0.31 

11.6 4.44 1.13 2.63 0.36 2.13 0.20 

Standard error =o.11 !o.oa !o.16 !o.oe !o.14 + -0.06 

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

Table 411 Influence of sodium chloride on the concentration of nitrogen and potassium in perennial ryegrass, 
10 

timothy and lucerne. 
t,,) 



Dry matter yi■lds for both ryaora■a and lucerna were only 

adversely affect■d by the higheet eodium tr■atment. On tha other 

hand, for ti110thy, which appears ta be l■aa tolerant of high lavale 

of sodium chloride, yields dacraaaad prograaeively at ell cuts as the 

concentration of thia salt increased in the nutrient solution 

(Table 40). 

The pronounced affect■ of sodium on nitrogen and potaaaium 

composition of the test plants are clearly shown in Tabla 41. The 

shoot values presented in this table are the means of four cuts. 
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Hithout exception, sodium chloride increased the nitrogen concentration 

in the shoots at all levels. Potaasium, on the other hand, waa 

severely depressed in all tiasues as a result of increased sodium. 

Although not shown, there ware no significant effects on tha other 

nutrient elements. 

DISCUSSION 

The results confirm earlier obaervationa of Huffaker and Wallace 

(1959a1 1959b) and Jacoby (1964, 1965) that in order to increaaa 

substantially tha translocation of sodium into leaf tieaua of natro­

phobes, very high concentrations of thie element are required in tha 

root zone. 

Because of the location of the main accumulation sites and the 

lower rate of uptake recorded for natrophobae (aea Chapter 2), con­

eiderable differences still eMisted between natrophilaa and natro­

phobea in the level of sodium in the shoots even at high external 

concentrations. 

Although sodium severely depressed the uptake of potassium such 

that the concentrations in the shoots were wall below the level con­

sidered by fflcNaught (1970) to be required for satisfactory growth in 
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all but tha lowest aodium treatment, dry matter yields for both ryegrase 

and lucarna were not adversely affected until the concentrations in the 

nutrient solutions ware vary high. Therefore, it must be concluded 

that sodium was maintaining plant growth by substituting for potassium 

in a number of metabolic procesaea. However, once the level of 

potassium fell below an abaoluta minifflWII, which varied according to 

plant epeciaa, plant yields were affected. This beneficial effect of 

sodium on plants growing under conditions of marginal potaesium 

deficiency has been recorded in numerous experiments (sea Literature 

Review). 

Timothy, on the other hand, belonga to the group of plants in 

which the addition of aodium under conditions of potassium deficiency 

has no beneficial effect. 

one poaaibla cause of the detrimental effect of sodium on yields 

of salt sensitive plants, apart from that due to the depression of 

potassium uptake, is that obaarved by l'lerschner end Mix (1973). They 

found that if leave• of the natrophobic bean plant (Phaaeolus vulgaris) 

wera exposed to high concentrations of sodium for any length of time, 

pronounced swellings occurred in tha fina structure of the chloroplasts. 

Moreover, there wee a strong efflux of potassium from these leaves. 

However, it is unlikely that e similar effect could have contributed 

to any axtnnt to the decline in the yields of the two natrophobae in 

thia 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 dapreaasd. In tact for 

timothy, yield• had declined even at tha lower sodium treatments. 

Considering the significant relationship between sodium and 

nitrogen, it ia more likely that the decline in plant yields et high 

concentratione of ■odium is related to some aspect of nitrogen metabo­

lism. 
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The mast algnltieant blochnical change which takes place in 

plant• growing under conditions of high aodium in relation to nitrogen 

metabol1Bl'II, la the accumulation ot intermediaries of protein ayntheaia 1 

in particular •ino acida (strongonov, 19621 Pluenneke and Joha, 

1972). A ainlilar accumulation of amino compounds takes place under 

conditions of water atreaa (Barnett and Naylor, 1966)1 a condition, 

incidentally, which also algnlficantly increases the sodium concentrat­

ion within the plant (see Chapter 31 Experiment 1). 

Aa both potassium and ■agnaeium ions ara essential for the 

incorporation or amino acids into protein• (Lubin 19631 Lubin and 

Ennis, 19641 £vane and Sorgar, 19661 Boulter, 19701 Wilson, 1971) 

it ia therefore not unexpected to find thaae nan protein compounds, in 

particular tha diamine putrescine, accumulating in the shoot tissue of 

plants suffering from auch daficiancias (Richards and Coleman, 1952t 

Murty, .11.li!.•• 1971J Baaao and 51111th, 1974). Ploreover, where sodium 

has bean aubatituted for potassium in enzyme studies, the rate of amino 

acid incorporation into protein ia markedly reduced (Lubin and Ennis, 

19641 Ban-Zioni .11.U.•• 1967J Kahana and Poljakoff-Playber, 1968). 

Considering the specific requirements of potassium, it is not 

surprising that amall additions of this element to high sodium planta 

enhances the incorporation of labelled soluble amino compounds into 

protein, thereby reducing the free amino pool (Halal .11.U.•• 1975). 

Bacau•• th• concentration of inagnaaium in plant• ia either not 

affected by sodium, as recorded in this experiment, or can in fact be 

enhanced (ldhitahead and Jones, 1972), this ion is not conaidared to 

play any significant part in the accumulation of amino compounds under 

conditions of high external sodium. 



Therefore, the detrimental affect of sodium on plant growth et 

high concentration• ie not a direct effect, but rather the result of 

an excessive accumulation of intaraadiarias of protein aynthaeia 

caused by en induced potaaelum deficiency. 
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CHAPTER 4 

THE ROLE or SOOIU" IN NITROGEN N:TABOLIS~, ESPECIALLY 

IN RELATION TO NITRATE REDUCTION 

INTRODUCTlON 

In diacuaaing the functions and raquiramenta of aodiUII in plants 

(see Review of Literature) e number of references auggeet that aodium 

may be implicated in certain aapecta of nitrogen matabol111111 (Keasler 

and Snir, 19691 Chatterton .u, JI!•, 19711 Pluenneka and Johmn, 19721 

Lsr,gdale .!!1.!!•, 19731 Helal .!1.1!.•, 1975). In the expari•nts 
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concerned where various fractions of total nitrogen had been measured, 

reduced forms of-nitrogen were found to be promoted by increasea in 

the concentration of applied sodium. ~oraover, Sankhla and Huber 

(1975) have observed that sodium chloride markedly stimulated th• 

.!!l~ activity of nitrate reductase in leaves of Phapaolua aconiti• 

folius seedlings. A similar observation was made by l'larquaz and Brodis 

(1973) using an extreme halophllic bacterium Halgbacterium salinorium. 

They found that no nitrate raductaee activity occurred in the absence 

of sodium chloride. 

In general, plants can be broadly grouped into those in which 

the root is the major eita where incoming nitrate 1• reduced and 

those where the reduction process is mainly confined to leaf tissue 

(Wallace end Pate, 1967). However, between th••• tw axtremaa there 

is a wide spectrum of plants which show varying degree• in their 

ability to reduce nitrate within their root• and shoots (Bollard, 

19571 1960I Pate, 1973). In fact it is significant that of the 

i Present in the plant, sodium is the only element which 
major cat one 

preferentially accumulates in different aitea throughout tha plant 



according to plant apaci••• 

Therefore, to investigate the poaaibility of a link between 

sodium and nitrate reduction within the plant, the following three 

experiments ware undertaken,-

Experiment 1) Distribution of nitrate reducteee activity in a 

selection of natrophilic end natrophobic plants. 
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Experiment 2) Influence of sodium chloride on nitrate reductaae 

activity in perennial ryegrass and timothy. 

Experiment 3) The effects of sodium end potassium on the 

induction of nitrate reductase activity in a selection of natrophilss 

and natrophobes. 

(1) EXPERIMENTAL TECHNIQUE 

Although the basic experimental procedures are described in 

Chapter 2, the additional techniques employed in the three BXR&riments 

are es follows1-

(1) EXPERI~ENT 1 

(a) Growth l'ledium and Test plants 

The growth madium wee the eame as that daacribed in Chapter 31 

Experiment 3. 

The tan teat plants investigated are listed in Table 42 according 

to the main sites of sodium accumulation. 



Natrophilea* 

Leave■ 

'Ariki' ryagraas 

Chou moelliar 

Cock afoot 

'Huie' white clover 

Netrophobes* 

Stubble 

Alaike clover 

Timothy 

Rape 

Roots 

Lucerne 

Suds>< 

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

Tabla 421 Plants uaed to investigate the distribution of nitrate 

rsductesa activity in natrophilas and natrophobee. 

(b) Design 

gg 

Three pots of each teat plant ware arranged in randomised blocks 

on benches within a temperature controlled glasshouse (15 °c min-25 °c 

max). 

(c) Nutrient Solution and l'loiature Level 

The composition of the dilute major element solution used for ell 

plants is given in Table 43. 

N p s K Na Pig Ca Cl 

Milliequivalents/litre 18.3 1.a 1.4 2.6 0.9 1.1 2.4 0.9 

Table 431 Composition of dilute major element nutrient solution 

applied to the teat plants in all sand e><perimenta. 

Details of the preparation of the dilute nutrient solution from 

t t ed stock solutions for major and minor elements, 
separate concen rs 

t ddition and moisture level maintained in aach pot, 
rate of nutrien a • 



era givan in Chapter 2. 

(d) Haryaating 

The plants ware harvested 21 days after aead germination and 

dissected into shoot, stubble, and root tissue according to the 

description given in Chapter 2. A further explanation of the 

standardisation of assay aamples is given in the results. 

(e) Determination of Nitrate Redyctase P;ctiv1ty 
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A modification of the intact tissue assay method of Jaworski 

(1971) was used. Because of the diurnal activity of this enzyme, as 

indicated by Thibodeau and Jaworski (1975), all tissues were sampled 

at 11 am. 

Approximately two grams of finely chopped fresh plant tissue 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 medium•• 

Potaaaium Ipcubation Medium 

0.1 M potassium phosphate buffer pH 7.5 

0.1 M potassium nitrate 

5% n-propanol 

2 drape chloramphenicol (0.5 ~g/ml) as 

an antiseptic 
0 

The vials were sealed and kept in the dark at 28 C for two hours. 

Nitrite released into the medium after the two hour incubation period 

was determined by treating two millilitre aliquota with five milli• 

litres of the following eolutiona-

0.001% N-1-napthylathanediamina ct-hydrochloride 

0.06% Sulfanilamida in 0.2 N HCl 



The reaction mixture was diluted if naceaeary and ita optical 

density measured at 540 nm after 20 minutes. 

Blank incubations minus tissue were run identically. 

(f) Expression of Results 

Nitrate reducteee activity ia axpraeaed in )AIK>lee No2 par gram 

fresh weight per hour. 

(11) tXPERI~ENT 2 
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The plant material aaaayed for enzymatic activity in thia experi­

ment wee derived from the two test plants ryegraas and timothy used in 

Chapter 31 Experiment 3. Except for a description of the time of 

harvest and the determination of nitrate, all experimental procedures 

including a description of the assay samples are given elaewhare. 

(e) Harvesting 

rresh tissue wee diasactad from the teat plants et tha time of the 

fourth cut and immediately assayed for enzymatic activity. 

(b) Determination of Nitrate Nitrogen 

Nitrate content was determined in shoots (tissue from the fourth 

cut), stubble, end roots, according to a modification of the automatad 

method described by Kampheke .!!.1.!!• (1967). 

(111) EXpERlMENT 3 

Except for the sodium assay madium, ell experimental details and 

plants used to assay for enzymatic activity are described in Experiment 

1 of this Chapter. 
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(a) Sodium Incubation Pledium 

0.1 "eodium phosphate buffer pH 7.5 

0.1 ~ aodium nitrate 

~ n-propanol 

2 drops chloramphenicol (o.s~g/ml) as an antiseptic. 

(2) RESULTS 

In order to atandardiee on the selection of samples for assay, 

a preliminary experiment was undertaken. In this experiment nitrate 

reductaee activity end corresponding molybdenum concentrations were 

measured in various segments of leaf, stubble, and root tissue. The 

segmanta were selected fr0111 young maize plants harvested 21 days after 

seed gemination. 

Basic tiaeue 

Leaf 

stubble 

Roots 

Details of the dissected segments are es follows,-

Segment 

tip 

baas 

whole 

upper 

lower 

whole 

apical zone 

mature zone 

whole 

Comments 

0-5 centimetre segment from leaf tip 

remaining leaf tissue 

complete tissue 

0-5 centimetre segment immediately 
below leaf 

remaining stubble tissue 

complete tissue 

0-5 centimetre root tip segment 

remaining root tiaeue 

complete tissue 

Tha reaulte from this investigation, displayed in Table 44, demon­

strate the coneidareble differences in nitrate reductaae activity 

according to the basic type of tiaaue selected and alaa according to the 

position from within thees tisauea that the assay samples ware taken. 



103 

In addition, the concentration of molybdenum ia to a large extent a 

•uurw 0 ' th• degr■• of activity of this enzyme in the various tiaeua 

u ... S•g11ant* 
Nitrate reductase activity Molybdenum 
4,Amolee NO✓g fresh wtjhr) ppm+ 

tip + 2.1~.16 0.21 
Laat baae 1.96!o.1a 0.25 

whole + 1.9~.13 0.31 

upper .. 1.og.;.o.1a 0.17 
Stubble lower + 0.84-0.11 0.20 

whole ... o.aa.:.o.02 0.12 

apical . + 2.34-0.10 0.44 

Root .. tur. + 0.84-0.11 0.32 

whole + o.1g.;.o.oa 0.39 

* 888 t•xt for explanation + stand error !o.os 

Tabla 441 Diatribution of' nitrate reducteea activity end molybdenum 

concentration in various tissue segments from young maize plants. 

Because the variation in nitrate raductaee activity was relatively 

•all within tha various segments of tissue taken from leaves and 

atubbl•, no preferential selection of assay samples wea considered 

neceeaary for th••• two tiaauea. Therefore, for the following invest-

igationa, anzy11e activity was measured using the leaf and stubble tissue 

dieeected according to the description given in Chapter 2. On the 

other hand, becaua• the maaeured level of nitrate rwductaee activity in 

the root wae critical.ly dependent on the position from which tha ••••Y 

■MPle wae taken, it wee decided to_ standardise an the eegmant of tiaaue 
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with the hiw-at enzyaa activity ror all aubeaquent experiments. In 

addition to being the area or hiQheat nitrate reductaae activity the 

apical reQ,lon or the root ia alaa one of the major zonae of ion uptake 

(Loneragen, 1973) aa well - being an area ot high metabolic activity 

(fWlachlla, 1944). Thentora. it waa concluded that any metabolic 

change• occurring in the plant which could affect nitrate reductase 

activity would tend to be reflected more readily in the root tip than 

in the ~nlng root tlaaue. 

Raaulta fraa the lndividuel exper.lmllnte outlined in the introduction 

to thia chapter are pre•nted Mparately aa followaa-

(1) EXPERIPIENT 1 

OlatribuUon of nitrate reducteH ecUvlty in a ealaction of natro­

phllic end natrophobic planta. 

Rapult• 
Detailed 1'99Ult• of the distribution of nitrate nductaee activity 

in a selection of natrophilic and natrophobic plants an given in 

Tabla 39. The reaulta are arranged in the table ecording to the •in 

aita• of aodiUII accumulation. 

Although then 11tt1r• conaiderable diffaranc•• in the degree of 

enzy-Uc activity be~n plant apeclaa, the reaulta J.n Tabla 45 

indicate that within th• individual plante, nitnte ffduct- acUvity 

..,.. -,et pronounced in the aitea where there ie a pnferential acCUlftl.ltli" 

latlon of aodl&a. Aa 8 definite example, a more detailed e,c-.naUon 

of data tor ..tu roota (Tabla 44) ahowed that the concentration of 

aodila and nitrate reductaN activity were both highest in the root 

epe,c (Table .t6). 



Plant Species 

L••f* Natrophiles 

Chou moalliar 

lttlite clover 

Cockefoot 

Perennial ryegrasa 

Stubble* Natrophobee 

Rape 

Alsike clover 

Timothy 

Root• Natrophobee 

Maize 

Lucarne 

Sudax 

Nitrate Reductase ,ctivity 
(,,,moles NO/g fresh wt/hr) 

Shoot Stubble Root 

+ 1S.6g.;.0.40 
+ 5.4J.,;.0.14 
+ 3.SJ.;.0.15 
+ 2.91-0.17 

.. 
2.oa-;.0.11 

+ 10.0~.77 
+ 4.51-0.54 
+ 1. 73,,:.0.30 
+ 1. 4a.;.o.16 

+ 10.os-:.o.11 
+ 4.?a.;.0.62 

2.64!0.30 

+ o.aa,,;.0.11 
+ 1.21-0.13 
+ 0.60.:-0.05 

.. 
10.84-0.75 

+ 1.14-0.41 
+ 1.s1-o.11 
+ 0.87-0.02 

+ 9.7>0.63 

o.s1!0.1s 
+ 1.68-0.41 

* Refers to the main sita of sodium accumulation within the plant 
(eae Chapter 2). 
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Tabla 451 Distribution of nitrate reductaae activity in a selection 

of natrophilee and natrophobas. 

Root Segment 

Apical zone 

Mature zone 

Whole root 

~ Taken from Tabla 44. 

Nitrate reductasa activity"' 
C,.1moles NO/g fresh wt/hr) 

... 
2.3~0.10 

_,_ 
0.84-0.11 

+ o.1g.;.o.oa 

Sodium 
(percent dry matter) 

+ 0.31~.02 
+ o.1s-;.o.01 
+ 0.22-0.02 

Table 461 variation in nitrate reductase activity end corresponding 

sodium concentrations in maize root segments. 



Ot the individual plant apeciee etudied, the two braaaicaa 

(chou IH>ellier and rape), which are bath temperate plants, were 

found to have by tar the higheet enzymatic activity, by contrast 

the lowest enzyaatic act.ivitiea were Haaurad in the two tropical 

planu, llaiz• and audax. 

(11) EXPERIPIENJ 2 

Influence of eodiaa chloride on nitrate reductaaa activity in 

perennial ryegraea and t.illlothy. 

RlfYl.te 
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1h11 pronounced effects of 1ncreaa1ng concentrationa of sodium 

chl.oride on nitrate reductua activity in various tiaauae of perennial 

ryegraaa and tillothy are displayed in Table 47. 

SodiUII chloride markedly increased nitrate reductaea activity in 

both teat plant■, particularly in the tiaauea where aodim accumulated. 

In natrophilic ryagraaa theaa changaa were largely confined to the 

ehoot tiaaua with only emall difference• occurring in the stubble and 

roots • Although change• in nitrate reductaae activity were very 

.. rtced in the stubble of timothy, it waa alao prominent in the shoot 

tiaaue at tha higher concentration• or aodium. 



Nitrate Reductaae Activity 
(~1101•• No/g freah wt/hr) 

P1r•nnili!Ji R:t1S1r1aa 
Treatment Shoot Stubble Root 

o.~ + 2.1~.os + 1.60,;.0.07 + 0.7~0.06 

3.6 + 2.4a.;.o.07 + 2.14-0.17 + o.s&,;.0.02 
SodiUI 

6.2 + + + 
chloride 2.93,:.0.21 1.9~.03 0.64,:,,0.06 

9.0 + 3.48-0.29 + 2 • og.;.o • 20 + 0.84-0.06 

11.6 + 4.36,:.0.08 + 1.86,,:,,CJ.OS + o.ao.:.o.06 

Jilllgthv 

o.t-- + 1.29,;,0.15 + 1.6a.;.o.09 + 1.1~.16 

3.6 + 2.:m.;.o.oe + 2.64-0.54 + 1.as-o.2s 

Sodiua 6.2 + 2.4g,;o.os + 2.a1-0.1e + 1.32-0.23 
chloride 

9.0 + 2.71.:.o.60 + 3.17-0.20 + 1.01.:.0.14 

11.6 + 6.2~.23 + 6.07.;.aJ.26 + 1.o~.02 

* Milliequivalent• per litre 1n dilute nutrient solution 
applied to plant. 
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Table 47• Influence of sodium chloride on nitrate raductaaa activity 

in various Ueauee of perennial ryagraea and timothy. 



Nitrate Nitrogen 

PemnnJ.11 rxe51EIII 

Laar Stybbll Roote 
N03 percent or N03 percent or N03 percent of 

Treataent (ppm) total leaf N (ppm) total etubbla N (ppm) total root N 

0.91f 500 1.24 407 1.89 113 0.94 
SodiUII 3.6 475 1.13 382 1.94 125 1.37 
chloride 6.2 600 1.42 500 2.20 88 0.83 

9.0 875 2.02 763 3.14 83 0.75 
11.6 1000 2.18 691 2.48 93 a.es 

Standard error !sg - !6o - !10 -
IilK>\bx 

Treatment 

o.g-,. 875 2.10 813 4.07 75 1.03 

Sod11.R 3.6 890 2.10 763 4.15 63 0.62 
6.2 975 2.23 1000 4.98 138 1.30 chloride 9.0 1025 2.15 1435 5.24 425 3.22 

11.6 1425 2.60 2683 8.52 517 3.77 

Standard error !116 - !120 - !24 -
* l'lilliaquivalents per litre in dilute nutrient solution applied to plant■• 

I1bla 481 Influanca of sodium chloride an nitrate concentratione in various tisauas ... 
of peraMial ryagraaa and timothy. 0 

a, 



Nitrate nitrogen was alao influenced by sodium chloride. 
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Although 

the actual concentraUon of nitrate increaaed within moat tiaauas of 

both planta with incraaaing aodiua, theH changes ware very amall when 

ca11pand to the overall incraana in total nitrogen,(Table 48). 

Another illporbnt point conce~ nitrate nitrogen la in relation to 

the accuM1laUon of thl• C011pOUnd in various altea within the test 

plant.a. In ryegraaa the highest nitrate concentration• wan 118aaurad 

in the leaf tiuue, whareu in timothy nitrate tended to acct.aUlata in 

the stubble<- Table 48). l'loraovar, in conjunction with the abrupt 

lncrean in the concentration of sodium in the aerial parts of both 

plant. at the higher concantrationa of applied sodium chloride there 

11Mra alao sharp incrau•• in both the concentration of nitrate and 

nitrate raductan activity within theN altes. (A summary of the 

above effects are given in Tabla •9a for perennial ryegraaa and for 

timothy in Table 49b.) 



110 

Pfpnnial ryegr••· 

Shopta 

Nitrate+ 
reductaae Nitrate Sodium 

Tnau.nt activity (ppa) (percent dry matter) 

Sodl&a 
chloride 

Sodium 
chloride 

Sodium 
chloride 

o.g-. 

3.6 

6.2 

g.o 

11.6 

o.~ 
3.6 

6.2 

9.0 

11.6 

o.9'f' 

3.6 

6.2 

9.0 

11.6 

2.10 

2.48 

2.93 

3.48 

4.36 

Stubble 

1.60 

2.14 

1.98 

2.09 
1.86 

Rpo\• 

o.76 

0.56 

0.64 

0.84 

o.eo-

500 0.23 

475 0.45 

600 0.67 

875 1.13 

1000 1.e2 

407 0.25 

382 o.41 

500 0.54 

763 D.62 

691 0.64 

113 0.07 

125 0.07 

88 o.oe 
83 o.oa 
93 0.01 

+ JI mole• NO/gr• freah weight/hour 
* Plilliequivalenta per litre in dilute nutrient solution applied 

to plant• 

Jtbl• 49•• SUnaary of the influence or sodium chloride on nitrate 

reductaae activity, nitrate content, and aodita concentration in 

perennial ryeQr•••• 
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JlllOthy 

Shoog 

Nitrate+ 
raductan Nitrate Sodium 

Treataent activity (ppm) (percent dry matter) 

0.9♦ 1.29 875 0.03 
3.6 2.30 890 0.09 

Sodi&a 
chloride 6.2 2.49 975 0.21 

g.o 2.71 1025 0.48 

11.6 6.26 1425 0.91 

Stubble 

o.g-. 1.68 813 0.10 

3.6 2.64 763 0.20 
Sodiua 
chloride 6.2 2.a1 1000 0.56 

9.0 3.17 1435 o.eo 
11.6 6.07 2683 0.84 

Ropff 

0.9tt 1.13 75 0.12 

3.6 1.as 63 0.17 
Sodium 6.2 chloride 

1.32 138 0.24 

9.0 1.01 425 0.27 

11.6 1.03 517 0.26 

+ 1J molea NO/gr• fraeh weight/hour 
* Plilliequivalenta per litre in dll.ute nutrient aolution applied 

to plants 

Tabl• 49bl Su1111Ury of the influence of aodiaa chloride on nitrate 

reducbae activity, nitrate content, and aodit.111 concentration in 

tillothy. 
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(111) EXptRIN:NT 3 
Th• err■cta or aodium and potaeeium on the induction of nitrate 

reductaae activity in a eelection of natrophil•• and natrophobea. 

Bt!Yr\H 

The reaulte, which an pooled •ane of the individual plant 

apecl•• preNntad in Table so, indicate that the potaniUII baaed 

J.ncubaUon •dl• induced alightly higher nitrate reductaea activity 

in all uaay •aapl••• Ho•var, the var1aUon in enzymatic activity 

(u J.ndicated by the standard error) wee in general lower far.the 

eodiua baNd •diul than that aaeociated with the potaaaiua medium. 

Nitrate Raducta■e Activity 
{µaolea NO/g freah w~/hr) 

Shop\f Stubble Roots 

f'lediull l'ledlum l'ledium 

Plant type K Na K Na K Na 

Leaf natrophile 6.89 s.eo 4.44 3.70 3.59 2.77 

Standard error !o.22 !o.22 !o.44 !o.29 !o.32 !o.18 

Stubble natrophob■ s.37 4.48 5.83 5.44 4.08 3.54 

!o.49 !o.32 
... 

Standard error -0.34 + .:.0.23 !o.40 !o.29 

Root natrophobe 1.45 1.33 2.90 2.63 4.11 3.52 

Standard error !o.10 !o.oe !o.22 !o.10 !o.14 !o.17 

!lb!• SQ• Influence of potaaaium and sodiull incubation Ndia on the 

inductJ.on or nitrate reductaN activity in a Nlection af natrophiln 

and natrophobea. 
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A po9t11bla ca,- of the alight diffarenca between the two 

inaubeU.on aed1a -Y have bean related to the 80118what higher con­

ducUvity of the pouaalua llediul • opposed to that measured tor 

eod1ta. The conductiviUaa of the tMO aolutiona wre 25.9 x 10-3 

llhoa and 20.5 x 10-3 lllhoa reapacUvaly. However. when the conduo­

Uvity of the eodiaa -dlla wae adjuated with either sodium chloride 

or aodlua aulphate to the level 11N11Urad 1n the potanhD aadium, the 

level of nitrate reductase activity (inducad in 21 day old peremial 

ryegrw laev.e) vae atill below that meaaurad in the potassium M8d1um. 

lhere .... however. a alight increaee in enzymaUc activity with the 

additional 110d1ull salts (Tabla 51). 

Incubation medium 

potaaeiull 

aodlua 

eodhn + 
aodila chl.oride 

aodi&a + 
aodila sulphate 

conducUvity 
(at 25 °c) 

25.9 X 10-3 lfthoa 

20.s x 10-3 Rlhoa 

-3 25.7 X 10 mhoa 

-3 25.9 X 10 IDhoa 

Nitrate raducta• activity 
(J.,tmoles NO/g fneh wt,Aar) 

+ 3.~.17 

The effect of incrsaaing the conductivity at the aodim 

incubaU.on ll8diua on nitrate reductase activity in young Ariki 

ryagraaa leaves. 
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(3) DISQJ§SIQN 

It 1■ clHrly avidant from the above reaulta that sodium ta 1n 

110119 way ueociated with the raducUon ot nitrate within the plant. 

l'loreover, it ia significant, in light or the well documented obaar­

vation that plant■ have different abilitiee to reduce nitrate within 

their ■hoot■ and roots (eg. ~llaon, 19431 Bollard, 19571 1960f 

Wright and Daviaon, 19641 Pliflin, 19671 Wallace and Pate, 1967s 

BNvera and Hagallm'l 1 19691 Wei■...,,, 19721 Pata, 19'73) 1 that both 

high nitrate nitrogen and nitrate raductaN activity ehould occur in 

tiaauea where aodi1.a accunulatee. In other worda, it ia • feature 

of natrophilic planta that the :reduction of nitrate occun INinly 

within their •rial tieauee with only Mall aounta of' nitrate being 

reduced within their roots1 whareu in natnphobic plants reduction 

accura aainly within the root and atam ti■auae. But once the accumu­

lation aitaa within the roots or etema of' natrophobee have been 

aaturated, both ■odium and nitrate nitrogen gnatly incraen in th9 

•rial Uesuea along with a marked atimulation of nitrate reductase 

activity. In view of' the fact that nitrate raductua 1• induced by 

nitrate<••• review by Beavers and Hagaman, 1969) it la not surprlaing 

to f'ind that a high nitrate content within plants coincide• with• 

correeponding high nitrate reductan activity. 

Although the addition at aodium chloride to both natrophiles and 

natrophobee rtteulted in the atimulaUon of nitrate reductaae activity 

and increased the level of nitrate, tha level of nitrate nitrogen 

ab,aye raained 8 -11, relatively constant fraction of t.h• total 

nitrogen content within theae planta. 

In order ta maintain chellical neutrality within the plant during 

reduction of nltratlt ta an ..-J,nical tom, it hae been euggeeted (ag. 

Buratl'DII, 1MSI Oijkahoorn, 1958) that than ia a elallt.aneoue 
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pnducUon of organic anions et the time of reduction. Such a con­

untion is auppartad by obNrvat.lona that plants have higher cerboxy,­

lata cantenu when growing 1n -c:11a in lllhich the concentration of 

nitrate tone hu been incnued (Dljkahoom, 19621 Kirkby and Nengal, 

19671 Dijkehoam .& A•, 1968t van Tull, 19"70). Ae a coneequance of 

auah a hypothnis• it would be expected that the aite at which nitrate 

1• rem,ced vould not only influence the tranelocation of cations but 

aleo the accuaulaUon of organic acide. In other worda, nitrate muat 

be tranal.ocat:ad to the eita of reduction with an accoapanying inorganic 

cation and on reducUon of nitrate the charge on the accoapany1ng ion 

would pua direcUy to en organic anion. Therefore, the leave• cf 

netrophlles would be expected to have higher concentrationa of both 

cetJ.ona and organic aclde than cornaponding nat.rophobic planta if 

nitrate wae pndalllnanUy reduced J.n the roots of the latter. In 

fact, data by Pierca end Appl•an (1943), Klzkby (1969) and Coic (1971) 

prnented 1n Tabla 12, and eleo the notable dJ.fterencea 1n cation 

c1J11pDalUon beta.Nntn natrophil•• and natrophobea recorded in the preced­

ing chapkra of tn1a etudy• would eupport the obeerved differences 1n 

location of nitrate reductaaa acUvity between the•• two different 

type• of plant. 

The above ob•rv■tione would auggeat that in contributing, with 

potaetti&a, calciua, and ugneaium, to the maintenance of cation-anion 

balance within the plant, aodiull tend• to be anociatad with nitrate. 

Although it haa bean reported (Tottingham .11 .11•• 1934) that 

nitrate ie taken up l'ION raadlly from nutrient aolutione prepared 

wi\h potueium nitrate than thoM prepared with calcium or aodiUII 

nitrate, thereby lending aupport to thtt theory that potaaelua ia the 

prefenmUal carrier of nitrate within the plant (D1jkahoam, 19691 

Lip• ll .M.•, 1971), field evidance and experiflental obaervationa froa 
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All value• are otven in IDilllequivalenu per 100 g of dry matter. 

T•b}• 521 Variation 1n total organic acida, potuaium, and eodiURI 

1n leave• of natrophilee and nat.rophobea. 

thla invaetigaUon do not evpport euch • finding. For example, 1n 

tha field Lc,-,ry .11 a• (1936) found that. addint potaeaiUII decn-d the 

nitrate content of ,cylem aap e,cuded by com plant.. A alailar eftact 

hae been recorded in blue panic: graaa where potaniua had no effect on 

nitrate content (wright .&..M.•• 1960). In addlUon, the reeulta of 

Soreneen (1960) clurly indicate tha~ in peUoln of euoar baet, 
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lllhen nltnta preferentially accU111Ulataa, there 1a an inveree relation­

ahlp beb,een nitrate content and pataaaium. rurthermora, •• a con­

Nq&anae of adding nitrogen •• 'nitro-chalk' to paeturae, Reith .11 .!l• 

(1164) obaerved that. the concentration of aodium in the leavaa 

inctn-d with increaaing additiona of nitrogen even in the preaenca 

of addlUonal potuai1a (aee Table 3). On the other hand, additional 

nluogen reduced the correeponding concentraUona or potaaeium within 

U... Uaeuaa. Thia inverae relaUonahlp beween potueilMI end 

nltrogan 1a confiraed in the natl.ta prnented by Jonee (1961) and 

n.y found that nit.rate accumulated in tiaeuea of 

planu growing under potuaiua deficient condltJ.ona. Such conditions 

an alao know'I ta lncn•• the up\eke of aodil.8 aignificantly. 

Studlee on the effect.a at light 1ntaneity on chemical compoa1Uon 

ar planta have alao yielded eome intereeting result•• In addition to 

praaaUng nitrate reduct.aae activity (Candela ,n S•• 1957f Hegeman 

and fleeher, 1960), light also increaaea tha uptake of sodium 

(PlaoRobbie and Dainty, 1958) along with nitrate (Nagai and Tezewa, 

19621 BNvar• .u, JI!•, 1965), but contrary to the preferential nitrate 

carrier theory, light cacJNa aubatantial lo•••• of potanium, even ae 

high N eightfold (PlacRabbie and Dainty, 1958). 

Conaided.nQ th• cloae aaeociation between nitrate reduction and 

organic acid formation along with the apparent ability or sodiuffl to 

the nitrate ion within the plant, it ia not aurprlaing 

U.nfon to find eodiula equally effective•• pot.u•J.ult in prmnoting 

Ml.ate fal'llaUon in red beet (Spllttatoeaaer and Beevel"a, 1964). 

In tact, ..iate production peraieted longer with eodJ.UII pho•phate 

Vian lt did with the correeponding potaaeium salt. The eftectiveneaa 

or aalate u.,. organic anion to counterbalance Lnorg,anic catlona 1a 

.,.11 doauallnted (Ulrich, 1M1t Jacobson and OrdJ.n, 1954J Van 
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S\avenl.nck, 19661 Jacoby and LaU.a, 1971 ), especially during the 

nductlon ot nitrate (Ben-Zion1 ,n .!l.•, 1970). Moreover, malic acid 

la loca\ad predaalnantly in the vacuole■ or beet cells and nat in the 

cytopl- (Oellond and Latiea, 1969). It is therefore significant 

that the concentration of sodium in the vacuoles of barley roots 18 

reported to be three to four time■ that in tha cytoplasm, while the 

canaentnUon of pot■a■il.RII on the other hand was roughly the aame in 

both coapartaente (Pitman and Saddler, 1967). In addition, a recant 

lnvaaUgeUon by Poole (1971) lndicatae that the uptake of sodium in 

red beet cell■ 1nh1blb the tranatar of pota■aium into the vacuole, 

however aodila had no effect on the concentration ot potaaai1a in the 

cytopl- which rema1ned at a conetant level. Thia la particularly 

illportant 1n via, of the fact that the oxalate isolated from Setaria 
IPblal•H waa aodiaa oxalate and not potaaaium (Jones and rard, 1972). 

1, haa alaa baen obaarved that the total organic acid content incraana 

in certain potaaeium daficient plants (Vickery and Palmer 1957J. 

f'ru■■n, 19671 D1jkahoorn J!1.ll•• 1968), particularly in the presence 

at aodiu■ (van Tull, 1970). Such a condition would not be expected 

ta occur if there were a diract relationship between nitrate content 

and potueiua. 

tharefort1, contrary to the unfounded suggeation by Lipa .!l J!l• 

(1971) that the pre■-nce of sodium in the plant would prevent the 

pntannU.al uptake of nitrate by the roots at modarata canean\rationa, 

u. rnulu at \hi• J.nveetigaUon would euggeat that eodlum 1• highly 

artecUve 1n accmapanying th• nitrate ion within the plant. Moreover, 

thens.. no nuon to beliave that eodium would ianobilJ.n analata, or 

any other -Jor organic acid for that matter, in the aenae that Lipe 

.11.ll• -(1111) 111p1y, • all eodJ.ulll salt• of the important organic 

Hlda fal#ld 1n the plant an only slightly le•• aoluble then the 
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aoneependlng pat••I•• •alta. What ia more, sodium ie highly mobile 

ldttdn "- phlN11 of • ruaber of plants {Cooil .u, .I!•• 1965J Levl, 

1970f Claztceon, 19741 fllarachner 1 1974). 

In view of the above findinga it la propond that one of sodium's 

Nin funcUona in the plant la to accompany the nitrate ion to the 

•Jor alta of rac:tuct1on, thereby forming a pool ot reducible nitrate. 

Dn NducU.on of nitrata, the reeulting aodiull ion, along with the 

ather catlona accompanying nitrate, would 1-diately eotnbine with an 

oi,aanlc anion. Same of theea organic ealte, particularly aod!Uffl, 

muld ■ubNquently accaaulate in the vacuoles of the calla and thereby 

contribute to the oemotlc praesure. Such a propoaal would account 

tor the irregular dletribu'tion of aodium in plants, in fact correapond­

lng to the uneven dlapoeit1.on of th• nitrate reductaae enzyme. l'ktr.,_ 

owr,lt appeara that the at.lmul.ation of nit.rate reduetan activity by 

-ocdua chloride 1n plant■, - recorded in thia J.nveaUgaUon and by 

ladchla and Huber (1975) la 110at likely the reault of the increased 

tnnalocaUon or nit.rat• int.a the Uaauaa where nitrate reduction 

11nterenUally occur■• 

In addition to the general role of maintaining chnJ.cal neutrallty 

Id.thin the plant it 1• poaaibla that aodium may have• apeclflc effect 

an the nitrate reduct••• enzyme aa augge■tad by Plarquez and Brodie 

(1173) tar halophilic bacteria. 

It la well documented that many enz)'llatic system• in halophilJ.c 

bacteria require high oonoantrationa or sodium chloride fo:r mexlmel 

eoUvlty (Baxter end Gibbon•, 19541 19561 195'7f Lantffl .ll .a•• 
11621 Brown, 19a4, Lanen .11 Al•• 19671 Lanyi, 19691 Ueberman 

and Lanyl, 1971 ). Several hypotma••• have been augQNted concerning 

Be,ctllr (1959) 
Iha atabllity of halophllic enzyme• in aalt eolutiona. 

&.s..• &.-.. illty could be eacribttd to electroetaUc 
aaneldand that ..... ■ •-



120 

lntenctlone, thla auogeaUon wu later extended to iltpliceta the 

ehlalding of negaU.w chargea found an protein• (Brown, 1965• HollllN 

and Halvonan, 1965s Kushner and Oniahl, 1966). The latter hypoth­

Nia wu eupportad by the tlndinga that halophilic proteins contain 

an exaeea or acidic adna acids, ,-1y aapartic and glutamic acida, 

lllhlah could be ahielded by aod1ta and other cation. (Brown, 19631 

Bayley, 1966). In addition to electroatatic shielding, Lanyi and 

Stavenaon (1970) euggaated that the high aalt requirement of halo­

philic enzymes la due to the prttunce of hydrophobic bond&. These 

bonde are conalderad to Qlva the enzyme etab!lity and are promoted by 

eodiul chloride. In the abnnce of aalt it ia euggeated that the 
' 

enzyaaa are al.moat completely unfolded and inactive• However, as 

the canaentration of aodiul chloride la incraued, the native confora­

atlon le reached through the interaction of hydrophobic group■ aa their 

aolubllity in water 1• dec:reaeed. 

Therefore, it appears that eodium chloride, and to a lesaer extent 

other aodiua aalt• (Lanyi and Stevenson, 1970) have the ability of 

praaating and atablliaing certain anzyae ayateaa J.n bacteria, thia 

effect hu alao been obaerved in certain higher planu. Prisco and 

VJ.air• (1976) raported that sodium chloride delayed the breakdc:MI 

and turnover of protein• in gartnineting aerido been Vigna a.lnllneip 

-de. Thi• at.ablliaing effect of sodium salts may account far the 

generally lower variation in nitrate reductaae activity recorded in 

th1a atudy when eodium rather than potassium was in the incubation 

•dim. However, having due regard for the non specific nature ot 

the aubatrata required for indUcing the nitrate reductaH enzy• 

<-•r• and Hageman, 1969t Knyph, 1974) and the alight advantage of 

8 potaulum baaed incubation medium over a similar aodlLD .. dium in 

ahort ten in .u,xe. experilllenta ( two hours) 1 it would appear that 



Ndlua dDN not have a aJ.gniflcant overall affect on this enzyme 

by CNparlaon Id.th potaae1u.. 
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CONg,us19tts 

.._,_ at the fragaentary nature ot the data concemJ.ng both 

U. PncUcal and phyalologJ.caJ. dgnitlcanca of aodJ.um in plant 

nublUon an attapt 1• •de 1n thia NCU.on to draw the rasults of 

lhu lnvnUgaU.on• together with exlaUng data, into a generalieed 

ea11D1uaion pn■■nted under the following three general headingsa­

aplaultural, phyaJ.ologlcal 9 and ecolog1cal. 

(a) ft§RJQLJURAL 

It 1a now evidant tram thia invaatlgaUon that a lega IUlber 

ot topdreued ryagraae-white clove:rpas-tµre~ 1n New Zealand have 

90d1la level■ which are below tho• nquJ.red ror gnzJ.ng anillela. 

Low eodl&a ln the diet of aniaal.e can reeul.t 1n • number of aer-.twe 

aatabolic dlaorden. 

There are • nuaber at factors which have cantd.buted t.o the 

gananl.ly low aodi.,. statue or New laal.and putuna. In addition 
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lo the gaolog.lcal foraat.lons talh1ch have yielded aolla naturally 

dllflalent in aodiua, there have been a Mrin of ct\ang98 1n fal'IB1ng 

pncUcn over the paat thirty yeen. Slnce 1950 there hu been a 

llllllddffeb1a 1nc:nw 1n the uae of high grade potaulc fenlllnra on 

paetun. throughout the country. Ae a direct. coneaq11anca of thia 

band peeturea 1n -,.t, anaa now have poteee1'1n ltMtla whJ.ch U9 well 

in wca■■• of plant neede. Ploreover, potaeaiull not only dapneaee 

the uptake of aodi&II into the plant., but also 8CCltlenua the leach1nQ 

loe■■■ af eoU aodiaa froa the root zona,-eepecJ.ally uncar the hudd 

cUaaU.c condj.Uofta which pnvall 1n New Z8&1and. Therefore, U. 

axaee■lw UN of potaMJ.o ferU11Nn would be expected to aggravate 

an anilllll,.nutriUon probl- J.nvolvJ.ng eodlum or even create one where 

11 My not have origlnally exlatad. httat 1.a more, the ebandaft1ng of 
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the pncUaee of applying aodium •• a fertiliaer and in many caeae the 

d1nct euppl...ntation of anillal fNda with salt haa coincided with 

the lncnaead uu of potaaailml. However, 1n comparison to inland 

.... , the probl- -•ociatad with low herbage sodium in coastal 

regiane an offNt by the large quanUUea of eodium chloride deposit­

•d fraa - aprey, - • canNquenca of which higher eodium levele are 

Mintained. In addition to herbaga aodita other sources of' thia 

n\, 8IICh • drinking water and 1n certain clrcumatancaa ingested 

eoU., can fora laportant. fractiona of the total daily int.aka by 

An additional anillal-nutr1Uon probl• involving aodiull arises 

fl'GII the considerab1• differencaa between plant apaciea 1n the extent 

to lllh1ch ttwy accuaulat.a aodiua in root. and ehoot tissue. In this 

reepac, plant.a can be claaaified a follawa•-

N■trnphll••• pl.ante in which sodium readily 

accua1lataa 1n leaf Usauee. 

Natrophob!f! plantain which sodium preferentially 

accumulate• in the root.a or lower atellla with the 

reault that only very small ~tlUa• of this 

element are present in the leaf tiaaue. 

A• a conaaquence of their inherent phyaiological d1ffarancaa, 

nat.rophobea are unabl• to provide food rations containing enough 

aodiua for dJ.atary ,..da of grazJ.ng animal.a, even 1n a aJ.tuetlon 

.._re t,t,en 1• .nougt, aodiunl in the eoll to produee a aatlafactory 

level 1n natrophUnJ an an1Mal nutrition problaa 1• \henfore Ukaly 

t.o occur when natrophobic plant• font a aut,atenUal part ot the 

anillal• diet. rna a pncUcal point of view the u~ of eadiull 

ferUllNn to .t.ncnaae \he eodlum content 1n plant tieaue• to en 

acceptable level tor anJ.aal nutrition would only be eff'acUve if natro-
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phllJ.c planb IMN involved. Furthermore, the aucceea of aod1um 

terU11Nra would depend to• large extent on the potassium status of 

the eoll 1n lllhich the plants were grown and ala~ on the sodium salt 

involved. In thia context it appear• that aodium nitrate is more 

eftecUve 1n incraaaing the aod1um content 1n leaves of plants than 

other aodi&a aalta (Lehr, 19601 Wallace .u. .11•• 1965). Thie result 

1a nat aurpriainQ 1n view of the cloee aaaociation between sodium and 

nltrata nitrogen within the plant. Although lt ie poaaible to 

lncreaa ttw aod1UII content 1n the leavea of natrophobea under certain 

candJ.Uona, ttw high concantraUon of aodiura required in the root zone 

to raiN the level of thi• el...nt to one which ie acceptable for 

an1M1 nutrition could raeult in depraaNd plant growth and woul.d 

certainly be urwconoaic to achieve. Moreover, the application of 

tollar apraya containing aodit.1111 to the leaves of natrophobea woul.d be 

equall.y ineft■cUv■ •• eodiUIII is rapidly tranalocated away from th9 

leave■ of natrophobic plants via tha phloe11t into the roots (l.llallece 

Cooil ,U .!l.•, 19651 Lavi, 19?0J Plarschner, 

19?~). Therefore, the most practical solution for correcting aodium 

daficienc:1•• in grazing animals, particularly in view. of the dapreaa­

ing effect■ of pota■aium and the high riak of leachi,:tg, would appear 

to be direct ■upplaaaentation of the animal either by -.n• of aalt 

lick• ar by the addiUon of aodium to the drinking water. 

In the abaence of any field trial data it 1• predictable from 

the clo•• ralation■hip which a>data between aodiUll, nitrate nitrogen, 

-,d the acUvity of the molybdenum containing nitrate reduct.ea• enzyme 

within the plant, that both the levels of sodium and molybdenUIII in the 

•rial parta of natrophilic plant• ahould follow cloaaly the NUonal 

c:hanga• 1n nitrate nitrogen. 
In Britain for example, high level• of 

nitrate are reported to occur J.n pa■tun• during eprint and autuwl 
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(lonN A A•• 1161 ). Seasonal chWtgee in leer sodium in natrophobes 

°" the other hand would btl very ...ii coneidering the location of thia 

el nt w1th1n the• planta. Sodium would alao be expected to 

lnareaN 1n the lNvea or natrophilae u the level of nitrate nitrogen 

1n the ecoeyetea lncra-• with paature devalopment. In fact, 

mcper4.aental. obNrvaUona by Cullen .u, S• (1966) would lend support 

ta thia point. 

(b) PttYIJDLDGICAL 

on. or the 11aat notable features ot thie atudy waa the aignificant 

ralaU.onehJ.p •aeurad between aodiua and nitrogen in the tieauea of 

bath natrophil•• and natrophobea. Moreover, the greater part of 

nitrate reductaae activity in planta, •• measured by an intact tiaaue 

•thod, wu centred 1n areas where both ■odium and nitrate nitrogen 

preferentially accumulate. In other worda, in natrophilea nitrate 

uncle to be reduced predominantly in the aerial tiaaUN, whereas in 

natraphoblle raducUon of nitrate ia generally confined t.a the atarna 

and roota. l'loreover, nitrate reductan activity in roots occurs 

lldnly 1n the apical zone. It la alao evident from thia study that 

the appl.1caUon of aodium chloride to both natrophilic and natraphobic 

planta, 1n the preeence of adequate amount• or nitroo,n, not only 

ntaulted in a marked aUllulat1on or nitrate nducta• activity but 

aleo increued the level of nitrate nitrogen and the overall total 

n1trogan content. However, a 110at important point wae that the level 

at nltnta nitrogen alway• r■■■ined at a small, nlaUvely conatant 

ruction of the total nJ.trogen content within tha planu. 

tn addJ.Uon to aU.UlatJ.ng nitrogen metabolism, high external 

concentrations or •odium can reault, •• measured 1n thi• J.nv■aUgat1on, 

1n the preferential IIOClatlaUon aitea for eodium in natrophobea 
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beoam.no ut&.lrated euch that both eodium and nitrate nitrogen move 

tnely into the leavea. In their e,cp11r1Jllents Wallace and Pata 

(1NS, 1967) have clearly ehown that on nturating the reductan 

capacJ.ty 1n the roota of certain plant. with high levels of nitrate, 

free nitrate nitrogen move• up into the ahoota. Aa expected the 

capacity to aaturate the nitrate raductan enzyma with nitrate differs 

onatly tor difterent plant apeclaa (Beevers and Hagaman, 1969). It 

1a alao 1nteraating to note in light or the above obaarvat1ona, that 

the application at metabolic inhibltora to the roote or ataln8 of 

natrophobea greatly enhance■ the 110v~t of aodium into the laavaa 

(Peanon, 1962t Jacoby, 1965t Wallace a Al•, 1965). unfortunately 

no •aeur■■■nta wen -de of the nitrate lavala in the planta from 

Uwaa e,cperlanta. 

In view of the fact that the aynthea1a of the nitrate reductaae 

enzyae la induced by nitrata <- review by Beaven and Hagaman, 

1961) and the cloae aeaociation batwHn aodium and nitrate within the 

plant, it woul.d appaar that the at11Rul.aUon or nitrat.e nductaae 

acUvity by eodiua chloride 1a the reault. of an J.ncra- in nitrate 

nlt.l'og■n at the aite of reduction. Therefore the circumetant:lal 

avlmnce atrongly auggeata that one of the .. 1n roln of aodium 1n 

plant• la ta accompany th• nitrate ion. l'loreov•r• it ie anvieagad 

\hat in order to maJ.ntain chemical neutrality when nitrate 1a reduced• 

aodlua coablnea with th• raeul.Ung carboxylic anion. SUch • 

propoa1Uon IIIOUld 1n fact account for the irregular accumulation of 

aodila 1n planb, particularly J.n view of the uneven d.l.euibutlon of 

both n1 trate and the n1 trata reduct••• enzyme. It would alao explain 

lilly, of the three am,ironmantal factor•, light, moisture atrn•• and 

taapentun, light hu the -,at dominating 1nfluenett on aadiulll. In 

thla reapect light not only atilaulataa nitrate reductue activity 
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(Candala .11 .al•, 19571 Hageman and flaahar, 1960) but also the uptake 

ot nitrate into the plant (Nagai and Tazewa, 19621 Beeven .11 .!l.•• 

1165). It 1• alao intereating to note that plants which have high 

•lybdanta requirwnta (During, 1972) and high nitrate content• in 

their u. ... (Wright and Oavieon, 1964) a1'8 spec.lea which, in general, 

hew been found to benefit fr011 sodium fartllinra, aa for axantple 

z1 bera ot the 01enopod1aceae and Crucif•r• f-.Uiaa. It may also 

be con,Jeatured thn ona of the aany cauaea or the irregular and often 

conflicting report. about the aUlllulaUng effect. aodiua haa on dry 

utter yialda could be cloNly related to the level of nitrate prn8"t. 

Apart frma the geMral role of llla1nta.f.n111\l chNlcal neutrality 

within the plant, aodlum does not appear to have a apacific atfact on 

the nitrate reductaae enzyme when compared with an idenUcal potaaalum 

baaed J.ncubaUon •dll.8 1n short tal'IB ( two houra) .&!l JWt2 experiments, 

aa carried out tor example 1n thla study. However, there have bean 

a nullber of apeculaUona to the effect that sodium may etabUiee and 

prevent the breakdown ot protein• (Lanyl and Stevenson, 1970J Prisco 

and Viera, 1976). flloreovar, in relation to the nitrate reductan 

.nzyae, ttutfakar and Pateraon (1974) etate that this enzyu is the 

only apacitlc plant protein for which definite evidence or prot.in 

•turnover• ha• bean obtained eo far (8N Zielke and fllner, 1971). 

Vuloua aatJaate• have been reported for •turnover• rate• of th1• 

waya anct theM rate• are round to vary considerably according to 

plant IIJNICle• and pretreatment (Huffaker and Peterson, 1'74). Than­

fon, 1n order to examine mra fully the poeaibUity that aodlm could 

have• atablllaing ettact on nitrate nductue, III01'8 detailed and 

langar tal'II e,cperlllenb than tho•• 9111Ployad in thia study will be 

required. 
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(c) ECOLOGJcAL 

In light of the fundamental charactariatic■ which distinguish 

natrophilic and netrophobic plants aa revealed in this investigation, 

it 1e 1nten■ting to speculate on the po■sible ecological reasons why 

p1Mt■ ahould have evolved such contraating sites for an identical 

phyaloloQ!,cal activity. 

It le apparent tr011 the study of planta posaeasing the C and c 
3 4 

photosyntheUc pathway■ that water con•rvation within the plant hes 

played• •Jor part in the evolution or the c4 system (Brown, 1958J 

Black .11 .ll• • 1969J Oallll'lea, 1969f Blaclc, 19'71J Hatch and Boardman, 

19741 Laetach, 1974). Thu■ tranapiration rates 1n c4 plants are 

alCh lo-.r than tho• -•MJntd 1n c3 plant. (Oownaa, 1969f F'orda 

.11 .!il.•, 1974). It 1a therefore 110at aignitlcant that all c4 pl.ante 

exaained "91'9 natrophobeaJ aleo the rates of tranapiration and ion 

uptake, particularly of aodi1.111, 1n all nat.rophobes, that ia both c3 

and c4 ■■■bera, ware much lower than thoee •aaured in natrophil1c 

plant. grown under the•- conditions. Aa expected, however, c3 

natrophobaa had higher tranaplraUon rates than the c4 natrophobea. 

Thenfon, in view of the aillilaritiea between c3 and c4 natrophobea 

in a 111.Dbar of basic phyaiological features namely, the preferential 

aitea of eodiUII and nitrate accumulation, tha distribution of nitrate 

redUct■• activity, th• rate of ion uptake,anct the rat• of trana­

pireUon, it would nem moat likely that natrophobea have developed 

theae ■odificationa 1n order to conaarva water. furthermore, th•• 

adaption■ would enable natrophobea to tolerate more arid conditions 

than tho• "'11ch could be endured by natrophilic plant.a. 
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