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colour change in the resin from blue tc green. The resin was renewed
whenever the indicator in the second layer showed any signs of colour
change .

A cé.pillary tube (F), was attached to the base of the column
through which the demineralised water flowed into a "Pyrex'" glass
aspirator (G). The capillary tube ras arranged so as never to allow
the level of the water in the column to fall below the uppermost layer
of resin. Approximately 20 litres of demineralised water was produced

per day using this method.

(2) Qlass Distillation

The water ob ined from the aluminium still was redistilled in a
constant lovel "Pyrex" zlass still, as described by Wilson and Strickler
(1959), and the redistilled water was collected in a "Pyrex" gloss
aspirator. This method produced approximately eight litres of pure

water daily.

Glassware

The glassware used throughout the present work was of "Pyrax'
grade.  All the nutrient stock solutions, and standard solutions used
in calibrating the instruments, were stored in either polythene containers
or "Pyrex" two litre flat bottomed flasks, as a precaution azainst sodium

contamination from ordinsry glassware.

Purification of Glassware

A1l the containers used in the plant culture work were cleanesd
using the method described by Hewitt and Jones (1947). The containers
were rinsed in 1:1,HCl: water solution then thoroughly washed out with
purified water, and finally amtoclaved for thirty minutes at 20 1lbs/

&8¢.in.

Chemical Reagents

The chemical reagents used throughout this work were British

Drug Houses "Analar" grade reagents, unless otherwise stated,
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The relationship between the instrument readings and the
concentrations of the above three eliments vas found to be almost
lincar, sco Figs. 4,5 and 7.

In tho casz of the plrut solution the sodiur, potassium and
calcium concentrations could be debermined directly, houwever in some

cazes the solutions hrd to be diluted 5 X, 20 X, ~dth purified water.

Magnogium Detirmination

Tor the mzgresiunm determination in the »lant solution the Titan
Yellow Method wos followed, using a Hilgcor "Speld:or" absor: 'iomzter
q Y]t) Pl
to mecsure the intwmeity of the colcur wroduced by the rezzent. The
¥ £ ¥ 75
followins rearents srere used .nd propared as follorse-

(1) Titan Yello~ Solution

(2) Weight out 0.30 & Titan Yelloe: Indicator (2.1 7.)
(1) Dissclve in 150.0 ml Ethyl Alcohol.

(c) liake up to 200.0 ml -ith redistilled watcr.

(2) Calcium Sulphate Seoluitign

2.40 g CaSO4 vore made vy to 1 litre vith purified

water.

(3) 4% Uydroxylamine Hydrochloride Solution

4.0 g Hydrorylamine Eydrochloride was made up o

100 ml » ith rodistillied water.

(4) Sodium Hydroxide Solution

100,0 g of Sodiwr: Hdroxide solution vas made up *o

250 ml =ith parifid woter.

Calibration of "Spekker' absorption
n standara solution éf magnasium solution was propared as
follovsa-
(1) Weight cut 0.5067 g HgSO4.7H20°
(2) Dissolve in redistilled water.
(3) Add 1. 5 mi 12l HC1
(4) Hake to 500 ml with redistilled water.
The above solution contained 100,00 p.p.mJige 1,0 ml, 2.0 ml, 5.0 nl

8.0 ml, 10,0 ml ard 20.C ml aliquots of the standard solution vere
- 22 -










































Table 6 Contd.

_ BLOCK & .
. Treat]  Treet- .
E :nt Cal iment.i CdZ
) Lesf burn, Abcission of two leaves. &£11 leaves %Nc leaf burn. Some leaves show signs of a
: 9 |show signs of a vhysiologicel disorder. 25 i physiclogical disorder.
§
Upper leaves  Stage IV Upper lezves  Hialthy
Kb liiddle le.ves Stage IIT kiddle leaves Stage II
Loyer leaves  Stage IT, Lower leaves  Stage I
|
No leaf burn. All leaves show signs of a No leaif burn. BSome leaves show signs of &
10 {physiclogical disorder. 26 | physioclogicel disorder.
Upper leaves Stage I Upper leaves  Healthy
Kl iMiddle leaves Stage IT Iiiddle leaves Stage I
|Lover leaves  Stage I Lower leaves  Stage 1
|
|
:1\I-':l-
! iLeaf burn. all leaves show signs of a Ho leaf burrn. Some leaves show signs of a
| 11 |physiclogicel disorder. 27 | physiclogical disorder.
Uprer " naves Stage IT Upper leaves  Healthy
K, Mwiuwdle .eaves Btage IIT Widdle leaves Healthy
Towver lesves Stage II Lower leaves  Stage I
f Remarks. "Epiderral Collepse' on three lover
i leaves.
L
;Leaf burn. £11 leavas show signs of a No leaf burn. No signs of a ghysiological
12 .physiologiczl disorder. 28 | disorder.
JUpper lecves  Stage III Upper leaves  Healthy
K3 @iddle leaves Stage IT lsiddie leaves Healthy

Lower leaves
|

Stage 1T

Lower leaves  Healthy



















appearance of the seedlings raceiving high and low levels of calcium
can be seen in Fies, 14 and 15.

(ITI) "Epidermal Collapse"

During the early stages of growth the seedlings produced leaf
spots, descrived mreviously {(Chapter I), This visual leaf symptom
will be referred to in the present work as "Epidermal Collapse", see
Fig, 2. The spots produced on the upper and lower cpidermal
surfaces wore the roo2lt o an unknown factor and appeared to be areas
where the sib- :piderrzl siceus had broken down, resulting in
epidermal collurse, The plants chovwing this phenomenon used in the

present investigation are recorded in Table 6.

(Iv) Effect of Tetrawychus telarius L

The trees affected by Tetranychus telarius during the course of

the present imvestigation were left with visual signs of their attack.
The leaves lost their usual waxy gloss and both the upper and lower
surfaces became rouch in texture and took on a dull light green colour,
In Table 6 a record hes been made of ecxperimental plants attacked by

the mite.

Stem Symptoms

(I) Stem Burn

There were isclated occurrences amongst the experimental
seedlings : celving the lower level of calcium in the nutrient
solutions, of the apical region of the sfem being burnt, and die back
resulting, see F¥Fig 11. These instances were only observed when there

had been severc leaf burn, followed by leaf abscission.

(II) Borr emuniion

In some of th: cxperimental trees eruptions of the bhark
occurred in the lower ctom regions exposing the woody tissue beneath,
These .Tur; =d areas vore approximately 1.5 x 0.2 cm. in extent, the
greatest length of these area. lay in the same dirccticn as the central
axis. Usually there was mcorc than one area on the infected stems.
In three instances theo demage brought about as a rcsult of this bark

cruttion was so extencsive thet all the plant tissue above the

affected area died, sce Fig. 1h. In each of these three cases, a
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large number of lateral shoots were produced in the axils of the
lower leaves, compensating for the tissue that had died. No relation-
ship between the occurrence of this disorder and the experimental
treatments supplicd could be established and its cause remained

un¥nown.

Roots
The health and the condition of the roots of the experimental
lemon seedlings appeared .sound irrespective of the treatments they

received.

Height

The lemon ¢ adlings grown in mutrient solutions with the
higher levels of calcium were found to be larger plants than those
receiving the lcwer level of calcium supply, see F*~3, 17 and 18.
Increasing the concentrations of sodium and potassium in the nutrient
supply appeared to have little or no effect on the height of the
seedlings, except at the higher concentrations of hoth these ions,

when a slight increase in size was produced, see Table 7.

Dry Weights

The dry weights were determined as described in Chapter II
and the results are found in Teble 8.

It appeared from the figures obtained for the dry weights of
the experimental material, that the increase in weight brought about
as a result of experimental treatments, was not a straightforvard
addition to the pre-trcatment weight, but rather of a proportiomal
type of increase., Turther upon statistically examining the dry
weights it was fouad that the ratio, Standard Error (natural variation
of plants) = Meen, in the two blocks appeared tc be consistent, i.e.
Standard Error had not been independent of treatment. A log scale
was therefore used, and found to be appropriate for estimating the
effects of the different treatments, see Table 9.

Increasing the sodium level in the mitrient supply, for the
experimental period, produced no apparent effect upon the weight of
the plant. However, raising the potassium level in the external

medium, produced an increase in the total weight of the plants,
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TaBLf 12

Compositien of Lemon Seedling Reoots grown in Bxperiment.l
Futrient solutions, expressed ws a percentage of the total dry

weight.

Trectment

" Sodium | PotassiumCelcium | Magnesium |
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had its greatest concentration in the leaves, the stem and roots
containing about a quarter of that found in the leaves. Similarly
the leaves contained higher concentrations of calcium and megnesium
than either steoms or roots.

The analysis of the roots showed the presence of a higher con-
centration of sodium, than of calcium, potassium or magnesium. However
in the leaves the concentration of potassium was five times that of
sofium, and ten times that of magnesium. Similarly in the stem,
the concentration of potassium was the highest, being three times as
great as that of sodium or celcium, and nine times as great as that

of marmesium.

Leaf Chemical Composition

The chemical composition of the leavis of seedlings receiving
various treatments can be found in Table 10.
(a) Sodium

The sodium leef content ranged between 0,02 and C.96%.
Increasing the sodium level in ths nutrient mediz, resulted in an
inerease in the percentage sodium cconcentration of the leaf, see

Table 14.
Table 1

Statistical Analysis of Treatment Effect on Sodium Leaf Copt.nt

Sum of Mean Sum
Squares  of Spm\res F Value

0.025253 | 0,012626 1.945 n.s
2,597568 | 0.865856 {133.065 %
0.068962 | 0.022987 3,53%

. 0,005386 | 0.005386 0.828 n.s
0.424652 | 0.070775 | 10.874  &w¢

;Position 2
3
3
1
6
Position x K Treatment 61 0,060617 { 0.010103 1.553 n.s
2
9
3
3

a Treatment

3K Treatment

Ca Treatment

{Position x Na Treatment
0.161879 | 0.08094C | 12.43§ =&
0.,130264 | 0.014474 | 2.224 n.s
0.167255 | 0.055752 | B8.568 =&
K x Ca Treatments C.026435 | 6,008812 1.354 n.s
Position x Na x X Treatments | 1g] 0.119189 | 0,006622 | 1.018 n.s
Pogition x Na x Ca Treatments €] 0.040242 | 0.006707 1.031 n.s

Position x Ca Treatment
Wa x K Treatments

Na x Ca Treatments

Position x K x Ca Treatments €] C¢.012821 | 0.C0213 7 C.328 n.s
Ha. x K x Ca Treatments 9{ 0.087531 | 0.009726 1.495 n.s
Rosidue B 18! 0,117124 | 0,006507

Total | 95§ 4.045178 |

# significant at 0.1% level, #%* significant at 1.0 level,
4

#* pignificant at 5.0% level, n.s. not significant.
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An glmost linear relationship was found to exist betwecn the
increase in the leaf potassium concentration and the increase in the
external potassium concentration, see Fig. 21.

Increasing the caleium level in the nutrient supply from 180 p.p.m
to 360 p.p.m. produced a slight dccrease in the potessium concentra~

ticn in the leaf, significant at the 5.0% level,

(¢} Qalcinm

The‘cn1cium_ccn;cntreticn in the leaves of the lemon seedlings
varicd betvoen 0,05 - 2,065  The caleium concentration varied
with poriticn on the main axis, see Tuble 16, the lower leaves having
the highcst concentration and the apical leaves having the lowest.
The variation in concentration from the lower to the apical leaves,
was ag pronounced for the seedlings roceiving 180.0 p.p.m. calcium
as for those receiving 360.0 p.p.m. calcium in the nutrient media, even
though their respective internal calcium concentration differed,

see Fig. 24.
Table 16

Statistical Analvyzis of Treatmenic on Calcium Leaf Countent

Sum of Mean sum

L.,F'e sovarses of squeres F Value
Position B 52.88051 ; 26.44026 | 245.819 o
Na Treatment 3 E 0.62375 ' 0,20792 ; 1.933 n.s
K Treatmert . i 3 ‘; 0.14351 | 0.04784 ! 0.445 n.s
Ca Trcatment 1 5.36671 | 5.36671 | 48,895 &k
Ne x K Treatments -9 .40747 | ©.04527 0.421 m=n.s

;

K x Ca Treatments L3 0.04259 | 0.01420 | 0.132 n.s
Ca x Na Treatments 3 0.31263 | 0.10421 0.969 n.s
Position x Na Treatment 6 0.50748 { 0.08458 0.786 n.s
Pozition x K Treatment 6 0.64691 0.10782 1.002 n,s
Position x Ca Treatment 2 1.73052 | 0.86526 8.044  iw%
Position x Na x K Treatments | 18 0.60412 | 0,03356 0.312 n.s
Position x K x Ca Treatments 6 0.09702 | 0.01617 ¢.150 n.s
Position x Na x Ca Treatments| 6 0.55747 1 0.09291 C.864 n.s
Na x K x C Treatments . 9 0.37876 | €.04208 0.391 n.s
Residue 18 1.63609 | 0.10756
Total 155 | 65.23554
et significant at 0,157 level, %% at 1,0/ 1evé1, % significant at

5.0% and n.s. not significant,
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Table 2

)
4

Statistical Analysis of Treatments on Sodium Stem Content

Sum of  Mean Sum
b squeres of squares F Value

iPosition > | 0.0584381 | 0.0292101 | 21,024 4
iNa Treatment 3 0.,1456647 0.0485549 | 34.9%37 31
iK Trentment 3 0.0074270 | 0,0024757 | 1.781 n.s
iCa Treatment 1 0.0021822  0,0021622 1.570 n.s
Ne x K Treatments 9 | 0.0215818 | 0.0023980 | 1.725 n.s
K x Ca Trecatments 3 0,0036193 { 0.0012061 | 0.868 n.s
Nz x Co Treatments 3 0.1551698 | 0,0517233 |37.216 =4
Position x Na Treatment 6 0.129269 | 0.0215449 !15.502 =&t
Position x K Trcatment 6 0.0076858 | 0.0012810 | 0.922 n.s
Position x Ca Trcatment 2 0.,0085150 | 0,0042575 | 3,063 n.s
Position x Na x K Treatmonts | 18 0,0547820 | 0,0030434 | 2.190 n.s
Position x K x Ca Treatments 6 0.0173002 | 0,002883%4 | 2,075 n.s
Pozition x Na x Ca Treatments ! 6 0,1001129 | 0,0166855 [12.006 ¢
Na x K x Ca Treatmecats g 0.0350458 | 0.0038940 2.802 s
Regidue 18 0,0250170 1 0.0013898

| Total 95 | 0.7718110° | |

M0 significant at 0.17 level,

#* gigmificant at 5.0 lewel,

n.s, not significant.

#* gignificant at 1.0 level

The arbitrary three stem positions differed in their rosponses
to an increase in the external sodium supply. The upper and lower
stem portions followed similar trends, in having increased internal
sodium concentrations with increased extornal supply, but the middle

portion's sodium contert slightly decreased with increases of sodium

level in the nutrient supply, see Fio. 28.

(b) Potassium
The potassium concentrations in tho stem varied between 0,10 ~
1.74‘}',?. The stem potassium content was found to vary with the position

on the central axis, the upper stem portions naving greater potassium

concentrations than the lower portions.
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the middle portions of the stem showed considerable irncrenss in

potassium concentration.

(¢) Calcium

The stem selcium values varied between 0.03 - 0,29~ Consider-
able differe e woe Tround in the ster calcium concentration with
sampling position en the stem, the greatest concentration being in the
lower portions, with a decrease towards the apex, significany at 0.1%
level , see Table 20.

A fourfold increase in the internal calcium concentration result-
ed from raising the celcium supply in the external media from 180,
p.D.n. to 360.0 p.p.m. Raising the calcium concentration in the
external supply increassed the calcium concentration of the lower stem
porticns to a slightly larger degree, than the middle ard upper stem

portions, see Table 20,

Table 20

Statistical fnalyeis of EfTeat of Treatments on Calcium Stem Content

Sum of Mean Sum

D.¥ sguares of squares F Vel ue

EPosition ' 2} 0.0535631 0.0267816 | 61.638 G
EK Treatment ; 3 g 0,0021065 | 0,0007022| 1,616 m.s
;Ha Treatment : 3 ; 0,0014264 | 0.0004755 ! 1.094 n.s
Ca Troatment E 1 % 0.4150798 | 0.4150798 | 955.304 i
?Na x K Treatments % 9 ; 0.0274821 ! 0.0030536 1 7.028 ¢
K x Ca Treatments 3 | 0.0053354 | 0.0017785 | 4.093 #

¥a x Ca Treatments 3 | 0.0013085 | 0.00043621 1,004 n.s

6 | 0.0270440 | 0.0045073 | 10,374 3%

Position x Na Treatment

‘Position x Ca Trcatment 2 | 0.0086508 | 0.0043%254 | 9.955 &

iPosition X Na ¥ & Treatmerts

|
|
Position x K Treatment i 6 | 0.0022103 | 0.000%3684 | 0.848 n.s
i
118 | 0.0099424 | 0.0005524 | 1.271 n.s

|
|

Position x Na x Ca Trecat-onts

I
Pogition x K x Ca Treootmonts | 6 0,0025430 [ 0.0004238 | 0,975 n.s

6 0,0219297 | 0,0036550 | 8,412 &

l
. i
S x |
Na x K x Ca Treatments | 9 10.0297611 |0.0033068 | 7.611
; ‘ .
| 18 {0.0078206 |0.0004345 |

Total 95 1 0.6162037

R gignificant at O.k% level, 8¢ significant at 1.07% level,

‘]

% significant at 5,07 level, n.s not significant.
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Incressine the potassium in the external supply increased
the stem calcium concentretion, with the oxeception of the lemon
secedlings receiving 505.0 p.p.m. sodium. At the highest lovel
of scdium thers was g decraszee in the stom cal cium content upon
tho addition of potec.cdiun to the external medium, see.Fi;. 29.

The effect of incrzasing the sodium concentration in the
external media on the stem calciun concentration varied with the
position on the main axi s. The calcium concentrations in the
upper and niddle portions of the stem were found to decrcase
vith an increase in external scdium. In the lower stem
portion however the calcium concentration rose with increased

scdium supply, see Fig. 30,

(d) bagnesium

The magnosium concentration of scme of the upper stem
portions were not determined due to en insufficiency of plant
material for cn.miezl analysis. The matnesium concentration
in the stem portion w-r found to vury between 0.0l - 0,06%

Increasing the scdium concentration in the nutrient
media increased the stenm magn.sium concentration, sec Fig. 31.
A d.crease in stem masmosium concentration was produced when
the calcium concentration in the external media was raised
from 180.0 p.p.m. to 360.0 p,p.m., significant at 0,1, levecl,

gsce Table 21.
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Similarly the effect of increasing the potassium concentration

in the external media, upon the internal root celcium content, varied

with the leve]l of celcium supply. Increasing the potassium

concentration, at the lower level of calcium supply in the extemal
media had very little effect upon the internal calcium concentration
of the root,. At the higher level of calcium supply, there was a
trend towards an increased calcium concentration, with increase in

potassium supply, see Fig. 35.

Table 24

Stotistical Analysis of Treatment Effect on Calcium

Eeck Content

Sum of Mean Sum of
D.F squares squares I Value

!Blocks . 0.000050 | o.00005o§ 0.052  n.s
II\Ta Treatment 3 0.431688 E 0.143896 | 150.834 30 |
|k Treatment 5 0.133731 ! 0.044577 : 46.227 —~;
'Ca Treatment 1 i 1.63571% i 1.635713 11,714.584 st |
: 1 i ,
iNa x K Treatments 9 0.51655% | 0.057395 60,162 e
K x Ca Treatments 3 0.130820 | 0.043607] 45.710 &
Na x Ca Treatment s 3 0.340536 | 0,113512, 118.983 &
Na x K x Ca Treatments 9 0.488850 | 0.054%17 56 .36 I
Residue : 31 0.029560 | 0.000954
Total 63 | 3.707501

i

# significant at 1,0% level,
n.s. not significant,

WEHr gignificant at O.,fl?ﬁ level,
* significant at 5.07. level,
Increasing the level of calcium in the external nutrient
solution had a marked effect on the internal calcium concentration.
The calcium root content was increased by more than four times its
original concentration by doubling the calcium external supply from

180.0 p.p.m. to %60.0 p.p.m.

(d) Megnesium
The magnesium concentration of the roots varied between 0,02 -

0.1%., The effect of increasing the sodium concentration in the
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observation was reported for root bark tissue by Haas (1952 b)

Aathnn Toamas [P 1 (I QR ——— . - ! v -

concentration of calcium ~ras increased.

It was observed by James, Pearson, Parker and Huberty (1952)
that citrus trees receiving sodium in the form of sodium nitrate
showed a marked reduction in sodium concentration in the tissues after
calcium had been supplied in the form of gypsum. A gimilar obscrve-
tion was made on the root tissue in the present work, whare the sodium
content was éhown to decrease when the calcium supply level was raised
from 180,0 p.p.m. to 360.0 p.p.m. It was shown that when the calcium
was supplied at the higher level, it mitigated the influence
previously mentioned, of the sodium level in the cxternal supply on
_the stem sodium concentration.

The distribution of leaf sodium was observed to be markedly
influenced by the Lrv~l of calcium supply. Seedlings receiving the
130,0 p.p.m. calciun treatment were shown upon chemical analysis to
have their maximum 1-.af sodium content in the apical leaves, and the
concentration decrcased progressively towards the basal leaves. The
rlants receiving the 360,0p.p.m. calcium treatment were found to have
their greatest concentration of sodium in the basal leaves, with a
slightly lower concentration in the middle leaves, and an even larger
decrease in the scdium concentration in the apical leaves. The above
results further indicate the complexity of ion accumulation in
plant organs.

The calcium level in the external supply has been shown by
numerous workers on the mutrition of citrus, to influence the
potassium content of the different plant organs. Chapman (1952)
showed low potassiun in the leaf analysis of plants grown with
excess calcium and Camp, Chapman and Parker (1949) found an unusually
large intake of potassium by citrus trees grown on low calcium, acid
soils in Florida. It was shown in the prescnt investigation that a
slight decrcase in the leaf potassium resulted from raising the
external level of calcium, which is in agreement with the findings
of the above workers.

The stem and root tissucs responded in a different manner to
the leaf tissue. The potassium content of the former two tissues

increased when the external calcium supply was raised. A similar
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By observing the sodium-potassium interaction in the roots,

it can be seen how results of interasctions mav he migleading £ »nn

observation was reported for root bark tissue by Haas (1952 b)

using Lisbhon Lemon seedlings grown in water culture, and Viets (1944)
shoved an increased migrdtion rate of potassium into roots when
sodium was supplied in addition to potassium in the external medium.

Thoe calcium treatment had no apparent influence on the magnesium
content of the foliage. However in the stem and root tissues a
decrease in the magnesium cortent resulted when the calcium supply
was increased.

In the past it has been the general tendency to draw conclusions
concerning the ion interrelationships of the whole plant from chemical
enalysis of one type of tissue only, usually the leaves, The
unsoundness of this rrocedure has been well exposed in the current
investigation, TResults obtained in the present studies show that
in order to obtain the overall picture of ion interrelationships
within the plant, analysis of stem and root tissue, in addition, are
Tequired, since these relationships from the leaf, stem and root of
the same plant vary conriderably. It is suggested that the ion
interrelationships between these three tissues in particular reguire
further detailed comparison.

In the present stuwdy it has been shown that consideration of
leaf analysis only may nct give the true impression of ion reciproca-
tion for all the plant parts, This is well illustrated by the
calecium-potassium interaction in the plants. In the leaves,
increased calcium supply wes shown to reduce the potassium leaf con-
tent, whereas, in the stem and root tissues, when the calcium supply
was increased the potassium content rose,.

Another aspect . _quiring further imvestigation is the effect of
the external concentration of sodium on the distribution of sodium
in the feoliage. As reported earlier, sodium appears to differ from
the other elements studied, in hawing a different distribution in
the leaves for a high and low external supply. This would suggest
that the distribution of this clement in the plant is not d ependent

only on its mobility in the tissues.
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PART 1II



Part 1T

CHAPTER T

Exverimental Methods

Disks of storage tissue have been tound to be convenient
material for studies of salt accumxlation, and were used by
Fathanson (1904), Stiles and Jorgensen (1915), Steward (1937 ),
Robertson (1941), and Sutcliffe (1957) for their investigations on
ion absorpticn.  When suitably prepared they are capable of
absorbing ions rapidly in a reproduceable manner over a considerable
period of time against an activity gradient. Their ameniability
to experimental manipulation and their relatively simple morphology
are other attractive features. An additional advantage of using
storage tiztne in preferance to whole plants, is the cffeet that
the transport of materials away from the absorbing region is réduced,
further, there is a greater uniformity of cells 1in the tissue.

In this work, as in the previous secticn, every precauticn was
taken to ensu e that the containers were clean and that there was

minimum external contamination.

Weter Purification

All the vater used in the preparation of solutions was
purified either by redistillation, or by using an ion exchange

column as deseribed in Part 1.

Glassware

"Fyrex' and '"Hysil' glassvarc were used throughout the present
work as a precaution against contamination likely to occur from
'softer! grades of glass. The glassware was cleaned and purified

as previously described in Part 1,

Containers
The containers used for the present study were 500 ml narrow
mouth conical flasks. The flosks were stoppered with corks which

had hbeen previcusly impregnated with paraffin wax. Each cork had
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freguently termed '"passive" uptake, and the other metabolically assisted
and termed '"active't uptake. The first process is claimed to be
primarily responsible for the large initial uptake, and the metabolie

or "active" uptake for the salt upteke after the second hour

(Fpstein, 1956).

It was shown that when the external sodium concentration was
increased, there was a general trend for the rate of potassium uptake
to increase for the first ftwenty four hours, followed by & period when
there was a gradual diffusion of potassium ocut of the storage tissue,

. cept in the case of the diske bathed in the solutions with the two
heighest sodium concentrations.,

Like potassiumrthe uptake of sodium was rapid during the first
two hours, and this uptake was shown to be dependent upon the concentra-
tion of sodium in the external solution. The amount of sodium taken
up by the tissues increased as the sodium concentration in the solution
was raised. After twenty four hours a gradual diffusion of sodium ocut
of the tissue was shown to tske place, see Fig.39.

The amount of potassium absorbed by the potato disks was found
to be approximately twice the sodium uptake when the external solution

contained approximately equal concentrations of both cations,

Experimental 2

In this experiment the solutions were supplied with potassium
at a concentration of 54.0 p.p.m. The sodium was supplied at six
different levels ranging from 1,6 p.p.m, to 180.0 p.p.m., calcium at
200,0 p.p.m. and magnesium at 50.0 p.p.m. The absorption of sodium
and potassium was followed over a ninety six hour periocd, as in the
previous experiment, see Table 26.

The course of the potassium uptake by the carrot root kissue
from the different external solutions is shown in Fig.40. As in the
Previous experiment there was a rapid initial uptake, followed by a
mich slower, but steady rate of potassium uptake. The concentratioh of
sodium in the external solution was shown to influence the uptake of
potassium by the tissue. The uptake of potassium by the root was
shown to be markedly rdduced as the sodium level in the external

solution was raised.
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The carrot tissue showed a non-metabolic uptake of sodium during the first
two hours, but this uptake was not as large as that for potassium. The
sodium absorption was shown to be dependent upon the concentration of the
cation in the solution, the higher the sodium concentration the greater
the uptake of this cation by the tissue, see fig. 41.

The amount of potassium absorbed by the tissue disks was found to be
approximately double that of sodium, from experimental solution containing
approximately equal concentrations of both sodium and potassium ions.

Experiment 3

In the third experiment the potassium was supplied at 116.0 p.p.m.,
approximately double the potassium concentration in the previous experiment.
Sodium was supplied at six different levels, ranging from 2.9 p.p.m. to
177.0 p.p.m., calcium at 200.0 p.p.m., and magnesium at 50.0 p.p.m. The
absorption of sc?ium and potassium by the tissue disks was followed over
a ninety six hour period, see Table 27.

The course of the potassium —~~take during the experimental period is
shown in Fig.42. The concentration of sodium present in the external
solution was shown to markedly influence both the 'active' and 'passive'
absorption of potassium by the tissue.

The absorption of potassium by the carrot diske bathed in the soiutions
with the two highest sodium concentrations was shown to be negligible
during the first two hours in comparison with the uptake by the storage
tissue in the experimental solutions with lower sodium concentrations.
After the first eight hours the disks bathed in the solutions with the high
sodium concentrations showed a rapid diffusion of potassium out of the
carrot tissue into the external solutions, The tissue disgks in the lower
sc*um concentrations were found to have their potassium uptake only
slightly reduced as the level of the sodium concentration was raised.

The uptake of sodium by the root tissue did not appear to be influenced
to any appreciable extent by the concentration of sodium in the external
golution, see Pig.43. The carrot disks bathed in the higher sodium
concentrationa showed some absorption of sodium during the first twenty
four hours, but after this period there was a diffusion of the cation out

of the tissue into the external solution.
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In this experiment there was a larger amount of sodium than potassium
absorbed by the carrot disks, from a solution containing approximately
equal concentrations of both cations.

Experiment 4

In the fourth experiment the experimental solutions had a potassium
concentration of 70.0 p.p.m. and sodium was supplied at six different
levels ranging from 14.0 p.p.m. to 890.0 p.p.m., this being a wider range
of sodium concentrations than vsed in the threze previous experiments.
falcium was supplied at 156.0 n.p.m., togethsr with 50.0 p.p.m. magnesium.
In this and the two following experiments, the absorption of calcium, as
well as of sodium and potassium by the root tissue was followed over the
experimencal period, the results being presented in Table 28.

The course of the absorption of potassium by the carrot tissue is
presented in Fig.44. The concentration of sodium in the sclutions bathing
the storage tissue was shown to a®fect the potassium absorption. The
root tissue disks in the solution containing the lowest concentration of
sodium, absorbed the largest amount of potassium during the ninety six
hours. As the concentration of sodium in the experimental solutions was
increased, so the absorption of potassium was shown to decrease. The
carrot tissue disks in the solution with the highest sodium concentration
were found to absorb potassium to a very small extent during the initial
two hours, and after this period there was a diffisuion of potassium
out of the tissue into the experimental solutions.

The uptake of sodiwm was shown to be dependent upon the concentration
of this ion in the external solution. The storage tissue disks in the
golution with the lowest concentration of sodiwn were shown to lose sodium
by diffusion out of the tissue, and as the sodium concentrations in the
external media were increased so were both the initial 'passive' and
'active! uptakes found to increase, see Fig.45.

The calcium absorption by the disks of tissue was shown to be small
in comparison to the uptake of the other tiro ions, the general trend
being for the calcium uptake to decrease as the sodium concentrations in

the external solutions were raised see Fig. 46.
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magnesium. The uptake of calcium, sodium, and potassium by the carrot
disks from the different experimental solutions is presented in Table 30.

The amount of potassium absorbed by the storage tissue .._.s shown
to be markedly depressed when the concentration of sodium in the external
golutions wae increased. High concentrations of sodium were shown to
affect both the initial 'passive'! uptake, as well as the ‘'active'! uptake
of potassium. The digks bathed in scluticns with a low sodiunm
concentration showed a large initial uptake of potassium, whereas the
~disks in a high sodiuwa concentration showsd little or no uptake of
potassium during the initisl psricd. Diffucicn of potassium out of the
tissue into the bathin~ media waz ghotm to result from the presence of a
high concentration of sodium in the solutions, see Fig.50,

The amount of sodium absorbed by the carrot disks fTrom the external
solnution was shown to be dependent upon the concentration of sodium in

that solution,an increased uptake occuring when the concentration of

’
sodium in the external medium was raised. In most of the sclutions there
was no agbesorption of sodium by the disks of tissue during the initial
few hours of the experiment. This differec from the sodium uptake pattern
of the previous experiments. Only in the solutions with the twe highest
sodium concentrations was sodium Found to be absorbed during the initial
phage., The tissue disks bathed in the solution +.ith the highest sedium
concentration were foumd to have a rapid uptake of sodium during the Tirst
twenty four hours, but afler this period sodirm was shown to diffuse out
of the carrot disks into the solution, see Fig.hi.

The amount of calcium absorbed by the carrot root tissue was showm
to be small in comparisor to the uptake of the other two cations studied.
Thers was & general lrend for the calcium uptake by the bissue to decrease
a8 the scdium concentration in the external zolutiocm incresssd. In ths
solution with the highest scdium level there was no uptake of ozlcium at
all, and from the very commencement calcium diffused out of the tissue into

the external solution.
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Chapter III

Discussion and Conclusions

It has been generally accepted in the past few years that ion
absorption by plant material is the sum of two processes namely, (1)
'Passive', or non-metabolic uptake which may be due to cation exchangse
and diffusion, and, (2) 'Active'! transport which is a metabolic process.
These two absorption vrocesses have  been reviewed in detail by
Epstein (1956).

In the experiments carried out in the present investigation the
uptake of the cations, both by the potato tuber tissue, and the carrot
root tissue showed the two phases of uptake. The first phase being a
rapid uptake of cations during the initial two hours, followed by a
slower but more stable absorption lasting many hours. The above cation
uptake pattern has been attested in investigations by Steward and
Harrison (1939), BEpstein and Leggett (1954), Hanson and Bonner {1954) and
Sutcliffe (1957), and evidence has suggested the non-metabolic uptake
to be due largely to cation exchange. Epstein and Leggett (1954) have
shown the processes of ion uptake to differ in attributes relating to
kinetics, reversibility, ion specificity, and energy requirements, and
thus from their evidence it would appear that the exchange spots are not
identical with the entities involved in active transport.

In the experiments carried out in the present study, the potassium
uptake during the first two hours, was generally found to be unaffected by
the level of sodium concentration present in the external media, suggesting
there was no competition between the two cations during the nun~metabolic
phase of uptake by the tissue. The extont of sodium uptake during.the
same period was shown to increase as the levels of sodium concentration in
the external media were raised. The results obtained from the present
investigation suggest that the cation uptake during the initial phase
is non-selective; and dependent upon the cation concentration in the
external media.

There appears to be wide agreement between the present day workers in
this field, that active transport requires the operation of “carriers".
The esmential features of the functioning “carriers" are the attachment

of the iong to the carrier molecules, and the movement of the resulting
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carrie. lon complexes through some barrier interwvening between an "outer”
and "inner" phase.

From the results of the experiment in which potato tuber tissue was
used it was shown that the active absorption of potassium was stimulated
as the concentration of sodium was increased. Further when the two
cations were mixed in approximately equal proportions, the uptake of
potassium considerably exceeded that of sodium, suggesting that the
transport system in potato tuber tissue exhibits discrimination with a
preference for potassium when a choice is available., The results of the
experiments with carrot root tissue, differed from those with potato
tuber tissue in that the potassium uptake was found to be reduced when the
level of the sodium concentration in the external media was increased.

The sodium uptake was shown to be much reduced.when the potassium
concentration level was increased in the external solution. These results
suggest that competition occurs between these cations for absorption.

The selective uptake of cations by plant tissues may be explained on
the basis of a carrier hypothesis as suggested by Sutcliffe (1956), in
one of two ways. Either (a) there are separate types of carrier molecules
for sach ion or group of ions, when selectivity depends on the relative
numbers and activities of the different sites, or (b) there is a single
type of carrier capable of transporting all or a number of ilons, but
exhibiting a distinct preference when choice is awvailable.

The results of the absorption of sodium by both the potato tuber tissue
and carrot root tissue, show the amount of sodium absorbed by the tissue
during the ninety six hours was dependent upon the initial eoncentration
in the external media., The results from experiments 2, 4, £ and 6 present
evidence to suggest that the rate of absorption during the first twenty
four hours was also dependent upon the concentration of godium in the
external medium. After this time period a steady rate of uptake appeared
to follow, irrespective of the external concentration. The disks of tissue
bathed in solutions containing high concentrations of sodium and potassium
showed a leakage of cations out of the tissue, into the exiernal solution
as a result of plasmolysis. TIn these instances the metabolic absorption
by the disks was shown to suffer interference.

The results from the exper ents in the present investigation
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APPERDIX I

CHENMTICAL COMPOSITION OF THE FEXPIRTMENTAL SOLUTTIONS USED

PART TIT

The following tables give details of the composition of
the experimental solutions used in Part TI. In column I, the
iona present in each solution are listed, column II, the weight
of each ion per litre of nutrient sclution, eolumm IIT the galt
used to supply the regquired ion, and column IV the amount ¢f stock
golut lon added to 1 litre of water in the preparetion of the

nutrient solution,
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SOLUTTAN 9 Hlement Wt in Sol per litke Swlt Used guantity
Na 0,11 Wall 5.0 ml
Gl 0.18 NagGl 5.0 ml
Ha 0,08 I\Ia&i.NO5 3,5 ul
jof 0.05 Helf Oy 3,5 ml
Ca u.16 Ca(I\T05)2 4.0 nl
i 0.11 ca(1v05)2 4.0 wl

. 1. PO 13,0 ml
P 0.15 Hy PO, 3,0 m
Lig 0.10 IflgSO4 4.0 ml
5 0,13 IvI.gSO4 4,0 ml
i 1.04 NE,NO, 37.2 ml

SOLUT Iy 10
Ha 0.11 NaGl 5.0 ml
Ccl 0.18 NaCl 5.0 ml
Na C.08 I\TaNO5 5.5 ml
N 0.05 NaliO; 3.5 ml
Ca 0.16 03(1\105)2 4,0 ml
i 0.11 Ca,(ierB)2 4.0 ml
K 0.12 Iﬁ\lOE 3.0 ml
N 0,04 1(1\105 3.0 ml
P 0.15 H3ZEO4 13.0 nl
Mg 0,10 Ngs0, 4.0 mi
3 0.13 I‘ﬂgSO4 440 ml
N 1.00 NI NO

NI 4N 3

SOLULION 11
Nc 0.11 KaCl 5.0 ml
cl .18 NaCl 5,0 ml
Na 0,08 NaNOa 3.5 mi
N 0.05 NaI'IO3 3.5 mi
Ca 0,16 Ca(m'%)2 4.0 ml
N . a (I

0.11 cd(m05)2 440 ul

X 0.25 NO. 6,5 ml

N .09 I{NOE 6e5 ml
P 0,1 H,70 3.0

5 5T 13 ml
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SUAEIN 2T Eleztnh WE ir Soli pew ihve  Sed® Ul Quaniiny
e, Jeld NeGL Dol me
cl Jeld Na(a 5.0 mi
Wa C.32 Nal'0, 17.0 mt
N J.24 NaNO, 17.0 ml
Ca 0.48 Ca(Noj)z 12,0 ml
N 0.34 Ca(N05)2 12.0 ml
P 0.15 Hz PO, 13,0 wl
g Ve 10 MgS0, 4.0 ml
S 0.13 Ngso, 4.0 ml
N 0.62 NH, N U, 22,0 ml

SCLUT TN 30
Na Ua.ll NaCl 5.0 ml
cl 0.18 NaCl 5.0 ml
Na, 0.39 NeN Oy 17.0 ml
N 0.24 NalNO, 17.0 ml
Ca 0.48 Ca(N|35)2 12.0 ml
N 0.34 Ca(N03)2 12.0 ml
K 0.12 K0, 3.0 ml
N 0.4 Ko, 3.0 ml
P U.15 Hy PO, 13.0 &l
Mg 0.10 Hgs0, 4.0 nl
S 0.13 Ngs0, 4,0 ml
N 0459 NE, N0, 21.C ml
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