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Genersl Summary

The importance of the sodium chloride effect at low nutrition has

been demonstrated. The preliminery experiments with Prifolium subterraneunm

showed thit sodium chloride reduced growth more at low nutrient (which was
1/'40 the concentration of the full concuntration) than at full nutrient
concentration. This effect on growth was due to higher uptake of sodium
snd chloride and greater loss of potmssium from the plant tiassne in low

mitrient.

In Hordeum vulgare the intersction of anions and cations &t 1/1& full

mtrient concentration with sodium chloride were studied by mdding and
omitting individusl anions &and castions in 1/40 nutrient solution. The re-
aulta showed that only ca't and Sr** antazonized adverse effects of sodium
chloride. kapid recovery of growth was noted when planva trested first

with sodium chloride and 1/40 nutrient solution were traneferred to the same
golution containing an additional .6 me/l of ca'’, The &dverse effuwcts of
sodium chloride at 1/43 nutrient solution wem due to grester reduction in
¢ell multiplication than in elongation. 1t is concluded that cslcium-sodium
antrgonism is not due to sbsorption of essential elements, vhotosynthesis
or mobilisation of seed reserves. Tn the text U.2 mq/l and U.r me/1 of ca' "

in the nutrient mediun with high NaCl has been referred to ss low snd high

123 .
Ca  respectively.

Growth &t low ca't wis reduced, probably due to incressed nermeability
of cell membranes. Permeability was investigated by {a) feeding the labelled
ions to the plants and deternining their losses to the non-laballed solution,
(b) determining the losses >f amino aciis from gerzinating seeds to culture

36 24 36

solutions. The loss of amino acids, C1°, Na ', Eb-, labelled K, and Ca at



germinstion and st lst leaf stage either from intact plants or from excised
roots was higher at low than a% high ca++. Concurrently the unteke of some
of these ions, which was higher &t low than at high ct™" in the short term
experiments, was more reduced than at high cdf* when NaCl treatment was im-
posed for e longer time. This reduced untake was insensitive to 2,4~-Dinitro~
rhenol showing that only the passive component of the uptake urocess remained
in this treatment. The increassed pérmaability is thought to soct via & de-
creased orgenizatiosn of the protoplasm or via an increa;ed lon balance of

vital cell parts.

P32 uptake into the shoot a% lovw ca** was wore reduced than i high Caf*
but in the meristemstic zone of roots PEQ upteke was similar in control, high
cs** and low Caff tresatmenta. Phosphorus incorporation into srgsnic forwm did
not show significent differences between treatmenta, though s residusl phog-
phorus fraction which contained nucleic acids wa: s-mewhat wmore reduced at
low than st high ce" . fotal phosphorus concentretion wes more reduced st
low than 8t high ca't. It is concluded thut ion unbalsnce due %o high NaCl

has little eoffect on nhoaphorus metabolism.

4
NaCl greatly restricted Ga‘s

movement in the plant wnd thie resiriction
waa more nronounced &t low than st hirh Ca+* treatment, varticularly in roots
snd young leaves. It i3 supgested thet restricted movement &t low Ca++ is the
cause of ndverse effects on growth. No structural disorgunizetion was visible

at the sub-microsconic levels in the root meristems of low ca*+ treatment.
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CHAPTER 1

GENERAL

Introduction

Nature of Soils

Seline soils occur in arid and semi-arid regions. The
accumulation of soluble salts in thesse moils is due to low reinfall,
poor drainage and epplication of saline irrigation water (Kelley
1951). Ions commonly occurring in saline soils are Nd’, c-f*, ng**,

c17, 807 and HCO,. Salt concentrations in soils may very from low

4 3

to very high. At higher concentrstions, when the diffusion pressure
deficit is higher than permanent wilting, little plant growth occurs,
though some halephytes survive and even grow. Many salt tolerant,
non-halophytic species thrive at a moderate concentration; 100 - 250
me/i NaCl. Most workers agree that high ionic concentrations of

saline soils affect the plant in several ways, @.g.

1. reduced water availability due to high osmotic presasure

of the medium (Wadleigh and Ayers 1945).



2. reduced sbaorption of essential elements
(Bernastein and Hayward 1953). |

3« specific effects of some ions resching high enough
concentration in plants to give toxicities

{Hayward snd Bernatein 19538).

There is however considerable difference of oninion as
to the relative importance of these factors. Some emphasize the
reduced water aveilability (Majistad 1945 and Hayward and Wadleigh
1349)3 others believe that the relative importance of each factor
devends largely or species and climatic conditions (Berg 1952).
Successful agronomy on saline soils often inoludes drainsge and
leaching of salt. Use of salt tolerant species would be especially

important

(a) during reclamation
(v) on soils of moderate to high salinity which
are diffieult to drain

(e) during use of saline irrigation water

Causes of selt tolerance

Salt tolerance of plants is best expressed by veference
to the sait concentration of the root medium and may be defined as
"the degree to which & crop can produce & satisfactory yield on
salty land" (Bernstein 1958). Certain halophytes tolerate salts

only because ion sccumulstion is concentrated in older tissues,



which die and absciss, so that internal seslt concentrations in
vounger narts do not reach critical limits. Mangroves can
secrete excess salts through glands (Arisz et 8l. 1955). Other
halophytes regulate internsl salt concentration by increasing
their succulence i.e. their leaf thickness and moisture contents
tend to dilute the salt. It 18 not known how well these
principles of helophytism apply generally to salt tolerunt crops.
Some Russien workers (e.g. Shakhov 1956) emphasize the colloidal
theory of salt {olerance. It is susgested that metabolism of
salt tolerant plants is modified and csuses an incresse in pro-
tein content in hydrophily and in bdinding sites of the ions of

protoplasn (Na', K+), and a lowering of the respiratory rate.

In the literature there are many dats concerning agro-
nomical investigations of salinity on plant growth; what are
lacking are precise physiological exveriments under controlled
conditions which could indicete effects of saline substrates on
plants' structurel and funetional orgenizaticne. Such atudies
would help to exrlain plant behaviour under saline environments
and also further elucidate the mechanism of salt tolerance,
particularly if they could establish effects of high salt con-
centration on membranes, protoplasm, ensymea etc. Especially
relevant would be studles on the whole internal organigzation of

the cell at the sub-microscopic level.



Rutritional

The important aspect of salinity which has so far not
attracted the attention it deserves, is the problem of ion un-
balance. Sodium is the mein cation involved in salinity, ite
proportion being much higher than that of eassential cetions.
Soil scientists have shown that some of the dumage csused to
the crops by sodium can be attributed to ite deflocculating in-
fluence on soil colloids. However, the use of soil conditionexrs
(Pearson and Sernstein 13958) hes shown that sodium has an add-
itional toxic effect, the nature of whieh is still unknown.
Observations on the specific effects of various cations and
cationic ratios on the physiochemical properties of protoplasm
(Seifriz 1949) and on the activity of enzyme systems (Braverman
et al. 1943) have contributed to the understanding of the role
of many mineral nmutrients in plent metabolism. The results of

these studies support the concept of "balance'.

Por the normel functioning of the cell & definite
balance between various ions is reauired. Cell cytoplasm strives
for a salt concentration which regulates water absorption and
buffers the cell sap. Since each kind of ion apeciez has some
nutritive role in plant growth and is used in various syntheses,
unequsl absorption of nutrient is likely to result in an un~
balance which could reduce normal function snd development of

plants.



studied ang reciprocal relationahips &mong ions in ?Plants have
been wel} demonstrated; for example between ca*t and Mg?+

(Smit ang Mulder 1942; ven Itallie 1937), k' ang Mgt (Carolus
1933; Boynton and Compton 1945; Bumert 1961), ca** versus Mg¢+
and x* (wadlcigh and Bower 1950), mg*t &nd nitrogen compounds
(Hoblyn 1940, Mulder 1956; Holmes 1962)e It nas a1ge been foung
thet Li+, Ca++, Mg+’ &nd other divalent gng trivalent cationsg
focelerate the uptake of ions such ag g*, Bb, Br-, 30;' and POI"
(Viets 1344; Jacobson &t al, 1950, Overstreet &t =1, 1952; Pawzy
&t 8l, 1954, Tanag 1955)s  Varioue °xvlavetions have been advanced
to explain the gtimulating effect of divalent ions on the uptake
of monoval ent iong € g Epstein (1962),haa shown that g+ ions
prevent g uptake ang co**t reverses the iahibitory effects of u*
ions. Middleton snd Russell (1958) have pointed out that divalent

ions being bigeer in 8ize may Ccompete successfully with nonovalent

VRlent iong auye bound within the cell. Ag &11 these investigetiong
were carried out at low electrolyte concentrationa, the inter-
pPretation of the result ig not &pplicable to 8@line eavironment,
The high eoncentration of g single ion gan reduce the uptake of

other ions to the extent of C&using = deficiancy @.&. Boynton et al.



(1944) vave reported ¥-induced g deficiency in aprles. Salinity
aky &1so csuse & similar deficiency by reducing the urtage of

some essential element.

The saline environment with sodium chloride predominating
is likely to cause nutritional disturbance, presumably becsuse of
the interaction of NaCl with other essential ions. This inter-
sotion hrs not been well studied. In the past NeCl was added
either to full strength nutrient solution or to distilled water.
Neither of these apnroaches could show any symergistic er ani-
agonistic interactions of nutrient ions with NaCl. Reifenberg and
tosoveky (1947) and more recently Greenway (1963) heve shown
stronger effects of NaCl on growth &t low than at high mutrition,
demonstrating that growth reductions are due to ion unbalance, at
least &t low nutrient. There are still conflicting reports as to
the nsture of this ion unbalance. Heimann (1958) emphasizes the
importance of E{"/}\Ta,"h ratio in protecting sgainst the s&linity
effects, whereas Bower and Turk (194&%;believe that deficiency of
ca't is involved in alkaline soils though their evidence was not
conclusive beesuse in their experiments the adverse effects could
have been due to lack of other nutrients or to poor soil structure
(Hyder and Greenway 1965). A better avproach to this problem
would be to grow plants under controlled nutrition preferably in
water culture. Interaction of ¥aCl with nutrient ions can then be

studied by



(8) vurying the ratio of individual ioms %o NaCl
(b) measuring the uptexe of various ions in the

presence of high Hall concentrations.

There is no report in the literature where a systematic
study has been made with regerd to varying the ratio of individual
ions. A number of investigations on the unbalance of ions have
been reported with differing results. Theae differences were
@ainly due to different varieties und also to different experi-

nental conditions.

The aim of the present series of experiments was to

investigate the intersction of KaCl with the essential nutrient —

ions in the wanner outlined ebove and to find out the caussl
relationship between unbslenced conditions &nd growth reduction.
The preliminury experiments showed thet the strongly adverse

effect of Ka(l at low nutrition found in Hordeum vulgare (Greenway

1963) was also found in & dicotyledon (Trifolium subterraneunm).
For Hordeum vulgere it was later shown conclusively that the
essential element interscting with KaCl was calcium. This inter-
action wes further studied by determining the permesbility of
tissue to sodium, chloride, potassium snd calcium. The effects of
the interaction between Kall and celcium on phosnhorous metabolism,

45

on Ce ~ movement and on protoplasmic structure at sub-microscopic

level wvere also investivabed.



The effects of sodium snd its interaction with other
ions, particularly c#lcium, were established but on the basis of
presented evidence it ig difficult to errive at & guitable
hypothesis for the primery site of motion on the physiology snd

netabolism of the plantse,



CHAPTER 2

RESPORSE OF TRIFOLIUY 3UBTEGRANEUM 10 NaCl

Introduction

Most previous exneriments on plant rssnonge to
salinity involved a lengthy ‘restment. %esuits of such studies
are diffieunlt to interpret becsuse develo-ment between treat-
ments becomes too Jdiverse. It has been claimed by Berg (1952)
and Matukhin and Boiko (1957) that the degree of salt tolerance
of gspecies was related $o their ability to regulate their ion
uptake. These workers used the whole shoot for determination of
ion upteke. This anproach is not very useful ss8 recent studiea
in translocation have shown that ion content veries in different
parts of the shoot and almo with plant development. Furtherzore
Greenwsy and Thomas (1965) have shown thet older leaves of
fiordeum vulgare regulate their sodium and chloride content by
limited untare wheress younger orgemns have perhaps sn sdditional
control of chloride and sodium concentrutions by their high rel-

ative growth rates.
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Salt relations of individusl plent parts may also be
important in obtaining more information on the mechanism of
tolerance; such studies on fordeum vulgare have been reported
(Greenway 1962).

In the present experiment the effect of modium chloride
wis studied on sub-clover (Zriiblium‘subtcrrnneun) in & short term
experiment. Ion upteke into individual plant parts, and the
interaction of NaCl with mtrients of different strengths were
studied. Sub-clover was taken ss & test apeciea and éomparcd
with the monocotyledon, barley, which has been used for studies on
salt tolerance and ion ﬁptake and regulation (Greenway 1962(a) (b);

Greenway and Thomes 1965).

Many legumes &re more salt sensitive than most cereal
crops e.g. Tonmiolo and Poli (1953) have shown that sslt tolerance
decreased in the order barley > rye > wheat > oats > beans
peas > lucerns. Some legumes &re moderately salt tolerant such as

Medicago, Melilotus alba, M. officinmles, Trifolium fragiferrum,

others are sensitive e.g. T. repens, T. pratense (Hayward and

Bernstein 1958).

Legumes are important on saline land becsuse of their
nitrogen fixation, their improvement of acil structure and thus

inereasing fertility and checking of erosion.

Trifolium subterraneum is an important pesture species
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of Australia. Knowledge of its salt tolerance would be useful

particularly in ereas where salt problems might occur.

GENERAL METHODS

In the past salt tolerance has been studied in the
field or in sand cultures; as the intention was to obtain data
of sgronomic value, the technique uased wes not very satisfactory
from a plant physiological view. For example, in experiments
with soils neither the moisture nor the salt distribution can be
known very well. 3and culturéa require frequent flushings to
avoid local increases in concentration of salt; hence for plant

physiological astudies water cultures are more suitable.

GENERAL CULTURE AND HAKVESTING PROCEIRE

Seeds of Trifolium subterraneus (ev. Venigup) vere

gernineted in sand. After 4 days, when the cotyledons had fully
emerged, they were transplented to culture dishes of 1/2 litre
ospacity in glasshouse at 1/4 strength of Hosgland solution. Yhen
the first trifoliate leaf had unfolded, the soiutions were re-
placed with full strength nutrient. The nutrient solution con-

tained in me/l1
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&

ca* 33 Mg 43 < 5 WH, 23
e = -
N0 131 0 4 H,R0L 2.

Mioroelenents were sdded us desoribed by Armon snd

Hosgland (1940},

Te ainimise pH changes, and local sslt concsatration
around the roots, solutions were aerated and replaced sccording
30 experimental condition. The plants to be harvested vers trans-
ferrved firom glssshouse to lsborutory esrly in the wmorning. Eoots
wers rinsed im the treatment solution and dried between filter
paperss After deteraining the {resh weighi all plants were dried
at 70°C. c¢hloride was determined by the electrotitrimetric method
of fest {1950) snd sodium and potassium by the :il flame photo-

neter.

sxperiment 1: NeCl was applied at Oy 5, 25, 50 und 100 ne/l. To
avoid the sudden effect of too gremt an incresse in a&it com-
centration, the 100 me/l trextment received 50 me/l on the first
duy and was raised o 10U ma/l the next dey. Lolutions were re-
placed every 4th day. There were two hervestes H1 was bLazen
orior %o HaCl aovplication and H2 1% duys later. #lant parts vare
separated into young leaves, old leaves, rest of shoot and roots.

"here weére four renlicates in escn trewtment.

Experiment 2: The two mutrient levels were full streangth Hoagland

and 1/13 strength Hosgland. At esch mutrient level there were O,



PIGUEE  2:%

Try weight of whole plant and its individual

parts of Trifslium subterrsneum as affected

by different 5aCl concentrations in the

siediume.

(Bxpt. 1 of Chapter 2),
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25, 50 me/1 NeCl and there were T replicetes. Solutions vere
replaced every 24 hourse. H1 was on the day of NaCl epplicetion

and 32 11 days later.

Flant parts separated were
(1) Pirst unifolinte and first trifoliate leaf
(2) Second and third trifoliate leaves
(3) Young #rifoliste lesves
(4) Rest of shoot

(5) Roots

Experiment 3s HNutrient was at 1/40, 1/@0, 3/40 and 1530 strengtn

of Hosgland. HaCl treatments wers st O &nd at 50 me/1 and there

were 5 replicates. Plant parts were geparated in the same way as

in Expt. 2.

RESULTS

(a) Effects of different NaCl Concentrations. Expt. 1.

Dry Weights For the whole plant, the first adverse effect of NaCl
was found at 50 ne/i with & more pronounced decresse in growth &t
100 me/1l. A similar response was found for all individual parts
except roots but the growth of young leaves was reduced even at

25 me/1 NaCl in the medium (Fig. 2:1).
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{Bxote 1 of ChapteY 2}
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Chloride, Sodium and Potsssium Concentration: Chloride and

sodium concentrations in both control and 5 me/l Facl were low.
Above 5 me/1, chloride and sodium ususlly increased markedly
with NaCl concentration of the medium (rPig. 212)s There wers
large incresses in 0ld lesves snd in the rest of the shoot
(Pig. 2:2B,D,E) but chloride and sodium increases in young
leaves were smaller than in old leaves except at 100 ue/i

(Pig. 212B). 1In all trestments above 1 me/l NaCl, the roots
contained less chloride, but more sodium, than the medium (me/1
plant water, Table 2:1). Potassium concentrations of all verts
of the shoot decreased in 25 me/1 NauCl snd further decressed st
higher concentrations (Fig. 2:2C,P). Potmssium concentration of
roots was not sppreciably affected by NaCl in the medium (Fig.
2121).

Increases in sodium were higher than incregses in
ohloride in old leaves and roots (Fig. 2:2B,4), but the younger
leaves contained more chloride than sodium at the higheat NaCl
concentration (Pigs. 212A,B). With increasing NaCl in the medium
all parts of shoot showed & greater increase in sodium concentration

than concurrent decrease in potessium concentration.

(b) Effects of NaCl at low and high mutrient atrengths. kExot. 2.

¥aCl at both 25 and 50 me/l reduced growth of the whole

plant and the effects were more pronounced et lovw than &t high



TLBLE 232

CHLOKI B, S0DINA AND PORASSIUM TN PLANT WADTUR® (me/l} OF 0L L&aAVLs AND ROOTS AS ARRECTAL BY
DY PPEHENT Nall CUNCENTRATLUNG.

Chioride Sodium rotessiun

Treatments 214 Leaves doots 3id leaves “o0t8 Jla lLeaves fioote

Gontrol 11 1.4 253 11 215 135

5 we/1 NacCl 12 2.3 34 20 202 141
25 we/1 Nacl 157 11 294 33 131 133
5¢ me/1 Hall | 276 22 | 350 I 1%1 14%
100 we/l Kacl | - 2. | - E - - -

| ;

* This was omlouleted in the following wey

Py &, m
me/1l = me/100 gm dry wie X FTelative water

. Presh weight -~ Vry weight
Kelative water = Pry welght

61



FIGUKE 213

try welght of whole rplants and its individusal
parts of Trifolium subterraneum (as affected
by two different NaCl concentrations in the
medium at high (full mutrient) and at low
(1/¢0 mutrient) nutrients.

(Expt. 2 of Chapter 2).
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PIGULE 2:4

Chloride, sodium and pot&ssium conecentrations

in different esged leaves of Trifolium subterraneum
as affected by different NaCl concentrations in
the medium &t high (full nutriente) and low (1/40
nutrients) nutrients.

gxpte. 2 of Chapter 2.
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FIGUEE 215

Chloride, sodium and notassium concentrations
in shoot and roots of Prifolium subterraneum
as affected by different NaCl concentrations
in the medium 2t high (full nutrient) and low
(1/40 nutrient) nutrients.

{Expt. 2 or (hapter 2).



Me,/100GM. DRY WE IGHT

200

150

100

SOf

200
150
100

50

FIG. 2.5

CHLORIOE

(A)

({:H]

[ ]
N -,
L& o * /
— L, R
6 25 50 O 2% 50
HJGH NUTRIENTS  LOW NUTRIENTS

SoDIUM

REST OF SHOOT

(B)

/]

ROOTS

7~

HIGH NUTRIENTS

25 S0 9o 26 S0

Me./L. NaCl
LOW NUTRIENTS

POTASSIUM

)

\,\

o—0

(F)

0 25 $S00 % S0

HIGH NUTRIENTS LOW NUTRENTS



16

nutrients (Pig. 2:34). These trends were prarticularly pronounced
in the youngest leaf, rest of shoot end roots (Pigs. 2:3E,F,B).
The 2nd and 3rd trifolimte leaves were reduced only at 50 me/l
NaCl low mutrient (Fig. 2:3D). NaCl treatment even increased the

dry weight of the oldest leaves (Fig. 2:3C).

4t high nutrient, NaCl reduced voot snd shoot growth to
the same extent. However, at low nutrient NsCl resulted in very
poor root growth 80 that there was pronounced difference in the
root weight ratio between high end low matrient. Hesults are

pregented in Teble 2:2.

it will be noted in Table 2:2 thut 50 me/1 NaCl at high
nutrient did not decremse root weight ratios compared with control
plunts, whereas &t low nutrient, & decrease is noted even at 25

me/1 KaCl and this becomes more promounced at 50 me/l NaCl.

Ion Concentration: Sodium and Chloride: 4t high nutrient,

chloride and sodium concentrations rose with increasing concen-
trations of the medium and the incresses were close to linearity
(Pigs. 2:4; 2:15). However, at low nitrient, the sodium goncen-
trations in the shoot organs did not incresse much between 25 and
50 me/1 NaCl (Fig. 2:4B,H; Fig. 2:5B). Similarly ehloride con-
centration in the roots at low nutrient did not incremse between

2% and 50 me/1 (Fig. 2:5D). At 25 me/l NaCl in the medium,



PABLE 232

. . weight of root
HUT WRlNeE XA (weight of whole plant)

{ NaCl me/1 High Rutrient Low Nutrient
0 0.260 0.%%6
25 0.262 0.286
0.252 Ge177

17
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sodium coneentrations of roots and rest of shoot were higher at
low than at high nutrient and the same wss fsound for chloride

in the roots. This rather complicated situmtion is best inter~
preted by assuming that low nutrient induces two opposing effects

on e¢hloride and sodium uptake {Greenway 1963, 1965).

(1) An incremse due to less competition by other ions

(2) A decresse due to reduced health of the plents.

It is assumed that at 26 mo/i, the first tendency of in-
creased uptake would be still appsrent in some cases, but at 50
me/1 the decreased health would become the dominent factor, with
the result that chloride and sodium concentrations are not much

higher than at 25 me/l low nutrieut and 50 me/1 high nutrient.

In most ceses chloride and sodium (me/l 100 g dry weight)
within the plant decreased in the order - rest of shoot, old leaves,
m;dium age leaves, young leaves and roots. 4 rsther sinilar
pattern wes found when ions were expressed as me/l plant water but
then old leaves &nd medium leaves contained higher chloride and
sodium corcentretions than rest of shoot (Table 2:3). At hiéh
nutrient, chloride concentration of the roots was considerably
lower than of the medium i.e. chloride was excluded in this trest-
ment. 4 distinet accumulation 0f chioride was found however in low
nutrient NaCl roots. Sodlum concentration of the roots was higher
than the concentration of the medium in both low and high nutrient

treatment.



TABLE 2:3

CHIORIDE, SODIUM AND POTASSIUM IN TLANT WATEK* (me/1) IN DIFFENENT PLAKT PARTS AS AFFECTED BY
¥aCl AT LOW AND HIGH NUTRI&NT

TREATMANTS CHLORIDE : £ODIUR  POTASSIUM
i 5 o | : { a
L, L By 8 B L I, b 8 R|L L, Ly 5 &
rull Mutrient Control | 6.5 5.8 4.9 3.9 31| 1.7 33 36.7) 36.7 14.3285 |257|264)236 147

¥
1
E

2 "4+ 25 mefL ¥aCL{ 79 | 66.7| 27.2| 63.2)14 |254 136|167 [132 | 39 [227 |133|139(240)241

" "4+ 50 me/l NaCl[173 1193 | 56 (131 |35.5,344 [405(195 |221 | 60 |161 [140/101] 537|143

1/46 wutrient comtror | 7.9] 1%33| 22 |16 53 | 31 | 33 36.7| 26 | 37 [153 |146/117|196|119

| " v+25me/rwacioo |223 60 116 [30 |45 |313le24 |23 (119 | 55.4] 59[137] 42| 90
" %450 me/1l MaCl 239 l456 (105 137 61 ?im 5401293 357 141 l107 |145] 67) 60! M
Ll = leaf 1 L2 = leaf 2 L3 = leaf 3 § = Rest of shoot R = Roots

* Calculsted similarly &s in Table 2:1

61



Potassium concentration: Addition of NeCl to the medium decressed
potassium content of all shoot organs and particularly large de-
creases were found in shoots and roots of low nutrient treatment
(Pigs. 2:4, 2:5). At high nutrient aCl treatment reduced pot-
assium of the shoot but had little effect on root content. A
similar situation is found in barley at high NeCl (Greenway 1963),
though &t lower sodium and chloride in the medium, selectivity of

shoot is usually most pronounced (Sutcliffe 1957 and Pitnmsn 1965).

In both mutrients, potassium decreasoq in the order -
roots, shoots, leaf 1, leaf 2 and leaf 3, However, on & plsnt
water basis (me/1), shoots and roots were lower in potassium than
leaves. Low mutrient plants contained considerably less potsssium

than high mutrient plants (Table 2:3).

(o) NaCl effscts over & range of wutriemt strengths. Expt. 3.

Various dilutions of mutrients were used to establish
the lowest coneentration at which the mitrients can counterbalance

the severe NaCl effects at low nutrient.

weight: NeCl reduced the dry weight of the whole plent and
these effects of NaCl become progressively more pionounged &t
lower nutrient concentration in the medium (Pig. 2:6). NaCl
reduced root growth more than shoot growth and adverse effects on

root growth were particularly pronounced at low mutrient. The



PIGUKE 2:6

Ury weight of whole plant and its individusl parts

of ZIrifolium subterraneum as affected by HaCl

(50 me/1) over a range of nutrient strength.

(ixpts. 3 or Chapter 2).
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strong effeet of Nall &t low nutrient was found in the growth of
&11 shoot organs particularly in the development of youngest
leaf (L3). fhe excertion was the oldest leaf which was increased

in dry weight due to NaCl treatment at both low and high mutrient.

DISCUSSION

There is very little information on salt tolerance of
sub-clover. 5alt tolerance of a crop is generally baesed on the
relationship between growth and electrical conductivity of the
saturetion extract (LCsj. The growth of @& salt sensitive crop
is reduced to 50 per cent at an ECs value of 4 mmho/em (in the
saturation extract) {U.3. Salinity Lab. Staff 1954). At field
ca:acity the moisture content of the soil is about half of that
8t "saturwtion”, the growth of a salt sensitive crop would be re-
duced to 50 ner cent at 3 mmho/cm which is avoroximately 30 me/1
of chloride. In the present results, growth of sub-clover was re-
duced at 50 me/1 NaCl and that of youngest leaf even at 25 me/13
thus sub-clover is a very salt sensitive species. ‘The -resent
data do not permit & definite conclusion on the cause of reduced
growth; however ionic balance was changed strongly at higher NaCl
levels i.e. &t 50 me/l most pmrts of the shoot contained more than
150 me/100 grams dry weight of sodiun end chloride and had very low

potaseium concentration. Greenwsy (1962a) has also concluded that
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growth of a 3alt sensitive variety of Hordeum was reduced due to

high chloride and sodium &nd low potassium uptake.

Although growth of sub-clover was better &t high matrient,
better root development occurred at low nutrient; this is in sgree-
ment with keinberge and Rosovsiy (1947) and May et al. (19364).

NaCl effects on growih veried according to mutrient atatus of the
medium, being more adverse at low than &t high nutrient (Bxpts. 2
and %), Similar effects were found for Hordeum vulgare by
Greenwsy {(1963). At low nutrient, addition of 25 uq/l NaCl, i.e.

an incresse of only 1 atmosphere in osmotic pressure, decreased
srowth of the youngest leaf. This emphasises the importance of
nutrient strength of the medium in salinity studies. It was noted
that at low nutrient, the roots became brown after & few days of
NeCl applicstion. This browning intensified further and these roots
apneared collapsed &t the end of the experiment. Thus ion unbalance
at low nutrient disturbed cell organization as well as reducing
growth. It would be of interest to study the nature of this ion

unbalance further.

In studying the interaction of N&Cl at 4 different nutrient
concentrations (¥xpt. 3, Table 2t4) the result showed & linear re-
lationshio between mutrient strength of the medium and growth in
NaCl solution. Between 3/40 and 1/19 nutrient solution this might
be due to imnroved growth even in thé control treatments. However,

the youngzest leaf and roots, the most sensitive indicators of pot-
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ential growth in & short term experiment, showed & strong im-
provement in growth between 3/40 and 1/10 nutrient in NaCl treat-
ment but not in the control treatments. At 1/10 nutrient NaCl
reduced growth to & smell extent showing that this pmutrient con-
centretion was antsgonizing neerly 211 the svecific unbelance
effects observed at the lower mutrient levels. In Teble 2314
growth (dry weight) in NaCl treatments is expressed ss percentages

of the corresponding mutrient with no NeCl (Expte 3).

All these experiments demonstrated & pronounced ion un-
balance #ffect at low nutrition. The nsture of this unbalsnce
effect ie unknown. Perhaps there were increased untakes of chloride
«nd scdiur, hnt these were spparent only in some instances of the
present experiments (Pigs. 2:4, 2:5). However poor healih of the
vlants in the later part of the experiment might have reduced up-
take i.&. uptake end concentration might have been much higher at
low nutrient before the health decline. This would be particularly
8o for the roots, where ions could be lost sgain to the solution.
Another contributory factor might be a reduced uptake of essential
elements. Such & reduced uptake wes demonstrated for notassium,

&t least of the youngest leef, where potessium concentreations were
low enough to suspect . detrimental effect on growth. The other
elements might be even more importent than potessium and this ean
be astablished only by varying the corcentration of individusl

essentisl element in the nutrient solution, This wss done in the



TABLE 234

GROWTH (DRY WEIGHT) IN NaCl (50 me/1) AS A PENCENTAGE
UF ThRe GRUTH IH COVRESFONIING BUTRILNDY WITH MU Hell

1
Nutrient strength /40 /20 /40 Yo mn

Ll 112 117 112 114 116
LQ 66 12 34 96 104
Lﬁ o 12 27 30 63
fest of shoot 61 53 67 30 32
Roots 25 40 67 67 830

Whole plant 55 %3 T2 dé 39



subsequent experiments. However, sub-clover hes certain dis-
advantages as test species, especially in its variable growthe
It was therefore decided to continue the work with Hordeum

vulgsre as the test species. The experiments are described in

the following chapters.



26

CHAPTER 3%

RESPORSE JP HOEDEUM VULGARS TO NaCl AT DIFPLKIET KUTRHILNT BALANCES

Introduction

In Chaptaer 2 it was cbaerved that sdverse effects of
N&Cl were more nronounced st low than at high mutrieni content
of the medium. In & medium of 50 me/l NaCl, growth of a salt
tolermnt variety of lordeum Vulgsre was strongly reduced at Lisw
strength of Homgland ut not at 1/'10 strength of Hoagland
{Greenway 1963). Thers are some similarities betwéen 2 high
KaCl, low nutrient treatment and soile wvith & high exchangeable
sodium percentage i.e. in both, the medium has a high ratio of
sodium and the vlant voots show & distinct brown discolouration.
There is 1ittle infommation on the ceuses of sdverse effects of
high XaCl and it has been suzgested that these e¢ffects might heve
baeen due to high 0. F. of the medium, increased ¥aCl content of the
tigsues or to an unbalsnce of ions i.s. sonovalent/divalent

cation ratio. Lagerwerrf and Ogato (1360} showed that in Theseolus

Al
ia
vulgaris growth vas related to the ratio ~:1;?:T;:;; of the solution.
M

2



More information is available on the growth response of uni-
cellular algae to ion unbalance of the medium (Curtis and Clark
Page 348, 1950). Optimum growth of slgae was obtained in a
mixture of monovelent and divalent cations (Masia 1940) and it was
concluded by these authors that the toxicity of a gingle-salt

solution was due to pvermembility changes.

Previous work has not shown which ion of the nutrient
culture was resnonsible for the unbalanced condition so this was
atudied in the nresent experiments. H. vulgare was used, usually
during the first five days after germination. Barley was chosen
becauge & lot is known about its salt tolerance, it is geneticelly
uniform and is easy to handle during early stages of germination.
In the past most of the germinatiorn experiments were in soils
(Ayer 1953; Ayers 2t al. 1952) or on moistened filter paper in petri
dishes (Uhvits 1946). However the composition of the solution was
not exactly known because seeds absorb more water than sodium and
chloride leading to high concentrations of salts around the seeds.
In the present experiments such local salt accumulation was avoided
by oonstent stirring and frequent replacement of the solution.

Experiments were also done when the first leaf had fully developed.

¥hen this work was begun, there were no nublished studies
on the effect of saliniiy on growth as analysed by cell size and

cell number. Recently Niemann (1965) has shown that both af these



fentuves were &rfected by sslinity in Fheseolus leaves. in the
present work effects of salinity on cell size and cell number

in roote were investigeted at different mutrient balances.

METHG DS

Germination experiments. H. vulgeye seeds were germinated in the
derk on nylon mesh suspended over the mzedium. Holutions were
aeraied &nd renlaced svery 4 houre $0 onsurs that solutions sur-
rounding the seeds were of the Jdesired oumnosition. The growth
TOOM Was &% 2206 end the atmosphers &round the seeds was kept
humid by placing cetri diakes over the culture vessels. These
dishes were removed vhen raot development had setisfsctorily sde
vanced. Yaterial was coliected 5 deys sfter the start of the
exporizent: seediings were separated into colecptile, roots and
seods. Fresh weight and dry velght were deteruined and in some
experiments sodium, potasaium and chioride were aise deterzined.
Full nutrient solution used in the expurisent was of the ssame con~
position &2 in Chapter 2. BHaCl wus at 150 me/l unless otherwize
stated. There were % or 4 replicutes, amch consisting of 1U to
1% seeda. Chloride was deterzined by the metiod deseribed by
Bust (175) and the "BIL" Plamephotometer wrs used for the deter-

sinstion of sodium and rotagsium.



Leterminunion of cell Length &nd Cell Kumber in hoots

Birstrom's (1:41) technious with modification was
followeds This technique involves the determination of cell
and root length and the computation of gell nusber, since in-
creasé in root length depends upon the size o individusi cells

énd their mumber. A descriptisn of the tecunique ia as followss

After recording the lenath in millimeters, roots were
placed in a ¢learing solution of chlorsl hydrate, phessl and
lactic acld in the retio of 111:% (wiviv) {Riselputrs 1360).
fhese roots were exarined under the microseove and the lengzth of
the ¢nidermal ceils wus ueusured at the end of the zone of slong-

atlone Lach sevies of messurementsz ineluded 130 cells. The retio,

ingresse in roast lensth
cell lenath

wEE used 10 sive & weasure o2f cell number

in the longitudinsl direction of the ro0is,.
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(b} Experiment during lst - 2né leaf stage: Treatments wers imposed
vhen the 1st les? bad fully developsds There were 3 hurvests.

Hl = gtart of treatment with oldeet lenf fuily developed

32 = 7 duys afiex Hﬂ
ﬁi = 5 deys after HQ

The design of the experiment was as follows:-

Hl HQ 35
Start of the following treatuents
{1) 1/40 nutrient + ¥aCl (50 ae/1) ++ Conmtimued +++rr Hervested
(2) - “ o " ++ Harveated P
(z v i " n e 0ot 52 P4 sesrer Harvested

mitrient andded
and eontinued

. 4
{4} l/40 matrient + C& @ of /40
nutrient + KeCl (50 me/1) #+ Continued ++++¢ Harvested

() % - s Horvegted —
«ach of the sbove tresiments had e correspondiig conbyol
without ¥aCl. Plent rerte were sepsrsted into shost, Leaf 1, Leaf

2 and roots.

BRGITLS

{a} Jeraivation stege. Kffsct of different ¥aCl goncenira'isms on
Exowthe Exnte le
kesponge of growth to different 5all concentrationa wae
eatsablished firat. In this exreriment Hall at conecentretions of
50, 109, 150 and 250 me/l wes added to distilled water. The length

of the coleortile ia shiown in Pable %:il.
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TABLE 31l
COLIOPTILE LWNGTH AT DIFPEISNT CONCENTEATIONS OF NaCl
APTER % DAYS OF TREATHMERT

Trestmnent Length in mm
Mstilled water 3142
¥aCt (50 me/1) 27.8
* (100 me/1) 22.6
" {150 me/1) 15. 4

n (250 me/1) Hel



FIGURE 33l

ity weight of Uoleortile {A) and roots (B}
of Hordeum vulgsre at germination stage as

affocted by keCl (150 we/1) over & range

of mutrient strength.

{(Expt. 2 of Uhapter 3)
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Although reduced &t the rasher low concentration of
50 we/l, srowth mimo procseded slowly at 290 =e/l. "hese re-
gults are in agreement with the venorted hizh =1t $0lerance of
Hordeum vulgars during germination {Millington et al. 1951,
Ayers 1953} The level of 150 me/l Wall wh: chosen for most of

the subsenuent experiments,

™ 1, 1/1&, 1/@& and I/lﬁ strengih of natrient solution,
Eacl (150 uwe/1) wus sdded end the results are prusemted in Pig.
3:1. It is shown that, under full mutrient sonditions, H&Cl re-
duced growth, perticularly of the ahoot. The effect of ¥80l in-
cressed alightly when nutrient strength wag reduced to 1/1&. Bow-
ever, the effect of NACL decase more pronounced below 1/10 mutrient
(Pige 311} ©c0t growth was particulsrly reduced so that at 1/@9
autrient, colesptile snd root growth wers reduced by sbout the

sane percentage %8 compared with control (Pig. 3:11A snd B).

Table 112 shows the concentrations of chloride, sodium
and posassiua in the seedlings. In the roots, sodium and chloride
contents wers high perhaps bsciuse the roots were washed in trest-

ment solution and rinsing snd drying of the surfaces had not been
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33

CHIORIDS, SODIUA AND POPARSIUM CONCRETRATIONS (we/100 gm Dy wt)

Id COLEOPTILE ARD BOOTS AT SIFFER NT NUTRIENT LEVEILS AS AFPFECTED

BY NaCl {150 me/1)

Coleontile Rootse !
Kutrients S1° ket ¥® | 1~ Wat K"
| /40 Control | 5.6 10.& 57 | 12 2 17 |
t Yo oon 35 9 19! %6 16 26
él/m " 4.6 9.2 102 | 2.0 18 39
f[l 50 9.6 153 | 3.3 16 1%2
%Vm +HaCL |16 27 3 (133 20 13 |
RV f © 45 2205 188 12 |
los v 65 4 183 200 15
1+ " | 545 45 32 200 148 114




PIGURE %12

Dry weight of Coleontile (A) and roots (B)
of Hordeum vulgare at germination siage ae
affected by wannitol and Ne(l at 6 atwnos-
pheres at low (1/40 mutrient) and high

{£al1l nutrient)

(uxpte 3 of Chapter 3}
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&dequate. In the NaCl treated roots, sodium, potessium and chloride
content &s well &s the potmssium/sodiua ratlo were similer et sll
{uxcept full) mutrient levels. In the colevptile from {Hall trent-
aent the sodium and chloride contents incressed from I/hﬁ mtrient
to 1/10 mutrient but decressed again somewhet st full nutrient.
Fotassium whs very similar at all mutrient levels except at full
mtrient vhere & high level of rotassiuv was found. In order %o
know whether the sodium, chloride and sotmssiua ions are excluded
from roots or seeds st /40 and full mutrient when subjected to
high NaCl, the concentration of these ions wvas celoulsted a5 me/1

in the next experinent at these two levels >f mutrients The results

&re presented in Teble 3:3 and will be discussed subsecuently.

it full and l/lﬁ nutrient, memitol ané RaCl &t & stmos~
pheres were comvared (¥ige %:2). 48 in ixyeriment 2, NaCl effects
were more pronounced at 1/'40 than at full nutrient but mannitol
effects were inden¢ndent of nutrient strengih. At full nutrient,
growth in KaCl wes botter than in mennitol (Fige 3:2) dut ag l/40
rutrient growth wis depressed mors im NeCl. Increased diffusion
presoure defizit of the medium is often counterbalsnced by orginie
acid acoumilation by plant tissues, ususlly with potassium se the
gecospanying eaticn. It iQ therefore poseible that the low pot-~

wasivm upteke ag 1/'40 nutrient (Table %:2) led to inmdequste OP°D



PABLE W%

CHLORITEE, SODIUM AND POTASSIUM CONCERTRATION IN YLAND LAPm®
IN ROOTS AED BAIDB AT Y/40 AND WULL WUT/LENT AS APPECTED BY
EaCl {150 me/1)

"‘/w mitrient | 175 250 MO0 | 40 66 ao

l?!ﬂl mirient 160 2%  We | 62 9% 32

* Geloulated simiiurly ss in Pable 211 (Chapter 2)
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&djustasat, Howover, pg Biated before, whopn BABBiLoL of jggg-
avtie engentrution wus usaed reductions of srowsh dare eg.al ag
fall sag /4o natricat. The results of tne 8bOVe SXperisent

Bhowed ihat 4dVarss effegis of Eall at 1oy Wtrient Conditions

vare cue o jon unbalanoe,

™ investigate the nature of thie ion unbalance the fol.

lowing exporiments weras designed,

& e ® ation to anign ratioa, Expte 4o
m"m%w

in thias exporizent the coupogition af the mitrions #0] -

utions in me/1 was gs £ollows,

Irestment 't g™t gt ua; ﬂpsf ﬂa:
(1) "/40 nutrient 0.2 0.2 9,125 De325 0976 3.1
(2) 1/13 W ol Us h GeH 1e3 Geln Ued
(3} 1/@9 "+ Cay 4g und

¥ of 5/4!.‘» mitrient sdded

88 chloride %8 Ou4 0.5 0e325 0.0376 0.1
(4) Y40 nutrioms o 20,590,

end X0 of /40 putrient

&ided &5 s8odiug U2 (el u"clzﬁ 1.3 Ge 1% e d



PIGURE %3

Dry weight of coleoptile and roots of Hordewm vulgare

et germination stage as affected by NaCl (150 me/1)
at 1/40 nutrient with and without zddition of ions of

?/40 mitrient strength.

(&) 7o ;/40 nutrient conteining NaCl eations and
anions of 3/40 nmutrient were added and compared.

(Expt. 4 of Chapter 3)

(8) ™ %/40 nutrient containing Fall calcium and
megnesium end potassium of 3/40 nutrient were
8dded and comparad.

{Bxpt. 5 of Chapter %)

(€) o Y/40 mutrient containing NaCl osleium
and magnesium of /40 mutrient were added
and compared.

(Expt. 6 of Chapter 3)
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In the gontrols allitlon of ortivng algo ‘noreased
¢hloride ¢oncentration of the solution &nd snion sddision ine
eraased sadiuiz congentration. In Y01 Sresbment however, Lhese
&iditlons of chloride and sodius respeotively waere negliglsle

comoared with 150 =e/l ual.

There was no significant difference between the effects
of these salutions on the growth of consrol plents {(Plg. 3:3A%.
/8 in other experiments, high N¥aCl at */40 nutrient reduced growth
more then st 1/10 mutrient. Additisn sf nutrient snions Gid not
improve growth but addition of eationa inorussed azrowth to the

IR , 4
levsl of /10 nutrient {#ig. 3134,

Effects of daCl with other cetisne varied. ixnt. 5.

(1) &* oonnared with_ﬂt’+ and wg*+
The cozposition of the nutrient solutions ia the dif-

ferent treatments in me/l wis &8 follows

Preataent catt ugt & 0, HPG: ﬂﬁ:
(1) ca'* o ug"t + " Tel  Ded 0.5 Co%28 0.0%76 w1
(2) ca't » ug" Ol wef  0u125 5.325 0.9376 el
(3 5% Ge2  Tal 0B GaBZ5 D.0BTE 34l
(4) 219 nutrient o8 Oed D23 Lod Du15 Qud
(5} Y40 nutrient 0e2  Gal G125 04325 G.G376 el

The above Ireataents gorstituted the contrale snd were

compared with corresponding trestments esnteiring H&Ul {150 ma/lj.



Growth in the control plants was nog significantly
different in the various trestments (Fig. 313B)e In the KaCl
treutaent, addition of potassium did not imvrove growth but
addition of calcium snd megnesium to the ?/4% mirient improved

growth t0 the level of 1/30 nutrient {Flg. 31%u).

(11) o' compured with Mg™*.  mup. €.

The cowposition of the mutrient molutions in the dif-

ferent sclutiona in we/l was as follows:

Trestuent ca™ wg't «* NO; KPO; 59:
(1) 1/40 mutrient OeZ UGul  0u125 0.325 0,076 Oul
(2) ug** 0.2 04 0,125 0.328 0.0376 2.1
(3) ca™ 0e3 0ol  0.125 0,325 0.0376 01
(4) ca’™ + ug** Ued  Oud  0e125 0u325 0.0376 el

The above treatments constituted the control and were

cospared with corresponding treatments containing Eagl (1%0 me/i).

Growth in the ¢ontrol plants was sizilsr in all the
treatments (Pig. %:%C). In the NaCl treatment addition of mag-
nesium 444 not improve growth over 1/40 nutrient but addition of
caleium with or without sssnesium inoremsed growth over 1/33

mutrient (Fige 3:3C).



PIGUEE 334

iJry weight of Coleontile and roots of Hordeum

vyulgare at germination atage as affected by

NaCl (150 me/1) at 1/40 nutrient

(4)

{8)

(¢}

with &and without sddition of Calciua,
Strontium, Magnesium and Aluminum of
/40 mutrient.

(Exot. 7 of Chapter 3)

iy weights of Coleoptiles and roots in
KCL (80 me/1) and nacl {30 me/1) at

1/@0 mutrient were compured when Calcium
of 3/40 mutrient was added and omitted
from these solutions.

(iExpt. 8 or Chapter 3}

Dry weights of Coleo tile and roots in
NaCl (150 me/1) added o distilled water
vere compared when Caleium with or
without other ions of 1/10 mtrients was
edded,

(Exote 2 of Chapter 3.
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T T T $or e ) :
(1ii} ¢a , sr o Mg  and Al gompared.  Exph. 7.

£t 1/40 nutrient the above salts &s chloride at .3 mo/i
were compared for their antagonism against Ha(l (15@ me/l} erfacts.
4t this hall concentration addition of calcium and strontiun im-
proved growth soually, whb:eas magnesium did not {(Fig. 3144,
Alumipium decreased growth of the Ra(l-treated seedlings beiow
that of 1/40 nutrient {Pig. 3:4A) but was without effect in the

cortrols (iees without Hall).

Effects of Ca' on high KCl and high N&Cl levels. fxob. S

It hes been shown that NaCl toxicity is greatly antazon-
ized by the addition of small mmounts of calcium (Ewpt. 5, Pig.
3:3Cle High concentrations of <01 may slso reduce growth strongly.
An experiment wus designed Lo estailish this roint and o see
whether celcium entesonized XCl as well us he(l effects. Sodium
and potassium were determined in the KaCl-trested and control

plants, but not in the {ll-treated plants.

Treatments

(1} 1/40 mutrient

(2) 1/40 " + kaCl { .0 me/1)

(3) Y40 " b uacL (50 me/1) + e (Cu6 me/1)
(4) %/40 f + £C1 {30 me/1)

(5) Y20 v s kc1 (80 me/1) + c&™ (0u6 me/1)



FABLE 714

SODIUM AND POTASSIUM CONCENTRATION (me/100 gm dry wt)
I¥ COLEOPPILE AND RUOTS A8 APFECTED BY
FaCl (80 me/1) AP 0.2 ARD Go8 me/1 Ca'*

Coleoptile

fioots
Treatments Na' £ jm* &
(1) **/40 nutrient 15 85 | 20 24
(2 " s+ paCl {80 me/1) | 53 42 | 165 14
() * L PR | n
+ Ca (0.6 me/l) 84 46 | 170 26

* 1/40 of nutrient contuins 0.2 me/l of ca™
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#C1 reduced growth more than kaCl at the %/10 nutrient
level (Pig. 314B), Addition of caloiuz recoversd srowth in KCl
baok to higher level than it recovered growth in kaCl, f.¢. the
unbalance in XCl had been nigher than in Kall st 1/¥0 mutrient.
However £C1 trestment did not show the brown diseolouration of

raots, vhich was always observed in the NaCl-treated plants.

Sodium and Potasaium uptaie

NaCl treataent incressed sodium concentrstion in
coleoptiles and there were high concentrations in the roota. In
shoots &nd roota sodium concentrations were higher at 0.3 mc/i of

caleium than at 0.2 we/1 of calcium (Table 3:4).

FaCl with 0.8 me/1 calcium did not reduce the potassium
congentration ot the root below 1/kﬁ nutrient control (Table %:4)
though there was & conaiderable decresse in notassium concentration
in the coleoptile. Umission of ocalcium in HaCl treatzent veduced

potassium concentration, particulsrly in the rootas (Table %:4).

Dependencs of ca'’ effects on the nutrient level. iExpt. 2.

Though the experiments were done during germination,
adverss effects of NaCl ut low rutrient might conceivably be due %o
reduced absorption of essentirl slements in the absence of caloium.
This experiment was desimmed to eatablish whether the preasnce of

calcium lneressed the svailability of the nutrients for growth.
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Irestaent

(1) ristilled water + KaCl (150 me/l) + ca'’ (Ue3 me/1)

(2) " " & Eacl {150 me/1}
(3) n "
(4) " LI 9@2, mog, 59;, sety &7, ot 110 mutrient »

NaCl (150 me/l) + Ca' 0.3 wme/l)

-

{s) ¥ " ?@;, SQE, 30;, ugt, &, ot 1N1o mitrient +
§aCl {150 me/1}
(6) . = ¥ ?GT, %G;, sof, Mg¢&g ﬁ¢, of 1/50 outrient +

o6 (Col me/1}

In ¢ontrol planta growth of coleoptile wes better in the
presence of nutrient put beiter root development ccourred in dis-
tilled water (Pig. 314C}. There were no differerces betwsen dis—
tilled water and 1/10 nutrient 88 & bessl medium for the calciume-

induced recovery of growth im Hall-treated plants {Fig. %340 e

(b) recovery 8t germinotion spd ut let and 2nd lenf sivge. -Expte 1C.

Germination
in previsue experiments it kag been shown thet at low
nutrient, caleium urotects growth apguinet YuCl toxicity. The well
kxnowr. effects of calcium on mewbrane permeebility may in peri cone
tribute Lo hetter growih by oreventing leskacse 2f intermadiates

from the roots. fefore masing wettabolic studies it is imporsant
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to establish how quickly addition of calcium results in growth
recovery and this waes studied in the following exvneriments.
Treatments
(1) 1/40 strength nutrient + Ca'' (0e6 me/1)} + NaCl (150 me/1)
throughout the experiment.
(2) %/40 strength mutrient + NaCl (150 me/1) for 2 days then +
ca'’ (0s6 me/1) mdded.
Harvests Hl = 2 days after cd** addition to treatment 2
Hz = 3 days ltter‘ﬁl

K3 = 3 days after ﬂz

Results - At Hl growth was strongly reduced in low caelcium treat-
ment (Table %:5) showing & strong sdverse effect of the
previous 1/40 nutrient i.¢. the combined effects of NaCl
and 1/40 nutrient had been very pronounced even after
only 2 days of treatment. Recovery in this treatment
after dey 4 (Hlj was very rapid; dry weight inerements
of coleoptile &nd roots were higher than in the contin-

uous 0.3 me/1 calcium.NaCl treatment {Table 3:5).

The lst ~ 2nd Leaf iitage

The design of this experiment is described in part (b) of

the Methods.

During the lat -~ 2nd leaf stage recovery upon addition of
calcium wvas also studied. It was thought that at this stage of
growth the calcium in the seed reserves would have beconme exhausted

and the growth would depend upon the external source of supply.



TABLE 3315

oY VEIGHT INRCEREMENTS (Miliigrams) OF GOLSOFPILE AND ROUTS
OF H. VULGARE A7 0.8 4D 0.2 me/l OF Co = A5 AFFECTED BY Kedl
(150 me/1) AT DIPFERENT FEFIODS AFTAR TREATMNT APPLICATION

{  Treatment 1 | frestment 2

| (0.8 me/1 ca**) | (0.2 me/1 Ca'*)
f“-mﬂ‘riaalrmu't; Iatervaga? @olcantilaiﬁootsérotalicoleoptiloiﬁoctn Potal |
f g ! ¢ ! !

g ' z | “ .

H b s | 22 s6| TR
(Between Hand Hy 3% | 2 ! | e | o8y .
Between M, and Hy| 17 | 5 2| @ | 4 25

| a ‘

i | j |
Total ' 90 €3 | 119 Al . 22 103

. . | \

' Recavery between ' §
Hy end Hy . 56 7| 63 61 12 73

Dry weight in treatment & 85 percentaze of dry weight in treaiment
1 at different harvests.

Coleoptile 5 %e 90
hoots 49 g i)



PIGURE %16

Dry weight of whole plant and its individusl
parta of Hordeum vulgare at lst leaf siage
as affected by NaCl (50 me/1) with and
without eddition of Calcium of >/40 rutrient

$0 l/40 mtrient at different harvest intervals.

(Expt. 10 of Chacter 3)
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PIGURE 327

Chloride, sodium and cotassium concentrations

in leaf 1, leaf 2 &nd roots as affected by NaCl
50 me/l) with end without addition of calcium of
3/40 nucrient to 1/40 nutrient at different

harvest intervals.

{Expt. 10 of Chavter 3)
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The effect of 50 we/l NaCl alone wus very wronmounced snd
root growth virtually cessed after ¢ days {ﬂg§ of trestment {Pig.
%:16C). Sunplying Oa.6 mq/l 91 esicluam to l/ka mitrient during the
whole experiment reuoved nearly &ll the adverse effects of HeCl
\Fige 36}, Vhen ufter 7 days of trestment U.6 me/l of caloium
whas sdded to 1/&3 nuirienty gYowth recovered pronouncedly (Rig.

3‘6A e ] }\’fo

Ion Concentration

Analysie of plants subjected to ¥aCl treat«ent et high
crleium,; showed $hat sodium mnd chloride concentrstions aof all plant
oarts asuslly incressed «ith time amd thet younger fesves had
lower chloride concentreiion than nlder leaves (Ple. %:7, Teaf 2

gomoared with Leaf 1), Similsr vesults for Yordeum vulesre were

renarted by Sreenway (176%),

At B, sodiua and chleyiéa esncentrations of rosts subjected
60 FACl were higher st low than st bigh euleium {Plg. 3317 roots)and
é slmiler thougk less pronounced difference wes foumé for msodium of
19af 2 (Fige 37 Lewf &} Fowever ut %, botn leat Z and roots con-
teirned lesa aodium xad chloride st low then ag kigh exlcium i.9.
Lotk sodiua snd chloride content of the root aud lesf 2 inoreased

atrongly % high but very little at 1lsw caleiume

Jonnssium
Fotassiun econcentrations of wlsws tissues in nil the control

treatments were similar snd did not chunge with time (Ptg. %7). in
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the Kall trestments sn the otker hend, potessium in these tissuss
decressed at the subsequent harvest intervula, the decreass being
more pronounced at low then at high osleium, particularly in roots
(Pige 337 noota). Similerly in the NaCl treatment, addition of
extra caleiun ofter 7 days %o low ecaleius trcgtmenz increased pot-
aasium in roots to the sase level as high osloium plant {rig.

38T Noots).

£Lfects of FuCl on cell size snd cell mumber at low and high et

ixpte 1l.

In Lxperiment 2 it was noted thag high 5aCl &t low put-
rient had inkiditory effects on growih which could mot be explained
on asmotic conaiderations, Addition of G.5 me/l of caleium to the
wedium reduced the inhibitory effects of LaCl as well &s regovering

growth of plenis previsusly trested with low caleium.

since growth depends on cell division and elongzation, the
next experiments were designed to see i{f inhibitory effeots of HaCl
at low celectum ¢ould be explained by sither 5 reduction of esll sine
or cell numbere Thie was investigated tozether with the effect of
kigh ¥8Cl at low snd high osicium on the action of added indole

acetic aold (I.2.4.) which ie nown to affect cell elonsation.

Treataent (&)} Jeeds were somixed fn distillead water for <24 hours,

after vhich & single prisary root per seed was re-



tained snd rest renoved. These seede were then

trensferred to the following treatment solutions.

1. 1/%3 nutrient
2. Yo " s pec (30 mef1)

5. Y v . meal (30 me/1) + c [0.6 me/1)

there were (w0 culture dishes containing 50 seeds esch

for each treatment. 3ix seeds from esch treasment were harvested

on each dav for root and cell lensth weasurements snd the sxperi-

went wAa cmtinued for 4 duya. Treatmenia 7 snd 3 will be re-

farred to as low and high caletium.

Preastment {b)

Treatuwent (&)

To teat the effect of HaCl on the motion of I.iei.
at lov and high caloium, Lreatacnis were as above
excent that solutions contained indole acetiec ncid
at the concentration of 107 M. This concentration
of l.A.7e has been Tound to stimulate root growth
{Yonner and Xoepfli 17%3). Harvast wss after 5
deys of trestment. Drr welghts of eoleoptile snd

™™ot were deteralned.

RESULTS

The results have been expressed as = of comtrol For



FIGURE 318

kffect of NaCl {30 me/1) on voot length, cell length

and cell nultiplication of Hordeum vulgare at

germination stages during 4 days at 1/40 natrient
{low calcium) and ¥/4ﬁ outrient + Calcium of 3/40
mitrient (high calcium). FKesults sre expressed

as percentage of control {0 Kall .

(Expt. 11 of Chaoter 3).
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rao¥ length, ce!l lenyth and cell number and are

shown In Pi{e. %ig.

i'eduction in the yoot lemgth due to XaCl was srester
Gt low Shan at bigh caleiua throughout She sxperinentel
perlod. At high esleium the deoline in roct length

&3 pereantuge of control was linesr with tize Lut &
slov and constant growth wvas maintained. Jo iow
calclum trestasnt the root length which dronped %o

59 rer cent af control on first day cessed elong-
ation after the secund day. This 18 reflected by &
gcantinuous decreass in percenstere lensth of gsntrol

in Pig. 334,

“n the first duy of the experizert, reduction in cell
length at Goth caleium levels was similar out sn
suisequent Jdays reduction ai low ¢nloium wag grester
ther at high eaiciume. Cell Lengtn at high esiciua
¢id wot Jecreese during the sxperimensal poriod but

€@1¢ decrense at low caleoium levsl.

Coil multiplication was greatly veduoed st low cmlcium
even &fter the firast day 2f the exceriment and on the
isst 2 duys cell Fformetiop im this tremtzent had vir-

sumlly ceased. .t high caicium however, cell muiti-
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TABLE 336

ANALYSIS OF VARIANCE FOR EFPECT OF Ca'' AND I.A. 4 ON THE
DRY WEIGHT OF COLEOPTILE OF H. VULGARE

Degree of Sum of Mean square
Source of Variance freedom Squares variance
Between Ca'' trestments 1 T7.0M% 7700 7700
Between l.A.A. " 1 12,8 ** 1278 1278
Interaction Ca @ and I.As A 1 1.04 105 105
Total between treatments 3 W.0%*  gua3 3024
Residual 12 - 1205 1004
Total 15 - 10288 636

* gignificant at 0.14 level

E 22 " " 1% "
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plication was not affected for the firat 2 duys but
during the lest 2 days u sharp decrease must have

ocourred,

Treatment (b)

Effect of hormone: Addition of l.i.A. either %o lov ar high

calclum treatment increased the dry weight of the
plants. The difference in the dry weights of the
coloo~tile and roots in the ghove two ¢
was not statistically significent. from the dif-
ference in the dry veights of the corresponding
treataents without leiske The roio:lts for bhe

cdleovtile &are presented in Table %16.

Discussion

ton Hplaxe

Hordeum vulgare, in the first anc semond leay stages,

shows & pronounced ion remilation when zrown on media of hizh KaCl
concentrrtions for exmwnle aoncentrations are much lowsr in ihe

roots than in the medium . fGreenway 1963). In ihe present germin-
ation experiment, st low nutrieni, chloride snd sodius concentrag-

ions were bigher in the roota than in the medium :Table 3:%j.
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Table %1% showe that ion exclusion has baen demonstrated
by seeds both at high snd low nutrient level and it is more pro-
nounced st low mutrient. In intercreting this lon exclusion one
nossivility ie that 5t rermination vhen seeds are full of =ndo-
grermic reserves »f starch, free space for diffusion mey be very
restricted, offering little chance for lons to diffuse although
the seed cost msy be permesble. If such were the cese, higher
values for chloride and sodiun ioms (me/l) would have been ex-
prected in full nutrient Ball then in 1/4& nutrient Hall bHecsuse
wegter prowth o7 seediings =t full nutrient would have depleted
the seed reserves mnd thus sllowed eniry of itonse Jincs lower
vaizes for sodium and chloride .ﬂefl} were Found 5t lféﬂ nutrient
where, due t2 poor growih most of the seed materisal still remeains
yndsnleted, lacu of d4iffusion, or slow diffusion ¢ould be a cause

yf aprnarent ion exclusiosn in the seed.

Jon reguletion is wresumshly as cssentiaml for the seed
during gersination as it is Tor the whole plant during later growth
steges. It is therefnre murorising that no iuformetion sm the ion
unbalance of gernminetine seeds iz available. Particularly relevant
wo1d he the 1w balance 2f different nsrts of seed i.e. endosperm

and develoring cmbryo.

Ir the germinsiion experiments (Zans. 3, Pable 3:4) Nall

srestmeat reduced the uptake 2f sodium into goleoptiles &t the low



cileiuw level o the medium but 100t upteke was no: reduded.

Ihis reduced uptaike into the shoot eppesrs Lo be due to imvalr-
nent of the treaslocation system in lov caloium-high LeCl treat-
went. These sodiam concentrations in the coled:rtiles werse areater
at l/w than &t 1/’40 nutrient {(Expt. 3, Table %:4}. Desnite this
the growth in the 1/3& nutrisnt was better than at 1!30 mtrient
80 ithe higher concentravione of sodium and chioride vere obviously
not responsible for the specific adverse affects of Hell at ;/40

mitrisnt.

In the lat and 2nd leaf stage recovery experiment it is
noted that at H2 low caleium Yed to higher chloride and sodiun
soccusulation than at high ealcium. Similar trends in accumulation
of these ions were noted in sub-clover {Chapter 1'. This must be &
real effect since the low chloride and sodium of low ealcium st
H3 is most lixely %0 be Jve %o injury similar to %that noted in the
gerzination staze. sffects on chloride uptaxe described by Green-
way [1763) in a short term axperizent {i.e. that chloride unteie de-

ecrensed contimuoualy with increasing mutrient) are now shown %0 be

due %o the ievel of caletium.

In previous experiments, nt l/10 mitrient, high Nafl re-
sulted in a very lov notassium c¢oncentration of ronte and shoota
(Creenwsy 1963). Heé izplied that thia was due to & low sodiuw/

pothssium ratio in the medium. However the present exneriments
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gshow that low potegsium concemtretions were nrimerily due o the
tow caicium stuius of the 1[40 vuirient, l.¢. addition oF V.8
m6/1 of esletum to this medium resulted in higher potessium conm-
centrations which ce&n Blso be sttsined when caleiunr is sdded

subsequent $s a treatment at 1/40 nutrient high ¥aCl (Fig. %:77.

{b) Growth

it high mutriens, Ha(l reduced growth lesa then an isos-
zotle gonceniratis: of msnnitol (Zxpt. %) and this wes presumably
due to & different type ol diffusion pressure deficit edjustment.
Slatyer {1961}, working with tomatoes, showed high relative
turgidities in FaCl trestments due o rapid electrolyte absorption,
wvhile sannitol-treated plants, incressed their 12U by waterloss.
In barley, wilting wan also more severe in sannitol than in KsCl

(Groeneveges et ale 1360).

Low nutrient in the medinm incremased the rdverse etfacts
of Necl on growth of B, vulgare during the lat = 2nd Leaf stage
(Greenway 1363) snd similar sffects were found ir the present eox-
periments for the § days following commencenent of zermingtion.
This was dus £ ion unbalance &8 ahown by the much hetter zrowth in
isusmotic concentrstiorn of mannitol {ixpt. 3}. Uhvita {1746 ealao
showed much stronger effects of Hell thso of meapitol during treat-
nent of germinating lucerne seeds. Ubvits used tap water &s the

basel medium, #0 the specific ion unbslence at low rutrient, shown
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in this theeis, would salso have been involved in the lucerne

experivents.

#% high nutrient, NaCl suppressed cell enlargement and
cell division proporticuately in the first trifoliate leaf of
Fheseolua vulguris (Hiemann 1965). Present resulta st low
nutrition show that Jdepression of rvot elongation in Hall treat-
ments was particulsrly due to inhibition of eell multiplication,
cell ¢longation being affected to a lesger extent. Tt has also
been estublisbied that the adverse effects of {all &t low nutrient
on cell maltiplication and elongatior were due to limiting levels
of oaloium in the mediuz because at & higher celotiun level re-
duotion in cell elongation or multiplication was not ss pronounced
#8 at low omrlciuas (Pig. 313). The results of hormone experiments
show that the adverss sffect of NaCl on root elongation at low
caloium level is not due to interastion with en L. A.4. requiring
mechiniom since I.acis did nov interfere with the caloium effects

snd caleium dis not interfere with the I.i.4. sffects.

Heimin snd Ratmer (1961) attributed the adverse effects
of Netl at low nutrisnt to chenges in the potaseium/sodium ratios
of the plant tissues. Ion unbalance has also been noted for
plents grown on aedia with & high exchangzeable sodium percentsgs
(Bernstein #nd Pearson 1356). Hernstein and Pearson using ionic

conposition of the shoot to interpret their results suggested that
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emleium wes not responsible for the adverse effecis.

In the present experisents, cslcium was found to be
the only mutrient reaponsible for the larger difference in lacl
effects at /40 and 1/10 nutrient, other ions having no effect.
Growth was 8180 gzreatly incressed by supnlying extrs calcium to
1/40 putrient, bzth during the 1st and 2nd leafl stage &t hizh
raCl end during germination in wediz of high KCl csneentrstions

{xnte 8)e

Tn the germinstion stege, antégonieing effects of
ciicium c¢ould be replmced by equiveient smounte of sirontiug,
salsh (154%) hus revorted that ip omts, wirontium carbonste could
repluce calcium carbonate for better stes production and incresze
the csloium content of the straw. From the germinetion expericent
it spneers that strontium might have replaced calcium fros non
svecific binding sites, thue relessing caleium for specific fune-

tions. This vossibility needs further investigation.

{e} sntasonistic effects .i u.ic um

the adverse effect af low caleium, hkigh sodium was not
primerily due %o the absorption of ¢ssential elemenis froa the
medium ur shown by the izproved growth vhen caleium wes sdded to
aistilled water during the germinetion stape (ixpt. 3j. Germin-
ation experiments were carried o2ut in the derk, hence vhotosynthesis

was not involved, and seed rveserves were at a high level till the
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end of Sthe experimante

Another posaibility is an effect on mobilisation of
seed regerves. However, this is not likely becsuse sisilar
res-onses were obtainsd during the 1st - 2nd leaf stage, when
seed reserves were decpleted. Moreover, iom balance of the seed
waa not adversely affected and a reduction in celoium concentir-
ation would presusably heve asltered at least the potessiuam con-

contration of the secds.

The other two possivle causes for the reduced gzrowth
18y be & change in permeability of membranes sr & firect effeet

op mesavolist, sresumably during asynthesis,
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CHAPTLL 4

LOSSES AND UPTAKE OF IONS AS AFMECTED BY Nel AT 1OW 4ND HIGH Ca'*

Introduction

In Chanter 3 4t was shown that at high concentration of
KeCl, zrowih waep roduced severely. The addition »f emicium pre-
vented oy restored this inhibited zrowth, The dry weight of plants
in low calcium {oone.) treatment was 77 psr cent of high culeoium
{conc.) (Pig. %d44j. Ion concentrstien in nlart tissues 5% low
crloiun were Biao less thun mt high calcoium, s that zodium in
ooleoptiles and cotassium in roots were 6% ver centiond %0 per oent

vescectively of high calcium treated siauntz (Pable %34).

lon concentration wis not directly correlated Jish dry
welght. The following two fectors mizht have been resronsible For
1ower then expected ionic eosncentrations in low calctur nlavts:
le Hatention af sbsorbed ions wes reducad due to imcreased

losses From plants.

2. hotive ion uptake wap reduced.



Both of these posaibilitiss were studied in the preaent
seriss of experimenta. Losses of tons froam plants will be dealt
with firat and this will be followed by the discussion of their

uptake.

LOSSES OF IORS AS “ELATED 10 PHPMLABILITY

for vetention in rlants is reduced when nenbrenes become
more permesble (Marschner ot sl. 1964). inother effect of incressed
permeability would be the 1oas of important metsbolites, resulting
in reduced growth. It ie therefore possible Lhet growth reduciions
observed in high NaCl-low celcium nlants might have been due to in-
creased permeability. It is still unkmown how the nutritional
status of the cell affects weambrane permeability (Collander 1953).
This information is uEyticulsrly lmportant for the understunding of
the piant responsesx to psline environments, 10 ike older Litercture
(£3ber 1945 and Hetlbdrumm 1952) the concept waa developed that uni-
velen’ ions increuze cell permecbility whereas divalent ions de-
cregse its The evidence on which this hynothesin was baused was not
eomclusive &.g. grester ustake of bromide frow potassius broalde
gsolutions then from calcium bromide solutions does not »rove that
calcium Jecresses cell rermesbility. The result cen ulso be ex-
plained by one or more of the following: ion antagonissj suitability

of accoxpanying Lonsj or coapetition for carriers.
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Permeability studies on unicellular organisms, tissue
disces and excised roots, using radio isotopes have considerably
advanced the :nowledge of electrolyte fluxes in these organs
(Briggs, Hope and Robertson 1961), but these studies are not
directly applicable to intact plants because the situation in in-

tact plants is mors complicsated.

In the present experiments possible differendes in

permeability at low and high calcium plante were nmeasured dy:

1. Peeding the labelled ions to the plants and determining
their losses to the non-labelled solution.
2. Tetermining the losses of naturally occurring ions (emino

ucids) from the seed to the culture solution,

6

24 3% and Bbd o

The radioactive isotopes used were Na , Cl

GENERAL METHOIS

Experiments were done with Hordeum vulgsre both during
gernination and 1st leaf atage. Culture methods were the same &s
described in Chapters 3 and 5. The basic solution was /40 strength
of full nutrient and FaCl concentrations were O, 50 or 80 ne/i and
ecaleium concentrations werc 9.2 and 0.8 ne/i. These two e¢alciunm
levels with NaCl will be referred to &s low and high calcium re-

spectively.
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Sap~line of nlent materials After the period of trecer

sbsorption, plents were rinsed for T mimutes ia eold ‘non-
lapelled) oculture solution, &nd zepareted into shoota and
ro9t8. H95te were dried beiween tissue pepers and fresh or
dry weights determineds Purther details mre given in the

sppropriate sections.

(11) Memsurement »f radiosectivity: Hedioactive itracers were ob-

tained frow the Australisn Atomic Energy Comnission. Kaﬁ4
and kbse were up lied we chloride salin end Ql’b ag the
%6

sodium swlt. 217 was cournted both es licuid and solid. Por
solid cournting ssmples were ground und zspread uniforwly on
nlenchets ané counted with & wice end-window counter. Lisuid
count ing of 6136, ka2 ond 1o”® wes done in & MX 124761 liquid
Geiger Muller tube. The plant tissues were treated with dilute
nitric meid and poiling distilled water o extract %b”ﬁ and
i.-;nm #ad the total volume made tu 15 mi. Total oounis for
ssch gesple were minimally 100 disintegrationa, snd =t high
qounsing rates counting was comtinued for st least 5 minutes.
The csunta were converted to micro-equivalents per gram of

fregh or dry welight.

{111} Chesical: <eleium wae determined with en Atouic sbsorptior

speetroriotoneter { D&RVic 1553) and sodium and woimasiun vith

an LEL flere photozeter.
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Individusl Experiments

Amino acid loss from germinating seeds. Expte l.

Culture dishes contained 12% ml of aolution. Esch dish
had 50 seeds and there were 2 dishes for each treatment. NaCl
vas at O and 30 me/1 at low and high cslcium and the seeds were
germinated in the treatment solution. Loss of amino acides was
determined to the culiure solution in which the seeds had grown
for 24 hours. This solution was ssmpled and then reduced to 2 ml
after which amino acids were determined by the ninhydrin method
(Yemm and Cocxing 1355). The experiment was continued for 5 days
efter commencement of trentment.

61%® 10ss. Expt. 2.

This experiment was done during the lst leaf stage. NaCl
at 50 me/l at low and high caleium was labelled with 0136 and treat-
ments were continued for 30 houra. There were % replicates of 4
plants each in each treatment. 3eventy two hours after tracer
application one group of plants was harvested (this harvest will be
referred to as Hl)’ enother group was transferred to non-labelled

solution and 0156

loss from these plants was messured at intervals
of 1, %, 5 and 3 hours. At the conclusion of loss measurements
(80 hours after tracer application) this group was slso harvested.

(This harvest will be called 32).



_;}6 uptake at low &nd higgACa++ zy affected by HaCl. Expte %

This experiment was done at the ls: leaf stage. c136
uptake was determined when HaCl treatment was imposed for short
and long durations. In the short term sxperiment plants were
treated with NaCl at low and high calcium for 2 days and then
tranaferred to 0136 labelled solution for 1 hour for uptake

meagurements.

In the long term experiment pretrestment with NaCl was

for § days and 0136 uptake was measured over 6 hours. There were

2 replicates of 4 plante each irn esch treatment.
24

Na' loss and upteie et germinestion. Ixpt. 4.

Treatments were the same ss for the smino scids (Bxpt. 1).
Control treatment i.e. without ¥all hsad to be omitted since the
basic nutrient solution had no sodium that could be lebelled.
Culture dishes had 16 seeds, and there were two dishes for each
treatment. 4fter 4 days of Na(l treatment the solutions in the
dishes were replaced with solutions of the same comrosition but con-
taining Naz‘. Seediings wers allowed to abhsorb tracer for 20 hours
and then transferred to non-labelled solutions. At the time of
tracer removal plents were gampled for uptake measurements. The
losa of tracer was determined by counting the culture solutione as
well as by tissue analysis at 2, 3, 5, 3 hours after tracer

renoval.



éﬁ upiake st ist leaf stage. Expt. 5.

This experiment wis done Bt the lst Leaf atage. XNall
ves at O and 50 we/l st low and high osloium. There were two
repiicates of 4 nlmnts eachk for euch treatment. Phe plants were
first hrested with HeCl for 4 deye snd then uransferred to fresh
trestment solutions which were labelled with ﬂaz*. K#24 urtake

whg menmired in each ftrestment by ssmpling plante A&t intervala

of 1, 5 and d kours.

K loss and uptake fros intsct slants. Exst. &

Yhie exnerivent was done &t the lst leaf stace. HaCl
was @t U and 50 ee/l wt low snd bigh csleium. There were two
renlicates of 4 plants sach {or each treatasnt. ?Plante were treusted
with %uCl for 5 daye belfore iransferring them to the Lracsr solution.
Three replicutes of euch treataent wvere harveaged wrior to tracer
spolications This harveet will be gnown as %1. the rest of ihe
plants vere transferred to the respeciive srsatmeny aslution in
which »o%tassium veas lapelied with %b;ﬁ. The unriske wks aessursd
by harvesting 2 replicates of esch treatment =%t inServals oi 4,
16 and 24 bours. After the cbsorption paried, the lossz of tracer
wes determined Ly transferring 3 replicates fros each treatment to
non-latelled solutions. These non-labelled solutions wers replaced
at 2, 5, 16 and 24 hours. Totessium coucentrition irn all hurvested

sumnles was determined oa the flaeme photometer.
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é’lﬁ?t- Te

In order to kuow how cuickly pewmsablility changes sre
induced by KaCl trestanent, plants at lst lea! stage were treated
with 50 me/l of 1aCl at low mnd high caloius for & period of 1
t0 4 days. There were 2 replicates of & plants each for esch
treatment. The excissd roots of these nretrested vlants were
transferred to sersted trestment solution at 25°C in which POt
sagivm wes labelled with %bgﬁ. Uptake mengurexsnts were done by
teking esmples wt 24 hours after Lﬂ’é apriigktion. The Loss of
tracer wis meagured by tranaferring the slante %2 non-lnbelled

solutions snd the loss waas meksured siter 2, &4, & and 3 houre.

£ uotake by exciged leaf tissuss. Lxnt. G.

Plants vt the lLat leef stere were trested with O and S50
ne/l of KeCl at low and high caleiuw for & périod =7 £ deys. There
wore ! reéplicetes of 4 plants esuch for srch treatment. 1he jeaves
of these pretrested pilants weire ¢ut inte siices 50U u thick kcoord-
ing o the method of smith and Lpstein (1364j. The slices were
trangferred to aerated trentasnt solution ws 2598 in which potassium
wag lubelled with tbﬁs. Hbéﬁ vas messured by tsking sermles &% %,

1, iiy 2 mnd 45 hours.
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Kb, K and ca'" ooncentration in intsct plants as affected by

Nagl at low end high Ca''. Expt. 7

The design of the experiment was identical %o the ex-
cised roots experiment (Expt. 7). Sodium, potassium and calcium
concentrations in plants were determined chemically by enalysaing
roots and shoots for these ions.

24

¥ffect of DNP on Na ~ uptaie at low and high cd**, as affected

by NeCl. Expt. 10

This experiment wus done at germination stage. Plants at
low mnd high celcium were treated with KaCl (80 me/l) for 4 dasys.

24

They were then trensferred to K&  labelled treatment solutions

with and without DN¥P (107°M). The number of replications was the
same as in ¥xpt. 3 na?‘ uptake in the shoots and roots was

measured at 6 (ul) and 12 (Hz) hours after tracer application.

RESULTS

The loss of inorganic ions from plant tissues has been
shown in the Figures by calculating the percentage of ions retained
at different time intervals after the reumoval of tracer. The ion

content at the time of tracer removal {time 0) was taken &s 100 per
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276 10sS IN U.ECUIV/GM IRY WEIGHT MEASUKED OVER
1 TO 8 HOUKS FROM PLANTS AT IOV AKD HIGH Ca'’ As

AFFECTED BY FaCl (50 me/1)

Trestments | 1 hour | 3 hours | 5 hours {8 hours
b
+4

Low Ce 2.73 663 12.78 19,16




PIGURE 4:1

Effect of KaCl (50 me/1) in Hordeum vulgere
at l/40 nutrient (low Ca ') and &t 1/46 nutrient

+ Caleium of 3/'40 outrionts (high ca' ') on

(A) Amino acid 1nss at germination stages

(#xpte 1 of Chanter 4)

36

{B) €17 loss of lst leaf stage

(Expt. 2 of Chapter 4).

{C) 01°° content of shoot and roots st

first and finel havvests,.

(Expte 2 of Chapter 4).
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cent and the percentaze of ions roteined was obtained froa the
¢ifferences in ion content at subseguent seriods fros that st

time O

Amino meid ioss al germin&tion.  Hxnts 1.

In all sreatments aaing sc¢id lossea were high at Tirst
but decresxsed with tixe sfter the first day. Loseses 0f szmins soid
were zuch higher from iow than from either contrsl or high crlciua

{Pig. 4:14).

0136 10'!. Gxnte 2o

. - -6 . =
At both levels of ealcium, ¢l losa to the saluition amiter

2 days of labellimy wes zrester in the first hour thar during the

subsecuunt hours (Fig. 4:18}. ZLow calceium plante lost more 0136

then plents in high celciume Table 4:1 gives the absoiute zwount

of ﬁl’b loss st low and high calejum. In order t3 xnow whether 0156

Y B ' - 36
losas ocourred “rom shoost a2y roots, 613

eoncentrution of these
organs aut 77 iﬁl) aund 80 {Hz) hours were vlotted (Fige 4:1C). From
this figure it apresrs thst only roote of high and low ezleium plants
snd shooss of low celeium plenis lose 6136 but the loss Trom ashoots

wag not statisticully signifiocant.



FIGUEE 432

Effect of NaCl (50 me/1) in Hordeum vulgare
at l/40 nutrient (low Ca'’) apd 1/40 nutrient +
Celoium of 3/40 nutrient (high Ga++) ont~
(A) 128 upta<e at lst leaf stage in
short and long term exreriment.

{Expt. 3 of Chanter 4).

(B) 5624 1oss st germination measured

over 3 hours

(&) in non-labelled solution.
(b) by counting plant tissues.

{Zxpte 4 of Chapter 4).
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0136 uptake st low end high Caf+ ag effected by ¥sll. Exvt. %

In the short term experiment i.e. when NaCl treatment
36

was imposed for 2 days, C1° wuptake into plants was higher at
low than &t high calciua trestment, but when plants were treated
with KaCl for longer perisds 0136 upteke into plants at low cel-
cium wes reduced more than into plents at high calcium treatment
(Pig. 432A).

Na24 loss and uptake at germination. Expt. 4,

Loss: Sodium loss to the solution after 4 deys of NaCl treatment

wes greater at low than at high calecium in all sampling occasions
(Pig. 4:28(a}). This loss st low calcium increased rapidly during
the firat 4 hours but decreased during the last 4 hours of loss
measurements. &t high calcium on the other hand ﬁa24 loss to the
solution which increased slowly cduring the first 4 hours did not

incrense further in the lster pericd. Similarly tO‘Glas

loss, the
only detectable N&24 loss ut low calclum occurred from roots.
The losses measured in solutions were in good sgreement with those

measured by counting of the tissues (Fig. 4:2B(b)).

Uptake: After 20 hours labelling, Na24 uptake in the coleoptiles
of low calcium plents was reduced o 1/2 that of the plunts at high
caleinm (Fig. 432B(®)) but root uptake of 3324 wes higher at low than

at high caleium. It is quite probable that 4 days pretreatment with



FIGURE 433

iffect of RaCl (50 me/1) in Hordeum vulgsre
at 1/40 nutrient (low Ga*$} and’l/40 nutrient

+ Calecium of 3/40 nutrient (nigh Ca'’) on

(a) ga<t uptake at lst leaf stage,
neasured for 3 hours.

(¥xpt. 5 of Chanter 4).

(B} Rhgs-labelled K loss at lat leaf

stage over 24 hours.

(Expt. 6 of Chepter 4).

{c) a6 1abellea ¥ uptaice neasured

for 24 hours,

(Expt. 6 of Chapter 4).
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faltl aigsht have ingronged the nermeability »f the rost cells in
the low caleium trestment resulting tn higher intake {pmesivas) of

at

. in these roots.

Na'uptake st 1st lenf stese. Fxut. 5.

ifter 4 drys 9T nretreutment with NaCl, 3&24 uptace &t
low palcium wes more reduced than a: high caxlolum on all the
sannling occasisne. The Aifferences in 532‘ eongent between nlants
2% high end lowv calclum were Mlresdy Boiparent after 1 hour and be-

came more syonounced with time {Pig. 4:34).

¢ uptaike from inteot plants. Expts Do

Loss: The rate of loss of sotaswslium from nlanmts, se sessured by
ﬁﬁgs lavelling, after treeting plents with Nacl for 5 dsys, wug
hiszher initially at doth levels of csicium, dut slowed later mnd
becamse linear with time {Pig. 433B). This pattern was similsr o
the pattern of loas of umino scids and of C17°. the lose st low
ealeofum was grester than &t high caleium on &ll the samnling
ocgasions. Specific activity i.e. ratio of labelled to non-lsvelled
potassivm war caioulated in the plants from whioh %bﬁé loss wan
slready detarained. The spseifie sotivitiez at low snd high celeium
wore 34025 9nd 416 respectively, sguin showing that the loss of
tracsr was greater in low culofue plants. Tsble 452 gives the pote-
assiun eonoeutr#tiaaa deterained by Lflame photometry prior to

tracer spplicasion.



PIGUREE 434

Effect of 18C1 (50 me/1) in Hordeum wulgare at /40

nutrient (low Ca'’) and 1/40 nutrient + cslcium of

3/40 putrient (high cet’) on

(4)

(8)

(c)

Ro6-1abelled K uptake by excised roots.

Plants were treated at low and high
ealcium for 1 to 4 daya before excising
roots.

Hbas-lnbtllod K loss by the excised roots.
Treatments were same 48 abOVE.

(Expte 7 of Chapter 4).

Rﬁaﬁ-labelled K uptake by excised leaves.

Plants were treated at low and high Gaf+
for 4 days before excising leaves.

(&xpt. 8 of Chapter 4).
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Uptake: NaeCl treatment reduced potessium uptake more strongly in
plants &% low than at high celcium. At low calcium potassium up-
take did not increase with time either in roots or shoots. At
high caleium however, potassium uptake in both of these orgens

incressed linearly after the initial period (Pig. 4:3C).

K'loss and uptake from excised roots. Expt. T.

Loss: FPotassium loss, as determined by ﬁhds labelling, was greater
from plants at low than from high caleium or control plants, on all
the days of loss measurements (Fig. 4:4B). In low and high calcium
the loas was constant for the first 3 days of trseiment with NaCl
but sloved down on the last day. However, in the controls, the
rate of potassium loss remamined unchanged throughout the experi-
ment. The absclute amount of potasseium logs in the two treatments

ig given in Table 4:3%.

Uptake: The ability of excised roots to accumulate potassium wes
more reduced at low than at high oalcium for the first three days
of treutment with ¥aCl, but on day 4 there was s rapid increase in
potassium uptake in low but not in high eslcium (Pig. 4s544). This
could have been due to increused permeability at low caleium om
day 4 of pretrsatment with NaCl which enhanced potaszium intake

into roots.



TABLE 4:2

K" CONCHNTRATIONS IN ME/100 mg DRY WEIGHT IN PLANTS A7 COBTEOL,
LoV AND HIGH Ca’ AFTER 5 DAYS OF NaCl APFLICATIOR, PRIOK TO

Hbas APPLICATIOR
Treatments | Shoois Roots
Control 30ts | 150%5
Bigh ca™* | 6224 | 35'3
Low ca'" | mlss!| 1201

71



PABLE 413

¢ *T03S 43 MEASURED BY RLCC LABELLING TV U.E UIV/GM DRY WEIGHT

FROM BXCISED LOOTS AT 10W AND HIGH Ca'" AS APFECTSD BY NaCl

(50 me/1) TREATHMINT FROM 1 T0 4 DAYS

Treatments |1 day |2 days | B days | 4 days
High ¢a'" | 1.6 1.5 1.7 1.5
Low Ca“‘ 1.4 1.6 1.3 306
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K+ug;ake in excised lesaf tissues. Expt. 3.

The effects of high NeCl on the uptake of ions by leaf
tissuss is still unknown., Under seline conditions ions, along
with high WeCl, are expected to be trsnsported in the trans»iration
stream. The mechanism of their entry into leaf cells would be
helpful to the study of plant responses to seline substrate. In
the present experiment, && the plants were pretremted with NaCl
for 4 days, potassium intake was higher at low than high calcium
(Fige 4:4C). This higher intake could have been due to increased
permeability as noted for excised roots after 4 days of FaCl pre-
treetment. This result is in sgreement with ths conciueion of
Smith and Epstein (1964) that leaf tissues behave similerly to

root tissues in ion absorption.

Na; Kfand Caf%oncentrations in _intact plants trested with NaCl at
low and high ca'’. Expt. 9

Sodium: Sodium uptake into roots and shoots of control plants was
low throughout the experiment. In the NaCl treatment sodium con~
centretions of shoots were higher in low than in high calcium on
the first dey of NeCl applicstion but on subsesuent days, sodium
concentrations in high celcium treatments were more than in low
ealeium {Fig. 415A)c Simlilar trends wers notsd for the sodium

concentration of roots (Pig. 4:5B).
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Effect of #aCl (50 me/1l) in Hordeum vulgere

et let leaf stage at 1/40 nutrient (low Ca ')
and 1/40 nutrient + Calcium of 3/4@ rutrient
{high ca’ ") on sodium, potassium &nd celeium
concentrations of shoot and roots when the
plants were treated at low and high catt for
1 to 4 dsys.

(Expt. 9 of Chapter 4).
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Potassiums Potsasium concentrstions in plants in decreasing srder
were - control = high caleium > iow celcium. The potassium con-
centration in the shoots increased rapidly in controls at first
but did not change two days after KaCl application. In NaCl trest-
ment, potassium concentrations in shoots {ncreased with time at

high but not at low calcium (Pig. 4:5C).

In roots, on the other hand, there was a rapid decrease of
potussium at both levels of calecium on the first and gecond day of
NaCl application and this decrease was more pronounced at low then
8t high caleium. After this period, however, potassium concentrations
did not decresse in high calcium roots and st Jow calcium the de-

crease was not pronounced (Fig. 4:5D).

Calcium: Calcium concentrttions in shoots after 1 day of EaCl
application were similar in control and high csleium plants and
were greater than in plants at low calcium (¥ig. 5:4E). The
caleium concentration in control plants incremsed rapidly betwsen 1
to 3 days of HaCl application and the increase at high caleium was
less pronounced. Caleium concentration of shoot at low caleium and
that of roots at high ealcium and of control treatments did not
change with time. On the other hand calcium concentraion of roots
of low caleium plants decreased linearly throughout the experimental

period (Pig. 4:5P).



ThRLE 434

SPPECT OF NP ON UPTAKE OF Neo' AT 10w AND HIGH Ca'’ AS APPECTED
BY 5acl (50 me/1}

Uptace was memsured =t 6 end 12 hours after DFP apnlication

Na u.equiv/6M Presh veight

Kl {6 hours;

Ko DRY S@P

High &' " Shiot | 6.7 2.4

" hoote 14.5% Gold

iow Ca ' Shoot 2+8 E2Y4

“ " Hoots 155 14.4
H, {12 hours;

High Ca'’ Shoot | 17 10

" ® Toots 2%4% 22,3
Lov Ce' " Shoot 59 65 |

® " Roots 29.6 27.5
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& » Tign i aaia e "
gffect of U7 on Xs uptexe @t low and bigh Ce s wifected

EaCis  Exob. 12.

in the plants pretremted with Zall for 4 deys ot high and
low eeleium, sffects of IHY (19“5ﬁ) sn ﬁaal aptaks Reasured &% 6
and 12 houras after IX¥F appliestion s#re shown ip Table 434. It
will be poted from the teble that 7 atrongly reduced Eazﬁ untaxe
at high csleiua in shoots at both 6 and 12 hours of DEP treatament)
raot uptaze was also reduced at 12 houre though not 83 strongly as

’ .2
at & nours. &t low caledum, Ha  upta:e into shoot and ruots was

not arfeated by IEF at either sampling tines.

DISCUSLIGH

Galt uptake in planis 18 & dynamic system, ions moving
both inwarde and outwevds o7 the cell. Net urtuse of ione ccours
wihen inflow excucds sutfiow. With an ingrease of internal selt con-
centrssion of tissues the sutflow of lons nilss increases. Juch &
1ome or eiflux hae boen cbserved in various plamt orgens, such 68
oot Gises, excimed riots, healthy shoois and intect plante. In
the pressnt experiuenis loss of emino sclds aad potassium from ¢on-
trol plants shows that thie loss was due 1o normal phyaiological
conditions. However, superisposed upon this loss are the patho-

toical conditione, particularly those which dumese aembrancs
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{thoday 1318), which e¢nhence the loes of ione from the plants.

In the nresent experiments the greater 1osas of ions ot
low geleium then st hisgh caleium or ocontyrol was therefore related
to mexnbrane nermeability indicating that the cepacity of ion re-

tention was reduced at low culcium.

Generally, the loss of ilons to the medium 68 observed
shove 18 greater in the high aslt plants than in the low aalt
rlunts {long et al. 1956). In the present experiments the initial
ion eoncentrasion i.e. corcentration bhefore messuring the loss,
vis higher in high caicium thaen in low celcium planis. Yet the
plants at high cileium lost lees amounts of these sults comoared
to low calelium plentz. Thiec obaervation sur:orts the sssumntion

thas sermaabllity iv low calcelus clante hee bHeen incressed.

Other conditiors, 1ntarfaring.1n the fixation of ions
intoe metabolic intermediates i.&. in the Lfoyxmation of complexes bis-
tween ions and orgenic protoplusmic corstituents, also result in
the relesss of these¢ ions to the medium. Thus long [19%6) reported
greater loss of potessium in the durk-grown seedlinms than thoss
grown in the light. In the present experimenta lose of potassium
&t low csleium level might heve zlso bsen due to & lask of ite

astabolic fixation in addition to increased rermesbility.

The disturbed metabolic eosnditione at low galcium are shown
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by greater losas of smino ascids (Expt. 1). It wmay be noted that in
this treatment substantisl amounts of amino acids were lost even
after 1 day of NaCl application and the presence of high calcium
had & protective effect against these losses. This first day
observation suggests that reduced cell synthesis, preventing the
utilization of amino mcids, contributed to this loss. On the sub-~
sequent days, however, when roots had emerged, both reduced
synthesis &nd incressed permesbility of root cells would have been

responsible for the loss of awino acids..

Lose of potassium und caleium from the roots noted in
Experiment 9 (Fig. 4:5D and F) also shows that 1 day im0l treatment
resulted in the loss of inorgenic ions s well. In excised yoots
glao, notagsium loss at low calcium wes greater after 1 and subsequent
daye of NeQl spplication than et high caleium. At both levels of
caéleium the potassium loss did not apparently incresse with time
(Pig. 4:4A). 1In fact, the absolute smount of potessium loss from
low calcium roots {Table 4:3) increased with time after NaCl eppli-
oation but this was grestly uaszed in the Fig. 4:4B on day 4 of NaCl
application by higher potmssium intske (probably vassive) due to in-
crezsed permeability. It has already been stated that the results
¢f loss experiments &re expressed as percentages of total content.
Calcium concentrations in roots &t low calcium ireatment decreased
progresgively as the length of KaCl treatment increased {Pig. 4:157%).

Calcium uptake into shoots at low calcium did not take nlmce during
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the vhole sxveriment whereas at high calcium and at control,
calolum unteie into shoots incressed with time and there was no
loss of calcium from the roots. This suggests thst increased
rermesbility 8% low caloium aight have been due to lowsr calcium
enncentration of the plant tissue and Marschner {1364 has zlso
shown that celcium deficiency in barley roots results in pot-
assium luss. Loss of inorganic ione &t low ealcium did not
oceur from ehont, a8 retranslocetion of lons from shoota is very
insignificant (Greenway und Fitman 1765 ;. In kxperiment 6 the
plants were Tirst trested with NaCl for 5 days befors ﬁbﬁs aprlic-
ation for potessium uptske snd loss weasurements. 7his long pre-
treatment with ¥aCl had greatly reduced motassiun concentrsiion
of r>ot8 at low caleium trestment {Table 4:21, presunably both by
lower uptake &nd greeter luss st low celeium shen &t the high
ckleiun freatment. Yet the results showed thar loss »F tracer
waes greater at low then at high caleium, indicsling that % deys
pretrentsent with Xall had conglidersbly damaged the root ceils so
thet trecer asbsorbed in the 24 hours after pretreatment was lost
more ranidly from low than high cslelus plants (Fige 4173B).
"0881bly this greater loss of potsssium et low celeciun than st high
ealclun cuild bave been detected in a shorter cretremtment with

Na(l ass suzgested by the results in wxperiment 9 on potassium losa.

28 ' s
In the 17 -lo8s exncriments, plants were growing in the



tracer solutions for % dasys. Chloride concentrsiions in »lants at
low and bigh celciuz were 63 and 10U sicro enuivslents rsspectively
after 3 deye of trucer spplicution and the mmount of chlorids lost
to the medium in the & hour period was 19 and 14.5 micro equive
slents resvectively {Pable 411). Pitman (1965) stated that voots
in & steudy stute systen come into flux equilibdbrium vith the sure
rounding mediuw. This means that 4in order %o cowmensute for the
losr of chloride, the roots must have had & considerable uptake.
Chloride lass {rom the rlent me rerorted in the vresent echepter

may elso be consmidered in terms of chloride regulation suring X¥agl
treatoent s investizated by Sreeaway and Thooke {1365). These
authors could not detect chloride loss 10 the solution But shoved
thet chloride wes regulsied durlng transfer from root te t4e shoot.
In the present expuriments, as already stated, chloride Yoass £9 the
solution wes detected. Chloride concentyatione of roots which veach
enuilibrius with the survounding medium ey then be reslsted by
export so shoots st high culoium &nd losa to the aslutions 2t low
calelume This may be the resson Lor lower chloride concentratione
at low caleiun as for az the rools «re QonCerned. slternunively,
the chloride vorsally leuking out mey be rescouruletes more effice

lently 8t high thea &y low cxlcium.

The resulis of sodium loss st low c¢aleiua are in agreement
with those revorted by Handley et al. (1995} in thet they 21a0 Tound

that loss of previsusly nbsorbed sodium wag less in the presence
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of osleciun and strontium than in its abeence.

Toe chief zembrenes resronsible Tor retaining ions in
the vacuole and cytoplues are the tongplast end plassel ek re-
spectively. Iu the present excerimenis no potential momauremenis
were mide between virious cell nhases and it is difficult to est- -
jmate pernesbility changes in thége meadranes. However some de-
ductions can be made from the present sbasrvations. Chloride and
sodium being non-essential fons mre not setabilically vtilised
and tend to mccuuultite ir the vscuole. Fotassius sleo wcousulstes
in the vacuole to gome extent. Logses of these ions indicated tiwt
the permeability of either tunoplaest ur plasmslenmg or of hoth wsa
affected. it iz not very likeiy thai the permesbility oi the
tonoplest wee involved. Gp the omne hand it is well orotected by
the surrounding goiution and on the sther it wug ghown that roots
at low eslcium trenimeni which were severely affected in prowih,
contained B times, higher chloride snd sodius concentrations than
the medium (Chapter 3, Tmvie %1 %}. Purthev, the loss of smino
moids vhich are norsally stilized in the eviexlasn showed thst
the cersmesnbi!ity of the nlassslemue wes incrensed. This mssumstion,
hovever, should he viewed with ceutiocn as grecter losses of eming
reids in low calcium treatments could alsy He due o reduced cell
synthesis. Inmcreszed perseablility in this treataent ¢ould st vie

& decrecsed orgenizsticn of the protoplesa, and hence & decresged
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loonlization of the intsrmediates resuired for synthesis. Alter-
natively, perseability changes might heve resuited in & more ad-
verse lon unbdalance of the »rotoplmem if.e. penetyution of chloride
and sodiun would have inoressed and 1ose of notsssium and caleium

snhanced.

IOR Ureakk

In the gensral iniroduction it was stuted that interionic
influencez on the uvtake vrocess were studied in the namt st low
electrolyte concemtrasions 2f the sedlud. The oreseni resuliz sro-
vide inTormation on mutusl effects of MNaCl, caloium end sotussium
o8 their ustake behsviour in & asline environment. In the main,
opservationg using radioactive srgers hve confirsed the resulis
of ion uptake verorted in the srevins chiapters which were bused on
che:ical analysis. They kave Rlse given additionml infsraution in
the instances when ior wrtélte wae sessured aver & short interval of
time. #isher sodium, c¢hiovide and votessiuz comcentrations at high
then At low oxlcium concentration renorted in Chenters 2 snd %y both
&t zeedling mnd &t zermination steces, heve mlmo heen found in the
present series of experimenis (Exps. % 2nd 35} Incressed nermenbility
wey partly be resoonsible for lower ionie concentrrtisng st iow
calecium than at high ealeium a2 has bheen gaid in the previsug section
of this chapter, but the follewins diseussion will show That usuake

agy have 21g0 peen reduced nt Jow cslcius tresmtment. 1Iin 508t of the
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experiments reperted in the previous chapters, plant tissues wers
analysed for sadiuam, ehloride andé nrotaspium % days after sl
application when plant growth was also reduced. But ion untake
studies in nlanty treated with Nall for & short seriod ere more
janortunt in releting its effects on growth. Fesults of Experi-
1%

nent ¥ show thet, &% low celcium, uprtake was higher than at

high calcium when HaCl treetment wes imposed for 2 days, tut when
Hall tresteent whRz oprolonged 4o 5 days, ﬁ135 congentration was more
raduced at low than &t high caleium treatment (Plg. 4312A). Sim~
iler resulite for sodium concentretions in plents were noted in
sxperizent 9 {Plgs. 4154 snd B). Fossible cuuses for higher
sodium znd chloride corgenirsiions &t low then &t high calocium in
the initirl period of NeCl soplicetion heave been sentioned in
Chanter . it wes deduced thas these higher sodins and chloride
concentrasiong ot low calcium ¢hsnge the ion belaace of gells and
briug auous growth reduction and losses of other ions due o ine
cresped permenblility in the latier neriod of Hall Zremtment. Hug
the results of Lxperisment % where %aai untake wig messured nt low
and high cualeium frem L 8o 3 hours, in plants previoualy trested
with 2ell ¥or 4 days, show thay ﬁa34 uptake st low calelum wasg lower
thar sy high celelux during the whole period of untake sessursnants
{®™ge 4334). Lower Bodium uptake 5% low thap &% high caleium,
cartiguliarly in 1 hour, is an imporvsant indication that real sodium

uptsice At low celcium was reduced bechuse loss due to nermeavility
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would hsve been uezligible in 1 hour perind, These results show
that the presence of calcium reduced sodium and chloride in nlanta
8o long us the heslth of the plant was not affected by & long i {TH )

treatment,

in sxperiment 3, upteke of calciua wnd potessium &e
affected by %aCl At low and high caleinm were astudied. 2Ttor 1 day
of %aCl mrplication both cklcium and potmssium concentrations in
the roats were redusced at low cnlcium treatment (Fig. 4:5 T and #).
This muet be the reel lLums of caleium snd votasaina frow the roots
of low crlcium pianie since thees roote had higher potassium and
cslcius goncentrations befure Kall mpplicuation. Iq-zhe excised
roots experiment, bhe Uirst 7 duys of %8l trentment showed thet
uptake of jotesgiuw wes grester &t high than xt low csloium {Fig.
4:44).  The sudden increebe iu sotagssiug uptuke after 4 daya of HaCl
trentaent was probauly due $0 incressed sermenbility gimilsr o that
soted in cxeised lenf tissues snd may not be reinted 3 uptake pro-
cezg. These resalis ludicete thet, in & ahort tera hacl trestaant,
patsssiun cuncentraiion at low culcius would heve been reduced oy
lowey usboce ag well 885 incressed loss. The same applies when the
NgCl treatment is orolonged to % daysj thia is shown by she time
crurse AbBorrLiosn curve 2f potasaium uniske by lntact nlents
sreated with FeCl at low end high comlcium for % days {sxpte 5y

_ 24
Flae 4:%C)e Similar to the shgervations on Ge° unbexe, potessiom
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upteke at lov caloiun was more reduced than at high oaloium in
the firet 2 hours, &nd also, in the subsecuent pariods, indiomt~
ing sgein that potassium uniake wis reduced rather than notessium

loas incressed.

The need for calciuz in saintaining potsssium uptake
of roots, ug noted in the present experimants, has long been knowne
Jegobson st al. {1950) presumed that the seme mstabolicalliy-
produced binding ions served for the absorntisn of sodium and
potessiun and that rotassium upntske was wnariedly decresssd in the
presencs of increasing aacunts of HsCl. On the vther hand,
Epstein ot &l. (1952) pointed osut that sadium was not comvetitive
with regsrd to K-KEb-Cs sites vhere the resciion wes anslagws to
the coxmbisation of & substrute with an ensyse. Rither of these
$wo posalibilities sight explain the results of the nresent @xperi-
ments. Kpstain (1961) who has shown that onleium is essentisal for
mainteining the integrity of the selsctive jon trunspors believes

it is neceasary to =sintain the call membrane (see Chapter 6).

Ion transsort aoross the nesbrane dependa upon passive
and active uptake. LHP, an uncoupler of oxidative phosrhorylation
and also of cotive lon untake, was used %o establish vhether
setive sodiwg uptaske wie reduced at low ocanloium trestsent when
plants vere trented for 4 duys with HaCl /Table 4:4). "lants not
tranted with [T had a grester sodium concentration in the mots

8t low than at high celcium. 7The resulta of DBEP trestment showed



that higher sodium unstake in roots at low calcium was probably
pussive, because roots of IH¥-~treated plants at low calcium hed
as high sodium concentration as roots with no NP treatwment.
This higher passive uptake at low caleium can «lso be seen by
conoring root uvtake ut low and hizh caleium in the DIP treat~
ment, where the uniuxe ®t low galcium over 6 hours is leass

geansitive to (KN? than at high calecium,

in the shoot, on the other hand, smodium untake at low
oalcium is totally insensitive %o MY, showing that only nassive
uptaze remaing, wheveas at high calcium 8 sisnificant »ortion of
uptuze was active. This observation eatsblished that vhen asub-
jected to high ¥all and low caleium for & days, there is sone
formidable berrier to ion transvort to shoots, since the shoot
concentration remains low thouzh ootz in low calicium contain as
maeh sodium 88 roots in high caloiume This cnild te more con-
clusively desonstrated by showing thut the sodium concentration in
the trananiyation stresm of low esleiun plante is not higher than

the concentretion of sodium in the culture solution.
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CHAPTER 5

PHOSPROIUS UPLAKDE AND MATABOLISM AS AFFECTED BY NaCl AT LOW AND
HIGH Ca' '

Introduction

The previous chapter showed that low cslcium, high NaCl,
jnoressed the permeability of root cells suggesting emong other things
thet the reduced growth alsc observed at low caleium, high KaCl asy
be due partly to loss of some imnortant metabolic intermedistes e.g.
amino acids. &n incressed permeability of the cell mey slso be &n
indication shat the permeability of other cellular comronents {such
as mitochondria) has been increased. If so metmbolisu could be
impsired by reductinn of such reactions as oxidetive vhosphorylation.
phoanhorus ie sn important metabolite as syntheais depends on snergy
trsnsfer by rchosnhorylated compounds. Its retention in the cell

could be expected to be reduced if permeability incressed.

In & saline environment competition from chloride ions aight
slso reduced ohosvhorus levels by lowering rhoarhorus untase. The aim
of the nresent series of exjeriments was 40 determine whether the
growth differences in plants grown in NaCl at low and high caleiun
were associated with the differsences in phosvhorus upteke #nd

32

metabolism. To investigste this vroblem, untakes of »° &t special

times after treatment application, &nd after transference to high



calcium were determined (Expt. 13 upteke of P32 to different aged

segnents of roots was established (Expt. 2). Fnally the incorp-
oration of phosphorus compounds into metabolites was studied by

using 932.

METHO DS
() Generml

These experimente were done with Hordeum vulgare at the lst
leaf stage. BSeede were sown in river sand in the glasshouse and trans-
planted 5 days after sowing to 3 litre culture dishes containing 1/40
nutrient. Each dish had 18 plsanta. The composition of the mutrient
aolution was the seme as stated in Chapter 1. Treatments were im-
posed when the 1st leaf had fully developed. The basic culture sol-
ution was /40 strength of mutrient and NaCl vas at O and 50 me/1
and caleium at 0.2 and 0.3 me/l; these ckloium levels with NaCl will
be designated as low and high respectively. Solutions vere sevated
continuously and replaced daily. In some ceses additioml solution
chénges were given to ensure that phosphorus did not become limiting
for growth and alter the specific sotivity of phosphate compounds.

At harvest, roots were rinsed thrice 4r cold distilled uster or in

treatment solutions to get rid of P32

in the free spaces, and then dried
between filter pmpers. The plents were separated into root und shoot.
Parther details of the exreriments are given in the appropriats

sections.
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Fragtionation of Phosphorus Compounds

The procedure consisted of extracting the phoavhorus
compounds with seid, then f@etermining these compounds by quentit-
ative methodss The scid extraction method was thet used by
Ioughman and Martin (1957) who showed that grinding barley roots
at 3 to 4°C in 0.2V HCl extracted inorganic ohosphorus, sugar-
phosphetes and nucleotides. The quantitative determination of these

phosphorus compounds was carried out in the followins way:-

Orthophosphate: The two colorimetric methods which &re commonly
used for determining phosphate content are those developed by

Allen (1940) and Fiske and Subbarow (1925) as modified by Bartlett
(1959)s These methods are not satisfactory for determining
inorgaenic phosphorus in the presence of organic shosphorus ss errors
may be introduced due to hydrolysis of phosphate esters and poly-

phosphate.

Marsh's (1959) method of inorganic phosphorus determin-
ation prevents rhosphate ester hydrolvais and is more accurate and
sensitive. In this method molybdate-catalysed hydrolysis of ATF
is vrevented by butanol sxtrsction of phosvhomolybdate and removal
of excess molybdate &s a citrete complex. 3ince, in the vresent
experiments, the acid root extract contained both inorgeanic and
organic phosphorus the method of Marsh was used. & brief de-

goriytion of the procedure is as follows: From 10 day old barley
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plénis root semiles weighing 2.3 to 0.7 &88 were taken. The roots
were washied thrice with distilled weter and Blotted between tise
sue nener, ™ eton the wensbolic activity, raote were then
imaedintely traneferved to 5 dee- frevze unit. Subsequently they
ware ground for & minutes with 2 lots of 10 uj of Ue24 HUle The
totul volume was made to 30 2l in destic gentrifuge tubes. ihe
whole operstinn wes carrisd out in a gold room. The cell debris
wa3 removed by centrifuging at 300 for 1% minutes. The BUDET
netant wvae used for weasuring inorganic rhosphorua, suger shog-
rhete and meleotides. Por inorgenie phosphorue defernluution, 1
to 2 »1 wee {ransferyed %o a fent tube end the foliowing were sgded:
% ml of delowiied water, § wl of Bulanol, and U ml of molybdate.
The contente were mixed, then L.2 ml of godium citrate, sH7, was

Loust of 3 ml of wpner

fas

fadded und the contents wvere mixed againe An a
rhese was strangferred to o glass centrifuge tube and centrifuged
for iU wmimuies So vemove the lust droeplets of water. ‘wre of the
unrer phése weg thern decented intn & apectrophctometer cell sud

the sbsorbvance messured mt %10 mu.

SugBr shosrhate Endé pucleotides: These ¢ mrounde were de-
Germined by nydrolysing thes inte inorganic forme To 4o this % al
of su;ernetent golution was transferrcd to & 25 ml Zjsldah] fiasx
and 12 ©ls 2f cong. ﬁﬁﬂ3 and 1 sl of HCI-’J4 {762) were sdded and the
mixture gently hested until & vigorous reaction toox rlece. The

residue wes trunsierved with successive washing in%0 the neusuring
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flask snd the voliume made to 25 ml. 4n a&licuot of % =l of this
solution wis used to determine inorgunic phosphorus as desciridbed

above.

Residual Fhosphorus: The residue of the initisl extract was
transferred to Wjeldahl fimsk by successive washing with watey.
The wvater was evaporited at 110°O ag the addition of acid in the
presence 37 water accelersted bumping. Digestion was carried out
ez described for sugayr phosvphates. The residue was made ur to
100 mls an alinuot of 2 ml of this solution wes taxen for ine

organic nhosvhorus deteraination.

Potal Phosphoruss Oven dried roois welighing 0.0% t. 4.0% zam were

transferred ¢o Hjeldakl flask end totsl phosphorus determined aa

described for wesidusl nhosvhorus.

Chromatoreraphy: Paper prrtition chromatogrephy was used. The

rrocedure described by Beilerki and Young (1363} was followed.

Yarisug solvent avateme were tried. 7These included -

le Golvent tertliary putanci/vater/pieric soid.
2. Solvent isonropy! ether/formic ucid.
3, Methanol/formic acid.

4. Tertiary amyl nlcohol/wﬁter/formic acid.

Vaolume ratio snd kefs velues are given in Appendix II. The last

solvent (waiker 1957) wae used in the present experiment as it gave
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better separation of phosphorus compounds. Aeid and aleoholie
extractes were reduced to suitable volume by evaporation under
vacuum &% temperatures below 30°c. 100 mierolitre of these
extracts was spplied to acid washed Whatman No.l paper and chrom-
atogrammed in the descending system for 24 hours at room temper-
ature. A mixture of marker compounds was run beside the unknown.
The spots were sprayed and developed under ultra violet light.
Radiosutographs of the chrowstograms were developed by placing
them in contact with X-ray film for 5 deys and the activity in the

spot was counted with an end window counter.

BXPsRIMENTAL DETAIL

P32 uptake &t hich KaCl ss affected by high and low cat, Expt. Lo

In this experiment, planta first grown in RBaCl solution

&t low and high calcium for 1, 2, 3y 5 and 6 deys were transferred
to the respective trestment solution which was labelled with ?32_
The radiocactivity in the plants was counted sfter a period of 6
hours. Table 511 gives relative counte of P32 i.e. counts per
mimte per 100 mg dry weight of semples. There were two rep—
licates of three plants cseh in each trestment. Since this
preliminary experiment showed that m52 uptake was higher in the

ghoot of high caleium plants, the naxt experiments wers designed
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to estublisk the speed of recovery in E32 upteke upon calcium
&#ddition to planta previously treated at low caloium ievel. The
recovery was studied both in the short term and long tere

experiments.

In the short ters recovery experiment there were two

trestuents aa follows:

Low ca*" High ca'* tollowing low ca't
Expte (&) 43 hours 8 houre
fxpt. (b) 24 " 24 "

in the long tera exneriment measurements of 952 uptake

were &t the following time:

Ireetmente 3 dsys 5 days 6 deys 3 days 11 days
vov Ca’’ ¢ s * * -
Figh ta' " * + N N »

First low then high
ca™ on day 6

4
+
+

- 4
To measure 9’2 uptake plants were trunsferred to the
trestment sslution containing P e 1.66 wicrocurie/l for 6
houra, and the results are exvresssd &8 counts per cinute per

100 mg dry weight.
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2?? upteke at high NaCl in different aged root segments as affected

by low and high caf+. Exote 2.

32

P”" upntake was messured in different root segments of
plants grown in FaCl at low and high ealcium. In sddition to
other regions the segments included meristematic zone (2t % nm
from the tip). Since, as Kramer and Wiebe (1952) for example, have
shown this meristematic zone is a region of higher P32 uptake, it
was thought that treatment differences might become particularl}
spparent in this zone. Plants were treated with Nall at low and
high ealcium for 36 hours. Solutions in the reepective treatments
were then replaced with fresh solution conteining ?32 &t 50 alcro-
curiq/l. Two plants per treatment comprised a replicete and there

were 2 replicates in esch tresatment. At harvest shoots were 86¢p~

arated and roots were cut into following seguents:

1o Tips 2 t0 % mm in length.
2. Elongation zone, 2 ¢m behind the tip.

%e Hest of roots

Hearvestis were taxen at the folloving times sfier ?32

application - 5 ainutes, %0 minutes, 1.5 hours, 3 bours snd 6 hours.

kesults are expressed as total counts for each zone.
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Concentrution of different phosphorus compounds formed
in the roots of plante grown in NaCl treatment at high and low
calcium were cxamined. Flants wers trested with NaCl st low and
high orleium for a period of 1 to 3 days. There vere 3 revrlicates
of 4 vlants esch. Amounts of phosphorus compounds have bser ex~

pressed as content per plant.

Incummgion af ?52 in dirtcms ghoagho;gg gompounds in NeCl
ireatment at Jow and high ca®t, Expte 4.

As mo significent differences between treatments were
apparent in mgrimt 3y & more sensitive method to detect any
differences btetween the above tremtments was tried in Experinent
4. This wvas done by using ?52 and asksuring the specific activisy
of the phosphorylated compounds in the above treatments. Theae
compounds vere &1s0 separsted by chromatography end per-entage
dietribution of 232 was determined. Length of time of FaCl treat-
ment was the seme &s in Experiment 2. Dishes (250 nl) esch con~
taining 4 plants wers used. Thers were 4 dishes under smch treante
went. Thirty-six hours after the commencement of Nall treataent,
fresh solutions containing P - at 50 microcuries/l were replmced

32

8nd P upteke was measured after 1 hour. Six plants in duplicute
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were used for each harvest in each treatment. ¥oots were extracted
in 16 ml of 0.2N formic acid at 4°C and volune made to “3 nml.
Formic acid was preferred to HCl as it is easy to evaporate under
reduced pressure for chromstographic sesaration. The other 4 plants
were used for aleoholic extraction. To do this roots and shoots
were extracted with boiling 80% ethyl alcohol and then with 507
ethyl aleohol and finally with distilled water. The combirned ex=
tracts were evanorated to A small volume under low pressure. This
was done as & check on the acid extraction process. The scid
extracts were fractionated for rhos-horus compounds. PTotel counts
and specific activity were measured in these comnounds and results
are exnréaaed as content per plent. #4n additionsl set of 4 nlants
in each treatment was used for total phosvhorus determination.

Extracts of the different fructionations were saved for chromato-

g aphy.

PRSULTS

32

P~ upteks 8t high FaCl ss affected by high &nd low ge' " over short

Hesults are presented in Table 5:1. P32

uptake by the
shoot was lower at low calcium than at high caleium. This differ-
ence wag a&lready rromounced i dey after NaCl application and be-

came very large after the treatment had been imposed for longer



TABLE B:l

22 UorARe AT HIGH 4ED LW Ca’’ EYPHESSKD AS COUNTS PEK
100 mg Y GLIGHP AS APPSCTED BY KaCl APTux ITS APPLICATION
FROM 1 T0 5 DAYS. Po° UPPAKE WAG MEASUKAD OVER A 6 HOUR

PERICD
Low Ca High Ca

Bln atter |
GaCl Shoot Roots Shoot Roots

. Applieoation

1 | 190 | 1017 320 | 1650
2 \ =m8 | 2200 5710 | 15%0
3 | 180 440 | 7129 4113
5 480 | 25%0 1150 4200
6 | 329 2600 1120 3650

¥ These experimemis wers done at different tines.
Therefore the values of gounts at lov &nd high ca™’
are ocomoarable only on the days indicated and

cannot be used in & tize sequence.



FIGURE 5311

Effect of WaCl {50 me/1} in Hordeum vulgare
at 1]%0 mutrient (lovw ca’’) and 1/40 nutrient
+ Calcium of /40 mutrient high ca' ') on p°

unptaxze.

lecovery in ?32 uptake upon extre Celcium
addition to plants previously trested at low
ca'’ was messured in both short {A) and long

32 uptake was measured

(B) term exveriments - P
over 6 hour neriod.

(Fixpte 1 of Chanter 5).
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FIG. 5.

SHOOT

( A) SHORT TERM

RECOVERY IN P UPTAKE

Low Ca 48 HOURSTHEN {b) LOWCa 24 HOURS,THEN
HiGH Ca 8 ., HIGHCa 24 4
ROOTS SHOOT ROOTS
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(B) LONG TERM RECOVERY IN P UPTAKE
(3) LOW Ca 6 DAYS,THEN { b)LowCa 6 DAYS THEN
HIGH Ca 48 HOURS HIGH Cas 4
SHOOT ROOTS SHOOT ROOTS
plants at lowca died thersetore
comparasion not possible
‘000 o mE.
1000 —1_1
3000 | T 800 |
2000F
. 400 |
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—~] 0 —_
-
3 0\- * 0 FNs

R= FIRST LOW THEN
HIGH Ca
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periods. During the first 2 days of treatment, vhosphorus uptake
by the root was higher &t low than at high caleium. However,
atter longer tremtment the deleterious effects of low caleium &lso
became &pparent in the roots. In both short term experiments,
ghoot urthke did not rise upon calcium addition to the iow ealcium
medium, though root uptake dropped to the level of high calcium
(Figs. 511 (a) and (b)). when plants were treated for 6 days at
low carlcium and then transferred to high calcium, the P52 uptake
did not recover after 2 days (Fig. 531B (a)) but was restored to

that of high celcium after 5 days (Fig. 5:1B {u)).

P32 uptske at high NaCl in different aged root segments as affectad

by low and high Ca' . Expte. 2.

fesults are presented in Pig. 5:2 for both calcium levels
as well as for the control. P32 uptake to the shoot was lower then
that to the root. In roots ?32 upteke decrensed in the following
orders reet of the roots™ exnanding zone > tips. Tips comprised
4 very small pertilon of total roots but nevertheless showed a

32

large absorption of ! from the medium, and relative to its size

the root tip was presumably the wost efficient absorption region.
In the initial period of %0 minutes there was & shar» rise in P32
uptake in the elongation zone in all 3 treatmentsy this rise

was perticulerly pronounced in the rest of the roots and was fol-

lowed by & stationary ohase snd second rise mgain after % hours of



FIGUEE 532

«ffect of NaCl (5C me/1) in Hordeum vulgare

at 1/40 putrient {low ca' ) ané 1/40 mtrient

+ Caleium of 3/40 mtrients (high aa’’) om

?52 upteke in different aged root segments

and rootse.

(txot. 2 of Chapter aYe
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252 gqpelication. Uptake in tios showed & gradual incresse with

32

tize. 7°° uptaike in control and high caleiua plants was higher

than in plantes at low esleium yet root $ip upteke wes siazilar in

thess plants.

Por the first two days after irectment ves started there
was no difference in the eoncentrations of inorganie phosphorus,
sugar rhosphorua and mucleotides in the roots of low and high
caleiunm plants, though residusil phosphorus wag higher in the high
calciun treatment (?ahlé 5:2}. Three days after NeCl application,
the root fresh weight at low caleium was reduced and 8o vere the
amounts of different phos:horus comnounds compared with the plents
&t hizk esloium. ﬁiduction in amounts of the various compounds
would be expected becsuse 6f the reduced growth snd ro inference
can be drewn ebout the effects of trestment on phosphorus incorp-
orution in particular comvounds. Because of the varianility the
relations between the amounts of the different compounds is unot

clear,



TABLE 512
A Ak e i R Sl (e A Bumee s A v : s ¥
D AMAUNTE OF THUSTHOOUS COMUOUNTER OF HuOTS ELPMESSED AS w on/TLAST AP LOW AND RISH Oa

© PHE PLANTS WEVE MoATED MF 1 M0 % GAYS FITH Bacl. (MEAN STARDARSG WFOF INBICATED)

1 lay freatment

Treatments Fresh weight Inorganic | Sugar Thosrhorus Fesldusl

in g “nopphorus and Eaclsotides Phosphorus

Y 0TS 12,6 = .5 507

4

Kigh s’ 1% 944 13.25 % 2.3

2.5 14.0 I 3.4

[ 3

 tow ca't 11.7 ¥ 0.5 10.6 ¥ oos 5,7

2 lays Toeasment

migh ca't | 11,25 T o.75 | 10.8 2 1.2 2721 | 1 D

;LOH c&’“’. de T i 265 10 i e | o5 : 1ed ’ 1.7 : e & !
% iays Treuiment

Bigh e’ | 1007 11 12.5 2 1.5 | 12 L7 x  taa |

Low 't TeH = Dd 307 = W75 Teh = 143 13 %15 !

* Thuse exreriments were Jdons a2t different tines. Therefore veaiuea of shognhorus

. =4 - . -
compounds &% high and low {8 ars comoarable only in the individual deys of troeatDenis.

001



ntal Phosvhorus: e totsl mhoshhorneg and spagifile setivities

vere similer in the shoois af erntrol =znd of high caleluy [reat-
pent vlunte and were grester than in low calcium planss. siniler

rrends were noted in the roota {rable $:%).

sormic scid fragtiomstiont 1n To0tS, the total counts for in-
orgenic phosphorus vere gresier in the contral end high geleium
plants than in slants &t low esictum, but there wis 19 difference
ir the specific activity of inorgenic phosrhorus netween the
trestmentss Other phognhorus fractions showed eimilsy irends
{rable 31 (B ), exee t thws gounts &nd gueclfic aevivity in

sugay phosphorus were higher in the slanss of high eslcium treut-
ment than in those of either eontysl or low enlciut. mstribation
ot the p32 1phel in different phoarhorus comgounds weeg 00% dif-

ferent in control, high cwuleium and low calcium -lants nor wes the

different {Table S:4 {B)}e

ileoholic exsraction: slenholic extraction showed that total

counte both in roots and shoota were grveater ip control and in

high esleiar olents then in jow caleiun plante (Table 5353

Chronatographic geparations of phnSphorylated comnounds



PLATE 5:1

Autoradiograph of labelled phosphorus compounds in eleshol
and formic acid extract separeted on scid washed Whatman
No. 1 paper in KaCl (50 me/1} at low (0.2 me/1), high

(0.8 me/1) and control (0.2 me/1) Calcium trestments.

Solvent: Tertiary amyl alcohol/water/formic scid
3 ¢ 1 3 k]

The numerals in the figures on the plate in

respective extracts represent the following compounds.

Alcohol extract Formic acid extract
1. ATP/ADP s ATP/ADE
2. PF-1-6TF 2. F=1-6Dp
Be o 1o Pe B Ge Lo PPe
4. 367 4. Ge 61
5¢  Feba¥e 5e FeboPo
6. Fo5e Me 6o HeteT
Te Pelte An Te Unknown
3 Po Lo Fe 3. Palie fie

3 . Fi *3 . A
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of both alcoholic and acid extrmcts are shown in Plate 5:1 and

32

the percentage distribution of P°° in these compounds in Tables

537 and 538. It will be noted in Plate 531 that no cualitative
differences &npesred among control, high snd low calcium plants.
Percentage distribution of P32 also showed no differences except
that the alcohol extract of shoots of low caleium treatments had
& greeter activity than of other treatments, pogeibly due to

phosphoglyceric acid. It must be stated here that the exact

identity of these compounds is not certein sa the spots were not

co-chromatogrammed but were identified by k.f. values.

UISCUS3ION

Most of the studies on nhosyhorus uptake by plants
guggest that phosphorus is re-idly incorporsted inmto organic
form, but that its transport +to the shoots is mainly in the ine
orgunic form (Loughmen znd Tussell 1,57). "he present experi-
ments are consistent with this view since moat ?32 in the shoot
wes in inorganic form (pable 5:3).  Van andel, sriss and Helder
(1950) nave proposed thut three metabolic processes &re ilnvolved
in thoschate uptake (1) accumulation in the cell sap; (ii) meta~
bollc incornoration ints the zone of growth; (iii) redial trans-
vort and secretion to the xylem. Results of ixneriment 1 suggest
that nrocess {i1i) was affected in plants at low calcium, high

Nall, becrnuse shoot untake over short periods was much reduced



TABLE 533

TOPAL COUNTS, P CONTENT AMD SPECIPIC 4CTIV

17Y OF PO

PSR SHOOT AND PER ROODS 48 APFICTLD wY KaCl AT LOW

AND FIGH ca’ '

SHOOT
Treatmcnts | “hosphorus Total oounte | Specific
in pg /nin. retivity
Control 170 46 x 10° 27
High Ca 183 506 x 10° n
Low Ca 110 1.8 x 10° 16
FOOTS
Control 74 15.3 x 10° 196
2z
High 0 T 17.4 x 10° 248
4 167

Low Ca 55 i 43 x 10




TABLE 534

20PAL COUNTS, P CONTENT AND SPECIFIC ACTIVITY
eCl 47 LOW AKD HIGH Ca' ' ; FORMIC ACID EXPRACTION

IN DIFPEREHT PRUSPHORUL COMPOURDG Pl

01

ROT AS APPROTED BY

a)
; Trentments Inorganic Inorganic P & & Sugar Residual
| v 7 and nuclsotide P
%———* CoDeMs P A0 ug|Bepefis | CoPellle ?in ug CeDeRe P 4in uglseneBe | CoDellle P in UZ|BepPefie
¢ ey ' ‘ -
control | 1644 x 10°| 343 | 80 |24l x 51 w0 | 7.6 x100] 6 |1 [1- x20°| 45 1%
Wigh Ca®t | 1405 x 107 | 490 |49 % 103| as.5 |10.4 x 20°| 5.6 | 2000 5.1 x 0} % l1a
“hov ca™t | 13,3 x 107 77 s 20,6 2 107] 3303 | 6.0 x10°| 43 |1 M % wl % |
p) Mstribution of lapel Irom 3¢ in inorgenic F, Sugar P snd residue. P = Phosphorus
e . G.7e = Suger phosphate

; Trcazment:{ Conele Igorganic # | Sugar ¥ | ﬁgsi§ue copeds = Total counts ver aiouse/

?ercentaga »ggrcentagg NETCENLARES. plant Toots.

Contral ! 31625 x 103 52 24 2%.% 8.p.8. = Specific sctivity 1.¢.
|Highcx [ x 0] 41 35 17 SeBeit/ plent
| Low ca 24 x10° 55 27.5 17

Gontrol High Ca Low &
Lo B 445 5.1




TABLE 516

TOTAL COUKTS AKD COUNTS IN TH: :ES1iUAL PHOSPHOKUS, PEF SHOOT

OF Pak RUUT ARL THE RATIO OF T0TAL COUNTS TO COUNTS IN THE

RESIMNAL FHOBPHOWUS A5 AFFECTED BY NaCl AT LO¥ AND Hloe Ca' 'y
ALCOHOL &XTRACTION

3HOOTS
Irestzents Totsel fesidusl Total gounts/zin.
- Gounts/min.| Phosphorue |TWesidusl ‘hosphorus
gontrol 403 x10° | 3.6 x 10 1.2
Kigh Ca 5 x10° | 2.6 x10° 1.13
Lov Ca | 26 x10° | 2.2 x10° 1,32
k378
vontrol | 22.4 x 107 | 5.3 x 10° | 336
High ca | 20,5 x 107 | 6.7 £ 10° 2093

Low Cn 17.% x 10

409 x 107 3,97




TABLE

537

PSKCUNTAGE DISTRIBUTION OF P7° ACPIVITY IN ™HE WURMIC ACID
EXTRACTION OF RUOTS AS APPSCPER BY NeCl AT LOw AND HIGH ca™.
Solvent - Tertiary amyl mlcohol/water/formic acid.

| freatuenss
Compound k. (PGA) % Contr.l gigh Ca | Low Ca
1. ATR/rDP E 4-3 7‘ 3 , 2 trace |
om16 | 151 |23 |25 | oz |
% Gale P 22-36 14.4 19 1445
| 4 Gegers 2-.34 Te0 5.0 | 6.2
é Se ¥efieFe 3145 5.1 E ot E, 30 - |
| 6. %e5. . 55-56 65 | 4 51 |
i 7. Unsnown 66 .trace 1~ trace i trace
e W.@,ﬁ; IIOQ trace i trace traqe
. B1 B 1%4-200 5545 ( 65 €3 |

Lue
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TABLE %518

PURCINTAGE DISTRIBUTION OF P32 ACTIVITY IN THE ALCOHOL
EYTMRACTION OF SHOOT 4ND ROOTS AS AFFLCTED BY NaCl AT LOw
AND HIGH &'
Solvent - Tertiary amyl alcohol/water/formic aocid.

Treatments

tontrol gigh ¢&' | Low o't
Compounds | Bf. (2Ga) | Shoot | Koote | hoot | Roots| Shoot| Koots
ATP/ATP 9 - 1e28 2.01 = 1.72
F=l=6 DP 28 50071 B¢l | 0.53] 4¢3 | Qo™ 5.4
Go Lo Po 34 9.9 | 1649 | 1.64| 15.5 | 6.2 | 12.66
GeBo e 37 - 1.23 - - - -
Fe6.Ps 53 - 6465 | 4.2 |1%.4 |16.5 | 13.04
E=5.T 7 - 2.31 1 2.5 | 3.62| 2.83] 2.14
PuGaiie 100 - 0.6 | 1.5 | 1.01| 7.2 | 1.7%
Pufle P 43 - - 2.9 - 7Q3 e
i 31 73 64 |82 57 66.16 | 63
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compared with vlents st high caleiume.

The higher root upteke in
Tor the first 2 deys in low caloium does not ssem t9 be due 2
& concurrent reduced shoot unteake becsuse the addition of
calcium shoved thet root untake w:s'riéucad to that of the high
calcium level, snd there vas still a persistont decressed shoot
uptake (Pig. S531A). There is no ready exnlanation for the inme

oreased %

uptéke by the roots in low caloium. Pearhsns nerg-
ssbility of some cytonlasmic compartments was increased, Leading
to inoreaced lwakage uf internel phosphate, thus rroviding the
oprortunity for increcsed exchsnge of labelled phososhorue from

the externsl solution.

foth cortrol plants end high celicium, Hall sreated
plante had higher totul phosphorus than ¥aGl treated plants &t
low caleium (Table 553}, This indicates thet phosphorus uptmie
wag not reduced by high chloride conoentration, though such re-
duction has been noted by several othe: workers (Guusasn and
Avan 19563 Terguson and Hedlin 1963}, Caloium, &t lesst st high
Rall, inereuzed phosphorus untske. Such & stimniating effeat of
calcium on phosphorus uptake has been found by Tands (13%%), Palfi
(1965) and Legzet et 8i. (1965). In the NeCl treatment the
higher upteke of phosphorus &t high caloium than at low celeium

osuld have been due %o the following possidilities:
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le JIporessed turnover of a vate limiting Intersediate in

vhosphorus &bsorption {as prorosed by Legzet et &l.)

2. Mstabolic absorntion of cytopluswic sites (as sugsested

by Loughman snd “ussell 1957).

5« Festoration of normal wembrane permeability, theraby

decrecsing leaksge ws shown in the previous chapter.

?’2 uptake in different root seguents and by *he shoot

(8xpt. 2, Fig. 512) showed that maximusm 2

absorntion ner unit
asount of tissue occurred in swicsal meristematic region. Thirz is
in sagreeuent with the results reported by sther authors. However
932 untekes by tips at lov and high caleium and by tins in eon-
trols were zizilar, showing that zeriastemuatic rexions st low
oalcium, high NaCl did not lose their abilisy for insorpavating
rhosrhorus. %¥he natterns of ?32 uptaize in other segments and in

the shoots were similer iu &ll three trestaents.

The gzenersl trende will now ke discussed. UKiebs et al.

{19%4) found little translocstion of o2

from tips. In the »resent
experiment & slow but grecusl rise of 332 uptske in tips for a
period of ¢ hours suggests thet if trenslocetion wae occurricg
from this rezion the input wes grester than outnut. The steen
riee in ?32 urtake of the rest of roots und of the elongetion

sone (Plg. 5:2) in the iritial neriod of 30 minutes and them after
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about 1.5 hours of %racer aprlication, co.1d have been due to
mature cells with larger vacuoles in these regions. In such
¢cells salt untake would be both by absorpiion by the cyto-
plasn snd ebsorption into vecuoles. ¥arhaps both of these
processes ococurred simultaneously so that the &ffect iz & marked

inerease in P32

32

upteake. The stationery chase for 40 winutes
in P°° uptake following the initiaml rise in these regions is
difficult to explaini one nossibility 1s that after the initisl
higher upteke the saturation noint was reachad or the absorbed

32 vas translocated to the shoot. The second alternative is not

P
very likely because at the stationary phase the ghoot uptake rate
was not a8 »ronounced as it wvas later. Furthermore, after the

32

stationary rhage there was a second rimse in P” untsake when cone-

currently shoot upteke was also high.

The differences in phosphorus upteke between high and
low caleium, atimuleted interest in & possible differential treat-
ment effect on phosphorus incorporatiorn into orgenic compounds.
The results in Table 5:2 show that even after 1 day of Kell
spplication the residusl phosphorus was somevhat higher at high
ecaleium than at low calcium. The residue wostly consisted of
micleic acids, phosphoprotein and phospholipids. Amounts of
other phosphorus compounde, however, were similar. Aifter 1 and 2
days of NaCl application, the fresh weights of roots at low calcium

vers 90% and 86% reapectively of those at high calcium {Table 5:2).
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On the 3rd day of treatment when root weight et low calcium was
reduced to 70% of that at high calcium (Table 552), the asounts
of all individuel phosphorus comnsunds at low caleium was also

reduced. But this reduction has little relevance since the

development between plants had becone too diverse.

Incorporation of P32

into orgenic compounds was also
studied. 8pecific activity measurements of compounds gives &
better ideam of turnover of these compounds under different treat-
ments. Results oresent in Table 5:4 show that although amounis

of inorganic phosphate, sugar phosphate and nucleotides were
higher in high calcium and control than in low caleium, there was
no difference in the specific sctivity of these compounds in the
three trestments. This means that rate of turnover of these com-
pounds in control, high calcium and low calciun wes similar. The
specific activity in the reeidue, on the other hand, was somewhat
higher in high caleium end comtrol than in low celcium. Chromato-
graphic separstion involved the measurement of radioectivity in the
phosnhorylated sugsr compounds snd no difference was found samong &1l
three trestments (Tebles 5:7 end 5:8). This suggested that the
metabolic prihway of nhosphorus incorporation irto rhosphorylated
sugars st low caleium, high Na(l 18 similar to that in control

and high calcium. The results nresented above show thet adverse
effects of Kall &t low celcium observed previously could have been

due to reduced uptake of phosnhorus and also due %o reduced rate
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of nucleic acid, phosphoprotein and phosprholipié forastion becruse
of somewhat reducsed specific activity in the residue At low eslelum
treatment, There wee no evidencs in the preasnt experiment that

phosphorylated sugars were concerned in growith reduction.

Apart froms high EaCl effecta st low calcius thess re-
sults may be gonsidered in terms of general saiine conditions on

plant growth. It hae beer stated that salinity reduced growth by

l. Incressed diffusion pressure daficit of the medium.

(Chapter lie
2. lor unbalence. (Chapter 2..
As resgards the D effect, Wilson and Huffaker (1964) could net

demonstrate conclusively the change in the concsntratien of phos-

phoryvlated intermedistes in Trifuilum subterrsneus by increasing

soisiure stress. Such chenges in thelr experiment were only
apparent when severs vilting stage was resghed. At wilting stage,
however, any difference is concentrution has little relevance be-
gause that could be essily sscribed to the difference in the total
phoschorus pool between severely wilted and healtny plemes. The ion
urbalance condition due to salinity in the present experiment also
bad no effects on the concentrstion of phosphorylated sugsrs

{Expt. 44
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Trhese two observations nsartly support the ststement of
Niensn (1965) that salt affected plents sre sssll but have the

same wetabolic capuacity as control nlants.
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CHAPTEK 6

06?5 MOVIMENTS IN PLANTS £ND ANATOWICAL CHANGES TN ROOT TIPS
AT SUBMICKOSCOPIC LEVEL AS APFECTED BY NaCl AT LOW AND HIGH
CALCIUM

Introduction

In Chapter 3 it was shown thai addition of 0.6 me/l
caleium at 1/40 strength of nutrient greatly mlleviated the
adverse effect of kaCl on the growth of Hordeum wvulgare.
caleium concentretion of tissues in low calcium, high NaCl trept-
ment was more reduced than in controls end in high celeiuwm, high
HaCl srestment (Cheoter 4). These observations suggest that ion
unbalance condition &t low nutrition, dus to high HaCGl might
heve depleted calcium frow the olent to the critical limit, and
the growth reduction observed under this condition could have
been as A direct or indirect effect of limited amount of calciume
Growth reductions associated with low calcium, high NaCl were
pronounced mainly in routs and younger leaves (Chapter 2, Chanter
3}, foots and younger orguns are important indicetors of growth
and any condition bringing about the deficiency of & certain

element will be first visible in these orgins.
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The mresent experiments investigated whether calcium
movement, in plants grown in low calcium, high NaCl was reduced
more thsn in plants in high calcium, high HaCl or than in
controls and &ls0 how quickly calclunm moved to younger Organs
vhen low calcium plants wers yransferred to high calcium, high

waCl solution (Expts 1.)

4in sttempt wes also wade to study the anatomical
changes in the root tins at sub-microscopic i1evel in plants
treated with and without NaCl at low and high calcium for &
seriod of 7 days (EBxpt. 2).
45

ca’’ movement at low end high cilcium. (Expte 1)

Methods: Hordeuum vulgare gt 18t leaf stege was useds Gulture

aethods were the same &8 descrived previousiys

Trestment: NeCl was at 0 and 50 me/l and caleium et 0.2 and 0.8
me/l. 45 in other chepters these two levels of calcium
with NaCl will be called low and high respectively.
3ince calcium movement using Ca45 was determined in
both shori &nd long terd experiments, first harvesst (El)
was taien 1 day efter tiaCl application and the second
harvest (Hz) 5 deys later. To note the recovery in

calcium movement following calcium addition, one group
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of plants previously treated with low calecium for 4
days, was transferred to high calcium solution prior

to second harvest. A% each harvest, plunts vere trans-
ferred from green house to constant temperature growth
cebinet. In order to have the same specific asoctivity
in &1l three trestments, Ca45 was added to the culture
solution at 80 microcurie/l in high calcium and 20
microcurie/l in low crlcium @nd control treatments.
Plents were allowed to absorb tracer for & period of 1
hour &nd then returned to non-labelled golution. At the
time of tracer removal the first samole was taken. This
is designsted as 1 hour (samnle). subsequent samplings
were at 5 end 24 hours after tracer removal. At each
samnling occasion 2 plants in duplicste under each

treatment were removed and radioautogrévhede

For radiotatography plant semples were dried and placed
on a sheet of blotting paper. These semnles were covered with
another sheet of blotting paver, &nd pressed gently for a few
seconds and then trensferred to fresh sheet of blotting DRDET.

. sheet of &luminium foil 0.0C01 ins thick was placed on the top
of the plsnt specimens &s well as underneath the blotting paper.
in the derkroom & sheet of Rodak X-ray £ilm wss placed on the

upner sheet of ajuainium fo1il end the whole lot was put between
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$wo sheets of 4" thick polythene Toam. The verious layers were
kent in position by plecing two hesvy gless sheets on both sides
of polythene foam and fitting them closely inside cardboard cases.
™he cardboard cases were wrapped in black paper to exclude light
and placed in refrigeration at o’c for 30 days. After this
period the cases were reonened in the dark and the X-ray film

develoved.

inetomieal changes in the root tivs of nlants trested with NaCl

at low and high galcium, txpt. 2.

Method: Hordeum vulgare &t lsi leuf stage was used. NaCl and
celeium levels in culture solutions were the same &as in
ixweriment 1. 7Flants aii low and high calecium were
treated with snd without EsCl for 7 days wnd then
harvested. 4t hurvest several root tips { 2mm long)

under eech trestment were sampled for electron micToscony.

#ixation of the material for electron microscony

i 24 wmffered solution of KMNO4 {veronal acetate pH 7.2)
was the most satisfactory fixative. Hoot tins 1 mm long were
fixed for 2 hours at room Lemnerature, dehydrated in a graded
ucetone series of the following strengthi-

(25% - 30 minss 0% - % minsy T5% plus 1% phosphotungstic

acid and 1% urenyl ecetste overnights 95%, 100% 1 hr each).



PLAME 6:1

ca‘s radioautograms showing the distribution of
labelled calcium, 1 hour aftér its application
to the roots via treatment solution. Plants were
$reated with and without NaCl (50 me/l) at low
(0.2 me/1) and high (0.3 me/l) omleium for 1 dey

before tracer apnlication.

(In the figure ca’ ' mesns high calcium).






PLATE 612

6345 radioautograms shoving the distribution
of labelled calcium, 5 hours after its &ppli-
cation to the roots via treatment solution.
Plants were trested with and without NacCl

(50 me/1) at low (0.2 me/1) snd high (0e3 re/1)

caleium for 1 day before tracer application.

(In the figure ca'? mesns high celcium).
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FLATE 633

ca45 radioautograms showing the distribution of
labelled calcium, 24 hours after its spnlication
to the roots via treatment solution. Plants
vere treated with md without NaCl (50 me/1) st
low (0.2 me/1) and high (0.3 me/l) caledum for

1 day before tracer application.

(In the figures ca'’ means high caleium).
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The tins were then embedded in Waraldite" snd sections (500 -
10004° thick) were cut using a "Si-FO-flex" ultramicrotome and

nounted on ¢ollodion grids.

45

Cs movement at low and high eslcium as affected by EaCl.

wxnt. 1.

The results of Bxueriment 1 are presented as a series

45 at 1 to

of radioautograms representing the distribution of Ce
5 and 24 hours, after {recer anplicstion. 4n examination of
radicautograms shows thet both at one dsy from Hall trestment
(rl) snd five days from K&Cl treatment und in controls (H2} nogt

of the tracer absorbed during the 1 hour period stays in the

root under all the three treatments (Flate £:1,4}.

In control, most »f the sbsorbed crlcium passes from
roots to shoot in the 5 hour perlod and this relsiive distribution
sf tracer between roots and shoot remains unchsnged for rest of
the 24 hours ut both harvests (Plates 6:2, 3, 5, 6)» But calcium
movement in XaCl treatment is greatly restricted particulseriy
vhen plants were treated only for 1 day with KaCl. In this short
term treatment very little calcium moved from root to shoot even

after 24 hours of tracer application in low calcium treatment



PLATE 6:4

0845 radiosutograns showing the distribution of
labelled caldium 1 hour after its applieation
to the roots via trestment solution. Plants

were treated with and without ¥aCl (50 me/1) st

1. TLow (0.2 me/1) calcium 5 days
2. High (0.3 mefl) " 5 days
3. First low Ca'’ 4 days, then high Ca'

1 day.

(In the figures ca’" mesns high ealeium).
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LOW THEN HIGH Ca H2 CONTROL
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PLATE 6:5

c945

radiosutograme showing the distribution of
lapelled Caleium, 5 hours after its application
to the roots vie treatment solution. Tlants

were treated with and without NaCl (50 we/1) at:-

1. low (0.2 me/1) Caleium 5 days.
2, Righ (0.3 me/1) " 5 days.
3. pirst low Ca'’ 4 days, then high Ca'

1 daye

{In the figures ce'’ means high Calcium).
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PLATE 636

09.45

radicautograms showing the distribution of
labelled calcium, 24 hours after its application
to the roots vie treatment solution. Plants

were treated with and without NeCl (50 me/1) at

1. Low (0.2 me/l) celcium 5 daye
2. High (0.3 me/1) " 5 gays
3. PFirst low OBH 4 days, then high

catt 1 aay.

(In the figures Ca'* means high caleium).
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(Flate 6:3) though somq'more movement of tracer in high calecium

treatment was noted at this period (Plate 6:3).

In the long term trestment i.e. when plants were first
trested with Wall for 5 daye prior to tracer application some
Ca45 in high calecium treatment moved from root to shoot in §
hour period (Plate 6:5) and &fter 24 hours of trecer application
this movement was &leo shown (Plate 6:6). Similar trends in
calecium movement were noted in plents which were trunsferred
from low to high calcium on day 4 of the exveriment {Plate 636).
At low calcium on the other hand there was little indication of
calcium movement from root to shoot even after 24 hours of
tracer spplication (Plate 6:6). In this treatment caloium &b-
sorbed in roots in the 1 hour period was lost after 24 hours;
the tracer lost from the root did not spparently move to the
shoot. At both harvests young lesves of the plant contained more

radioactivity in the control, high calcium and recovery treat-

ments than low calcium treatment (Plstes 6:1 to 6).

Anstomical chenges in root tips as affected by NaCl &t low and

hi@! C& 1cj-um‘ Exots 20

Satisfactory ecomparison of morphological changes at the
sub-microscopic level can only be made by examining the cells af

similar position in the tissue in different treatments.



PLATE 637

Electron micrograrhs of cells approximately 1 ma from
the root tip of Hordeum vulgare growing in 1/40

mtrient for @ period of 7 days.

Pig. 1. Micrographs showing vacioles (v) and
cytoplasm. m™he tonoplast membrane is
clenrly defined (). Numerous organelles
anpear in the cytorlasmi =itochondria (m},

endoplasmic reticulum (e.r.), proplaatids

(pepe)-

Pig. 2. Similar cells with & darkly stained small
vacuole (8.v.) snd golgi bodies (g).

Both micrograchs (x 27,600)«






PLATE 6:8

Electron micrographs of cells avproxinately lmm from

the root tip of Hordeum vulgere growing in 1/10
mtrient + NaCl (50 me/1) for & period of 7 days.

Fig. 1. The micrograrh shows that there is little
morphological difference in the tononlast
and organelles of the cytonlasm from Flate
6:7. The cell walls (c.w.), mitochondria
(m), endoplasmic reticulua (e.r.), golgi
(&) and proplastids (p.».) are clearly

visible.

Pig. 2.  The tonoplast (t) is well defined and apnears
&3 & double membrane sevarating the cytoplasm~

vacuole phese.

Both micrographs {x 36,300).
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In the present experiment, cells at a distance 1 mm
awvay from the tips were studied for morphological changes in all
the treatments. Harschner et al. (1364) have shown thst de~
ficiency of cakleium resulted in the breakdown of the tonoplast in
the root tips of barley. It was thought that in low calcium
treatment a similer breakdown of tonoplast may occur due to'
limlted uptake or greater loss of calcium from the plants. The
low calcium treatment was compsred with the control and the
electron micrographs are presented in Plates 7 and 8. It appears
from the plates that no detectable difference in the structure of

tonoplast and organelles occurs between the two treaiments.

DISCUSSION

It has been generally agreed thut after its initisl
deposition calcium does not recirculate in plants because of its

immobility {williems 1955; Zimmerman 1760).

Charles {1953) suggested that xylem elements may be
negatively cherged snd Bell and Bidulph (1963) have shown that
caleium in the xylem moves by e&n exchange process vwhere ite move-
ments could be arrested by divalent ions bubt not by monovalent
ions. In the present experiment calcoium movement at low calcium
status of the medium was greatly reduced by NeCl treatment (Plates

613, 6) suggesting that monovalent ions may ®lso prevent calcium

monovalent ions
caleciun ion

movenent, if equivalence ratio greatly increases.
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In the present experiment this ratio (NaCl/calcium) was 83,
whereas in the experiment of Bell and Bidulph (1963) the ratio
(XC1/calcium) was 1. At high monovalent/cslcium ratio, exchange
sites for cslcium may be restricted because of the presence of

other monovalent ions competing for these sites.

In the a0l trestment due to restricted Ca'’

movenent,
a distinctly different pattern of diatribution of Ca' to that
in control plant has been demonstrated. In this connection it
may be noted thaet in the short term exneriment when plants were
treated with NaCl only for 1 day, calcium movement from roots to
shoot wae greatly reduced in low calcium treatment and &lac
though to a less extent in high caleium treatment. This restricted
movement of caleiun in low calcium treatments gives an indication
of the cause of adverse growth which occurs in the later stages
in these experiments; after 5 days, growth in low caelcium, high
N&Cl trestment is strongly reduced (Fig. 3:6, Chapter 3). Since
celeium movement in low calcium trestment is reduced even after 1
day of NeCl application when there &re no obvious differences 1n
growth compared to control plants, it is suggested that reduced

ecelcium uptake is the cause rather than effect of reduced growth

vwhich occurs when this tremtment is prolonged.

Younger parts such as leaf 2 and root tips are the seat

of active synthesis. Radiosctivity in these parts was greatly
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reduced in low calecium treatuent gomnared to high calcium and
control treatment {Plates 6:1 to 6). This indicatés that high
RaCl &t low caleium either restricts the calcium movements to
growing sitee or caleium noving to these sites mky be lost sgain.
%hich ever may be the possibilities, the net effect will impair
the functional or organisational cavaclty of these regions,
thue leuding to reducead growth. The alternative that caleium
may be lost at lesst from roots to the solution gete stronger
support from the observation that roote in this trestment
neither transport caleium to 8hoot nor retain it. Mhis nay
well be conceived from earlier obaervation (Chanter 4) of in-

creased permeability in this treatment.

In Chapter 3 it was shown that plants previously

treated with low caleium, high Na&Cl for 5 days had considerably
recovered when transferred to high calcium solution for seven
days. In the present experiment it should be noted that nlents
subjected to low caloium, high NaCl for 4 days then transferred

to high celcium for only 1 dey showed greater movement of calcium
to the shoot and greater retention in the roots than the plant in
the continued low celcium treatment, indicating that growth recove
ery usy dejend partly upon calcium woving to the shoot and partly

on that retained in the root.

The results of these radioautograms are in 800d agreemnent
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with the results of calcium analysis of plants reported in
Chapter 4. Although low celcium and control treatments had the
seme calcium concentration in the nutrient solution, calcium
movement into plents in the control was far greater. Even in
the high caleium treatment which had four times more osleium
concentration in the nutrient solution than the control, the

plants showed less celcium movement them the control rvlants.

From the results of these radioautograms it looks certain
that growth reduction under saline environment, at least at low
ocaleium status of the medium are due to lack of calcium reaching
to the growing points, but it is difficult to uaké definite ocon-
clusions whether it is the direct or indirect effect of csleium
which reduces growth. It has been claimed that calcium plays an
important role in cell physiology by maintsining structure of the
protoolasm and semipermeability of the membranes (Fischer. 1956).
Epstein (1961) has shown that caleium is essential for mainteining
the integrity of the selective ion transport mechesnism. These
observations suggest that the direct effect of caleium deficiency
would be the disorganization of protoplasmic structure (Marinos 1962)
snd loss of important metabolite (Chapter 4). Calcium on the other
hand is aiso essential for the upteke and utilization of other ions
like potassium (Kahn and Henson, 15573 Viet 1944; and Chapter 4),
phosphorus (Tanda 1955; and Chapter 5) and nitrate (Burstrdm 1954).
Thus the calcium deficiency may include both its primary and

gecondary effects on growth.
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It is therefors ressonable to sssume that growth re-
duction at low calcium high, NaCl may be csused both by &
srimary snd secondary effect of celcium deficiency. The
electron micrographs of root tips &t low caleium did not show
any mgjor charscteristic deficiency symntome for caleium. This
observation does not rule out the possibility that direct effect
of caleium was involved. It has already been seen that high
NaCl at low calcium reduces calcium uptake {Plate 6:3). The
electron micrographs show that this reduction 4id not involve

any gross morphological disorganisation of cell structure.



125

CHAPTER 7

GENERAL CONCLUSIORS

The purpose of the experiments described in this thesis
was to inveatigate effects of high NaCl concentration on plant growth
in & low nutrient solution. In recent years, a diatin;tion has been
made between osmotic and rnon-osmotic effecta of certain aalts by
comparing growth in solutions of electrolytes with that in mon-ionie
osmotic solutions (Lagervarff and iZagle 1961). Osmotic effects in~
fluence plant growth by controiling cell turgur and the non-osmotic

effects are physiologicel and possibly biochemical.

Before the distinction between these two effects was
appreciated, an over emphesis was placed on the osmotic interpret-
ation of growth reduction in a solution of high slectrolyte con-
centration. Tossibly this wee because, in most salinity studies,
salts in high concentrations were added to the full strength of
nutrient solution. Under such conditions the non-osmotic or the
physiological effects due to ion unbalance were counter-balanced to
@ great extent by the ions of the nutrient solution and the growth

reduction was then primerily due to osmotic effects. In the dilute
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nutrient solution, on the other hand, non-osmotic effects of sgults
are very pronounced as the antegonistic power of the nutrient ions

is very low and the growth is denressed both by osmotic and none
osmotic effects of high salt concentration in the root medium. In
the present thesis this noint has been clearly demonstrated by come
naring growth in high NaCl and iso-osmotic solutions of mennitol at
high and low nutrient level (Chapter 3, Expt. 3). For inducing an
ion unbalance condition at low mutrient the particular ionic species
is not important so growth was similarly reduced in the solutions of
both high XCl and high NaCl (Chapter 3, Sxpt. 8). Informetion re-
garding WaCl effects at lower then full mutrient solution is important
in studying plant res.onse to saline conditions because the ionic come
vosition of full wutrient solution represents the condition of a
fertile soil whereas some saline soils are not fertile; they lack
cslciun due to low solubllity of its carbonate and sulvhate salts

(Kelley 17351},

¥t has alsco been shown that when plants are ex osed to &
sslution of high concentration of salts, their internal osmotic
nressure is adjusted by elecirolyte sbsorption from the external sole
ution (Eston 1742; Gauch and Wadleigh 1945; Bernstein 1961, 1963).
Probzbly this osmotic pressure adjustment is more efficient &t high
than at low nutrient, since growth in Nall trestments {Chapier 3) was
better than in iso-osmotic mannitol at hkigh nutrient though the

reverase wag true at low rmtrient {Pig. 3:2). The inadeouate osmotic



127

pressure adjustment at low nutrient could be due to loss of ions in
long term NaCl treatment, ss shown by the increased nermeability of

plants under this condition (Chavter 4).

Halonhytes occurring in saline hebitat show great zalt
tolerance. The main festures of "Kegulation types” (Arnold 1955)

halophytes are:=

l. resistance to high internal salt concentration.
2. Fapid salt uptske rroviding ravnid osmotic sressure

adjustment (Greenway 1365).

In the non-halophyte, barley, these two factors of salt
tolerance were adversely affected by #eCl at low mutrient in the exe
periments renorted in the present thesis. Determination of RaCl
offects &t low nutrient in salt tolerent halophytes would eoutribute
to the general understanding of ion unbalance under suline conditionsa.
There are many rerorts that changes in ionic composition of the plant
tissues, such as increases in sodium cnd chloride and decresses in
rotassium, fre responsible for plant injury and growth reduction on
saline medis. Such changes in ionic balance are more vronounced in
sensitive than resistant verieties (khlig 1960; U.S. Salinity Lab.
Staff 1954). It appears that, at low nutrient, NaCl brings about sim-
ilar changes in the ionic composition of the nlant and dacreases the

salt tolerance. It may be pointed out here that sodium and chloride



128

concentration, which reduce growth at low nutrient level, increased
rapidly soon after NaCl apolication (Chapter 4, Fig. 4:2A and Figs.
415A, B). In the later period these concentrations decreased
(Chapter 3, Pig. 3:7) but the growth of the plant did not improve
(Chapter 3, Fig. 3:6). This suggests that metabolic changes which
reduce growth under such conditions are brought about immediately
upon KaCl applicatiqn. Perhaps more detailed studies of the
enzymes which are involved in various metabolic paths may elucidate
the sequence of events bringing sbout growth reduction. There is
some evidence in the present thesis that production of RNA and INA
might be limiting &t lov nutrient, high NaCl (Chapter 5, page 112)
but & direct determination of the content of these nucleic acids as
affected by NaCl at low and high mutrient would be more confirmatory.
It is slso important to get information on the mitochondrial act-
ivity of the plants at low and high nutrient because they fulfil a
vital link in metabolism, being the seat of oxidative phosphoryl-

ation.

In Chanter 4 it vas shown thet at low nutrient level,
NaCl treatment reduced uptake and incressed the loss of potassium and
calcium (Migs. 415C, D, E, F) from the plants. This observation
suggests that growth at low nutrient, high NaCl may have been partly
reduced due to deficiency of any one of the essential elements. A
asimple approach which migh help to ascertain which element or

elements is responsible for growth reduction would be first to establish
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the critical concentration of individual elements in plants below
which the growth is reduced at low mutrition. If the concentration
of these slements falls below this level in the high NaCl, low
nutrient treatment this might give some convincing evidence that
high NeCl at low nutrient level brings about the deficiency of the

particular element.

The important conclusion froam this thesis is that caleium
is the principal ion in the nutrient medium overcoming the toxio
effects of high NaCl. Calcium hag been shown to have important
effects on the permeability of the cells and thus probably to affect
the structural organization of the cytoplasm (Chapter 6). At present
the question of where the excess NaCl a8t low caloium begomes toxic inm

the metabolism remains unanswered.
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General Abbreviations and Terminology

shbreviations
(3o Yo ile = iHffusion nressure deficit
Teble Po = 2 = 4 dinitrophencl

me/1

= milli eguivalent ver litre
0. P, = osmotic nressure
Terminalogx
Halophytes: S&lt tolerant species of saiine hebitut.

adctive ion upteike: The process whereuy icns move against fhe
electrochesical potential gradient and ls
therefore devendent on metabolic energy.

‘zagive lop untarxe: Ton uptuce due to diffusion intc the Free

spaces and absorption to eleetrically
charged points with no uetabolic process
involved.
Membraness Lipoprotein membranes.
{a} nlasmalemma : outsr surface of cytoplasm
{b) tonoplaet s boundary between cytonlasm
and vacuole.

Free saaces The part of the cell into which solute and

solvent from exhernal solution move readily,



APPENDIX I

Abbreviations of phosphorylated scoapounds

A.D.Pe
A.%2.P,
F.1.6.D.P,
P.6.P.
G.1.P.
G.6.P.
P.E.P.
P.C.A.

2 8

BR.5.F.

Adenosine diphosphate

‘Adenosine triphosphate

Fructose 1, 6-diphosphate
Pructose-6-phosphate
@lucosg-1-phosphate
Glucose~6~phoaphate
Phosphoenolpyruvia aeid
Phospheglyeeric acid
Inorganiec phosphate
Bibose-~5-phosphate
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ATPENDIX IX

Rf values of phosphorylated compounds on scid washed

¥hataman No. 1 Chromstography paper in different solvents.

(1) solvent tert - bustanol/vater/pioric acid HG:120: VoVeolo

Comp unds Ef {@.1.7.)
GolePs 13
EeHePe 22.5
Gebo P, 14.0
PrlebeDu P 1%2
Follofo 33

£ To P 6

fie Do Po 2.2
i 21.3

{2) Solvent isovronyl ether/(30 ml) 99% formic meid (60 m1)

Compounds BE  (heTuB0)
AeTe P 28

fe Do P 3.5
P.6.P. 32,5
Re5ePs 0.4
G Lo Do 26.3%
Bo6ePs 24,2
Bele ke G
Felefs D P 27

By 34



, 1%3
APPENDIX I1 (Continued)

(3} Solvent Methmnol/foreic mcid

Compounds B (k.5.7)
ReSeFu 34
Polebe i T 3%.7
PeGo Ao 36,5
PoboP, 4.5
Bo laPy 50

Po ife Po 3
FeBePe 5.3
FeloDeTa Py 3%

P4 3.4
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