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Summetlary. The effect of sodium chloride added to root medium of pea seedlings
on respiratory activity of tissue segments and on isolated mitochondria was studied.
Salinization enhances the respiration of leaves about one-third on a fresh weight,
dry weight or protein basis. Roots and stems show only 10 to 15 % respiratory
stimuilation. The onset of respiratory increase in leaves rouighly parallels the increase
in NaCl content and the decrease in growth rate. At a later stage the elevated
respiration is appareint in treated plants even though the concentration of NaCIl
reaches a plateaut and osmotic adjustment is being reached. Stimtulation of respira-
tion was fotund in both etiolated and green plants. Experiments with DNP show
that simple uincoupling by salt is not involved; the respiratory increase in control and
treated tissule is proportionally the same.

In accordance with increased respiration rates observed in vivo, mitochondria
from salt-treated plants show higher rates of oxygen uptake oln several substrates.
The effect of NaCl added during growth is long term and is distinct from the effect
of NaCl added to mitochondria isolated from control plants. Since P/O ratios are
not affected by NaCl, the potential for oxidative phosphorylation in salt-affected
tissuie appears to iincrease. It is postuilated that this increase may lead to changes in
ADP and ATP content, andl in tuirn, affect regulation of metabolic pathways.

Depression of plant growth by excess salts in
the root mediuim is a well-known phenomenon(i ,
8, 18). Plants dliffer greatly in tolerance toward
saline media, buit the physiological basis for the
difference between tolerant and( sensitive plants is
not known. In order to uinderstand( the natuire of
growth depression b)y salts a detailedI stutdy- of the
metabolic responses of salt-sensitive plants appears
of value.

Nieman (18) examinedI 12 crop plants an(d re-
ported that leaves of salt-treated plants, particuilarly
of salt-sensitive species, showed increase(d respira-
tion rates; the response of roots w-as incoincluisive
btut pea roots grown in saline me(liuim showedI
elevated respiration. Porath andI Poljakoff-.Mayber
(19) reported, however, that NaCl incremenits re-
dulced respiratioin of pea root tips. In view- of
these conflicting reports, a reexaminationi of the
problem seemed desirable.

This commlnilcatioin reports oIn the effects of
NaCl inicrements oIn tissuie respiration (Iduring planit
growth. In or(ler to examine the involvement of
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mitochondlria in the response of the tissuie to salt
treatment, the oxidative and phosphorylative activi-
ties of mitochondria isolate(d from salt-treated and(
control plants was sttldied.

Peas were chosen for this stuty because of
their growth sensitivity to sodiiim chloride (5, 18)
and in view of the extensive stuidy of pea mito-
chondria by Smillie (21, 22, 23). Ain abstract of
part of this stuldy- has appeared (14).

Materials and Methods

Plants were grown in a cooled greenhouse
throuighouit the year. Temperatuire at the height
of the plants varied-dav maxima of 21 ± 3,
night minima of 15 + 2°. Laxton Progress peas
were germinated in moistened vermiculite and 3
(lay-old seedlings then transferre(d to nultrient solui-
tion in 2.5 liter, light-proof, plastic containers. The
roots of abouit 60 seedllings were inserted in each
container throuigh holes in the cover. The half-
strength Hoagland( nuttrient soluition contained, in
mm: Ca(NO,)2, 2.5; KSNO3, 2.5; IgSO,, 1;
KH,PO4, 0.5; anId in mg/I: Sequiestrene-iroIn (Fe
EDTA), 25: H,BO,, 1.45; nIiiCl,, 0.9; ZnCl2, 0.06;
CICL, 0.024; with pH adjulsted to 5.5 -with KOTI
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or KH2PO4. The soluition was contintuouisly aerated
and changed every 2 to 3 days.

The osmoti-c potential (OP) of the base nutrient
soltution was about 0.4 atm and was considered as
zero (control) salinity. Salinization was brought
abotut graduially by adding 24 mnm NaCl (or more,
according to activity coefficient) each day for 3
dlays prodtucing a final concentration of 77 mM and
a final OP of 3 atm.

In some experiments (table III), immediatelv
after NaCl increment, control and treated plants
were grown at 200, either uinder continuouis light
(Sylvania GroLtix Lamps, 7(500 lLlx at the height
of the plants) or in the dark.

Oxygen tuptake was measuired manometrically in
triplicates at 300 tusing 100 mg (fr wt) of tissue
segments. Abotut 100 mg fresh weight of leaf and
stem tisstue were placed in a vessel containing 2 ml
of 0.1 mI potassium phosphate btuffer (pH 6.0),
while for root tisstue 2 ml of nutrient meditum
(salinized for treated tissue) were uised. Leaves
were cut into about 0.6 X 0.6 cm sections with a
razor blade; approximately 1 cm segments were

used for stems and roots. Root segments were cut
from the central part of 8 to 12 cm-long secondary
roots. In the 1 to 3 days after all NaCl incre-
menits the second leaf was analyzed, while the third
leaf was uised thereafter (except for table III).

For preparation of mitochondria, samples (40 g
fr wt of plant tops) were chilled (2-40, 15 mins)
andI homogenized with 80 ml of preparation meditum
(0.4 stucrose, 5 mm EDTA-tris, 40 mm potassiuim
phosphate, pH 7.4) with soditum chloride added as
noted in Resuilts. Samples were grouind as uni-
formly as possible in a mortar, or homogenized in
a Waring Blender at half speed for 3 5-second
rtuns, so that intact tissue could be pushed back
into the brei. The brei was passed throtugh muslin,
centriftuged at 1000 X g for 5 minuttes and the
supernatant material sputn at 9000 X g for 10
minuttes. The sediment of the high speed centrifut-
gatioin was washed by resuspension in the prepara-

tion mediuim and centrifuged at 9000 X g for 10
minuites. Occasionally, a second washing was made.
The washed pellet was suspended in 1 to 2 ml of
preparation medium and aliquots of 0.2 ml repre-

senting 2 to 4 g fresh weight and containing 6 to
15 mg protein were used for measutrements of
oxidative phosphorylation. Chlorophyll was pres-

ent in the mitochondrial fraction at 10 to 25 ug
per mg protein.

Measurements of oxidative phosphorylation were

carried otit either manometrically in a WVarbturg
apparattus at 30° or polarographically at 260.
Phosphorylation was determined in the manometric
sttudies by measuring glucose-6-P according to
Heytler (9).

For dry weight determination, samples were

clried at 800 under redtuced pressture for 24 hoturs.
Chloride ions were extracted from the dried sam-

ples with 0.1 N HNO3 and determined by a Buchler-
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Cotlove Chloridometer. Sodiuim and potassitum
were analyzed by flame photometry in samples
digested with HNO3. Osmotic potential of leaf
sap was determined cryoscopically using a cali-
brated thermistor. For protein analysis, samples
were homogenized with 5 % trichloroacetic acid,
the precipitate washed with the same reagent, then
with acetone, and finally suspended in 50 mNi
NaOH. Protein was determined colorimetrically
with the Folin-Ciocalteti reagent (15)). Nitrogen
was determined by the Nessler reagent.

Fatty acid poor bovine albumin (Lot 62736)
was obtained from Calbiochem. Carbonyl cyanid(e
in-chlorophenylhydrazone (mii-C1-CCP) was kindly
supplied iby Dr. P. G. Heytler of E. I. DuPont de
Nemouirs & Co. All other chemicals were ptur-
chased from Sigma Chemical Co.

Results and Discussion

PlaInit Gro7wth. In line with previotus reports
(5, 18), NaCl added to the root mediuim of pea
seedlings reduced weight and size of the plants.
The effect was greatest in leaves anid smallest in
roots. Figture 1A traces the fresh weight of a
shoot affected by NaCl increments. When these
data were expressed on dry weight basis, the dif-
ferences between control and salt-treated plants
appeared smaller by 5 to 10 %, hutt were still
significant. The rate of appearance of new leaves
was not affected by salt. In contrast to Nieman s
report (18), treated plants completed their life
cycle even on relatively highly saline media prob-
ably becauise of more favorable growth conlditioins.
Media of uip to 120 mNi NaCl were tested for that
purpose.

Osm1iotic Adjiustmentt and Iont Uptake. The OP
valuies of leaf sap given in figuire 1B show that
within 1 week of NaCl additions treated plants
approached an osmotic adjustment (3, 4). Appar-
ently, the adjustment was achieved, at least partly,
by tiptake of sodiuim and chloride ions as shown in
figulre 1C. A plateau of the contents of these ions
in leaves of treated plants was apparent when their
concentration was similar to that in the external
meditum. The level of potassiuim ions is consider-
ably lower in leaves of treated plants than in the
control ones, probably because of ion competition.

Rcspiration. On fresh weight basis, leaves of
treated plants had consistently higher respiratory
rates than control ones, figure 1 showing that these
prevailed both during the phase of tiptake of
sodiuim and chloride ions and after it, when the
level of these ions reached a plateau. Results were
similar when rates were expressed per uinit area
or (see table II) per dry weight or protein uinit.
The NaCl-induced elevation of respiration was
greatest in leaves and smallest in roots (table I),
like the depression of growth. This relationship
correlates wvith the observation (18) that respiration
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Fui. 1. Plailt growth, ioni conitenit ani(l respirationi of pea seedlinigs as af fected hy NaCi. Abscis-sae (leinote days

after inicr-emient of 77 mmi NaCI. is control l)lant anid "5" salt-treated plant. The valuies are ani average of 3

exp)ermienlt-; and rep)resentative standlard errors giveni in vertical lines. A) growthi of the planits as g fr wvt per shoot.

B) O-P of leaf sap. C) conitenits of 'Na', K;~ anld Cl- in leaves as ueqI perg fr xv-t. D ) respiratory rates of leaf

sectioni'.

Table I. Effect of XaCI otn Rspiratorys Rates of Parts of 13 Day-Old Pea Seedlinqs
TreateuI ilan.ts grox n for 6 dayx; in 77 i-mM NaCI.

Oxygen ul)take

Planit Iart A[e(dinmIll Conitrol Salt-treate(d % Colntrol

,ul per 100 nmg freslh xt per hir

Leaves Buffer- 65.1 90.3 +38

Stenm, Buf fer 23.2 26.7 +16
Roots Nutrienit solutioni 27.0 29.8 +10
Root tiI Nutrienit solution 48.2 54.2 + 12
Root tip' N utrienit solutionl

+ 1.8 nlm glucose 54.4 62.5 +11

Table II. Effect of NAGi!i anzd J1lant Size on Respiratory 4ctivity of Leav;es oJ 15 I)ay-O!d Pea Sccd!'iwis
Treate(d I!)antsxNvere growx n for 7 dlay.s in 77 mni NaCI.

Control plant Salt-treated planit
Large Small Large Small

Slhoot fr wxt 1.09 0.68 0.75 0.43
Leaflet area index*, cm2 6.23 4.01 4.16 2.38
O., Uptake, ,ul/lhr
Per 100 mig fr t 33.7 39.3 48.3 52.4
Per 10 mg dry xxt 37.3 41.3 50.0 51.0
Per mg protein 19.8 21.3 26.3 26.2

* Ienl,th timies width.
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was more greatly stimulated in species whose growth
was more greatly depressed by NaCl.

The respiratory rates of root sections declined
following several hours of incubation in aerated
medium. The decline was more pronouinced in
treated than in control tissue. This may explain
in part the lower respiratory rates of salt-grown
roots reported by Porath and Poljakoff-Mayber
(19), since they incubated the sections for several
hours prior to measurement of 02 uptake.

Higher respiratory rates in the salt-treated
plant may result from redtuced growth rather than
from a direct salt effect. Table II describes an
experiment designed to check this possibility.
Large and small plants were chosen from both
control and salt treatments. Plants in each group
were judged large or small according to shoot
weight and leaf area, these 2 parameters having
very good correlation. Table II shows that smaller
plants do indeed have higher respiratory rates,
particularly on fresh weight basis. However, the
difference in respiration between control and
treated plants is well apparent, regardless of plant
size or the basis for expression of respiratory rates.
It is, therefore, concluded that elevated respiration
is not merely a consequence of reduced plant growth.

Decrease in photosynthetic activity (18) and an

apparent increased participation of the pentose
phosphate cycle (19) in salt-treated peas raised
the question of a possible analogy of salt effects
to the effects of obligate parasites on the plants.
In the case of rust (13) and powdery mildew (20)
it has been suggested that elevated respiration and
participation of the pentose phosphate cycle in
infected tissue are causally associated with decline
of photosynthesis. Scott and Smillie (20) reported
that etiolated plants infected with the mildew
fungus do not show elevated respiration as do
green infected plants. Table III shows that leaves
of salt-treated plants have higher respiratory rates
no matter the potential for photosynthetic activity.
The analogy of our system to an infected plant is
further weakened by Nieman's observation that,
in contrast to peas, photosynthesis was not sup-

pressed by NaCl in many other plant species, while
respiration was stimulated.

Accumulation of salt and maintenance of a

higher OP presumably result in greater energy

requirement and expenditture in the salt-treated

plant. A higher ATP turnover may thus be envis-
aged. In view of the role of the adenylate system
in controlling respiratory rates in plant tissues (2),
it is tempting to suggest that the higher rates of
respiration in salt-treated plants are caused by
greater availability of Pi and ADP. If this were
the case, it couild be expected that tissues of con-
trol and salt-treated plants would show equal rates
of respiration when treated with an uncoupler, like
DNP, at the most effective concentration. Figure
2 shows that the maximum respiratory stimulation
induced by DSNP is actually greater in leaves of
salt-treated seedlings than in control. A similar
ratio between respiratory rates in salt-affected and
control tissues was obtained without DNP so that
an increased tuirnover of the adenylate system is
not the reason for the increased respiration caulsed
by NaCL.
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FIG. 2. Effect of DNP on respiration of leaf sections
from 13 day-old control and salt-treated pea seedlings.
Treated plants were grown in 77 mm NaCl for 5 days.
Respiration was measured in pH 5.0 phosphate buffer,
rates computed from the first hour.

Table III. Effect of NaCl on Respiration of Green and Etiolated Pea Plants
After increment of NaCl (77 mM), control and salt-treated plants were grown for 14 davs at 200, either under

continuous light or in the dark. The data are oxygen uptake by sections of the fifth leaf.

Oxygen uptake
Plant Control Salt-treated % Control

ul per 100 mg fresh wt per hr
Green 92.2 128 8 +40
Etiolated 71.6 97.1 +35
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Table IV. Effect of ANaC! in Gro-wth Jledium on Oxidative Phosphorvlation of Pea Seedling
.ilitochondria - Manometric

The reactioni mixture consisted of 0.4 mI sucrose, 20 mM glucose, 10 nim MgSO4, 14 mm K,HP04-KH,PO4 (pH
7.4), 2.5 m-m ADP, 20 mAsr succiniate, 2 mg/ml albumin, 50 ,gm CoA, 0.2 m-u TPP, 0.2 mnm DPN and 50 K-Units/ml
hexokiinase in a total volume of 2 ml.

NaCl (80 mm) during
mitochondrial
preparation &

analvsis

+
Salt-treated

±

02 Uptake
(A&atoms/hr
per mg N)

6.12
4.92

11.40
9.78

Pi Esterified
(pnmoles/hr
per mg N,)

11.28
9.00

21.84
20.16

P/0

1.84
1.83
1.92
2.06

' Fifteen (lay-old plants; salt-treated plants grown for 8 days in 77 nmi NaCl.

Table V. 7Tle Effect of Several Additives on Respiratory Control Ratio and Oxidati.c Phosphorvlation of
Pea Scedling Mitochondria

The basic reactionnmixture for the polarographic measurement consisted of 0.4 -m suicrose, 5 mIm MgCl,, 17 mM
tris HCl (pH 7.4), 5 mm K.HPO4 - KH,PO4 (pH 7.4), 2 mm sodiumi succinate, 4 mNI DL-potassium glutamate; ADP
a(dded at incremenits of 0.1 mai. The additives examined u-ere 10 mmr MIgCl.,, BSA as sp)ecified and the cofactors: 40
,t'o CoA, 0.1 mai TPP and 0.2 nv\I DPN.

Additives to
reaction mixture

None
Cofactors, Mg",
BSA (1 mg/ml)

Cofactors
Mg
BSA (1 mg/ml)
BSA (3 mg/mIl)

Respirators
control ratio

1.5

2.2
1.5
1.6
2.2
2.7

Q02
( State 3)

,uatoms O., uptake/hr
per mg protein

1.08

1.15
0.80
0.96
1.25
1.17

Table VI. Effect of NaCl on Oxidative Phosphorvlation; ATaCl Addcd Duri-ing Growth of Pca Seedlings, Preparatio(
o-f .lUitochondriia o(r Analysis - Polarographic

The complete reaction mixture contained: 0.4 NM sucrose, 5 mNi K,HPO4 - KH.,PO4 (pH 7.4). BSA 2.3 mg/ml,
3.75 mti sodiumiypruvate, 7.5 IIIM DL-potassiuni malate, ADP added at incremeInts of 0.25 mMl; NaCl (i-when specified)
was 75 m-.

Preparation
medium**

SEP

SEP

SEP + NaCl

SEP + NaCl

Reaction
mixture

Complete
+NaCl
-BSA

Complete
+NaCl
-BSA

Complete
+NaCl
-BSA

Complete
±NaCl
-BSA

Respiratory
control
ratio

4.1
4.2
2.3
4.8
6.1
3.7

2.6
2.8
1.8
3.4
4.1
3.2

Q0.,+
(State 3)

/atomis 0. uptake/hr
per mg protein

2.2
1.8
1.7
3.2
2.8

3.1

1.4
1.7
1.2
2.7
2.9
2.3

ADP/O

1 4
1.6
1.7
1 .5
1.7
1.4

1.3
1.3
1.7
1.5
1.7
1.5

* Thirteen day-old plants; salt-treated plants grown for 6 days in 77 mM NaCl.
** SEP denotes sucrose-EDTA-)phosphate medium. Sodium chloride a(lded at 75 mM1A1.

Plants*

Control

ADP/O

1.42

1.50
1.55
1.53
1.40
1.52

Plants*

Control

Salt-treated

Control

Salt-treated
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Both tissutes responded to D-NP withouLt a lag
but the optimal concentration of DN-P for salt-
treated tissuie w,vas lower, possibly- due to faster
uptake of the uincotupler. The unicotupler mt-Cl-CCP
(9) wvas tested at 0.1 to 50 FLM at pH range of
6.0 to 8.5 but showedI no clear responses, possibly
because of its low solubility aII(i slow penetration
into intact plant cells.

The pattern of response of the tisstues to D'NP
suiggests that the elevated respirationi indtucedI by
_NaCl is mediated by an effect on mitochondria, as
already propose(1 by -Nieman (18). Experiments
described below, with isolated mitochondria appear
to sul)stantiate this suipposition.

Oxridatize Phi osph orylation. A typical, mano-
metrically- analyzed experimeint wvith succincate as
substrate (table IV) shows that mitochondria from
salt-treated plants have a higher rate of oxygen
uiptake, x-hile P/O ratios are not appreciably
affected. Essentially the same was fouindl when
a-ketoglutarate wvas tuse(d as substrate.

The greater respiratory activity might have been
caused by\ exposuire of the mitochoindria of treated
plaints to the higher electrolyte conteint released by
homogenizationi. To check this possibility, 'aCl
was added to the preparatioin and(I reaction media at
a conceintrationi equivalent to the chloride ions
present in the treated tissuie. This addition of
NaCl actually redutced oxygen uiptake in mitochon-
(Iria of both treated anId conitrol plaints (table IV) .

Therefore, the respiratory rates observed for mito-
choindlria from treated plants are probably m.inimal.

The cofactors liste(d in tal)le IV wvere inicluided
because Smillie reportedl (21 ) that pea m.tochon-
(Iria reqtuire iiin(lefilne(d coenzyme coincentrate from
veast. As can be seein from table \, these cofactors
ha(l no effect in our system; nior (lid cytochrome C.
Thuis, these xvere all omitted in subsequent experi-
menits.

When the preparatioin proce(duire described in
M\Fethods was emploved, polarographic meiasuirenments
revealed mitochondria xwith resp.Iratorv conitrol
ratios (6) commonly of 2 to 2.5, w-ith occasionall1
higher valuies. Lowerinig the pH of the me(lia, the
ise of a high mannIaiitol coniceintratioin, omissioni of
M\lg---, as w-ell as other modificationis conicerniing
EDTA and cy-steinie for improved mitochond(lrial
preparation, as recommended(lbl,v 'erleuir (24), wxere
conifirmed by uis for potato tubf)er tissule. However,

these modifications failed to improve the respira-
tory control ratio of pea seedling mitochondria.
The modified centrifuigation sequence suiggested by
Lyons, et al. (16) w-as also ineffective. As re-
ported by Lance, et al. (12) andl V-erletur (24), the
presence of albuimin, partictularly in the reaction
mixture, was critical for respiratory control (tables
Vr and VI). Crystallized bovine seruim albuimin
(BSA) and fatty acid poor albumin gave identical
resuilts. Interestingly, the respiratory cointrol ratios
of various treatments within a single experimelnt
appeared to be reproduicibly scaled, despite variation
within experiments. 'Mitochondria from treated
plaints exhibited higher respiratory control ratios
than thise from normiial planits (table VI). This
was apparenit also wxheni aliqtuots of equial protein
conitenit w%ere anialvzedl. Fuirthermore, mitochondria
fromnormal plants were relatively more affectedl
by the presence of alblumin in the reaction mixtulre.
Addition of 75 mt.\NaCl to the preparation mediumni
was deleteriouis to the respiratory- control ratios of
mitochond(lria from 1)oth treatecl and control planits.
However, when added to the reaction mixtuire,
NaCl didl Inot decrease these ratios.

Polarographic measurements gixven in table V-I
for pyruivate and malate fuirther show that mito-
chondria from salt-treated planits hav-e higher

2ZNaCI

-J
0
I-
z
0

0 100--- -- -

0

4 6 9 11 14 16
TIME DAYS

17

FIG. 3. Ox- gen uptake by mitoclhonidria fromii salt-
treated pea seedlings as a fun11ctioIn ot time of planit grroxv th
n 77 mzm NaCI. Values for mitochondria from com-
parable conitrol plants are exp)ressed as 100 %. Open bairs)
-eactioln mixtur-e wvithout NaCI; Solid bars) NaCl (75
lrn ) added to reactioni Imiixtixre. The proceduire anid
c(mlpo.itiIon of reactioni iixtuire as in table III.

Table V-II. C :ntc of Sodium atnd Cliloride Ions in Mitochondria fr)nl Con/rol anzd AaCl-Tri-ated Plants

AMitochondrial
preparation*

Washed once

WN'aslhed tw-ice

Control
) allts

,Aeq/mg protein
1.3
1.4
0.8
nil

See Materials and Mlethods.

Ion

Na+
C-
Na+
C-

Salt-treated
planits

4.8
3.3
1.0
IIil
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respiratory rates thani the controls. This was also
true for other suibstrates ulsecl: suiccinate, a-keto-
gluitarate, or stuccinate-gluitamate. The differeinces
in respiratory activity of the mitochondria or salt-
treated and control plants persiste(d no matter the
buffer (tris or phosphate) or the sulcrose molaritx
(0.15-0.5) uised. Sodium chloride had very little
effect on ADP/O ratios whether applie(d duiring
growth of the plant, dturing preparation of mito-
chondria, or to the reaction mixture. S:gnificantly,
the higher oxidative activity of mitochondria from
salt-treated plants is in accordance with the elevated
respiratory rates of tissuie sectionis from salt-treate(d
plants. There are 2 lines of evidence establishing
that this greater mitochondrial activity is inot merely
dule to the higher electrolyte content in the extracts
of salt-treated planits: A) the stimullatory effect of
NaCl added dutring the growth period c)tlId not be
duiplicated by NaCl added dulring the preparatiol
of mitochondria from conitrol plants; BP) twi.ce-
washed mitochond(ria from both control an(i treate(d
plants differed only, slightly in contenlt of sodiL nm
and chloride ionls (table VII), while their clifference
in respiratory rates prevailed. These consi(lera-
tions call for 2 types of effect of NaCl on plant
mitochondria: A) an imme(liate effect, as has been
reported for ion-dependent stimtllationi of oxidative
activities of mitochondria (7,11, 17), and B) a
lolng-term effect, as mentioned by Porath and Pol-
jakoff-Afayber (19) that, despite qualitative dif-
ferences in results, also applies for the system
described here.

Figuire 3 demonistrates that the increase in res-
piratory activity of mitochondria from salt-treated
plants, as compared to controls, is long-lasting, but
that it is subjected to some variation with age.
Since variations of similar magnlitud(le were com-
mon in day-to-day preparation, 110 particuilar tend-
enicy in the response of the treatedI tissuie canl be
seen.

The involtvement of adenosilne phosphates (ATP,
ADP, AMP) in many reactions, either as substrates
or as effectors in the regulationi of metab)olic
pathways, is well known (1). The preselnt stuidy
shows that oxidative phosphorylation is higher in
salt-treated than in control tissuies. Thuis, there
may be an alterationi in the steady state coinceiltra-
tion and in the relative proportions of the adlenosine
phosphates in salt-treated plants, leadiing in tuirn
to an uipset of normal metabolic pathwavs. W ork
in progress (Livne, tunpublishe(l) shows that saline
meditum does indeed substantially affect the ratio
of ATP/ADP in pea seedIlilngs.
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