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EFFECTS OF EXOGENOUS GLYCINEBETAINE ON SALT TOLERANCE
AND Nat TRANSPORT IN BARLEY. [, WHOLE SEEDLINGS

Naxzir Ahmad® and B, G. Wyn Jones**

Studies on the influenoe of exogenous glycinsbetaine on welt
tolerance and jion tranaport were carried ont nsing barley (Hordeum
rulgare) seediings grown in eXenin Hoagland’'s medium under
laboretery econditions. Exogenous glyeinehetaine reduced Na ¥
content of shoot and root of barley aeedlings exposed to 26mM
NaCl for 24bonrs, while K ¥ content waa not affeeted, The time
codene of the infuence of glyeinebotaine on 22Na influx reveaied
complex interactions with ephanced initial Na uptake by glyvi-
nebataine, I[ovoivement of glycinebetaioe m the ion fluxes and
salt tolerance in discuased.

INTRODUCTION

Following the esparts that cholins, probably after metaboliam to glyei-
nehstaine, enkanced the halotolerance of the respiratory spparatui of & moder-
ately halophilic bacterium {Kafseli-Eshlkol, 1968; Rafaeli-Eshkal and Avwi-ar,
1488}, the influence of erogensus applications of these compounds co the malt
toleranca of cerenl ssedlings was tested (Wyn Jopes, 1872), Choline chloride
(1 mM), sddsd to the reot medium, promoted the grawth of 3 day-old maize
noleoptiles subjected to the Nall ahock, Glycinebetaine and other related
compounds also had small, but statistically dubious, promotive effects. Haw-
ever, 1nder such conditions the ability of added choline and giyvinebetaine to
smeliorate palt gtress in maize sasedlings waa later confirmed (¥Wyn Jonea #f ol ,
1974). The basis for thia phenomenon wea initially examined by determining
tha afiect of glyeinebetaine on Kt and NeT levels in barley grawn at relatively
low salinity (25 mM NaCl}. In this and the following paper we report further
inveatigations into these phenomsna; in particuler into the effects of cangencus
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glycinabetaina on Na Ttransport and tompartmentation, Preliminary reports
on aoms of theae data have been presented previomly (Wyn Jones & Ahmad,
1978, Wyn Jones, 1980),

MATERIALS AND METHODS

Sneds of Hordeum vulgare {ov, Clifornia Mariout} were surface sterilized
with 1%/ sodium bypachlorite and germinated in eterile petri dishes at 20°C,
After ¢ days, the ssedlings were transforred to sterilized Hoagland's No. ]
solutivn, The pH of the final salution wag maintained between 5.6, Six day
old plants wers placed in sterilized Hoagiend s medium containing 25 mM NaCl
with or without 1 mM glycinebetaine for 24 hours, In sexperiments involving
isatope uptake by seedlings, sodinm was labelied with 22Na (10uofl). After
ehitahle time intervals, the Plaots were removed from the labeiled solntion,
allowed o exchangs with unigbelled cold solution of identical composition for
10 miu and then blotted and weighed. 2!Na was dstermined by eounting fi-
radiation using Philips Liquid Scintiliation Analyser (Philipe Ltd., Eindhaven,
Holland). Liguid Seintiliator Unisol (Koeh-Light Laba, Litd.) was used both ga
a solvent and acintillaior, Methods for chemical determination of Na tand K+
were the same aa those ugad by Storey and Wyn Jones {1877),

RESULTS AND DISCUSSION

After & 24 hour exposure to 25 m\f N sCl, the seedlings alsc sxposed to glyei-
nebetaings had sigoificantly lower root Na * contents and & slightly lower shootNgt
levei than those not irested with glyoinebetaine(Tahlel}). K *lovels were unaffes.
ted by the glyoinebutaine troatment, Calonlation of the net uptake of Na +over
the 24hour experimental period alac showed that uptake was eignificant!y decreasnd
by exogenous glycinebetaine {0.59 umolejg F\Wihour to 0,33 wmele/z FW fhour),
In the time course of the influence of glyvinebetaine on Na,22Na indux wag follo-
wed over che 24 hour experimental poriod and this revealed that the interaction
(¢) were uneXpectedly complex, Over the Gret 6 hours Na¥ uptake waa enbaneed
Ly glyciuebetaine while uptake into shoot at 2 hours was alighsly lower{data not
presented). Later, the rateof uptake in the rout revsiving the betaine deoresned
while that of tha uitreated root was misintained so that after 24 hours tha total
nptake into the glycinebotaine-treated roots was lower than the contrul as rupur.
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ted in Tabie 1, After 12 hours, the glveinebetaine treatment invreased Nat
nptake into the shoot but by the end of 24 houra thers was no sigoificant diffe-
rance, An eXperimentation of the influence of exogenous glycinepctaine on #2Ke
uptaks into the roots of whole barley seedlings over s range of salt concentration
again showed a complex pattern, with & stitmmlstion between .3 and 3.0mM
Nat and inhibition between 10-25 mM salt {data not presented). Clearly, tlLeo
interprotation of sneh data is extremely difReult, if not impesaible, and the Hux
intersotions are examivned in grester detadl in & simpler, ¢xoised root aystem in
the paper fellowing this one.

Table 1. Effect of glycinebetuine on the uplake of K1 end Nat by barley planie
g jected to 25mM Nall for 24 hours

Leru time Treatmenta!
{before addi- v —=
tiow of NaCl} HNeCl Kalll Effeot2 Nignifi-
{?6mM) (25mM) + of gh.(%)) oencs
Glycinebe-
taine [lmM)
"~ Shoot K+ (nmol/g fr. ;-t.} 164 176 133 104 i
Ka ¥ - 7.7 19 16 85 p<,0.06
i 5.0 102 1013 101 e
Nat o 117 26 20 78 p<.0.01

1, Mesn values of 18 replicates for emch trestment, 2. ph = glycinebetsina.

The results presented in this paper, nevertheless, sirongly indioats that
the simple hypothesia that glycinehetama 8 accutatiated as & metsbolically-
inert, evtoplasmic eolute (Wyn Jones &f al., 1977), ia inadequate, and the accu-
mulation, or & metabolic consequence theraof, clearly influence both ion Auxes
and the ability of tisaue to withatand a particular sait losd. The data on the
etieot of glycinebetaine on the stabilizetion of enezyines snd membranes were
noted eaclier (Pollard and Wyen Jones, 1870). Hawever, this evidence dops not
allow morsa rigorous soalyeis of these phepomena and the tedious demsnds of

rigorously or even partially cxenic culture do not lend themsalver ta detaijed
expel irnentation,
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