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Phytohormonal balance changes in plants with contrast salt resistance — glyco-
phyte Phaseolus vulgaris L. and halophyte Mesembryanthemum crystallinum L. — under
salt stress (NaCl) were studied. It was assumed that salt tolerance of M. crystallinum is
dependent on hormonal balance peculiarities, namely on, extremely low ABA level com-
bined with high amount of IAA and cytokinins.
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INTRODUCTION

Over 6% of the world’s land is affected by salinity and a proportion of salt-affected
cultivated land arises every year as a result of irrigation. Investigation of salt tolerance
mechanisms in plants is an urgent task because application of salt-resistant crop spe-
cies is the way to use soils with high salt concentration in agriculture. Salts in the soil
water may inhibit plant growth for two reasons. First, the presence of salt in the soil
solution reduces the ability of the plant to take up water. This is referred as the osmotic
or water-deficit effect of salinity. Second, if excessive amounts of salt enter the plant in
the transpiration stream there will be damage to cells in the transpiring leaves and this
may cause further reductions of growth. This is called as salt-specific or ion-excess ef-
fect of salinity [17]. The consequences of salinity are reduction of plant growth and en-
hancement of mature leaves senescence, resulting in a decrease in functional leaf area
and, therefore, in crop yield. Thus, an increase of salt tolerance of crop plants allows
greater yields in salt-affected soils. However, breeding of salt-tolerant crops is ham-
pered by the complexity of salt tolerance as seen in halophytes [10]. One of the aspects
of this problem is solving the question how salt resistance is regulated in plants. It is well
known that plant reaction to stress is under hormonal control. The phytohormones ap-
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plied to plants were found to reduce the negative consequences of salinity for growth
and development [11]. Treatment with plant growth substances enhanced salt tolerance
of some crops [5, 18]. Long-distance signaling from root to shoot under salinity was
clamed to be mediated by ABA [17, 25]. Recently it was shown that hormonal signals,
such as cytokinins, ABA, ethylene, auxin, can regulate a source—sink relations during
the osmotic phase of salinity (independent of specific ions) and affect whole-plant ener-
gy availability to prolong the maintenance of growth, root function and ion homeostasis,
and could be critical to delay the accumulation of Na* or any other ion to toxic levels [19].
At the same time data about changes in endogenous phytohormones under salinity are
contradictory and vary depending on the experiment conditions.

The aim of the present study was to compare qualitative and quantitative changes
in the phytohormonal balance of plants with contrast salt resistance — glycophyte
Phaseolus vulgaris L. and halophyte Mesembryanthemum crystallinum L. under NaCl
influence.

MATERIAL AND METHODS

M. crystallinum seeds were germinated and seedlings were grown on nutrient solu-
tion as described earlier [16]. Adult plants (10 weeks old) were transferred to medium
with 400 mM NaCl. Mature leaves samples were gathered in 6, 24 and 48 h, fixed by
liquid nitrogen and stored at -70°C.

P. vulgaris (cultivar Belozernaja) seedlings were grown at the same conditions du-
ring 10 days. Salt stress was produced by the addition of 50, 100, 150 and 200 mM NacCl
to the nutrient medium. On 96 h of exposition on salt solution primary leaves and roots
were fixed and stored (see above).

Endogenous phytohormones were extracted from samples after homogenization
with 80 % ethanol. After alcohol removal the water extract was frozen during 24 h and
centrifuged at 15000 g. IAA and ABA were extracted by diethylether at pH 3. Cytokinins
were extracted by butanol at pH 8 and purified on Dowex 50Wx8 column. Extracts were
purified by TLC chromatography. For stages of purification in detail see [4]. IAA, ABA
and cytokinins amounts were measured by HPLC (Agilent 1200 LC, USA) using Eclipse
XDB-C 18 column (2,1x150 mm), particles size 5 pum. Elution was carried out with sol-
vents system methanol:water (37:63).

Data were analyzed and processed by software Chem Station, version B.03.01 on
line.

RESULTS AND DISCUSSION

Gradual decrease of P. vulgaris seedling biomass, primary leaves and roots sizes
at NaCl concentrations from 50 to 150 mM was accompanied by free ABA accumulation
in these organs (Table 1). Conjugated ABA level decreased in roots and increased in
leaves simultaneously. We assume that under salinity ABA is synthesized in root both
de novo and released from stored forms and transported to leaves where the excess of
this hormone is inactivated by conjugation. This is confirmed by the data obtained on
wheat where stress-induced ABA accumulation was connected with its biosynthesis in
roots and movement in free form to ground organs [26]. Changes in free IAA level in
roots in stress conditions were insignificant. Bound IAA level decreased twice as much

ISSN 1996-4536 e bionoriuHi Ctyaii / Studia Biologica e 2011 « Tom 5/Ne1 e C. 37-44



CHANGES OF PHYTOHORMONES CONTENT IN HALO- AND GLYCOPHYTES UNDER SALINITY 39

at 50 mM NaCl and increased three times at concentration 100 mM NaCl (Table 1). Free
and bound IAA content in leaves changed in the similar way: hormone concentration
decreased in presence of 50 mM NaCl and increased 1.5-1.8 times at 100 mM. The
same differential effect of various NaCl concentrations on cytokinins content was also
observed. Zeatin, zeatin riboside and zeatin glucoside level in roots enhanced sharply
tens times at 50 mM NaCl, whereas at 100 mM NaCl — only 3 times as compared to
control plants (Table 2). An opposite situation was observed in leaves: zeatin type cyto-
kinins concentration decreased in presence of 50 mM NacCl, but increased dramatically
at 100 mM NaCl (Table 2). Changes in isopentenyladenosine levels in roots and leaves
were similar to those of zeatin-type cytokinins. Salinity caused insignificant alteration in
isopentenyladenine concentration.

Table 1
IAA and ABA content in Phaseolus vulgaris L. seedlings under NaCl salinity,
ng/g fresh plant weight

IAA ABA
Organ NaCl, mM
free bound free bound
0 14.0+0.6 20.240.9 1.6+0.1 7.6+0.4
Roots 50 11.7+0.5 9.8+0.4 7.7+0.3 3.9+0.2
100 12.840.5 63.7£3.1 35.5£1.6 3.2+0.1
0 36.7+1.7 32.2+1.6 2.0+0.1 5.7+0.3
Leaves 50 10.0+0.05 22.6+1.0 1.940.1 7.4+0.3
100 52.8+2.5 59.0+3.0 8.2+0.3 31.2+14

Table 2
Cytokinins content in Phaseolus vulgaris L. seedlings under NaCl salinity,
ng/g fresh plant weight

Organ | Nacl, it || ("0 | zeatn | LR | e | adenosine
0 8.0+£0.3 4.8£0.2 158.8+4.7 22.1+0.9 15.8+0.7
Roots 50 103.5+4.8 | 148.846.2 | 195.0+8.7 36.5+1.3 294.7£13.2
100 11.6+0.4 12.0+0.5 131.3+5.4 34.9+1.2 261.5£11.1
0 2.240.1 28.2+1.3 102.3+4.7 15.7+0.6 100.0+4.3
Leaves 50 0.8£0.03 5.540.2 39.2+1.8 4.7£0.1 9.2+0.4
100 83.4+3.7 | 207.4+7.8 | 105.4+4.8 18.8+0.8 256.6£10.3

M. crystallinum control plants leaves contained relatively high concentrations of
zeatin, isopentenyladenosine and free IAA. At the same time, zeatin riboside, isopente-
nyladenine and ABA levels were extremely low, approximated to the method sensitivity
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limit (Table 3, 4). Seedlings growing on the nutrient solution with 400 mM NaCl during
6 h resulted in some rising of zeatin and bound IAA contents (about 1,5 times). Isopen-
tenyladenosine and free IAA levels dropped sharply while zeatin riboside, isopentenyl-
adenine and ABA increased dramatically. Further plants retention in the hypersaline
solution created a gradual accumulation of zeatin riboside, isopentenyladenine, isopen-
tenyladenosine and conjugated IAA in leaves (Table 3, 4). Content of conjugated cyto-
kinin — zeatin glucoside — was insignificant and it was shown to decrease during first
24 h but then return to initial level (Table 4). It should be noted that both free and bound
ABA levels in control plants leaves were very low. ABA accumulation took place under
salinity, but on 48 h its content decreased again.

Table 3
IAA and ABA content in Mesembryanthemum crystallinum L.
leaves under NaCl salinity (400 mM), ng/g fresh plant weight
IAA ABA
Time, h
free bound free bound
Control 66.0+2.3 8.940.2 0.2+0.01 traces
6 9.3+0.4 11.2+0.5 1.8+0.06 7.4+0.2
24 14.4+0.6 1.0+£0.07 4.5+0.1 traces
48 6.8+0.2 35.1+1.0 1.0+0.05 2.3+0.06
Table 4
Cytokinins content in Mesembryanthemum crystallinum L.
leaves under NaCl salinity (400 mM), ng/g fresh plant weight
Time, h Zeatip Zeatin .Zea’Fin Isopent'enyl- Isopentgnyl-
glucoside riboside adenine adenosine
Control 8.1+0.3 47.1+£2.3 traces 0.4+0.02 72.4+3.4
6 3.5+0.1 65.0+3.1 23.1+1.2 28.7+1.2 0.7+0.04
24 2.9+0.09 62.3+3.1 108.8+5.1 47.44+2.2 14.0+0.5
48 10.7+0.4 89.6+4.3 197.749.7 12.2+0.3 15.6+0.7

The previous investigations of salinity effects on endogenous phytohormones have
been done mainly on glycophytes and obtained results varied depending on experi-
ments conditions. Thus, IAA content decreased extremely in salinized tomato [7] and
iris [24], whereas in wheat leaves [1] and maize roots [3] under the influence of NaCl
IAA accumulation occurred. It appears that when interpreting the experiment results
the salt concentration, experiment duration and plant tissue type should be considered
[1]. Information about cytokinins dynamics under salinity is limited. Decrease of cytoki-
nins total amount in response to stress was shown [12]. However, the degree of chan-
ges in the concentration of specific cytokinin forms was different. For example, NaCl
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solution induced significant increase in zeatin riboside content in maize roots [3]. In
salinized tomato leaves, on the background of the total cytokinin concentration de-
crease, the level of zeatin riboside reduced most significantly [7]. Isopentenyl-type cy-
tokinins content increment was stimulated by NaCl in pea plants [8]. ABA production in
plant tissues under salt stress was shown by many authors [2, 20, 24]. ABA accumula-
tion was shown for stomata cells and mesophyll of barley leaves on 10 min after plant
transition into NaCl solution but it was absent in vascular bundles [1] and this fact is
contradictory to the previous assumption that ABA is transported from roots to shoots
under salinity [13]. Unfortunately, the exact role of ABA both in salt stress signaling and
salt tolerance is unknown.

In general, it might be concluded on the basis of our experiments and literature data
that a decline of all growth characteristics in glycophytic plants under salinity is regu-
lated by essential changes in the phytohormonal balance.

As regards halophytes the data about reaction of their hormonal system on salinity
are very limited [14]. Some information is available about ice common plant (M. crystal-
linum) which is facultative halophyte and grows on soils with broad range of salinity [6].
M. crystallinum has an ability to change the photosynthesis type from C, to more effec-
tive CAM under salt stress. The previous study revealed an acceleration of those plants
transition to CAM metabolism after roots and leaves pretreatment with exogenous ABA
[9]. Addition of 10° M ABA together with NaCl to nutrient medium induced CAM-type
photosynthesis and enhanced stress tolerance in M. crystallinum growing in water cul-
ture [13]. ABA treatment caused a 10% transpiration reduction in M. crystallinum and
thus, decreased water loss and prevented negative influence of osmotic stress during
salinity [15]. As revealed from our experiments, a specific feature of M. crystallinum was
an extremely low leaf ABA content as well as an insignificant in its absolute value, but
significant in comparison with the control, fluctuation of this hormone amount in the plants
affected by NaCl. Whereas, glycophytes were characterized by more sufficient increase
in ABA level as a response to stress. Similar results were obtained earlier [23]. This con-
tradicts to general opinion about ABA primary role in salt tolerance [2], but it is this spe-
cificity of the hormonal balance that probably forms the salt resistance of M. crystallinum.

The comparison of the ABA and cytokinins quantitative relations demonstrated an
essential domination of the latter. It was previously shown by radioimmunoassay that
total cytokinins amount in ice common plants under salinity almost did not change [22].
However, the application of the more precise method in our experiments revealed dif-
ferential changes in cytokinin-type hormones. It may be suggested that the key role in
the signal mediation during salinity is played by only one of them, while others are in-
volved in the cytokinin metabolic cycle but the confirmation of this suggestion requires
more detail studies. Exogenous treatment of M. crystallinum with 6-BAP solution was
shown to inhibit the activity of CAM-metabolism key enzyme — phosphoenolpyruvate
carboxylase — and plants transition to CAM-metabolism under salt stress [21]. That is
why the increase of zeatin, zeatin riboside and isopentenyladenine levels observed in
our investigation may be considered as a mechanism preventing the metabolism type
changes under salinity. BAP addition to nutrient solution in hydroponic culture of M.
crystallinum resulted in the same quantitative phosphoenolpyruvate carboxylase in-
crease as the NaCl addition [23]. This fact indicates that cytokinins are most probably
involved in the multicomponent system that mediated M. crystallinum metabolic trans-
formations under salinity.
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CONCLUSION

Thus, investigation of changes in the phytohormones dynamics have shown their
obvious participation in signaling pathways of both glycophytic and halophytic plants
during salt stress. The attribute of the high salinity resistant plant (M. crystallinum) hor-
monal balance was a very low absolute ABA content comparing with IAA and cytokinins.
Different patterns of specific cytokinins changes indicated that they play a differential
role in M. crystallinum salt tolerance maintenance.
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[ocnigpxeHo 3miHM hiToropMOHanbHOro GanaHcy y pocnuH 3 KOHTPACTHOK core-
CTiviKicTio — rnikodpita Phaseolus vulgaris L. i ranodita Mesembryanthemum crystalli-
num L. — 3a gii conbooro ctpecy (NaCl). 3pobneHo npunyLLEHHS, WO CONECTINKICTb
M. crystallinum noB’si3aHa 3 0CObBNMBOCTAMM rOpMOHanbHOro 6anaHcy, a came i3 Bkpan
HM3bknM BMicToM ABK Ha doHi cyTTeBux kinbkocTten |OK i LMTOKIHIHIB.
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Knroyoei cnoea: itoropmoHu, abcumnsoBa KMCMoTa, iHOOMINOUTOBa KMCMoTa, LUn-
TOKiHiHW, rMiKodiT, ranodiTn, CTpec, 3aCONEHHs, COMNECTINKICTb.
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N3yyeHbl nsmeHeHns oMToropMoHarnbHOro 6anaHca y pacTeHUn ¢ KOHTPacTHON
CONeyCTOMYNBOCTbIO — rmukoduTa Phaseolus vulgaris L. n ranocputa Mesembryan-
themum crystallinum L. — nog BnusHuem conesoro ctpecca (NaCl). BoickazaHo npea-
nonoXeHue, 4YTo coneyctonumBocTb M. crystallinum cBszaHa ¢ 0COBEHHOCTSIMU rop-
MOHarnbHoro 6anaHca, a UMeHHO C KpanHe Hu3kum cogepxaHmem ABK Ha doHe cy-
ecTBeHHbIX konndects MYK 1 LMTOKMHUHOB.

Knroveenle croea: uTOropmoHsbl, abcumaoBasi KUcnoTa, LMTOKUMHUHBI, UHAONWUI-

YKCyCHasi Kncnota, rmukouTel, ranodutsl, cTpecc, 3acone-
HWe, CONeyCcToNYMBOCTb.
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