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Abstract: Gamma-aminobutyric acid (GABA), a four-carbon non-protein
amino acid, is a significant component of the free amino acid pool, there are
numerous reports that rapid and large increases in GABA levels occur in
plants, in response to a variety of biotic and abiotic stress. Based on its
metabolism and putative roles in plants, GABA is considered a natural
chemical to increase wheat salt-tolerance. So this study investigated the
exogenous GABA on wheat seedling (Triticum aestivum L. cv. Changwul34
and zhouyuan9369) growth and absorption of salt ions under normal or
salt-stressed conditions. The results demonstrated that salt stress inhibited
growth of wheat seedlings, decreased dry weight and water content, altered
ion balance within the stressed seedlings. Pretreatment with 50mg/L GABA
increased seedling biomass and K* content in leaves, decreased Na* content
in leaves and roots under salt-stressed conditions by improving Na*
exclusion, K* retention. These results indicated that exogenous 50mg/L
GABA improved seedling growth and alleviated the inhibition due to salt
stress of wheat by altered ion balance. Exogenous GABA has the capability
of restraining transportation of salt ions to leaves and sustaining normal
function of leaves. And the effect of exogenous GABA is obvious in
common variety (zhouyuan9369) than in salt-tolerance variety
(changwul34).

Keywords: Gamma-aminobutyric acid (GABA), salinity stress, Wheat

(Triticum aestivum L.), lon flux, lon balance.
1 Introduction

Salinity is one of the major environmental factors which limited plant growth
and productivity, there is about 22% of the world’s cultivated lands were
influenced by salinity.*? Saline lands in China is approximately 4.88 % of the
total available lands, and 6.62 % of the total agricultural lands have become
salinization.[® The saline soils are increasing with the development of industry and
the irrigation in agriculture.l¥! Therefore, improve the salt resistance of crops and



the cultivation measures are the most important methods for the use of saline soils
in future.

There are lots of reports that several kinds of amino acids in plants under salt
stress were increased, including proline, gamma-aminobutyric acid(GABA), and
others. It has been proposed that free amino acids acted as osmolytes, which
adjusted the osmosis.[®! Another view is that free amino acids through regulatory or
osmosis protective functions, and then adjusted the osmosis in the plant.[]
Gamma-aminobutyric acid is one of the free amino acids in most organisms, which
is a four-carbon non-protein amino acid and it plays very important role in
organism.®®! There are numerous reports that rapid and large increases in GABA
levels occur in plants, in response to a variety of biotic and abiotic stress, such as
flooding, drought, cold, heat, hypoxia, UV radiation, pest, mechanical stimulation
and damage.P101L2IGABA synthesis shows a relationship with plant defense and
plant growth and development under stresses(®3l, The interaction between GABA
and other stress-related phytohormones like abcisic acid and ethylene were also
noted (415181  Recently roles for GABA as an intra-, inter-cellular and
long-distance signaling molecule 178, and an endogenous growth regulator>9in
plants were suggested. Low concentration of GABA promotes growth but high
level inhibits the growth of Stellaria ('],

There is some report on the effect of exogenous GABA on crop growth under
abiotic stress conditions, which is essential to its possible agronomic application.
Exogenous GABA application could promote the ROS metabolism and keep the
stability of cell membrane, to enhance the tolerance of melon to salinity-alkalinity
stress [21, The resistance to root hypoxia short-term can be enhanced by the exogenous
GABA on a sensitive genotype of Prunus 21, Furthermore some reports show that
exogenous Gamma-aminobutyric acid (GABA) ameliorated NaCl-induces K* efflux
from barley roots rapidly[??23],

Based on its metabolism and putative roles in plants, GABA is considered a
natural chemical to increase wheat thermo-tolerance. However, the effects of GABA
on salt-resistance and ion transport under salt stress still need more experimental tests.
We investigated the effects of GABA on seedling growth, accumulation of salt ions
and the ion fluxes of Na* and K* on the response to salt stress in wheat, to explore the
potential for its application to enhance the resistance of wheat to salt stress.

2 Materials and methods

2.1 Plant materials and treatment

The experimental wheat materials were: Changwul34 (the salt tolerant one from
Shanxi, china); Zhouyuan9369 (the high-yield one from Shandong Laizhou, china).

Seeds were surface disinfected with 5% NaClO for 6 min, then soaked in sterile
water for 12h. Each culture dishes put 50 seeds, lined with one layer of filter paper
and wet with 20ml treatment solutions: 1/2 Hoagland. Seeds were germinated in the
dark with suitable germination temperature 25°C, and changed the filter paper every 2
days. After 6 days, the young seedlings were about 6¢cm height, then transferred these
seedlings to plastic pots filled with 1/2 Hoagland solution, which grow on foam



boards (with same size holes). When the seedlings were 10 cm, the half of seedlings
were treated with 50mg L. GABA solution (prepared with 1/2 Hoagland solution)
and the control (1/2 Hoagland solution) for 24 hours. After that, a half of the above
seedlings were transfer to 150 mM NaCl solution. So the treatments in this experiment
were CK, GABA, CK+NaCl, and GABA+NaCIl. All the solutions were replaced every
2 days. Seedlings were grown in a growth chamber at day/night cycle of 14/10 hours
and normal temperature day/night was 25/20°C. Flux measurement of Na*and K*
were detected at 1h and 24h salt stress. After the salt stress, morphological
characteristic, water content of plants were measured, leaves and roots were sampled
from the each treatment plants of the six wheat materials and used for content analysis
of Na* and K*.

2.2 Analysis of Na* and K*

The extraction and measurement of Na* and K* in leaves and roots were tested
according to Wang and Zhao with slight modifications.?? Ten milliliters of dH,O was
added to the dried plant powder(each with 50mg) and boiled for 2h, then added dH,0O
to make a final volume of 50 ml. After filtered, the Na* and K* content were assayed
by the Atomic Absorption Spectrometry.

2.3 Measurements of net K* and Na* fluxes with SIET

K* and Na* net fluxes were non-invasively measured by using the scanning
ion-selective electrode technique (SIET) (the SIET system is plants dynamic ion
fluxes detection device, AI-IFDD-I; Beijing Research Center for Information
Technology in Agriculture; Ma R et al. 2017) 5. The methods were slightly
modified as described in Ma R et al. (2017). In this experiment, we used the
ion-selective microelectrode to measure the aim ions concentration gradients,
which closed to the root and moved between two points in a stated distance of 30
um. The time constant of the liquid ion exchange (L1X) electrodes and the mechanical
distance of gradient are the main factors for stability of measurement. The SIET
results can be as low as picomolar levels, the premise is each point need 1 to 2
seconds to measured, so every reciprocating process need about 3.3s. The
predefined sampling routine handled electrode move from one set to another,
meanwhile moved by the three-dimensional micro stepper motor manipulator. The
microelectrode (®4.5+0.5um, XY- CGQ -01; Xuyue (Beijing) Sci. and Tech. Co.,
Ltd., Beijing, China) was filled with a backfilling solution about 1cm, the backfilling
solution for Na* is 100mM NaCl, K* is 100mM KCI. Then the microelectrode front

were filled with 15-20 pum of Na* (XY-SJ-Na; YoungerUSA) selective liquid

ion-exchange cocktails (LIX) and 180-190 pum for K* (XY-SJ-K; YoungerUSA).

Inserted the Ag/AgCI wire electrode holder (YGO003-Y11; YoungerUSA) in the back
of the electrode, and make sure the Ag/AgClI wire contact with the electrolyte solution
in the electrode. For the accuracy of the experiment, using the calibrator verify the
ion-selective electrodes by the calibration solution: (i) Na*: 0.5, 5mM NaCl (Na*
concentration in the measuring buffer was 0.9 mm); (ii) K*: 0.1, ImM KCI (K*



concentration in the measuring buffer was 0.1 mm). The Nernst slopes of electrodes
was 586 mV/decade could be used in our study, and the result were convert by

Fick’s law of diffusion into ion flux.The data and images acquisition, motion control
were completed with the plants dynamic ion fluxes detection device’s operational
software.

3 Results

3.1 Effects of exogenous GABA on growth of wheat seedlings and roots under salt

stress
OCK @GABA BCK+NaCl BGABA+NaCl

seedlings(cm)

[ ST SRRt
(=] wh (=} wn o wn
T T T

w

=]

Changwul34 Zhouyuan9369

OCK BGABA BCK+NaCl OGABA+NaCl

(=] [} w
S w t=}
1

root(cm)
>y

10 -

o
X

b3%a!
el

L
St
S
e
S

b
NP0,

&
50

1‘0

[
Changwul34 Zhouyuan9369

<5

Fig.1. Effect of GABA on seedling height and root length under normal conditions and salinity
stress 2 days about two wheat cultivars: salt-tolerant (Changwu134) and high-yield
(Zhouyuan9369)

24h of salinity treatment affect the growth on shoot and root, with both stem and
root length obviously reduced. However, the influence of salinity is different between
wheat cultivars. For seedling height, compared with the control, the seedling length of
Changwul34 was significantly lower after the salt treatment, and there was no
difference between GABA treatment and CK after stress. For zhouyuan9369, NaCl
inhibited the growth of control, and there was no significant change under GABA
treatment. For root length, GABA suppresses growth of Changwu134, under CK and
salt stress conditions. In contrast, the application of GABA reduced the effect of salt
stress for root.

3.2 Effects of GABA on accumulation of dry matter in wheat and water content
in leaves under normal conditions and salinity stress
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Fig.2. Effect of GABA on dry weight and water contain under normal conditions and salinity
stress 2 days about two wheat cultivars: salt-tolerant (Changwu134) and high-yield
(Zhouyuan9369)

The growth of the two varieties of seedlings has been significantly inhibited
by the treatment of 150mM NaCl. Meanwhile, we identify the dry weight, water
contain of the steam and the root have been reduced significantly.

The effects of GABA on the growth of wheat seedlings under salt stress were
different due to cultivars. Pretreatment with 50mg/L GABA increased stem dry
weight, root dry weight and water content of stem for Zhouyuan93609.
Changwu134, on the contrary, through GABA treatment, the water content of root
become greater sensitivity under salt stress.

3.3 Exogenous GABA changes in content of K* and Na* in roots and leaves of
changwu134, zhouyuan936 and Chinese-spring under salinity stress

In the 150 mM NaCl stress, K* concentrations were reduced in root of
Changwul34, but there were no differences in stem K* content. Meanwhile the
effect of salt stress on K* accumulation was significant fall off both in stem and
root of Zhouyuan9369.
After pretreatment with 50mg/L GABA, compared with NaCl treatment, NaCl*
GABA treatment had no significant change the content of K*, except in leaves of
Zhouyuan9369 were increased.
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Fig.3.The accumulation of K* in the different organization of wheat under salt stress

Same as the most of research, salt stress caused dramatic increase in both stem
and root Na* content. After 150 mM NaCl treat 24 h, Changwu134 and
Zhouyuan9369 were several fold increase in Na* accumulation. It’s worth noting that
GABA greatly alleviated the effect of the accumulation of Na* caused by NaCl stress
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on plants, especially on salt sensitive cultivar zhouyuan9369,both in the shoot and root,

however, in the root of Changwu134, have no evident changes.
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Fig.4. The accumulation of Na* in the different organization of wheat under salt stress

3.4 Effects of exogenous GABA on K* fluxes in roots of changwul34,
zhouyuan9369 and Chinese-spring under salinity stress

To study the effect of GABA on K* fluxes of Changwu134 and Zhouyuan9369
under the condition of salt stress. The non-invasive ion-selective microelectrode SIET
technique was used to discover absorption of root K* meiosis region in two kinds of
wheat cultivars with the normal growth, 1h-salt stress and 24h-salt stress condition.

According to the detection results, it is found that K* efflux of CK in
salt-resistant variety Changwu134 was faster than that of wheat material processed by
GABA under normal condition. With 1h-salt stress, K* efflux increases, while there is
no obvious difference between K* efflux of wheat material processed by GABA and
CK. After 24h salt stress, K* efflux decreases and the distinction between them is still
not obvious. K* efflux of CK in salt-sensitive variety Zhouyuan9369 is a bit faster
than that treated by GABA under normal condition. After 1 h of salt stress, CK and
GABA treated efflux were both decreased, meanwhile, the treatment with GABA was

Zhouyuan9369



become a little influx. After 24h stress, K* efflux increased, and CK flux was
significantly higher than GABA treated.
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K* fluxes measured from mature zone (10 mm from root tip) of two wheat cultivars in

response to 150mM NaCl treatments (0h,1h,24h) (“+’response K* efflux; “-“response K* influx)

3.5 Effects of exogenous GABA on Na* fluxes in roots of changwul34,
zhouyuan9369 and Chinese-spring under salinity stress

lon fluxes data revealed that the Na* flux at the root changed obviously after 1h

NaCl stress. There was a little influx of Na* into the control seedlings, while the
GABA pretreatment one had a higher efflux for Zhouyuan9369. For Changwul34,
there was no significant difference in Na* efflux between CK and GABA treatment



compare with the control under non-stressed conditions.

After 24 hours stress, the CK of salt tolerant wheat materials changwul34 Na*
efflux sharply reduced, while the GABA treatment remain the same as 1h salt stress.
On the contrary, CK and GABA treat of zhouyuan9369 showed efflux largely, and
GABA treated one showed efflux rate greater than CK.
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4 Discussion

The influence of salt stress on growth were investigated as plant height and dry
weight differences in changwul34 and zhouyuan9369 plants. In this study, plant
compared with the control, big difference was observed between GABA and



non-GABA treatments. The salt stress treatment induced an obvious decrease in the
growths and weights of the seedlings and root. The application of GABA alleviated
the inhibition in seedling growth under salt stress, dry weights and water content of
plant, Especially, zhouyuan9369 was enhanced remarkably, which similar to the
results of Kathiresan (1998)*%, In his work, with increasing in GABA concentration
in the culture, the stem length was increased, until a concentration of 250uM was
reached. It is know that GABA treatment enhanced their endogenous GABA levels
over control plants 5281, Which indicated that endogenous GABA accumulation could
be influence the stem elongation and the accumulation of dry mass.

According to the reports that when plant root subjected to salt stress,
electrochemical gradient was established get through the plant membrane, and the ion
homeostasis was disrupted by change of transported and accumulated of salt ions, and
then the plant was injury 272629 |n order to obtain a clear study of the GABA
mechanisms essential, we focused only on the ion homeostasis in our work, to identify
the effects of GABA to salt stress in wheat seedlings. In this study, a prominent K*
efflux was observed in root after 1h and 24h of salinity treatment (Fig.5), as reported
by for rice 5% and broad bean 4., Meanwhile, wheat roots excluded Na* mightily after
1h and 24h of salt stress (Fig.6), which consistent with most of reports by Sun and
others (2010) for P.euphrativa ¥4, Cuin and others (2011) for wheat 31, and Xie
(2015) for cotton 41, As same as changes of K* flux, the content of K* in seedlings
and root after 24h stressed reduced by 21% -58% compared with that in the CK (Fig3).
Although wheat roots excluded Na* after 1h of salt stress, and to become stronger
after 24h of salt stress, but Na* accumulation in seedlings and root under salt treatment
increased by 6.94-14.75 fold compared with the normal treatment after 24 h salt stress
(Fig4). However, pretreatment with GABA further increased the Na* efflux, and
decreased K* efflux compared with that of non-GABA treated seedlings under
150mM NacCl stress. Therefore, compared with the non-GABA treated, the Na*
content in the seedlings after 24h stressed was remarkably decreased, whereas the K*
content was obviously increased in the seedlings. This result suggested that the uptake
of Na* can be limited by wheat seedling under short-time NaCl stress conditions. But
the root had to absorb Na* and accumulated in leaves, when the salt stress prolong to
24h (Fig.4). So the Na*/K* ratio in salt-stressed seedlings was increased. The salt
tolerance plant depends on maintain a low Na*/ K* ratio in the cytoplasm, via to
regulated the ion-selective of absorption and transport . GABA decreased the Na*
accumulation and increased the K* contents, especially in zhouyuan9369 which is not
a salt-tolerant variety; therefore, the Na*/ K* ratio was decreased. Accordingly, we
hypothesize that exogenous GABA improved the seedling salt-tolerance by regulating
the ion channels with high selectivity for K* over Na* to maintain a modest
accumulation of Na* in the seedlings and to maintain a high K*/Na* ratio.

5 Conclusion

In conclusion, our results showed that GABA improved seedling growth and
alleviated the inhibition due to salt stress of wheat by altered ion balance, especially
to the common variety (zhouyuan9369). Exogenous GABA can restrained
transportation of salt ions to leaves and sustained normal function of leaves. But the
role of GABA in plant under salt stress need make further study.
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