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Effects of different types of salt stress on growth, ion balance and rhizosphere pH

changes in beer barley seedlings

YUE Xiaohong,CAO Jing” ,GENG Jie ,ZHANG Zongju ,ZHANG Linjie
State Key Laboratory of Grassland Agro-ecosystems, School of Life Sciences, Lanzhou University, Lanzhou 730000, China

Abstract: Salt stress not only affects the growth of plants, but also alters the micro-zone environment of the plant
rthizosphere. The rhizosphere pH plays an important role in the bioavailability of soil nutrients and microbial community
structure, and it is an important indicator of micro-environment transformation in the rhizosphere. Previous studies on the
effects of the salt stress on beer barley mainly focused on the physio-ecology and agronomic aspects, such as photosynthesis,
cell structure, and agronomic traits. However, the response of rhizosphere pH and ion characteristics in beer barley to
various types of salt stress still remains unknown due to the complexity of the rhizosphere micro-environment. In order to
detect the adaptation mechanisms in rhizosphere pH changes and the physiological and ecological responses of beer barley
seedlings under various types of salt stress, the characteristics of growth and ion balance as well as rhizosphere pH were
investigated. An incubation experiment using hydroponics was conducted in a climate growth chamber. Beer barley seedlings
were grown in Hoagland nutrient solution with mixed sodium salts, mixed chlorine salts, and NaCl. The results indicated

that 1) The shoot dry weight and water content of beer barley seedlings decreased, while root/shoot ratios increased under
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three different types of salt stress. In particular, shoot dry weights decreased significantly by 17.88% , while root dry weight
and root/shoot ratios increased significantly by 19.12% and 43.86% under NaCl stress. The root length of beer barley
seedlings decreased to a minimum, whereas the root surface area and volume increased under the three treatments. Among
them, root surface area and root volume significantly increased by 41.76% and 84.38% under mixed chlorine salt stress,
respectively. 2) The balance of selective uptake ions in shoots of beer barley seedlings were altered under three different
types of salt stress. The absorption of Na® in seedlings dominated under mixed sodium salt and NaCl stress, and the K/
Na*, Ca™/Na", and Mg”/Na" in the shoots decreased significantly. Cl~ was absorbed excessively under mixed chlorine salt
stress and NaCl stress, while the absorption of H,PO;, NO;, and SO was also suppressed. 3) The amount of OH released
by roots of beer barley seedlings was higher than the amount of H' released under mixed sodium salt, mixed chlorine salt,
and NaCl salt stress, which was close to the excess uptake of anions over cations. According to the results of ion balance,
rthizosphere pH changes in beer barley seedlings were characterized by alkalization, which is consistent with the situ
chromomeric reaction under three different types of salt stress. Among them, the intensity of alkalization was the strongest
under mixed chlorine salt stress. The key findings are that the growth of beer barley seedlings was significantly inhibited
under NaCl stress among the three different types of salt stress. There were differences in the selective uptake of various ions
by seedlings, and rhizosphere pH is characterized by alkalization under salt stress. This study provided a theoretical basis
for clarifying mechanisms and the relationship between ion absorption and rhizosphere pH changes in beer barley seedlings

under different types of salt stress.
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ANHEAER 1 em BBIFL, SEEER/NE— JFFRIE i O R 22 718 28, 8 U A 2R 0 & . 088 g gt
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K7 d, BHKEHR—RERR, FHH=H THEAE 1/2 Hoagland % 359 HH A AR 2543, 2 FR Tavakkoli
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Table 1 Effects of different types of salt stress on dry weight of shoots and the roots , root / shoot ratio and water content for beer

barley seedlings

Ib B H T/ (mg/ Ak WARTH/ (mg/ ) He b Hh 1AK%
Treatments Shoot dry weights Root dry weighs Root/shoot ratio Water content
X} H# CK Control 29.76a 16.79b 0.57b 88.26a
JRA Na £ Mixed sodium salt 27.43ab 16.81b 0.62b 85.23a
R4 Cl b Mixed chlorine salt 28.60a 18.79ab 0.66b 86.68a
NaCl 24.44h 20.00a 0.82a 86.86a

[ FUAN ] /NG B - A [ #2042 ) 22 55 W3 ( P<0.05)

2.1.2 R R 22 M FR I AR B e
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K WARK A AN [FRR B I 7

140
2 120 ¢ a ab ab
k5] b T N
£ 100 + .
g
Q
\E: 80 +
2
S 60 |
g
2 40
K
B 20}
0
MR EANad:  JEACIEE NaCl
CK Mixed Mixed
sodium salt chlorine salt
18 18
= a
= 16 }+ 5 16 L
‘_% a E‘ b
& 14 -~ 14
= ab < ab E b 1
5 12 T X S|
= b )
g 10 T Ewf c
: 2 ol S
g0 3
2 6Fr ~ 6Ff
£ 41 g4l
& 2
B2t Moot
mY =
M EANagh RACIEH: NaCl MR RANa#h RACIEH: NaCl
CK Mixed Mixed CK Mixed Mixed
sodium salt chlorine salt sodium salt chlorine salt

b4y 38 Salt stress

1 FERBHSMENBEXEZHERABAESZSHHZM
Fig.1 Effects of different types of salt stress on root morphological parameters of beer barley seedlings
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B F/Na* Y558 CK i A B HABHES 1/ Cl Y% CK 390 184 CLER AT | # E34 FH B 7/ Cl #4948 CK
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Table 2 Effects of different types of salt stress on the ion distribution in shoots of beer barley seedlings

Qb3 FHZ5F/Na* Cations /Na* M1%5+/Cl™ Anion /Cl™
Treatment K*/Na* Ca®*/Na* Mg>*/Na* NO3/CI” H,PO;/Cl” S03/cl
Xt CK 1.529h 0.120b 0.123b 1.527b 0.751b 0.104b
R4 Na £ Mixed sodium salt 0.492¢ 0.050bc 0.058¢ 3.216a 1.319a 0.183a
R4 ClEL Mixed chlorine salt 2.945a 0.249a 0.182a 0.211c 0.248¢ 0.030c
NaCl 0.278c¢ 0.025¢ 0.036¢ 0.098¢ 0.179¢ 0.023¢

MR A2 4 v A BH - 3 2R rT DU I (3R 3) , CKOAR BT BIFH B T3H 5 4521 21 pmol/g
DW , IR PR & A s R AR, A R B 2 70 b ae B -SSR T, SRR PR 2 b R . 75
A CLERMMET MRS R 2 2l v B FH B 1 B 4 R AR OR (36 3) |, SR AL RE BE ik, T BE -5 %) C17 AR &
WA DG, L2 NaCl Jikif B8 P45 R -388.0 wmol/g DW VG Na #hin T | B8 P 25 S /R i
HEREBE R RS
R3 FREIFEBER A RE X Z L EAAEF &M
Table 3 Cation-anion balance of beer barley seedlings under different types of salt stress

e 7 aE  WHEFTRaESsE  PIETEE  PIETamras BIHsEr

Kb 3 Concentration Concentration Concentration Concentration Cation-anion zh

Treatment of cations/ of cations charge/ of anions/ of anions charge/ balance/ Result
( pmol/g DW) ( pwmol/g DW) (pmol/g DW) (pmol/g DW) ( pmol/g DW)

CK 1543.0 +1681.0 1632 -1660.0 21.0 itk

R4 Na £k Mixed sodium salt 2052.0 +2176.0 2264.0 -2306.0 -130.0 fikfk

1R ClEh Mixed chlorine salt 1775.0 +1959.0 2582.0 -2605.0 -646.0 Ak

NaCl 2498.0 +2597.0 2963.0 -2985.0 -388.0 Bk ik

BT VAR AR Haynes!?) Fl Rengel 2% ; B BA B 74 ( wmol/g DW) = [ ¢(K*) +2xc( Ca®* ) +2xc(Mg?* ) +c¢(Na*) ] -[ c( H, PO} ) +2x
(SO%‘)+(~,(NO§ Y+e(CI7) 1,30 B A BRI S T3 &, % 3 4 pmol/g DW: mol/g Dry Weight Bl pmol/g T 5

2.3 MR A A EARES pH AL @R

ARPr pH JEALE (] 2) AT UL, BirA AR B MR R 2l i AR P pH 2R ALBL G (R 1) , R KA 4
PR R B OH i KT HY, N FBURER pH 200fb G . K& 2 EHRE LA BEAF 2 K] 3 B, B
FORor U OH™ W] 3 ORI Eh 7 bl UP R 22 B AR OH iy /il b B 35 T CK, fEIRA Cl
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Fig.2 Rhizosphere pH changes and the visualizations of the beer barley under different types of salt stress
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