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Abstract: A pot experiment was used to investigate the effect of exogenous glycinebetaine on the salt tolerance and heavy metals accumulation of edible
amaranth under the soil salinity of 0.2% and 0.4% and glycinebetaine concentration of GB/1 mmol*L~" 10 mmol*L~" and 50 mmol*L =" spraying on
foliage. Result showed that: @Under severe salt treatment spraying 50 mmol*L =" glycinebetaine significantly improved the concentration of free proline
and total free amino acid in the shoot of amaranth. Salinity stress depressed the absorption of Ca Mg K and Fe significantly whereas the opposite effect
was shown after the treatment of exogenous glycinebetaine. At the salinity of 0. 4% and spraying 50 mmol*L~! glycinebetaine the ratio of K and Na Ca
and Na increased by 40.4% and 34.1% in the root respectively. This indicated that the higher soil salinity was the more effective glycinebetaine to
salinity tolerance of crop. (@After salinity treatment exogenous glycinebetaine improved the absorption and accumulation of Cd Cr Pb  Cu and Zn by
crop. At 0.4% salinity and 50 mmol*L ="' glycinebetaine treatment the concentration of Cd Cr Pb Cu and Zn in root was promoted by 22. 1%

127.1% 63.4% 61.1% and 56. 1% respectively comparing with the controls. ) From the correlation analysis of salt ions and heavy metals
concentrations in root the concentrations of Pb Cr Cu and Zn displayed significantly positive correlation with saline ions and other heavy metals at 0.
4% salinity treatment ( p <0.01) while only significantly positive correlation between Na and Ca Cd and Cr and Cu and Zn was observed at 0.2%
salinity (p <0.01) . Results implied that at higher soil salinity exogenous glycinebetaine can improve crop salinity tolerance and uptake of essential

elements thereby increasing heavy metal accumulation of crop.
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1 ( Introduction)
9. 5438
hm’ 1.0x10° ~1.5 x10° hm’
( Sakamoto et al. 2000) .

( McNeil et al.  1999)

( Yang et al. 2005)
( Sobahan et al. 2009) Na*
Na“* ( Ashraf et al. 2007)
K/Na

( Agboma et al. 1997)
( Coughlan et al. 1982)
( Oukarrouma et al. 2012) .

N

3 kgehm™?
N ( Agboma
et al. 1997) ;
( Hussain et al. 2010) ;
1 mmol+L™'
( Park et al. 2006) .

~

( Gabrijel et al. 2009) .
( Zhang et al. 2007)
2 ( Materials and methods)
2.1 N
Sigma

:pH =6.348 TOC 35.4 g*kg™' CEC

20.86 cmol*kg™' Cd.Pb.Zn.Cr.Cu
1.81.94. 48.338. 55.44. 80.50. 62 mg-kg .
GB15618—1995 ( bi
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. 2.20 kg
0.22 geml"™'
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75%
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25d )
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1 3 (0
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50 d 6:00 N



5 1589
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3 ( Results and analysis)
105 C 3.1 N
15 ~20 min 70 ~80 C
2.2 .
1 0.2%
( Bates et al. 1973) ; . (
( Dubois et al. 1956) ; ) ( )
( 2007) .

(GSV-1

. Ca-Mg.Zn
Cu
( AA-7000F) Cd.Pb.Cr
( AA-7000F) .
2.3
SPSS16. 0

1 0.2%.0.4%
<0. 05)

ICP

~ Duncan

Origin 8.5

)
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0.4%
0.2%
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( 5D (p

Fig. 1  Effect of exogenous glycinebetaine on the content of soluble sugar free proline and total free amino acid in the shoot of amaranth under 0. 2%

and 0.4% salt concentration ( Mean + SD different small letters display significant differences the same letter indicates no significant

differences ( p <0.05) the same below)
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3.2 0.2% -
0.4% K/Na.Ca/Na
1. 2
Ca.K.Mg K.Ca
Ca.K.Mg.Fe
1
Table 1  Effect of exogenous glycinebetaine on the content of saline ions in the root of amaranth under salt stress
/ Ca/ Mg/ Na/ K/ Fe/
(L) (k) (ke (o) (k) (k) K/ CalNa
0 0 2.75+0.01°  1.61+0.02° 1.87+0.04"  4.55+0.00° 165.30 £6.82% 2.43+0.05* 1.47+0.02°
1 2.74+0.14"  1.44£0.01° 2.29£0.06* 4.01 £0.01" 326.23 +4.82* 1.75£0.04° 1.19 +0.03°
10 2.82+0.03*  1.15£0.00¢  1.98£0.03" 2.99 £0.00° 328.85+8.39* 1.51+0.02d 1.43 +0.01"
50 2.14£0.03"  1.27+0.00° 1.80=0.03"  3.35+0.00° 257.48 +8.39" 1.86+0.02" 1.19%0.01°
0.20% 0 1.72£0.09°  0.80+0.00" 2.85+0.02° 1.74+0.02" 170.63 £5.09" 0.61 £0.00" 0.60 +0.03"
1 1.35£0.11°  0.74+0.00"  2.21 £0.05% 2.37 +0.00¢ 141.62£1.35° 1.070.02° 0.61 +0.03¢
10 1.76 £0.06°  0.85+0.01%  2.93+0.01° 2.27+0.01' 128.69+5.90" 0.77 +0.00" 0.60 0. 02¢
50 1.73 £0.20°  0.97+0.020  2.70+0.14" 2.16+0.03' 169.68 +4.33" 0.80=0.03" 0.64 £0.04¢
0.40% 0 1.61 £0.02°1  1.08+0.02"  3.93+0.01° 1.8420.00% 136.91 £5.24*" 0.47£0.00  0.41 £0.01¢
1 1.56+0.04  1.05+0.01' 3.83+0.03Y 2.31+0.02" 191.04 £3.25° 0.60+0.01" 0.41+0.01¢
10 2.15+0.01"  1.39+0.00° 4.76+0.06" 2.65+0.02" 319.26 +4.14* 0.56+0.00° 0.45+0.00"
50 2.84+0.05° 1.50=0.01" 5.18+0.07° 3.41+0.02° 250.53 £0.00" 0.66+0.01% 0.55+0.00°
. Duncan +SD ( p<0. 05)
2
Table 2 Effect of exogenous glycinebetaine on the content of saline ions in the shoot of amaranth under salt stress
/ Ca/ Mg/ Na/ K/ Fe/
(L) (k) (ke e (k) (k) K/ Ca/Na
0 0 8.34+0.07" 1.40+0.03"™ 1.09+0.025 3.11+0.01° 42.08 +0.02* 2.85+0.07* 7.71+0.11°
1 8.27 +0.38"  1.62+0.03"  1.17+0.03%*  3.04 +0.07* 50.42+0.17° 2.59+0.09" 7.05+0.33"
10 8.21+0.23"  1.37+0.06°  1.28+0.03%  2.69 +0.05" 48.25+2.10" 2.11+0.02° 6.45+0.25°
50 8.60+0.17°  1.42+0.02"  1.26+0.03%* 2.51 £0.05° 45.91£0.03° 1.99+0.05¢ 6.65+0.17°
0.20% 0 4.90£0.10% 1.10+0.01"  3.05+0.04" 1.85+0.02%6 34.82+0.02" 0.61£0.01% 1.61 +0.04"
1 4.96+0.05 1.02+0.02% 2.99+0.13" 2.40+0.02¢ 33.53+0.21" 0.80£0.03° 1.66 +0.06"
10 5.21+0.13°"  1.04+0.01°"  3.01 £0.14"  2.05+0.01° 30.61 £0.86¢ 0.68 £0.03" 1.73 +0.08¢
50 4.89£0.08" 1.07£0.03" 3.26+0.17° 1.88+0.03% 32.97+0.45" 0.58£0.02%6 1.50+0.10"
0.40% 0 4.32+0.15"  1.01£0.03%  3.60+0.10° 1.64+0.05" 27.34+0.52" 0.46+£0.00" 1.20+0.01°
1 4.60=0.14  1.09£0.04% 4.35+0.12"> 1.94+0.06" 29.40+£0.245 0.45+0.01" 1.02+0.10°
10 4.42+0.35"  1.11£0.05"  4.01+0.13° 1.75+0.07" 30.89 £0.21% 0.43+0.01" 1.10+0.06°
50 5.50 £0.10°  0.97 £0.01*  5.59 +0.20° 1.90+0.05% 39.88 +2.90° 0.34+0.00° 0.98 £0.01°
1 . 0.4%
K. Ca.Mg. Na 0. Ca-Na.K.Fe
4% 10.50 mmol*L ™' Ca.Na.K.Fe
K/Na.Ca/Na
K.Na.Ca.Mg.Fe Na
Na 0.2% .0.4% 50 mmol L'
Na K/Na 0 mmol+L ™"
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31.1% .40.4% Ca/Na 4% 50 mmol-L "
0 mmol+L ™" 6.7% 34.1%. 22. 1% 127. 1% -
Ca/Na 63.4% 61. 1% .56.1% . 0.
4% Cd.Cr.Pb.Cu
0.2%
0.
3.3 2% Cd.
3.3.1 Cr.Pb.Cu.Zn 0. 4%
3 Cu.Zn Cd.Cr.Pb.Cu.Zn
CriZn
Cu.Zn 10.50 mmol-L ™"
0.2% 0. 4%
Cd.Cu+Zn.Cr 0.

3

Table 3  Effect of exogenous glycinebetaine on the absorption and accumulation of heavy metals in the root of amaranth under salt stress

/ Cd/ Pb/ Cu/ Zn/ Cr/

(' mmol=L~") (mgekg™") (mgekg™") (mgekg™") (mgekg™") (mgekg™")
0 0 0.76 £0. 04 1.27 0. 08¢ 4.35+0.53" 23.71 £0.00* 2.16 £0.46°
1 0.83 £0.05° 2.01 £0.01° 5.11 0. 58" 25.89 +1.05° 3.73 £0. 16"
10 0.80 +0.04 1.99 +0. 14° 4.88 +0.18% 20.52 £0.21° 4.16 £0. 10"
50 0.80 £0.03" 1.70 £0.01" 4.41 £0.20" 20.18 +0.35" 3.55+0.10"
0.20% 0 0.64 +0.01"% 1.28 £0.32¢ 2.44 £0.25° 14.32 +0.08' 2.24 +0.12¢
1 0.60 £0.05° 0.89 £0.04% 2.52£0.04% 18.72 +3. 18" 2.04 +0.02°
10 0.69 £0.03 0.82+0.01° 2.53 +£0.30% 16.96 £2.38° 2.24 +0.044
50 0.74 £0.03" 0.99 +0.05% 2.89 +0.18% 14.26 +0. 46" 2.82+0.13°
0.40% 0 0.77 +0.00 0.93 +0.13% 2.75 +0.01% 15.17 0. 55 1.92 +0.25°
1 0.83 +0.01° 1.06 +0.11¢ 3.04 +0.33¢ 14.51 0. 24" 2.80 £0.07°
10 1.11 £0.07¢ 1.65+0.01" 3.61 £0.06° 18.71 1. 03" 3.09 £0.04°
50 0.94 £0.00" 1.52 +0.02" 4.43 0. 11° 23.68 £2.04" 4.36 £0.04°

4

Table 4  Effect of exogenous glycinebetaine o

n the absorption and accumulation of heavy metals in the shoot of amaranth un

der salt stress

/ cd/ Pb/ Cu/ Zn/ Cr/
(mmol+L™") (mgekg™") (mgekg™") (mgekg™") (mgekg™") (mgekg™")
0 0 0.38 +0.00" 0.23 +0.01™ 1.49 +0. 16" 13.17 £0.55" 0.85 +0. 02"
1 0.43 £0.03" 0.27 0. 06* 1.75 +0.12° 14.63 +0.95° 0.99 +0. 12"
10 0.35+0.01° 0.27 +0.00? 2.38 +0.24° 11.73 £0.63° 1.31 +0.08"
50 0.41 +0.01" 0.27 +0.02° 2.59 +0.03" 14.60 +0. 68" 0.64 £0.08"
0.20% 0 0.40 £0.00" 0.16 +0.01b" 1.73 £0.15° 12.65 +0. 24" 0.43 +0.038
1 0.39 +0.01" 0.16 +0.01" 1.74 +0.02" 12.57 £0. 38" 0.61 +0.23°%
10 0.40 £0.01" 0.11 £0.01° 1.85 +0.09" 10.02 £0.19° 0.59 +0.22%
50 0.43 £0.02" 0.26 +0.09* 1.90 +0.09" 12.85 +1.03" 0.66 +0. 10"
0.40% 0 0.37 +0.03¢ 0.10 +0.03¢ 1.58 +0.03" 12.40 £0. 28" 0.92 +0.07"
0.48 +0.00" 0.12 +0.04 1.83 +0.09" 11.87 £0.90¢ 0.69 +0.07%
10 0.52 +0.08" 0.18 +0.05" 1.60 +0.32" 11.54 £0.62¢ 0.72 +0. 14
50 0.40 +0.01" 0.16 +0.02" 1.83 +0.54" 11.68 £0.07% 0.83 +0.00"%
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3.3.2 Cd~Cr+Zn
( TF) ; 0.4%
TF = /
Cd.Pb.Cu.Zn
2
50 mmol°L ™" 0.2% Cd. Cd.Cr<Zn
CrvZn 0.4% Cd.
Pb.Cu+Zn 0.2% 3.4
5
0.4%
Na K.Ca.Pb.Cr.Cu.Zn
(p<0.01) Pb.Cr.Cu.Zn .
(p<o.
01); 0.2% Na Ca.Mg Cd
2 0.2%.0.4% 50 mmol-L ! Pb.Cr Cd-Cu Pb
( (p<0.01) .
(p<0.05))
Fig. 2 Ability of the transportation of heavy metals under the A (
mediation of 50 mmol+L ™" glycinebetaine and 0.2% and Cu  Zn)
0.4% salt concentration Cd-Pb.Cr
5
Table 5 Correlation coefficients between minerals and heavy metals in the root of amaranth under salinity treatment
Cd Cr Pb Cu Zn Ca Mg Na K
Cd 1 0.753**  -0.184  0.350  -0.668"  0.367  0.844**  0.452 -0.014
Cr 0.473 1 -0.012 0.708™* -0.577" 0.492 0.945** 0.339 -0.101
Pb 0.886*%0.735** 1 -0.350 -0.39%4 0.367 -0.068 0.255 -0.729**
Cu 0.530 0.949** 0.793™* 1 -0.063 0.230 0.628" 0.044 0.182
0.4% Zn 0.516 0.870** 0.717*% 0.923** 1 -0.367 -0.500 -0.45 0.570 0.2%
Ca 0.523 0.911** 0.764™* 0.964™*  0.974™* 1 0.608" 0.906** -0.413
Mg 0.73270. 846 ** 0.900** 0.915™*  0.918** 0.955** 1 0.488 -0.008
Na 0.690" 0.855** 0.861* 0.935™*  0.953** 0.974** 0.993** 1 -0.516
K 0.539 0.987** 0.758** 0.964™*  0.909** 0.943** 0.892** 0.907 ** 1

1 *# p<0.05 % *p<0.01.

4 ( Discussion)

4.1

0.2%

2009) .

( Joaquim er al.
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0.4% N Ca Ca’" ( Li
0. et al. 2014) .
2% N Na. K/Na.Ca/Na
N @ N Na
( Sobahan et al. 2009) ; 2
( Na* ( Ashraf et al.
2012) . 0.2% 2007) ; ® K/Na
( 2008) .
; 0.4%
4.3
N ( Cheng et al. 2012)
. ( Isabelle et al.
4.2 2009) .
Na Cu.Zn
K.Ca K/Na .Ca/Na
( 1. 2). Na Cd( Islam et al. 2009)
Cd ( Duman et al. 2011)
K/Na .Ca/Na Pb ( Duman 2011).
K.Na.Ca K.Mg.Fe. Cd.Cr.Zn
Ca ( 1. 2) (Ali et al. 2011) .
( Cuin et al. 2005; Aliet al. 2011). ( 3 2).
Ca.Mg.K Ca
Cd.Cr Pb.Cu.Zn
Na* Ca (5
. Ca Cd.Pb.Zn.Cu
K/Na.Ca/Na . Cd.Cr.Pb.Cu.Zn
K/Na+Ca/Na Fe. Zn ( Liu et al.
2003; Xin et al. 2010; Yang et al. 2004)
K.Ca N K/Na.Ca/ Fe.Zn
Na
K.Ca.Na
Ca
5. 5 ( Conclusions)
Ca
( Jaleel et al. 2007) 1)

Ca -
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Ca.Mg.K.Fe
K/Na.Ca/Na

2) Cd.
Cr-Pb.Cu.Zn
Cd+Zn.Cr
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