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Abstract Among many kinds of stresses drought and salinity are the most serious ones that limit plant growth
and crop productivity in agriculture with their damage exceeding the sum of that attributed to all other natural
disasters. Plant responses to drought and salinity have much in common Water stress in its broadest sense en-
compasses both drought and salt stress Salt stress occurs from both osmotic stress due to low water potentials
and salt-specific effects. However studies on the comparative physiology of plants to water and salt stress are
few. Aloe is a typical xerophyte with important economic and social value but is not a halophyte. Little infor-
mation was available on its response to salt and its mechanisms of tolerance. In this paper dry matter accumu-
lation of seedlings growth rates water content electrolytic leakage of leaves and ionic absorption and distri-
bution of organ and tissue levels in six-leaf Aloe vera seedlings exposed to iso-osmotic conditions of — 0.44
Mpa and - 0.88 Mpa using NaCl and compared to exposure to polyethylene glycol 6000 PEG 6000 con-
centrations to understand the responses of plants to water and salt stress.

The results showed that leaf elongation was inhibited plant dry matter accumulation rates decreased sig-
nificantly water content in leaves decreased and leaf electrolytic leakage increased 10 days after treatments
using NaCl and PEG. Growth inhibition of salt-treated Aloe seedlings greatly exceeded that of PEG-treated
seedlings. Ion content analysis in different organs and X-ray microanalysis of root and leaf cross sections indi-
cated that Na* Cl~ content increased significantly and K* Ca®>* absorption in the roots and transport to
leaves were inhibited in seedlings exposed to NaCl stress. Maintenance of better ion homeostasis under the PEG
treatment was a primary reason for the greater adaptation to water stress than to iso-osmotic salt stress in Aloe .
However Aloe seedlings also showed some specific adaptations to — 0.44 — — 0.88 NaCl stress in Aloe
seedlings 1 lonic selective absorption and transport were high in Aloe roots under salt stress and increased
with increasing salt stress 2 Salt accumulation in aqueous tissues was significantly higher than that in the

2003-09-02 2004-04-20
863 2002AA274061
* Author for correspondence  E-mail  zwslsh @ publicl . ptt. js.cn



824

28

other tissues of Aloe leaves. Also as a CAM Crassulacean acid metabolism plant the transpiration rate in

Aloe seedlings was very low and the rate of salt accumulation in the shoots was also slow.

Key words Salt stress Water stress  Aloe vera  lonic absorption and distribution Aqueous tissue
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Table 1 Effects of NaCl and PEG stresses on dry matter accumulation rate leaf elongation rate leaf water content and
permealibity of leaf plasma membrane in Aloe seedlings

Treatment Rate of dry matter accumulation Elongation rate of leaf Water content of dry weight Electrolytic leakage
mg plant™* d~! mm d~! basis in leaves % %

Control 100.35* 0.74* 3 603.70 18.72
- 0.44 MPa NaCl 76.86 0.41% 2841.18% 29.56"
—0.88 MPa NaCl 48.78% 0.22°0 2 073.91° 33.60%
-0.44 MPa PEG 88.33" 0.65" 347143 21.05%¢
- 0.88 MPa PEG 82,57 0.59 3 025.00" 24.63"

1% 5% Values within the same column follow by the same capital

small letter are not significantly different at the level of 1% 5%

2 NaCl PEG Ca>*/Na* K*/Na* SK Na
Table 2 Effects of NaCl and PEG stresses on ion content Ca’*/Na* K*/Na* ratio and S y, in Aloe seedlings

Treatment Na* K* Cl- Ca>* Ca®* /Na* K*/Na* SK Na
Control 0.36 0.654 0.05<¢ 0.874 2.400 1.81% 0.17<¢
—0.44 MPa NaCl 0.69" 0.33< 0.36"® 0.78% 1.138 0.48% 8.00"8
Root —0.88 MPa NaCl 0.93% 0.24% 0.52% 0.65% 0.70° 0.26¢ 8.674
- 0.44 MPa PEG 0.35< 0.614 0.05<¢ 084048 2.40% 1.74% 0.16<
-0.88 MPa PEG 0.34¢ 0.54'8 0.06<¢ 0.80bAB 2.35% 1.598 0.15<
Control 0.18" 2.24% 0.47<¢ 1.67* 9.28% 12.44 6.87<¢
-0.44 MPa NaCl 0.33% 1.87<¢ 0.57*® 1.49< 4,524 5.67% 11.81"
Leaf —0.88 MPa NaCl 0.37* 1.48%" 0.63* 1.31%° 3.25% 4.00¢ 15.384
- 0.44 MPa PEG 0.18" 2.05" 0.49<¢ 1.61"8 8.94"8 11.39"8 6.66%
-0.88 MPa PEG 0.18" 1.88< 0.49< 1.52beBC .44« 10.44<¢ 6.57
1 Note See table 1
2.3 Na* CI- Na-
Cl Na* Cl-
X- K* Ca?*
NaCl PEG

3 PEG K* Ca®*
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3 -0.88 MPa NaCl

Cl-

Table 3 Effects of —0.88 MPa NaCl and PEG stresses on the percentage

K* CaZ+

PEG

%

Na*

% of Na* K* Ca’* and Cl~ contents in total inorganic
ions of different tissues in Aloe root and leaf

Control PEG NaCl
Na* 12.89 18.22  21.26
cl- 5.12 7.07  25.12
Epidermis cell K* 29.88 28.98 18.97
Ca’* 15.55 6.63 8.91
Na* 11.98 14.21  23.03
cl- 4.03 5.08  20.52
Cortex cell K* 37.04 30.72 20.55
Ca’* 21.57 25.95  6.18
Na* 16.92 17.32 20.19
cl- 4.34 5.20  21.85
Root Endodermis cell K* 53.23 27.69 20.98
Ca’* 12.61 13.18  6.05
Na* 10.46 13.69  20.78
cl- 4.73 7.50  29.07
Phloem cell K* 37.31 38.22 20.49
Ca’* 15.06 7.22 2.81
Na* 14.57 17.35  25.79
cl- 4.13 6.90  23.16
Xylem cell K* 28.96 34.48  16.26
Ca®* 9.55 5.31 3.45
Na* 3.09 1.53 5.80
cl- 4.45 4.73  10.22
Epidermis cell ~ K* 34.76 38.11  38.13
Ca®* 36.90 32.36  27.67
Na* 3.40 0 10.46
cl- 3.95 3.07 7.48
Cortex cell K* 37.15 50.42  38.86
Ca?* 32.35 41.86  15.23
Na* 0 1.01 16.47
cl- 8.92 7.97  24.12
Leaf Aqueous cell K* 58.92 56.29  25.55
Ca®* 19.91 14.87 8.4
Na* 3.07 2.75  10.58
cl- 5.54 8.77  10.76
Phloem cell K* 55.26 52.06 44.44
Ca’* 19.79 16.35  7.58
Na* 6.69 2.85  10.83
cl- 7.40 4.33  15.64
Xylem cell K* 40.76 48.02  38.71
Ca?* 23.23 30.11  9.43
3 PEG
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