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*1gcanning electron microscope

*2 fluorescein diacetate

*3 4',6-diamidino-2-phenylindole

*4 5 5',6,6"-tetrachloro-1,1',3,3'"-tetraethylbenzimidazolylcarbocyanine iodide
*5 energy dispersive X-ray microanalyzer
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Figure 1. Root elongation of alfalfa as a function of
initial pH of culture solution. Alfalfa seedlings were
grown for 20 h in a culture solution at various pH
values. The elongation was defined as an increment in
root length within 20 h. Bars = S.D. (n = 5).
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Figure 2. Speciation of Al in the partially neutralized
AICl; solution by ’Al-NMR. The 100 mM AICl
solution (panel A) was partially neutralized by the
stepwise addition of 1 mol I"' NaOH solution up to the
pH value of 4.5 (panel B).
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Figure 4. Root elongation of alfalfa as a function of
aluminum concentration. The elongation was defined
as an increment in root length within 20 h. Bars = S.D.
m=5).
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Figure 3. Changes in the composition of Al species
by partial neutralization of AICl; solutions estimated
by ferron method. The solutions of 100 and 10 mM
AICl; were partially neutralized by the stepwise
addition of 1 (panel A) and 0.1 mol I'' (panel B)
NaOH solutions, respectively.
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Figure 6. Effect of calcium concentration on the root
elongation of alfalfa. Alfalfa seedlings were grown
without (M) or with 20 uM AICL; (@) at the
indicated concentrations of CaCl,. Root elongation
was defined as the increment of root length within
12 h from time zero. Bars = S.D. (n=6).
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Figure 7. Natural scanning electron micrograph of alfalfa
roots grown in Al-stressed: solution or acid volcanic soil.
Seedlings were transplanted onto the solution without
(panel A) or with 20 pM Al (panel B) or onto acid soil
(panel C). Plants were grown for 24 h, followed by natural
SEM. Bar = 1 mm.
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Figure 6. Time course of root elongation of alfalfa zone

under low pH or aluminum stress in the absence (panel
A) or presence (Panel B) of 1 mM CacCl,. Roots were
exposed. to the solutions without Al at pH 5.5 (m), pH
4.8 (0), pH 4.2 (o), or with 20 uM Al at pH 4.8 (e),
respectively. Roots were digitally photographed at

Merisfem

1
Root cap

]

indicated times for measuring their root length using a
graphical software on a computer. Root length
increment means elongation from time-zero. Data are
mean + S.D, (n = 5).
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Figure 8. A working model for the inhibition of root
elongation of alfalfa by Al
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Figure 9. Cellular viability and permeability of plasma membrane under Al stress. Alfalfa roots were exposed to 20
uM Al for 2,4,6 or 8 h, followed by FDA or DAPI staining. In FDA staining, viable cells fluoresce green. In DAPI

staining, bright particles (nuclei) indicate non-selective diffusion of DAPI molecules thorough plasma membrane
without barrier functions. Bar = 100 um.
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_ Figure 10. Confocal laser scanning microscopy of JC-1 and FDA staining of elongation zone of alfalfa root-tips
after 8 h exposure to Al or low pH stress with or without added CaCl,. Seedlings pre-stained with JC-1 were grown
for 8 h in the solution without Al at pH 4.8 (A, A", D, D) orpH 4.2 (C, C', F, F'), with Al at pH 4.8 (B, B'", E, E'), in

the absence (A-C, A'-C") or presence (D-F, D'-F") of 1 mM CaCl,. Bar = 100 pm.
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Figure 11. Effect of Al on the elongation and viability of
root hair of alfalfa. The seedling were grown without Al [Al]

S0 (M)

for 24 h (panel A); without Al for the first 8 h period,
with 20 uM Al for the successive 16 h (panel B),
respectively. Roots were stained with FDA, followed by

26 h

conventional fluorescence microscopy. Bar = 100 um.

Figure 12. Elemental composition of elongation zone of
alfalfa root grown under Al stress. Seedlings were
grown without or with 10 or 50 pM AICl; for 4 or 26 h.
Elemental analysis was carried out by EDXMA under
low-vacuum condition (20 Pa).
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