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Aluminum Toxicity Resistant Mechanism of Taiwan
Gordonia in Coal Mine Spoil

Hsu-ho Chung” and Chiang-her Yen'?

[ Summary ]

Coal mine spoil is notorious for its high aluminum (Al) content and low pH. Naturally distributed
Taiwan gordonia (Gordonia axillaris Dietr.), however, grows well on spoil lochted in northern Taiwan,
The present study, therefore, was designed to investigate the aluminum resistant/tolerant mechanism in
this species.  We first analyzed the contents of Al ions both in bare spoil and in spoil where Taiwan
gordonia trees are found.  Results show that the presence of this species significantly decreases the
contents of Al ions in soil and seil solulion of coal mine spoil.  Analyses of the Al ions in soil solution
show that 89.86% are AI’*, while Al-SO,, AIF,", and AIF?* account for §.14%, 1.20%, and 0.80%,
respectively. Results of tissue nutrient analyses show that, for those Taiwan gordonia grown on coal
mine spoil, Al, once absorbed, is accumulated in leaf tissues and in fine roots. Al content in these
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tissues was found to be as high as 1900 mg/kg which is significantly (p < 0.05) higher than that found in
the same tissues of Tatwan gordonia from normal sites adjacent to the coal mine spoil.  Analyses of
Xylem sap show that Al transport forms in Taiwan gordonia are mainly as AIF*'(95.34%) and
AIF,"(3.45%); and onty 1.2% is in the form of APF*. These results suggest that Taiwan gordonia
alleviates Al toxicity by chelating the AP* with absorbed fluoride ions. As such Taiwan gordonia
grown in high-Al soil (such as coal mine spoil) is capable of uptaking and, hence, reducing soil Al
contents. To fully elucidate the Al toxicity resistant/tolerant mechanism, more studies on the forms of

accumulation in leaf tissues and fine roots are still needed.
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Table 1. Characteristics of soil chemical properties of bare spoil and that of Taiwan gordonia vegetation

spoil.

Soil properties Taiwan gordonia Bare spoil
pH 3951 0.14b 320+ 0.12a
Total-N(%) 0.34 £ 0.09b 0.18+ 0.04a

NH,-N{mg/kg) 9.86+ 0.49% 4.10 £ 0.26a

NO,-N(mg/kg) 30.14 + 1.43b 2033+ 1.51a
Available-P(mg/kg) 8.63 £ 0.62a 9.80+0.77a
Exchangeable-K(c mol¢+yig) 0.31 £ 0.06b 0.12+0.02a
Exchangeable-Cafc mot+ykg) 0.68+0.11a 099+ 0.12b
Exchangeable-Mg(c molt+kg) 0.58£0.14a 052+ 011a
CEC(e mol+)kg) 19.05 + 0.68b 13.32+ 0.58a
Inorganic sulfate(mg/kg) 1148 + 58.5a 2257+ 72.6b
Exchangeable-Al(mg/kg) 332.7+284a 1242 + 67.3b
Organic matter(%) 5.39+ 0.45b 438+ 0.48a

Note: means with the same letter in a given row are not significantly different at the 5% level,

Table 2. Chemical properties of soil lysimeter solution of bare spoil and that of Taiwan gordonia

vegetation spoil.

Soil solution Taiwan gordonia Bare spoil Rain
pH 3.80+ 0.18b © 3.05+£0.14a 4,85+ 0.13
F{mg/kg) 0.78 £ 0.14a 3.12+ 0.26b ND
NO, (mg/kg) ND 1.15+£0.82 1.87+ 0,14
PO, ()mgikg ND 2,12+ 0.47 ND
S0, *(mg/kg) 87.37+ 10.62a 463.8 + 13.5b 4.66+ 0.51
Al**(mg/ke) 8.52+212a 152,3+13.92b ND
K*(mg/kg) 2.34+0.52a 3.67+0.5% ND
Ca®(mg/kg) 3.67+ 0.88a 44,65 + 5.88b ND
Mg (mg/kg) 1235+ 1.17a 33,45+ 4.15b ND

Notes: means with the same letter in a given row are not significantly different at the 5% level.

ND: not detected.
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Table 3. Tissues Al content of Taiwan gordoenia collected from coal mine spoil and from normal site,

Site Foliage Stem Bark Main root Fine root
-------------------- COnC. (Mg Kg)---m-mmmmmmaemeanen
Coal mine spoil 1602b 49.5h 401.2b 451.3b 1086b
(tree)
Coal mine spoil 1886¢ 44.2b 398.2b 572.%b 1266b
(seedlings)
Normai site 604.6a 16.1a 132.6a 2479a 528.5a
(tree)
Normal site 655 8a 13.8a 154.6a 221.7a 554.7a
(seedlings)

Note: means with the same letter in a given columm are not significantly different at the 5% level.
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Table 4. Xylem sap cation composition of Taiwan
grodonia collected from coal mine spoil
and from normal site.

Cation Coal mine spoil  Normal site
—mr e CONE. MG/ L) mmmmmmen

K 54.5b 394a
Na 22.6a 73.6b
Ca 14.8a 14.9a
Mg 42 .6a 38.7a
Al 42.5b 7.1a
Cd _ ND ND
Co . ND ND
Cu ND 1.9
Fe ND 0.05
Mn 6.5b 0.4a
Ni ND ND
Pb ND ND
Zn 0.18a 0.14a

Notes: means with the same letter in a given row are
not significantly different at the 5% level.
ND: not detected.
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Table 5. Xylem sap organic and inorganic acid
composition of Taiwan gordonia
collected from coal mine spoil and from
normal site.

Parameter Coal mine spoil Normal site
pH 6.07a 6.41b
F {mg/L) 8.4b 37a
Cl {mg/L) 12.3a 12.5a
NO, (mg/L) 1.8a 2.2a
PO, (mg/L) 5.5a 7.8b
SO,* (mg/L) 46.4b 29.9a
Acetic (mg/L) 3.5a 4.8b
Formic {mg/L) 1.4a 1.1a
Oxalic (mg/L) 4.4a 43a
Citrie (mg/L) 23.5b 18.7a
Tartaric (mg/L) ND ND
Malic (mg/L) 432a 37.9a
Succinic (mg/L) ND ND

Notes: means with the same letter in a given row are
not significantly different at the 5% level.
ND: not detected.
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Table 6. Characteristics of soil chemical properties with Taiwan gordonia vegetation at different sites,

Soil property ' . Coal mine spoil Normal site
L pH. .. o - 395+ 0.14a 5.02+0.12b
“Total-N(%) B 0.34 + 0.09 0.31+0.03a
. NH,N(mgke) 9.86 + 0.49 9.85+ 0.29a
NO,-N(mgrkg) 13014 1.43a 3243 1.24a
Available-P(mg/kg) -8.63+0.62a 13.86=+ 0.43b
“Exchangeable-K(c mol¢+yg) 0.31x0.06a 0.46 £ 0.03b
Exchangeable-Cafc mol+ykg) 0.68+0.11a 7.65+ 0.41b
Exchangeable-Mg(c mol¢tg) 0.58+0.14a 2,95+ 0.08b
CEC(e mol(+/ke) 19.05 + 0.68a 23.53 + 0.58b

Inorganic sulfate(mg/kg) 1148 £ 58.5b 176.5+ 7.9a

Exchangeable-Al{mg/kg) 332.7+£28.4b 73.6+ 5.6a
Organic maiter(%) 5.39+ 0.45a 6.58 = 0.48b

Note: means with the same letter in a given row are not significantly different at the 5% level.
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Fig. 2. Ton chromatogram of Al-species from

Taiwan gordonia xylem sap. (column:
Dionex CG-2.)
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Fig. 3. Ion chromatograms of inorganie acid from
Taiwan gordonia xylem sap.
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NaHCO,,
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Fig. 4. Ion chromatogram of organic acid from
Taiwan gordonia xylem sap. (column:
Dionex AS-6).

T~ Fdm

TR B R R AT B RS RS
(1242 me/ke) - EIRIE S AT A TISRAETE I IE 14 iE
wER PAEAESERESZ 18 BRAN
SHEEISE TR pH {8 » BrEBiE 07 Z 08
WY - KETHE A R TR G EER
53] 333 me/kg ; + 8K ST B TREREIEM T
SBIEAE RSN M EERD - B
BEAR - BEEE - 85 - BRTAREELRE B
BAEANTEEERRREEET R BRA
BE BOSHRREREE TR AERE
I SEAEDENGEET - EREAETES
BETRES KRB FESZMEESY - Bk

EARR0 ~ BT - RIS R R R B 7

RESYELETTRE X T LA - EHER
I - HARISREEE 1900 me/kg - IEREE - A
AR AP R A - ERIERRETAYSE
BRI E R -

FHTIERER BT BN G mTt NSC85-
2321-B054-004) - 4t BhEH -

5 IR

SHGAH  BEST 1995  HEE L EREML
R - ML EEET CBIERE - GRS
FeEiaoEsE  35(4):431-441 -

REBE 1995 FEIGHRENESREZ BRI
& - ERBELATELER -

BELA  19% FRUEHRBRREIRIEIERE
THE T EERPE - M BRI E -

BARBHMAE LR -

Anoil, A. 1983, Aluminum uptake by roots of
two winter wheat varieties of difference
tolerance to aluminum. Biochem. Physio.
Pflanzenphysiol. 178: 11-20,

Clarkson, D, T., and J. Sanderson. 1969, The
uptake of a polyvalent cation and its distribution
in root apices of Allium capa: tracer and
autoradiograhpic studies. Planta 89: 136-154.

Foy, C. D., R. L. Chaney, and M., C. White.
1978, The physiology of metal toxicity in plants.
Ann. Rev. Plant Physiol. 29: 511-566.

Godbold, D. L., K. Dictus, and A. Huttermann.
1988, Influence of aluminum and nitrate on root
growth and mineral nutrition of Norway spruce
(Picea abies) seedlings. Can. J. For. Res. 18:
1167-1171.

Godbold, D. L. G. Jentschke, and P. Marschner.
1995. Solution pH modifies the response of
Norway spruce seedlings to aluminum. Plant
Soil 171: 175-178.

Goransson. A., and T. D. Eldhuset. 1991.



SRR ALER  12(2) © 167-175, 1997.

Effects of aluminum on growth and nutrient
uptake of small Picea abies and Pinus syfvestris
plants. Trees 5: 136-142.

Hammond, K. E., D. E. Evans, and M. J. Hodson.
1995,  Aluminium/silicon interactions in barley
{(Hordeum vulgare L.) seedlings. Plant Seil 173:
89-95.

Hartwell, B. L., and F. R. Pember. 1918 The
presence of aluminum as a reason for the
difference in the effect of so-called acid soils on
barley and rye. Soil Sci. 6: 259-277.

Haussling, M., C. A. Jorns, G. Lehmbecker, C.
Hecht-Buchholz, and M. Marschner. 1989,
TIon and water uptake in relation to root
development in Norway spruce (Picea abies (L.)
Karst). J. Plant Physiol. 133: 486-491.

Hentschel E., D. L. Godbold, P. Marschner, H.
Schlegel, and G. Jentschke., 1993. The
effects of Paxilfus invelurus Fr. on aluminum
sensitivity of Norway spruce seedlings. Tree
Physiology 12: 379-390,

Horst, W. J.,, A. Wagner, and H. Marschner.
1982. Mucilage protects root meristems from
aluminum injury, Z. Pflanzenphysiol. 105: 435-
444,

Huang, J., and E. P. Bachelard, 1993. Effects
of aluminum on growth and cation uptake in
seedlings of Eucalyptus mannifera and Pinus
radiata. Plant Soil 149; 121-127.

Huang, J. W., D. L. Grunes, and L. V. Kochian.

1993, Aluminum effects on calcium (¥Ca?™y

—175—

translocation in  aluminum-tolerant  and
aluminum-sensitive wheat (Triticum aestivum L.)
cultivars. Plant Physiol. 102: 85-93.

MeCormick, L.H., and F. Y. Borden. 1972
Phosphate fixation by aluminum in plant roots.
Soil. Sei. Soc, Am. Proc, 39: 799-802.

Rasmussen, H. P. 1968. Entry and distribution
of aluminum in Zea mays: electron microprobe
and X-ray analysis. Planta 81: 28-37,

Schaedle, M., F. C. Thornton, and D. J. Raynal.
1986. Non-metabolic binding of aluminum to
roots of leblolly pine and honeylocust. J. Plant
Nutr. 9; 1227-1238.

Schaedle, M., F. C. Thornton, D, J. Raynal, and H,
B. Tepper. 198%. Response of tree seedlings
to aluminum. Tree Physiology 5: 337-356.

Taylor, G. J., and S. M. Macfie. 1994,
Modeling the potential for boron amelioration of
aluminum toxicity using the Weibull function.
Can, J. Bot. 72: 1187-1196,

Ulrich, B., R. Mayer, and P, X, Khanna. 1980.
Chemical changes duc to acid precipitation in a
loess derived soil in central Furope. Soil Sci. 130:
193-199.

Wagatsuma, T. 1983, Effect of non-metabolic
condition on the uptake of aluminum by plant
roots. Soil Seci, Plant Nutr, 29: 323-333,

Yang, C. S, H. B. Tepper, and M. Schaedle,
1988. Lecalization of Al in roots of honey
locust and loblolly pine using Al-26 and
hemotoxylin. Albios project report. 1987.



