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Table 1. The composition of nutrient solution used in the hydroponic solution.

Elements Chemicals Concentrations
NH4-N (NH4)2SO4 1.10 mM
NO3-N Ca(NO3)2 '4H20 0.35 mM

P Na,HPO4 1.0 mM
K K2804 0.51 mM
Ca CaCl, -2H,0 0.35 mM
Mg MgSQO;, -2H,0 1.00 mM
Fe Fe-EDTA 6.3 uM
B H3BO3 9.3 uM
Mn MnSO, -H,O 18.0 uM
Zn ZnS0Oy4 -5H,0 1.5 uM
Cu CuS0O, -7H,0 0.4 uM
Mo Na,MoOg4 -2H,0 0.5 uM
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Table 2. Inorganic monomeric aluminum concentration (UM) in the

hydroponic solution estimated by aluminon method. (Data are
means £ s.e., n =5)

(=

Added Al concentration® Inorganic monmeric Al
0 0
100 38.9+1.56
200 65.5£1.35
300 80.8+1.29

°Al as AICI; was added to modified nutrient solution, and then the pH was adjusted to 4.5
before determination of inorganic monomeric Al according to the method of Kerven et
al.(1989).
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Table 3. The root length of four pineapple cultivars before experiment and
after treating with treatments of different aluminum concentration
for four weeks .

] Before After four weeks (cm)
Cultivar treatment
(Cm) Alo A|1 A|2 A|3
Cayenne 6.8 14.1 14.7 14.9 15.0
Tainung No.17 5.6 11.5 12.0 11.1 10.3
Tainung No.6 7.0 13.5 13.8 12.2 11.9
Tainung No.13 6.3 12.5 12.9 12.3 11.8
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Fig 1. Effect of AICI; concentration (0, 100uM) on (a) root elongation and (b)
Al content in 1 cm root apices of four pineapple cultivars after
planting in the hydroponic solution for four weeks.

* significant difference at P=0.05.
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Fig 2. Effect of AICI; concentration (0, 200 uM) on (a) root elongation and
(b) Al content in 1 cm root apices of four pineapple cultivars after

planting in the hydroponic solution for four weeks.
* significant difference at P = 0.05.
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Fig 3. Effect of AICI; concentration (0, 300 uM) on (a) root elongation and
(b) Al content in 1 cm root apices of four pineapple cultivars after
planting in the hydroponic solution for four weeks.

* significant difference at P = 0.05.
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Fig 4. The root growth of four pineapple cultivars in the hydroponic solution
that contained 0, 100, 200 and 300 uM AICI; for four weeks.
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Table 4. The nutrient concentrations of four pineapple cultivars before

experiment.
Cultivar / P K Ca Mg Mn Fe Cu Zn B
(9/kg) (mg/kg)
Cayenne 14 1.0 19 2343 1355 110 485 6.3 298 6.8
panung 15 11 21 2751 1687 158 583 6.3 276 6.7
TainungNo.6 14 1.2 20 2287 1500 152 532 6.7 28.7 7.1
Lanung 16 1.1 19 2182 1198 149 596 59 313 75

5. v B & L HfEE> 7 0100~ 200 2 300uM AICI3 sk #£5% ¢ v
MY AR RER
Table 5. The nutrient concentrations of four pineapple cultivars which
planted in the hydroponic solution that contained 0, 100, 200, 300

MM AICI; for four weeks.
Cultivar Treatment N (gljkg) K Ca Mg M?mg/ng)e Cu Zn B
Cayenne Al 16° 1.2° 20° 3365° 1633° 143° 43.5° 6.8° 38.8° 8.7°
Al 16° 1.0° 23° 3520° 1690° 166° 58.5° 7.0° 46.3*° 9.2°
Al 17° 1.0° 25° 3490° 1790° 181° 75.0° 6.3° 56.5° 8.2°
Al 18° 1.3% 26° 3580° 1798° 177° 80.5° 6.5° 52.5° 9.3
panung A, 18 1.9° 27° 3080° 1913% 235 115.0° 6.3* 33.8° 12.0°
Al 15% 2.1° 29° 37587 1963° 266° 65.8° 8.1° 52.8° 8.8°
Al, 17% 1.8° 29° 2933° 1533° 2337 93.8° 5.0° 41.5® 10.6®
Al 14° 1.8° 27° 2618° 1585° 208° 72.5% 55° 54.0° 10.8%
TainungNo.6  Alg 15° 1.5° 23% 2593™ 1575° 220° 73.3% 7.3° 39.8° 14.1°
Al 15° 1.6° 26° 2873% 1595° 307° 81.5° 7.8° 46.0° 17.3°
Al 14 15° 22° 2555%™ 1550° 287° 77.0° 9.3° 55.0° 17.4°
Al 14* 1.4° 20° 2405° 1459° 238" 71.8° 7.4° 41.3% 15.0°
panung Al 17° 117 19°  2480° 1455™ 198%™ 83.5™ 4.5° 43.0° 9.8%
Al 18% 1.4° 22° 2685% 1600° 245° 112.0° 9.3° 53.5° 13.0°
Al, 17% 1.3° 22° 2225° 1348° 164° 65.9° 52° 46.1° 9.6®
Al 17* 1.3%° 20° 2055° 1314° 152° 61.0° 4.3° 42.1° 7.1°

Values within columns followed by the same letter are not significant at P<0.05 (Tukey

test).

“Alo, Al;, Al, and Alzindicated that the concentration of AICI; were 0, 100, 200 and 300 uM
in the hydroponic solution, respectively.
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Table 6. The plant dried weight of four pineapple cultivars before
experiment and after the treatments of different aluminum
concentration for four weeks.

. After four weeks (g/plant)
Cultivar Befczge/ g;ittr;qent m o AL m
Cayenne  16.3+32  238+19 241+08 247+29 25134
Lanung 17.2 5.1 251430 243+32 23817 232+12
Tainung No.6  18.6 + 4.6 243+28 235+40 231205 228+25
panung 14.8 +2.4 19.2+11 19721 193+12 20.0% 3.1

27 2 R ER&AIEE FSe B4 HIEHRE A 22t E
Table 7. The amounts of nutrient uptake of four pineapple cultivars after

treatment for four weeks.
N P K Ca Mg Mn Fe Cu Zn B

Cultivar Treatment
—————— ( g/plant) (mg/plant)
Cayenne Aly 0.15% 0.01°0.16° 41.9° 16.8° 1.6°0.34° 0.06° 0.44° 0.10°
Al 0.13% 0.010.19° 37.5° 11.7° 1.3%20.41° 0.06° 0.64® 0.11°
Al, 0.16° 0.0170.25%® 43.7%* 16.3° 1.6 0.86* 0.03° 0.86° 0.07°
Al 0.22% 0.0220.37° 57.6° 27.4* 2.2°1.14% 0.08° 0.85° 0.12°
Tainung Al 0.22% 0.03%0.37* 39.1% 2597 4.1°2.10° 0.05" 0.36° 0.19°
No.17 Al 0.11* 0.03%0.34° 44.0° 18.7° 3.7%1.66° 0.09° 0.81° 0.10°
Al, 0.14% 0.02°0.32° 27.3° 8.6° 2.7%1.24% 0.06%° 0.45%® 0.12°
Al; 0.09° 0.03°0.35% 28.4° 9.0° 2.6°0.80° 0.04° 0.79° 0.14°
Tainung Al 0.14° 0.02°0.25° 24.9° 16.2° 3.6°0.99° 0.07° 0.48° 0.23°
No.6 Al 0.09° 0.02°0.25% 20.2° 8.5° 4.5%0.91* 0.07° 0.61° 0.29°
Al, 0.06° 0.01%0.14° 16.5° 7.9° 3.8%20.79° 0.09° 0.74® 0.27°
Aly 0.08% 0.0220.16° 22.5% 7.7° 3.220.75° 0.08° 0.48° 0.23°
Tainung Al 0.10° 0.01°0.06° 9.4° 58 2.0°0.81* 0.01° 0.34° 0.08°
No.13 A, 0.10° 0.01%0.12° 56° 25° 2.121.20° 0.07* 0.58° 0.14°
Al 0.07° 0.01°0.05° 0.4° 04° 0.3°0.28"° 0.02° 0.36° 0.05°
Aly 0.10° 0.01°0.07* 8.8 0.5° 0.8°0.3¢°> 0° 0.38° 0.03°

Values within columns followed by the same letter are not significant at P<0.05 (Tukey
test).

Alo, Al4, Al,, Alsindicated that the concentration of AICI; were 0,100,200 and 300uM in the
hydroponic solution.
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Table 8. The concentration of organic acids in the root of pineapple

(Cayenne) after treatment for four weeks.
Cultivar ~ AICI(uM) Tartaric acid Malic acid Succinic acid

(mg/kg)
0 17.0% 3.1° 11.02
Cayenne 100 17.2° 6.6° 12.5°
200 19.7%° 10.5° 11.6°
300 21.42 14.0° 10.8?

Values within columns followed by the same letter are not significant at P < 0.05 (Tukey
test).
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Effect of Aluminum on Root Growth and Nutrient
uptake of Pineapple

Yong-Hong Lin" and Jen-Hshuan Chen?

Abstract

Aluminum usually has phytotoxicity and inhibits the root growth in the
strongly acidic soils. The purposes of this study were to simulate the
influence of aluminum content in hydroponic culture on root growth and
nutrient uptake of four cultivars of pineapple (Cayenne, Tainung No.6,
Tainung No.13 and Tainung No.17). The pineapples had been planted in
the pH 4.5 hydroponic solution containing 0, 100, 200 and 300 uyM AICI3,
respectively, for four weeks. The root elongation, the content of aluminum
accumulation on the root tip, nutrient uptake and the kinds and amount of
organic acids in root secretion were determined. The results showed that
the root elongation of the four cultivars was improved when they were
grown in the solution of 100 uM AICI3 , however, the inhibition of root
elongation was found for Tainung No.6 and Tainung No.13 as they were
planted in the solution containing 200 and 300 uM AICI3 , especially for
Tainung No.13 cultivar. The nutrition uptake was less inhibited when they
were planted in the Al free solution, and uptake increased with the increase
of Al concentration for Cayenne cultivar, but inhibited when the Al
concentration was 200 uM for other three cultivars, especially for Tainung
No. 13. In addition, the nutrient uptake of Tainung No.6 and Tainung No.13
cultivars were significantly inhibited when they grew in the solution
containing 300 uM AICI3, and more seriously inhibited was found for
Tainung No. 13 cultivar. Results also showed that the contents of tartaric
and malic acid in the root secretion increased with increasing Al
concentration, however, the content of malic acid was decreased in the root
secretion as Al addition increased, therefore, it need to be investigated if
the reduction of Al toxicity is related to the chelation of Al with these two
organic acids secreted from pipeapple root.

key words: Acid soils, Al toxicity, root elongation, root exudates.
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