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Promotive Effects of Aluminium on Tea Plant Growth 
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Abstract 
Stimulatory effects of aluminium (Al) on the growth of tea plants (Camellia sinensis L.) and 
nutrio-physiological roles of Al in tea plants were examined. The findings obtained were as 
follows: (I) Tea plants preferred primarily acidic conditions; (2) When Al was supplied to 
tea plants in the presence of P, growth was greatly stimulated, probably by improvement of 
the absorption and the utilization of P. The optimum level of Al for tea plants increased 
with increasing P supply; (3) Application of Al improved the absorption and the utilization 
ofK. In addition, Al remarkably alleviated excessive toxicity of Mg; (4) Application of Al 
was similar to but more favorable than the effect ofB on the growth of tea roots; and (5) 
The growth of excised tea roots in shaking liquid culture in vitro was stimulated by supplying 
Al and P together, but was not affected by Al and P supplied separately. 
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Introduction 

Aluminium (Al), a major soi l component, is 
ionized in acid soils, the pH of which is below 5 .0, 
and has inhibitory effects on the growth of many 
plant species. Aluminium has been shown to im
pair root elongat ion and to interfere with the up
take and utilization of phosphorus (P), calcium (Ca), 
magnesium (Mg) and other essen tial elements8

'. In 
plant tissues, Al is recognized to bind directly and 
toxically to DNA, calmodulin and other cell 

constituents2
' . However, tea plants grow very well 

in strong acid soils and they accumulate Al in their 
mature leaves. Chenery1> was the first to demon
strate in a field experiment the stimulatory effect oif 
Al on the growth of tea plants. 

A series of experiments were carried out with the 
purpose of confirming stimulatory effects of Al in 
solution culture of tea plants3

•
4
), and in shaking 

liquid culture of excised tea roots differentiated from 
stem segmentsn. Further analyses were made to 
identify nutrio-physiological roles of Al in tea plant 
growth. This report accounts for the results of those 
studies pertaining 10 effects of Al in relation to some 
essentia l elements. 

Materials and methods 

In each experiment, 3 plants of one-year-old rooted 
cuuings of tea plants ( Camellia sinensis L.) were 
established in a plast ic pot (1/2,000 a) containing 
10 I of tap or distilled water, and grown .for a period 
of 3 or 4 months from March to July or August. 
Each treatment was in duplicate. 

The culture solu tion was the same as used 
previously3·4

', with the pH adjusted to 4.5 every 2 
days, except during the experiment dealing with a 
pH problem. 

When the plants were sampled, the roots were 
washed in dilute HCI (pH 3.0) for 3 min and rinsed 
with distilled water. At sampling time, the shoot tips, 
leaves, stems and roots were separated, dried, and 
dry weight determined. The contents of Al and other 
nu trients were then determined by colorimetric or 
atomic absorption spectre-photometric methods. 

In in vitro experiments' ), the stems o f young tea 
shoots at plucking time were Clll into pieces of 5 mm 
length each, which was cultured in half strength MS 
medium containing I0-6M NAA and 0.75% agar for 
4 to 8 weeks. Root tips which differentiated from 
the tea stem segments were then excised and cultured 



in half strength MS medium containing Ix 10-7M 
NAA on a shaker at 25°C in darkness, for 4 weeks. 
Root length was measured with a caliper. 

Results and discussion 

I) Effects of Al and co-supply of Al and Pon tea 
plant growth 
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Fig. I . Effects of co-supply and alternate sup· 
ply of P and Al on the growth of tea 
plants 

Tea plants were grown in pH 4.0 cul
ture solution . 
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It is genera lly recognized that the presence of Al 
ions induces precipitation or aluminium phosphate. 
With the purpose of idemifying interactions of Al 
and P in tea plants, their growth in the presence of 
both Al and P was compared with thal under the 
alternate supply of Al or P every other weck3>. 

Growth of tea plants was clearly stimulated with 
the co-supply compared with that under the alter
nate supply of Al and P (Fig. I). Such differences 
were clearly observed in shoot tips and roots. Under 
the co-supply of Al and P, the growth stimulation 
was maximized at 0.4 mM Al. The largest content 
of P in the tea shoots was observed in the presence 
of 0.4 mM Al. An increased uptake of P took place 
in a culture solution of pH 4.5, when measured by 
32P, in Lhe presence of Al (Table I). This result 
means that tea plants utilize P very well for 1heir 
growth in the presence of Al. 

3.0 3.5 4.0 4.5 5.0 5.5 6.0 

pM 

Fig. 2. Effects or pH on the growth of tea 
plants grown under two Al concen
trations 

Tnble t. t; ffects of Al on the 321' upta ke of ten plants grown In pH 4.5 culture solution 

+Al -Al* 

Dry weight 
p mg 

J2p ,12p Dry weigh1 p mg 
J2p 32p 

/plant /plant / P mg /plant /plant / P mg 

(g) 
/plant 

( x 103 cpm) ( x I 03 cpm) (g) 
/plant 

( x 103 cpm) ( x IOJ c pm) 

Shoot tips I. I 5.9 221 37 0 .8 4.1 142 3S 
Leaves 5.6 22 .7 431 19 4.2 23.4 362 16 

Sterns 3.9 I 1.4 851 75 3.0 10.8 6l0 57 

Roots 2 .7 18.8 6508 346 1.9 20.3 6598 325 

Total 13.3 8016 9.9 7712 

One-year-old roo1cd cuuings or tea plant were 1ransplan1ecl in nu1rie111 solution wi1 h 0.4 mM Al. The culture solution 
con1aining Jlp, which was prepared and aged for 1 week before 1he 32P was added, was supplied to 2 plants for 2 clays. 
• Al was withheld for 54 clays before n p supply. 
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2) Optimum pH 011 /e(I p/(1/11 growth 
h is well known that tea plants grow well in acid

ic fields. The optimum pH ror tea plant growth was 
examined in both the presence and the absence of 
0.4 mM of AJ6>. As shown in Fig. 2, their growth 
was most active in a wider range of pH 3.0 and 5.5 
under the presence of Al, compared with a rang.e 
of 3.5 and 4.5 withou1 Al. This result suggests that 
tea plants prefer acidic conditions, and Al effects 
are not caused by the protection of 1-1 + toxicity_ 
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Growth of microorganisms on tea root surface was 
observed at the two levels of pH, 5.0 and 5.5 in the 
presence of Al. They were also subjec1ed to special 
conditions of P starvation. lu the absence of Al 
under a low pH range, microorganisms were scarce. 
Under this condition, no VA mycorrhyza was ob
served. Two photographs of the root surface were 
taken by a SEM ultra microscope, which presented 
white nets (Plate I) and fungus penetrating into root 
cells. It is inferred from this observation that there 

Plate I. P-clcpendent microorganisms on tea roots 
The photographs were taken with a scanning electron microscope. 
(Above: x 500, Bellow: x 7,500) 



f'ig. 3. Growth responses of tea shoots to supply of /\I and 
P in the culture solution 

• Relati ve growth : Relative value to Al 0.4 -
P 0. 1 mM. 

• : Data of experiment in 198541
• 

• : Data of experiments in 19g4J>. 

is a comribution or phosphate solublizing bacteria 
or fungi to the absorption of P in tea plants. They 
may be called "P-dependent microorganisms". 

3) S1imula1ory effec1s of Al under low or high !.' 
supply -8. -. 
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The growth of tea plams was affected significant
ly by the amount of P and Al as shown in f'ig . 34>•. 
The maximum growth of roots and shoots took place 
at 0.4 mM Al in the presence of 0. 1 mM P and at 
1.6 mM Al in the presence of 0.8 mM P. With the 
presence of 0.1 mM P, Al promoted the absorp1io111 
of P, accelerating the plant growth. When a large 
amount of 0.8 mM P was supplied, Al alleviated 
the toxicity of excess P. enhancing the absorption 
of P, and promoted the tea plant growth (Fig. 4). 
These results suggest that Al play a regulatory role 
for absorption and utilization of P. Fig. 4. Roles of Al on the growth of tea 

plants under low and high P supplies 
4) S1imulMory effecls of Al under K supplies 
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To examine interactions of Al with K in tea plants, 
they were grown under seven concentrations rang-
ing from Oto 3 mM (120 ppm) K with and without 
the provision of 0.4 mM Al6>. 

Shoot and root growth of tea plants was greatly 

stimulated by Al supply, especially under low levels 
of K (Fig. 5). The uptake of K by the plants was 
also stimulated by Al supply; a large amount of K 
accumulation was observed in the roots. 
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5) S1i11111latory effects of Al under Ca provisions 
Tea plants were grown under seven concentrations 

ranging from O 10 3 mM (120 ppm) Ca with and 
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Fig. 5. Effects of Al and K supply on the 
growth of lea plants 
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Fig. 6. Effects of Al and Ca supply on the 
grow1h of 1ea plams 
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Fig. 7. Effccis of Al and Mg supply on the 
growth or tea plants 
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without lhe supply of 0.4 mM At6>. 
Shoot and root growth or tea plants was 11oticea

bly s1imula1ed by Al supply, especially under Ca s1ar
va1ion (Fig. 6). The conce111ration of Ca in lhe 
plants decreased wilh Al presence, while the amoum 
of Ca itself in 1he plants increased. And the decrease 
in Ca concentration in the solution, which was caused 
by the plant uptake of Ca, was accelerated by an 
addi1ional supply of Al (data not shown). 

6) S1i11111/atory effects of Al under Mg provisions 
Tea plants were grown under seven conce111ra1ions 

ranging from O to 5 mM (120 ppm) Mg with and 
without the presence of 0.4 mM A i6>. 

Shoot and root growth of tea plants was stimu
lated by Al supply, except under the condition of 
Mg s tarvation (Fig. 7). The plant grow1h was ham
pered by the provisions of 1.6 mM (40 ppm) and 
higher amounts of Mg. However, the toxicity caused 
by the Mg excess was alleviated by Al supply. This 
result suggests that Al repress Mg uptake of tea 
plants. 

7) Stim11la101y effects of Al under boron slarvation 
Stimulatory effects of boron (B) on pollen tube 

growth are welJ known. It was observed that the 
growth of tea pollen tubes was promoted by I mM 
B in Al-free medium, but not in the presence of 3 
µM Al. Although the tea pollen tube growth was 
moderaiely stimulated by 3 µM Al in a B-free 
medium, no effect was recognized under the supply 
of I mM B8>. 

In regard to the effect of Al on root growth of 
tea plants under the varying conditions of B, larger 
effects were observed under B starvation, (Table 2)6

' . 

However. the Al effect on shoot tip growth was 
small. These results suggest that Al subst itute part 
of 1he functional role of B in plant roots. 

8) Effecls of Al and P 011 lea roo1s i11 i11 vi1ro 
liquid culture 

Effects of Al on the growth of excised tea roots 
in the presence of 0.6 mM P in the shaking liquid 
culture are shown in Fig. 87

'. Stimulatory effects 
on root length were observed 3 weeks after the 
Al supply. An increase in fresh weight was also 
observed. 

In the absence of P, Al repressed a little the growth 
of roots (Fig. 9). Effects of P on the growth of 



excised tea roots without 1he supply of Al are shown 
in Fig. 10. No significant effect of P supply was 
observed. However, in the presence of 0.5 mM Al, 
root growth was extremely stimulated by P supply 
(Fig. I I ). The increased growth was also observed 
in fresh weight (data not shown). 
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Fig. 8. Effects of Al on the growth of tea roots 
in the presence of P (0.6 mM) in shaking 
liquid culture 

Bars indicate SD. 
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Fig. 9. Effects of Al on the growth 
of tea roots in the absence of 
P in shaking liquid culrnrc 

Bars indicate SD. 

31 

From these results, it could be assumed that Al 
contributes 10 the growth of tea roots through its 
regulatory effect on the utilization of P by deposit
ing P on the root surface. In this i11 vitro experi
ment, the roots grew without any microorganism in 
the rhizosphere. 
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Fig. I 0. Effects of P on the growth of tea roots In 
the absence of Al in shaking liquid culture 

Bars indicate SD. 
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Fig. 11. Effects of P on the growth 
of tea roots in the presence 
of Al (0.5 mM) in shaking 
liquid culture 

Bars indicate SD. 
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9) Growth of tea plants in culture solutions 
co111ai11i11g Al 

Taking into account the resu lts obtained as above:, 
improved nmrients for culture solution containing 
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Al and low levels of P were designed. The tea plants 
with this solution g rew more vigorously than any 
other tea plants grown in open fields. Plate 2 shows 
the world's first system of hydroponically growing 

Tnblc 2. Stimulatory effects of Al nnrJ/or II supply on ihc lcn plant growth under U 
and/ or Al s tnrvation culture 

Shoot tips Al effect under + ll 
Al effect under - 13 
8 effect under +Al 
8 effect under -Al 
Al, 13 effects 

Leaves Al effect under +o 
Al effect under -0 
B effect under +Al 
8 effect under - A I 
Al, B effects 

Stems Al effect under + 13 
Al effect u11der - 0 
B effect under +Al 
13 effect under - Al 
Al , 0 effects 

Roots Al effect under +O 
Al effect wider - o 
B effect under +Al 
13 effect under - Al 
Al, O effects 
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Plate 2. Hydroponic production of tea 
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tea plants, which was established in December 1984. 
The growth rate of tea plants in the proposed hydro

ponic culture was approximately 6 times greater than 
that in the open field5>. 

The proposed system for tea production has t.he 

following advantages: {I) New green tea can be 
produced all year round; (2) High quality tea can 

be produced by controlling cu lrnral environments; 
and (3) Early development of tea plants can be ex

pected through hydroponic culture. 

In conclusion, the above results suggest that Al 
be placed in the category of beneficial elements for 

tea plants. Tolerance of plant resources to aciclic 

soils has an important implication for agriculture a111d 
globa l environments as well. Since rca plants have 

great tolerance to Al, it is also an interesting species 

from the viewpoint o f researches on physiological, 

biochemical and molecular responses of plants 10 acid 
conditions. 
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