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\bstract 

\luminium (AI) tolerance of fourteen white clover (Trifolium repens L.) cultivars from eleven countries 
,·as compared in the greenhouse in the Wainui silt loam (Typic Dystrochrept) to which AI had been 
tdded at nine levels (0, 2.5, 5, 20. 50, 150, 250, 500 and 750 mg kg -I of soil) as Al 2 (S04 ) 3 and 
:-::ubated for 30 days. None of the white clover cultivars, including those either referred to as 
:..:-tolerant, Dusi and Pathfinder, or from countries that have large areas of acid soils, El Lucero 
•LA.G, Bayucua, Bage and Zapican. showed greater Al-tolerance than 'Grasslands Huia' white clover. 
)ubsequent screening for Al-tolerance can therefore be restricted to germplasm with wide agronomic 
tdaptation. 

lntroduction 

:nraspecific variation for aluminium (AI) toler­
mce has been observed in many crop and her­
)age species (Devine eta/., 1976; Fageria, 1985; 
::oy eta/., 1965; Mesdag and Slootmaker, 1969; 
>\'alker et a/., 1975), including white clover ( Tri­
'olium repens), a perennial legume (Caradus, 
19S7). This variation in At-tolerance has been 
1se:d successfully to breed Al-tolerant cultivars of 
t number of important crop plants (Devine et 
z/ .. 1976; Reid eta/., 1969). To date, selection 
or Al-tolerance within white clover has not been 
tttempted. 

Aluminium toxicity is a problem in many re­
:ions of the world, due not only to natural 
veathering cycles, but also to the continuous 
ropping and farming of fragile soils (Clark, 
~~2). In Australia, intensification of agricultural 
·ractices has increased soil acidity and this can 
:<::d to an increase in active AI levels (Davidson, 
~~-7). In Europe the use of large quantities of 
'rogenous fertilizers is causing the slow acidifi-
':on of many low buffered soils. 
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White clover is found in many regions of the 
world (Caradus, 1986). It grows in a range of 
environments and is productive at a range of soil 
pH and fertility levels. Two white clover cul­
tivars, Dusi and Pathfinder, have been referred 
to as A)-tolerant (Hall, 1948; Smith and Mor­
rison, 1983), while other cultivars, El Lucero 
M.A.G. Bayucua, Bage and Zapican, have been 
selected and bred in countries that have large 
areas of acid soils. These are often referred to as 
acid tolerant and consequently may be tolerant 
to excessive amounts of AI. A comparison of the 
Al-tolerance of these cultivars could, therefore, 
be the first step in a breeding programme. White 
clover has become an increasingly important 
legume in the economy of a growing number of 
pastoral industries around the world and in some 
countries an alternative to nitrogen fertilizer. 
Improved Al-tolerance could be a desirable trait 
to incorporate into this important pasture 
plant. 

The objective of the present study was to 
determine in soil, the Al-tolernace of white 
clover cultivars from different regions of the 
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world. as the first step in a programme to breed 
an Al-tolerant white clover cultivar. 

Materials and methods 

Soil and aluminium additions 

The Wainui silt loam (Typic Dystrochrept) with 
a pH of 5.0 and available P (estimated by the 
bicarbonate method of Olsen et at., 1954) of 
8 mg kg -t was used. The phosphorus level would 
be regarded as low, restricting white clover 
growth. The soil was collected from a hill pasture 
to a depth of 100 mm and sieved ( <6 mm) moist. 
To obtain a range of AI levels, Al 2 (S0 4 ) 3 

dissolved in water, was added to the soil which 
was then incubated at a gravimetric moisture 
content of 48% for a minimum of 30 days. After 
sieving measurements were made of exchange­
able cations (three sequential extractions with 
netural 1M ammonium acetate at a solution:soil 
ratio of 5:1 and a 30-min shake at each extrac­
tion) by atomic absorption spectrophotometry 
and extractable AI (three sequential extractions 
with 1 M KCI at a solution:soil ratio of 10:1 and 
a 30-min shake at each extraction) by inductively 
coupled optical plasma emission spectrometry. 
Results are presented in Table 2. In the presence 
of the SO; ion in solution and at a pH of 4.5 to 
5.0 the inorganic monomeric AI species present 
would include Al 3

+, Al(OH) 2
+, Al(OH);, 

AI(OH);, Al(S0 4(, with Al(OH/+ and 

AI( 0 H); predominant. These two species are 

thought to be the most important in terms of 
reducing root growth (Alva eta/., 1986). Soil was 
packed into trays ( 430 x 300 mm) at a bulk den­

sity of 0.8 gm em-}. The study reported was con­
ducted in a heated greenhouse. 

Comparison of white clover cultivars 

Based on the findings of a preliminary study. 
nine AI levels (0, 2.5, 5, 20, 50, 150, 250, 500 
and 750 mg kg -I of soil) were used to compare 
the Al-tolerance of 14 white clover cultivars. 
Scarified seed of each cultivar (Table 1) and 
Lotus pedunculatus cv., 'Grasslands Maku' was 
germinated at 25°C on moist filter paper. Lotus 
pedunculatus was included in the study as an 
indicator of a low fertility, Al-tolerant pasture 

legume (Davis. 1981). The germinated seed was 
sown in trays to that there were 12 seedlings of 
each line at each AI level in each replicate 
There were two trays at each AI level at ead 
replicate. Each AI level was replicated 3 times 
After sowing, a cocktail, containing a widet 
range of strains of Rhizobium trifolii held b) 
DSIR Biotechnology, Private Bag, Palmerstor 
North, New Zealand, and known to effective!) 
nodulate and fix nitrogen with a wider range o 
white clover cultivars was applied in a suspensior 
sprayed over the soil surface. Trays were wa 
tered to weight twice weekly maintain ; 
gravimetric moisture content of 55%. Onct 
weekly 250 mL of nutrient solution (Pritchard e 
at., 1984) was added to each tray. The number o 
seedlings established was counted and cotyledOJ 

Table I. Name. country of origin. and grasslands number of the fourteen white clover cultivars 

Number Name Country of origin 

Grasslands Huia New Zealand 

2 Grasslands Pitau New Zealand 

3 Grasslands Tahora New Zealand 

4 Grasslands Kopu New Zealand 

5 Dusi South Africa 

6 Pathfinder Canada 

7 Bage Brazil 

8 Bayucua Uruguay 

9 Estanzuela Zapican Uruguay 

10 Haifa Australia 

11 El Lucero M.A. G. Argentina 

12 Quin Zhen China 

13 Devon. UK 

14 Costa Rica 
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size measured at 7 d, and shoot dry weight at unable to germinate and establish in unfavour-
·15 d. able environments. 

Statistical analysis 

All data was log transformed and subjected to an 
analysis of variance with LSD used to compare 
white clover cultivars. Since no large differences 
were found for data analysed on a per row basis 
or on a per surviving plant basis all analyses were 
:Jrried out on a per row basis. 

Results and discussion 

Establishment of seedlings 

The establishment of pre-germinated seedlings of 
9 of the 14 white clover cultivars and Maku lotus 
was unaffected by the addition of AI (Fig. 1). 
Even with the addition of 500 and 
750 mg AI kg -I of soil, which raised extractable 
AI levels to 115 and 243 mg kg- 1 of soil, respec­
tively, or in terms of exchangeable AI, 1.27 and 
2.43 meq, respectively, levels in the critical range 
for white clover (Edmeades et al., 1983), the 
establishment of these 9 cultivars was not affect­
ed. This is an important finding, as little would 
be gained from selecting and releasing an At­
tolerant white clover cultivar when the plant is 

The establishment of Pathfinder and Dusi, 
which have been referred to as Al-tolerant cul­
tivars (Hall, 1948; Smith and Morrison, 1983, 
respectively), was reduced by the addition of 250 
and 500 mg AI kg - 1 of soil. respectively. El Lu­
cero M.A.G. from Argentina appeared to be the 
most sensitive cultivar to changes in AI, with the 
addition of as little as 50 mg AI kg - 1 of soil se­
verely reducing the number of seedlings estab­
lished at 7 days. Bage from Brazil which has 
large areas of acid soils, was as sensitive to AI as 
the line from Costa Rica. 

Cotyledon size of the establishing seedling at 7 
days was not affected by the addition of up to 
150 mg AI kg- 1 of soil (Fig. 1). Cultivars did not 
differ in cotyledon size at any AI level at 7 days, 
despite marked variation in establishment of 
some white clover cultivars at AI additions of 500 
and 750 mg kg -I of soil. It appears that establish­
ment of the seedling which includes the appear­
ance of the cotyledons, is tolerant to very high 
levels of AI in soil. 

Growth of established seedlings 

Compared with the small reduction in establish­
ment and cotyledon size of most cultivars caused 
by the addition of 150 mg AI kg -I of soil at 7 
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r,g. I. Establishment of seedlings of fourteen white clover cultivars and Maku lotus at 7 d in the Wainui silt loam to which 0. 50, 
iSU. 250. 500 and 750mgAikg-' of soil had been added. Values in brackets are average cotyledon size of all14 white clover 
~ultivars seedlings at each AI addition. There was no cultivar x AI level interaction for cotyledon size. 
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Fig. 2. Shoot growth of fourteen white clover cultivars and Maku lotus at 45 din the Wainui silt loam to which 0. 2.5, 5, 20, 
150. 250. 500 and 750 mg AI kg_, of soil had been added. Mean weight is indicated at each AI level by a horizontal dashed li 

days (Fig. 1). shoot growth of all white clover 
cultivars 45 d after planting was severely reduced 
at this level (Fig. 2). The severe reduction in 
shoot growth at 45 d with the addition of 
150 mg AI kg - 1 of soil demonstrates that as nu­
trient (aluminium) and water uptake and translo­
cation through the developing transport system 
increases, the plant becomes more sensitive to 

AI in the external soil solution. At an AI ad< 
tion of 250 mg kg - 1 of soil, KCI extractable 
approached 1 meq _ 

A significant ( P < 0.001) cultivar x AI intt 
action was obtained for log shoot dry weight 
14 white clover lines and Maku lotus (Fig. : 
The interaction resulted from differences in t 
extent of the reduction in shoot growth 

Table 2. Effect of added AI of pHw. exchangeable cations and amount of extractable AI of the Wainui silt loam 

AI addition pHw Exchangeagle cations Extractable . 

Ca Mg Na K 
(mg kg-') (m mol (+)kg-') (mg kg-') 

0 4.7 37 12 1.4 3.5 0 
2.5 4.6 37 12 1.4 3.4 0 
5 4.6 37 12 L5 3.7 15 

20 4.6 37 12 1.4 3.3 20 
50 4.6 36 13 L5 3.3 32 

150 4.5 36 12 1.5 2.5 71 
250 4.4 37 13 L5 2.7 87 
500 4.3 38 12 1.4 2.5 115 
750 n.d. 36 13 1.8 n.d. 243 

n.d. not determined. 
• Aluminium is not expressed in terms of exchangeable AI because at this pH several AI species would be present. 
To calculate exchangeable AI (mg at kg_, -;- 90 = meq). 
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.2.5 mg AI kg -I of soil between cultivars rather 
! han from differences in the tolerance of these 
cultivars to increasing additions of AI. While the 
addition of 1, 5 and 20 mg AI kg -I of soil had no 
effect on shoot growth, the addition of 2.5 mg AI 
significantly reduced the shoot growth of several 
cultivars, including Huia, Tahora and the line 
from Costa Rica, to a similar extent as the 
addition of 50 mg AI. This did not result from 
the effect of added AI on either pH or extract­
able AI (Table 2). 

The difference between Huia and Maku lotus 
was due to growth rate rather than AI tolerance, 
since the decline in shoot growth was parallel for 
these two species as added AI increased. l"one of 
the white clover cultivars, including those either 
referred to in the literature as Al-tolerant e.g. 
Dusi (Smith and Morrison, 1983) Pathfinder 
(Hall, 1948) or from countries that have large 
areas of acid soils (e.g. El Lucero M.A. G, 
Bayucua, Bage and Zapican), showed greater AI 
tolerance than Huia (Fig. 2). Tahora. a hill 
country white clover selection also failed to show 
any superior AI tolerance over Huia. Selection 
for Al-tolerance can therefore be restricted to 
germplasm with wide agronomic adaptation. 
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