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INTRODUCTION

Interest 1n bauxitic soils has lncreassed in recent
years in Hawail since Sherman (1953) pointed out that some
Hawailan solls could be considered ferruginous bauxites.
Research 1n bauxitic solls was stimulated with the
appropriation of funds by the 1957 Territorial Legislature
for research in problems in reclaiming land used for mining.
A study of vegetation of bauxitic solils was included in this
research.

Moomaw et al. (1959) studied the aluminum concentrations
of plants growing on bauxitic solls of Hawaii. Of 23 plant
species sampled, 13 were aluminum accumulators {> 1000 parts
per miliion in dry plant material),

Ecologic and floristic studles of bauxitiec solls of
Kaual were conducted by Moomaw and Takahashi (1960) who
concluded most specles present showed no definite affinity
for soils of high aluminum content but rather were those
plants adapted to warm and moist environments, acid and
infértile soils, and to a shallow root zone. An important
factor 1n present distribution of tliese 'species was the
original site of introduction.

Revegetation of stripmined bauxite soils of Kauai was
studied by Younge and Moomaw (1961) who conducted fertility
and vegetatlon experiments on the stripped surface and on
topsoll returned to the stripped surface after mining.

Forage on stripsoil was slow to establish but by the end of



the first year the stripsoil outylelded the topsoil.

Other major studles of plants on aluminous soils have
been conducted by Webb (1954) in Australia and New Guinea,
and by Howard and Proctor (1957) in Jamalca. Webb analyzed
1324 plant species and found 80 accumulator species. Obligate
accumulators were restricted to leached acid soils in areas
of comparatively high rainfall. Howard and Prcctor (1957)
concluded that Jamaican bauxite solls contained no
characteristic plant species and few accumulator species. No
specles were found on adjacent solls which would not grow on
the bauxitic soils.

Few quantitative comparisons of scil aluminum and plant
alﬁminum concentrations have been made. Usually plants
sampled from areas thought tc be high in aluminum have been
analyzed for aluminum with no atpempb to measure soil
aluminum.

Although shallow root systems are reported in bauxitic
goils (Moomaw and Takahashi, 1960), no deteiled studies of
root development and distribution in these soils have been
conducted.,

An interesting plant in the bauxitic solls of Kaual is

Rhodomyrtus tomentosa (Ait.) Hassk., a shrub introduced on

Kaual about 50 years ago which now infests thousands of adres
of land on that island. R. tomentosa poses a real threat to
pasture and virgin areas on and around Kilohana Crater, the

original site of introduction, where it forms dense
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impenetrable thickets. Closely assoclated with R. tomentosa

is Melastoma malabathricum L., another shrub introduced on

Kilohana Crater which is also a frequently reported aluminum
accumulator. Moomaw et al., (1959) reported 110 ppm aluminum
in leaves of R. tomentosa and 10300 ppm aluminum in leaves

of M. malabathricum from the Wailua Game Refuge area on Kauai.

A detailed study of some plant relationships of bauxitic
solls of Kauail was undertaken using R. tomentosa as the main

test plant. M. malabathricum, Leucaena glauca (L.) Benth.

eand Araucaria excelssa (Lamb.) R. Br. were also used in some

of the studies.
The objectives of the study were:

l. To compare plant growth in soils of varying
aluminum content.

2. To measure extraccable aluminum from soils and
to relate it to aluminum concentration in plant
tissues.

3. To study the distribution of R. tomentosa and

M. malabathricum on different soil series.

4, To study root distribution of R. tomentosa and

M. malabathricum in profiles of several soll

series,



REVIEW OF LITERATURE

The reiation of Al to plant growth is not entirely clear.
Claims of both essentiality and toxicity have been reported.
The element was first stated to be essential by Maze (1915)
who said Al in small amounts was essential for healthy growth
of corn. Stoklsza (1922) grew a number of hydrophytes in
water and silica gel cultures with and without Al and found
growth considerably improved in the presence of Al. He

claimed Al was essential or beneflcial to Avena sativa,

Glyceria aquatica, Tritlicum vulgare, Hordeum distichum and

Juncus effusus. Sommer (1926) used purified nutrient salts

in culture solutions and found a slight increase in dry

weight of peas while in millet a definite increass in dry
welght and seed welght was observed. An increasé in dry
welght of both vegetatlive parts and of ears was reported

in corn by Lipman (1938) who did not claim essentiality but
regarded the possibility of indispensability of Al as very
great. A slight increase in dry weight with a deflinite
increase in seed production was reported for corn, peas, oats,
and sunflower by Scharrer and Schropp (1936).

Al was found by Lieblg (1942) and Haas (1936) to
stimulate root growth of citrus cuttings while top growth was
depressed. Three Pteridophytes grown in solution culture by
Taubock (1942) falied to develop unless ,16 milligrams Al per
liter was added to the buffered solutions. An lncrease in

frost resistance in wheat due to Al was reported by Sergeev
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and Sergeeva (1939, 193%a2) who maintained that Al ilon
increases the viscosity of the protoplasm while PO, decreases
protoplasmic viscosity. Aluminum sulfate applications
decreased germinatlon, rate of seedling growth and root
development while POy increased these physiological processes.

Aluminum has slso been proposed as toxic to plants
(Hartwell and Pember 1918, Lignon and Plerre 1932, Gilbert
and Pember 1935, McLean et al. 1926). That plants vary in
tolerance to high soil Al in acid soils is borne out by
observing that tobacco (Bortner 1935), barley, corn and
sorghum (Lignon and Plerre 1932) were injured by 1 part per
million (ppm) Al in culture solutions while 25 ppm was not
injurious to pineappis (Sideris 1925)..

Some effects of AL toxicity are root injury (Lignon and
Plerre 1932, McLean et al. 1926, Bortner 1935} in which roots
may be brown in color with fewer rootlets and discolored root
tips (Gilbert and Pember 1935) or with root tips blackened
and thickened twice normal size (Bortner 1935). Restricted
lateral root development in rye has been reported using water
cultures (Megistad 1925). Trenel and Alten (1934) concluded
that Al may be a root poison. In their experiments corn plants
with divided root systems were exposed to solutions without Al
on one side and plus-Al solutions on the other. Injury was
restricted to roots in the plus-Al solutions. Nagata (1954)
found that over 5 ppm Al in culture solutions seemed to hinder
barl ey growth and that Al seemed to accumulate in the roots.

This hindrance of growth wes decressed by adding phosphorus

or calcium.



Aiuminum toxicity effects on top growth have been
reported as a reduction in stem size and leaf size in
particular (Bortner 1935) wlth the growth reductioﬁ beconing
more pronounced with increasing age of plant. Nagata (1954)
found that translocation of P from roots to the top in barley
was hindered by Al in culture solutions.

The effects of Al in production of blue flower colors
has been reported by Chenery (1937, 1948) who found 41 blue-
flowered specles of which 4 specles had variable flower
coiors., Variable flower coior is considered to be related to
Al content of the plant.

Much work has been devoted to measuring Al accumulation
in plant tissues. An accumulator plant is one that contains
1000 ppm Al or more in dry tissue (Moomaw 1959). Some
indications of high Al'listed by Chenery (1948a) are: bright
blue fruits, leaves drying to donsistent yellowish=-green
color or use of the plant as a mordant source by native dyers.
Several workers (Hutchinson 1945, Shorland 1934, Levy 1931)
reported 200 ppm or 0.02% AL in dry plant material as a
reasonable mean Al concentration. Robinson et al. (1917)
found an éverage of 200 ppm Al in woody plant parts.

The highest report of AL in plant materieil was made by
Smith (1904) in which a large Jelly-like depcsit of aluminum
succinate was found in Australian silky oak. A part of the
trunk of ‘the tree farthest from the deposit yielded an ash

containing 79.61% aluminsa.
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Plants often reported as Al accumulators are the

Melastomaceae, Symplccos, Hicoria, Lycopodium and certailn of

the ferns (Hutchison and Wollack 1943). Hoffer and Carr
(1923) found that Al-treated corn piants in solution culture
accumulated Al differently in different genetic strains.
Polynov (1944) regarded Al accumulation as a regional
phenomenon dependent on climatically determined soil types
although he conceded that vegetation of these reglions consists
of Al-tolerant species. Polynov noted considerable Al in all
plants growing on alluvial red earth of the Caucasus foothilis.

Webb (1954) conducted an extensive study of the Australian
and New Guinea flora and found 80 Al accumulator plants in
1324 tested. He found accumulation highest in dicots (69
species) and Filicales (11 specles). Obligate accumulators
were confined to leached acid solls from a variety of parent
materisls in comparatively high rainfall areas. Webb
considered redeposition of Al 1n vegetative debris beneath
accunulator plants as an Important ecologic and pedogenic
factor. |

Few studies have been made of comparative pilant Al uptake
from solls of varying Al content. Polynov (1944) reported

8.5% AL in leaf ash of Carpinus betula growing on alluvial

red earth of fhe Caucasus foothills while elsewhere in Europe
only a trace was found. KXeller (1949) ran spectrographic

analyses of ash of oak leaves and twigs from trees growing on
solls of Pennsylvanian sandstones and shales, flint fire clay

(kaolinite and halloysite), and diaspore pits. The trees



growing on dlaspore and flint fire clay contained more Al
than trees on sandstone and unale soil areas. Suchting
(1948) found that pines from"Al-rich'soils contained 0.2 to
0.3% Alp0z, those from "Al-poor" soils contained 0.1 to 0.2%
Alp03, while those from soils with "no Al" contained 0.04 to
0.09%. Parfenova and Troitskil (1951) found that well-
developed fea bushes take in more Al than stunted ones. The
concentration of Al in the ash of tea plants grown on soils
with much available Al was 20-28% while leaves from soils
with low avallable Al contained much less Al.

The locatlon of Al accumulatlion in plants 1s not
completely established. Rothbert (1906) found Largest
quantities of Al in corn roots and Faber (1927) found that Al
accumulated in roots of several plants growing in acld soils
in Java. The bellef that Al combines with pectic substances
in the middle lamella was expressed by Meurer (1909), while
Stoklasa (1918) expressed a similar idea in a formation of
colloidal salts by the combination of Al and the cell wall,
McLean and Gilbert (1926), using the hematoxylin test, found
Al accumulated in the cortex and protoplasm and concentrated
in the nuclei. Parfenova and Troitskil (1951) assumed that
Al and Fe accumulate in tea leaves as oxalates and together
" with calcium form a mineral similar to vevelite. The quantity
of the crystais so formed were thought to be associated with
the flavor of tea.

Levy (1931) reported that seeds were low in Al, from 0.5

to 10 ppm. Fleshy fruits, bulbs and tubers contained a medium
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content of Al and edible roots had less Al than ordinary

roots. Bertrand and Levy (1931) reported extremes of 6 ppm
for sugar beets and 1640 ppm for beans. Green leafly
vegetables ordinarily contained the highest concentrations of
Al. Ceylon tea was reported as contalning 465 ppm Al.

Some conditions for Al accumulation have been reported.
Regardless of the type of plant and concentration of Al used,
Golubev and Skurinkhina (1940) found Al absorption increased
with time. Barley continued to take in Al in increasing
amounts with increasing amounts of Al in solutlion, while for
wheat and oats there was a concentration at which maximum
amounts of Al were absorbed. Aiml and Odera (1952) placed
epldermal cells of onion for 30 minutes in 0.0lN AlClgz
solutions having pH values ranging from 4.2 to 6.0. DMore Al
accumulated in cells with pH 4.2 to 4.6 than at higher pH.
Two wheat varieties which varied in acid tolerance were
placed in 0.001lN AlClz (pH 5.1) for a week and Al was found
in cells of the less acid tolerant variety while only traces
of Al were found in the more acid resistant variety. This
was taken as evidence that acid tolerance of crops is related
to the permeabllity of cells to Al.

Precipitation of phosphate and Al in the plant as
aluminum phosphate has been suggested. Burgess and Pember
(1923) proposed Al may be fixed as relatively insoluble
aluminum phosphate in plants, especlally in roots. McGeorge
(1925) suggested that internal precipitation of Al by P may

be important in piants but listed no specific location.
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Pierre and Stuart (1933) found the concentration of inorganic
PO4 in lettuce cell sap was greabtly reduced by Al in the
culture soiution and proposed the internal precipitation of
POy with Al which interfered with PO4 translocation and
assimilation.

Wright (1937) divided root systems of barley and placed
each half in different culture solutions with and wlthout Al.
Plant analysis indicated plant damage due to poor root systems
caused by Al, and internal precipitation of P and Al due to
the large amounts of Al and P inside roots in contact with
both Al and P. Wright (1940) found a higher percentage of P
in Al-treated barley plants than in non-treated; this was
particularly marked in the roots. The water-soluble P in the
Al-treated plants was low, while a HzS04 solution (pH 3.0)
extracted practically all P from untreated plants but much
smaller amounts from plants grown in contact with Al. The
precipitation was listed as occurring primarily in roots and
sharp reductions in yield were uttributed to P deficlency in
meristematic regions due to root precipitates. Wright (1945),
using microchemical tests to determine inorganically and
organically-bound P, found abundent inorganic P 1ln roots
grown in contact with Al and little or none in roots from
solutions without Al.

Wallihan (1948) criticized the acid extraction technigue
of Wrilght (1943) and concluded that Wright's data could be
explalinzsd on the basis of the presence of P on the roots at

harvest time.
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Wright and Dongahue (1953) grew barley plants in culture
solutions with and without Al and then transferred these‘to
solutions containing P32, Plant roots were washed for 15
minutes 1n tap water, 0.001 N sulfuric acid and O.lN sulfuric
acid, dried and pressed, and then exposed to x-ray film for
2 hours. 1In plants grown in Al solution the audioradiographs
indicated little P92 in tops but much in roots, while in
plants grown without Al considerable P92 was detected in the
tops. Wright and Donahue also stained roots from plants grown
in Al solution with hematoxylin and found Al accumulation
indlicated on root surfaces and in the cortical region.

Problems of plant growth on acid soils have long been
ascribed to the Mactlive" Al in the soil and to problems of
phosphate nutrition due to fixzation of phosphates by Al.
Abbott et al. (1913) found that a peaty sand and a dark sandy
loam were unproductive even after drainage and fertilization.
The apparent acidity of water extracts from the soll was
directly proportional to the aﬁount of Al found in the
solution. Pulverized limestone was effectlve 1In making the
soils productive. Hartwell and Pember (1918) thought lime
requirements of a soil may be due to the need for lime to
neutralize "toxic™" Al as much as to neutralize soil acidity.

Burgesé and Pember (1923) applied various levels of
phosphate and lime to soils in pots and made periodie
measurements of pH and active Al. Lime alone decreased active

Al but did not produce largest crops. Acid phosphate alonse
produced large initial crops without reducing active Al to
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levels produced by lime treatments., Combinations of lime
and phosphate were better than each alone. Chemical analysis
of the plants showed lime reduced the amount of Al while the
phosphate treatments contained about the same concentration
of Al as the check,

Blair and Prince (1923) leached toxic soils with
distilled water and used the leachates as culture solutions;
some of the leachates were treated with lime, phosphate and
ammonia. Another group of soluticons wag made by adding
aluminum sulfate in the same concentrations as Al was present
in the leachates, and another group by adding sulfurlc acid
to obtain solutions of the same pH as the aluminum sulfate
solutions. Growth was distinctly better with sulfuric acid
solutions than with aluminum sulfate. Applications of basic
meterials to leachates resulted in higher yields., These
results were interpreted to indicate that soluble Al was
probably one of the toxic factors in the soil.

Burgess (1923) measured active Al and pH on 25 soils
from widely éeparataiareas of the United States, including
Hawail. On a mass-average basis, there was a direct
correlation between pH and active Al. Soils with pH 4 to 5
~ contained an average of 388 ppm Al, while the group from pH
9.0 to 5.8 contalned an average of 36 ppm. There also seemed
to be a relstionshi, between active Al and rainfall, Meglstad
(1925) found that increasing acidity seemed to be correlated
with increasing Al solubility. When acidity was lower than

PH 5.0, Al solubility increased rapidly until pH 4.5 below
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which Al solubility increased even more rapidly. As ths
acidity of the soil solution decreased to the neutral point,
Al solubility decreased to almost zero.

Gilbert and Pember (1931), using ranges of pH and
aluminum sulfate concentrations, found active Al had a
greater inhibitory effect on growth of lettuce and barley
than pH. )

Schmehl et al. (1950) found readily-soluble Al as
measured byvrapid microchemical tests was decreased by
liming. Ratner (1946) added KHoPO, equivalent to the amount
of exchangeable Al in the soll and did not appreciably
decrsase the exchangeable Al, but the usual symptoms of Al-
toxicity or P-deficiency did not appear.

Longnecker and Merkle (1952) studied root development
of crimson clover in relation to lime placement and found
most root growth in layers which had becen llmed. The
beneficial effect of liming was attributed to decrease in
solubility of Al and Mn and an increase in solubiilty of P.
Ragland and Coleman (1959) applied lime in several levels
to subsolls of the Norfolk catena in pots and found grain
sorghum root growth into uniimed subsoils was related
inversely to amounts of exchangeable Al. Percent Al
saturation of the catena members increased with decreased
drainage. Root growth into subsoils increased substantially
with lime treatment. Root development of sorghum grown in
suspensions of acld White Store clay with 30 m.e. exchangeable

Al per 100 g. soil was restricted severely unless 80% of the
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acidity was neutralized.

4 common method of measuring "exchangeable" or "extract-
able™ Al in soils involves adding an extracting solution to
the soll, filtering, and determining Al present in the
filtrate. The type of leaching solutlion to use 1is somewhat
in question because Al solubiliity is dependent upon pH. Yuan
and Piskelrl (1959) used LN ammonium acetate at six pH levels
and found the lower the pH, the more AL extracted. McLean
et al. (1958) found 1N ammonium acetate at pH 4.8 and LN
emmonium acetate plus 0.2N barium chioride at pH 4.8 were
about equal 1n extracting ability. Aluminum was extracted
at pH 4.8 with 1ittle damage to the crysteis of the soidt
minerais. McLean et al. (1959) reported ammonium acetate at
pH 4.8 seemed superior to unbuffered neutrai salts and to
those buffered at pH 7.0 or sbove. Most Al extracted at pH

4,8 seemed to be exchangeable.



METHODS AND MATERIALS

Description of experimental area Iin East Kauail

The area studied 1s referred to by McDonald et al. (1960)
as the Lihue Depression. It 1s a nearly circular basin (see
map, fig. 1) whose rim 1s formed by the Haupuu ridge on the
south, the main mountain mass of central Kauai on the west,
the Makalehs mountains on the north and Nonou and Kalepa
ridges on the east. The basin is floored with lavas of the
post~erosional Koloa volcanic series. Two vents from the
Koloa volcanic series, Hanahanapuni Crater and Kilohans
Crater, lie within the basin.

The generel topography of the basin 1s gently sloping to
moderateiy steep ridges and plains dissected by perennial
streams, notably the Wallua River and its tributaries.

The average annual rainfall in the Lihue Depression ranges
from 40 to 50 inches near the ocean to over 170 inches near
the mountains. Rainfall 1s usually highest in winter months
but there are no monthsg during which no rain falls. Table 1
shows rainfall measured at three stations within the Lihue
Depression.

Mean monthly temperatures (McDonald et al., 1960) from
O stations below 300 feet elevation on Kauai range from 69°F
in February and March to about 77°F during August through
October. Although no temperature recérds are avallable for
highér altitudes, there is a decrease in temperature with
increase in altitude, probably about 3°F for each 1000 feet

inecrease in elevation.
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Key:

1. Soils.
green- Halll soil series
purple- Kapaa soll series
red- Puhl scil series
blaeck- Koolau soil seriss
blue~- Hanamsulu soll series

2. Overlay sheet.

R Rhodomyrtus tomentosa

Melastoma malabathricum

Isolated single plants or
small thickets

M
(:j:D Area mapped by Landgraf (1961),

R. tomentosa infestatlion
light to heavy.

/,'“\s Reconnalssance mapping,
) K scattered plants of
o7 R. tomentosa and

M. malabethricum,

Reconnalssance mapping,
M. malebathricum common
along roadsides and in
uncultivated aress.

Fig. 1. Distribution of Rhodomyrtus tomentosa and
Melastoma Malabathricum in East Kaual.







TABLE 1

RAINFALL MEASURED IN INCHES AT THREE STATIONS IN EAST KAUAIl/

Annual rainfall

Monthly rainfall (median figures)

Station E%:v.

L. Max. |Median |Min.| Jan|Feb |Mar|Apr | May|Jun|Jul{Aug|Sep |Oct|Nov|Dec
Kilohansa 330 83:1( 58,0 [35.0| 541 130515.0({3.8 |2.7]|2.9[3.3{3.2]|3.2]4.1[3.9{5.0
Pield 219
(Wallua,
Crossley's) 350 94.2) 75.7 [(44.6(12.1|8.5|5.7|4.0 [3.7|2.6|3.3/4.4({2.4(4.5|6.6]|6.8
North Fork,
Wailua River| 600 150.6 |116.1 [59.1| 9.4 |9.7|9.8|7.6x{8.1/|8.1]|9.6(3.2|3.9({4.1]3.9{5.0

i/ Rainfall of the Hawailan Islands, Hawallan Water Authority, Honolulu, Sept.,

1959, prepared by William J. Taliaferro.

*LT
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Prevailing winds are the nertheast trade winds but
cyclonic storms occtsionally upset this pattern, especlally

in winter months.

Description of soils studiled

Five soils occurring in the Llihue Depression were
selected for study. These solls are located in or near the
main area of infestation of R. tomentosa and either comprise
or are assoclated with the ma jor bauxitic solls of East Kaual.
They are outlined in color on the map in fig. 1. The
principal mineral form of Al present in these bauxitic solls
is gibbsite, the trihydrate of aluminum oxide (Sherman, 1958).

Soil descriptions are taken from a report prepared by
Womack (1960) for the Soil Conservation Service. Meps
contained in the Soil Survey of the Territory of Hawall
prepared by Cline, et al. (1955) were revised and adapted to

make the map shown in fig. 1.

Hanamaulu serles

Soils of the Henamsulu series are deep, well-dralined
Humic Latosols develecped in alluvium on nearly level to
sloﬁzng terraces along streams in East Kauai. They are
associated with the Kapasa serles and with Gray Hydromorphic
solls developed on alluvium. Hanamaulu soils are less red in
color than Kspaa solls.

The Hanemaulu soills occur between sea level and 750 feet

elevation with mean annual rainfall from 50 to 100 inches.

They are used principally for sugar cane and all areas are
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cultivated.
Description of surface soil sampled:

0-6" Very dark grayish-brown clay that feels like
silty clay, brown when dry; moderate, coarse,
medium and fine granular structure; friable,
sticky, very plastic; abundant roots; few

small pebbles, sllight effervescence with Ho0p.

Kapaa series

The Kapea series is a deep, well drained, Aluminous
Ferruginous Latosol developed on gently sloping to steep
uplands on Kaual. These solls occur mainly in association
with the Halii soils which 1lle above, and the Puhi soils
which lie below. The Halll end Puhl series are developed
from parent material similar to that of the Kapaa series.

The Kapaa solls occur between 200 and 1000 feet elevation
with mean annual rainfall from 60 to 100 inches. These soils
are used mainly for pasture, non-irrigated sugar cone and
pineapple. ' -

Description of the upper soll profile typical of this
series: o

0~6" Dark yellowish-brown clay that feels like
silty clay; strong, very fine granular
structure; extremely hard, firm, sticky,
plastic; many roots; porous mess; few hard
angular pebbles.

6~11" Dark yellowish-brown clay that feels like
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silty clay; many coarse and fine dark
yellowish-red mottles; very fine granular
structure, with mottled material modersate,
very fine subangular blocky structure; firm,
sticky, very plastic; many roots; very few
fine pores; few worm casts; hard angular

pebbles :jore numerous with depth.

Puhl series

The Puhi series 1s a deep, well-drained Humic Ferruglnous
Latosol formed on nearly level to gently rolling uplands. The
Puhl soils are associated with the Kepaa above and the Lihue,
a Low Humic Latosol, below.

Puhi soils occur on lower mountain slopes roughly
between 175 ana 500 feet elevation with mean annual rainfall
from 50 to 80 inches. All areas are cultivated and are used
principally for pineapples, pasture and truck crops. Most
areas of the Puhi soll are level and well sulted for
cultivation.

Description of the soil sampled:

0-7" Dark-brown clay that feels 1like a silty clay
loam; cloddy, breaking to strong fine and very
fine granular structure; firm, sticky and
plastic; few roots; porous mass; common worm
casts; common worm holes; common very firm

lumps of earthy material 0.5 to 2 mm in size.
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Hallil serles

The Halil series 1s a deep, well-drained Aluminous
Ferruginous Latosol on gently sloping to moderately steep
uplands on Kaual. These soils are associated with the Koolau
series at higher elevations and with the Kapaa series below,
They occur in beits about 300 to 1000 feet elevation with
mean annual rainfall from 80 to 120 inches. They are used
princlpally for non-irrigated sugar cane and small acreages
of pineapple.

Description of the upper profile typical of this series:

0-9" Very dark grayish-brown gravelly clay that
feels llke gravelly silty clay; strong,
coarse and medium granular structure; firm,
sticky and plastic; abundant matted roots;
very many worm casts.

9-13" Dark grayish-brown very gravelly clay that
feels like gravelly silty clay; many medium
and fine brown mottles; moderate, medium and
fine granular structure: firm, very sticky;
very plastic; plentiful roots; many worm

casts.

Koolau series

The Koolau series are deep, poorly-drained Hydrol Humlc
Latosols devetoped on gently sloping to moderately steep
uplands. They are associated with the Hallil solis, and they

occur between 400 and 4000 feet elevation with mean annual
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rainfall between 120 to 200 inches. Most of the Koolau
series 1s covered by rain forest, but some 1s used for sugar
cane and pasture.
Description of the upper profile:
0-6" Grayish-brown clLay that feels Like a silty
clay loam; structure appears to be massive
to very weak medium granular; slightly sticky
and plastic when molst; matted roots; many
worm holes and casts; many very fine and fine
pores.
6-11" Gray clay that feels 1like silty clay with
“ many coarse distinct mottles of strong brown
color; very sticky and very plastic when wet,
firm when molst; many roots; numerous large
worm holes and casts, many very fine and fine

tubular pores.

Mapping the distribution of Rhodomyrtus tomentosa and

Melastoma malabathricum 1n East Kaual

AlLl avallable maps of East Kaual were obtained including
the topographic map of Kauai published by thé U. S. Geological
Survey, the soil survey maps (Cline, et al., 1955), and field
maps of both Grove Farm Co. and Lihue Plantation Co.

Mapping was accomplished on a reconnalssance basis
because few roads exist in the rough and inaccessible lLands
around Kilohana Crater and in mountain areas. A map of

R. tomentosa distrlbution on Kaual prepared by the State Dept.
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of Agriculture and Conservation (Landgraf, 1961) is included
in this report. Mspplng by reconnalssance was simplified

because both R. tomentosa and M. malabathricum are very easy

to ldentify by inspection, and both are often found in
virtually solid stands. The gray appearance of R. tomentosa

follage is characteristic, while the symmetrical and dense

compact thicket growth of M. malabsthricum is especially easy
to identify.

Mapping in cultivated areas consisted mainly of 1nspec-
tion of uncultivated borders and waste land since the shrubs

do not appear in fields under intensive cultivation.

Plant aluminum studles

R. tomentosa and M. malabathricum leaves were collected

in the field and analyzed in the following manner: the
second pair of leaves below the shoot apex of from 5 to 20
plants was sampled and combined to form a composite sample of
about 500 grams fresh material from each site. These leaves
were washed, dried overnight in a 70°C oven, and ground in ;
Wiley mitl. Ground plant material was quartered and
approximately 2 grams was placed in a molsture can, dried,
welghed and transferred to sllica crucibles and ashed in a
muffle furnece at 550°C. The ash was taken up with 20 ml of
1:1 HCl1 and filtered, washing three times with hot 1:19 HC1
and brought to a suitable volume.

Aluminum was measured by the method of Chenery (1948a)

with some modifications. Aliquots were taken from the plant
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digest solutions and placed in 150 ml beakers, After
diluting with distilled water to about 20 ml, 2 ml of 1%
thioglycollic aclid to prevent interference of ifon and 10 ml
of aluminon reagentl were added. This solution was then
adjusted to pH 4.2 with 1:L HCL aﬁd 1:1 NH40H and transferred
to 50 ml volumetric flasks. The flasks were heated in a
boiling water bath for exactly 12.5 minutes and allowed to
cool to room temperature, They were then diluted to mark and
aluminum concentrations were.determined colorimetricelly on a
Klett colorimeter using the green filter (520 mu). Readings
were compared against a standard curve and aluminum concen-
trations were computed in parts per million(ppm).

A second field sampling of R. tomentosa was made using
the following procedure: "young® and M"old" leaves were
collected with "young" leaves being sampled as the second
pair of new leaves of the shoot while "0ld" leaves were
sampled as the fourth to sixth pair of leaves of the shoot.
These composite samples were taken from three arecas of East
Kaual with 4 to 5 sites of sempling for each area.

A pot experiment was established using the five soil
series previously described. Soil samples from Halii,

Hanamaulu, Puhi, and Kapeaa s0ll series were collected from

l0.75 grams asurintricarboxylic acid, 15 g. gum acacis,
200 g. ammonium acetate, 189 ml conc. HCl, diluted to 1500 ml
volume and filltered.
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a representative area near Hanahanapuni Crater. Only the
surface 6 inches of soll was collected. Care was taken to
obtain undisturbed soil in order to eliminate possible
residual fertillzer effects. This was possible in the
Halii, Koolau and Kapaa series but impossible in the
Hanamaulu and Puhi series. Both of the latter soils are in
cultivation énd practically no virgin areas exist. No
treatments were added to these solls because it was desired
to obtaln information on aluminum uptake while slmulating as
closely as possible the virgin condition of the solls.

The soils were piaced in plastic pots of spproximately
2 gallon capaclty and R. tomentosa seedlings 4-6 inches high
collected from Kilohana Crater were planted singly in the
pots.

81ix replications of each soll with four sampling dates
spaced three months apart were used in order to measure
seasonal effects of rainfall on soil aluminum as well as on
plant aluminum uptake. A completely randomlzed design was
used for statistlical analysis. The pots were located in the
same general environment ss the University of Hawall Bauxite
Reciamation Project.

Data taken in the field consisted of descriptions and
measurements of topgrowth along with root descriptions et
time of harvest. Root data included color, thickening,
extenslveness of growth and number of active buds below the
soil surface. These will be discussed in the chapter on root

growth,
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Plants to be harvested were carefully removed from the
pots and soll was washed from the roots with tep water. Bark
was scraped from the main roots because of difficulty in
removing all soil particles from ths rough surfaces. Fibrous
roots, leaves and stems were also carefully washed and each
plant was separated into leaves, stems and roots and sacked
separately for aluminum analysis.

At the time of harvest a soll sample was also tsken from
each pot for extractable Al anaiysis. The methods and results
of these studies are given in the section on extractable Al.

Plant samples from treated subsoils of the Halil and
Kapaa series used to test root deﬁelopment were also analyzed
for Al using the methods already~described in this section
except that leaves and stems: were analyzed together.,

Phosphorus determinations were also made on the solutions
resulting from dry ashing and taking of the ash into solution
with HCl. The procedure used was that of Koenig and Johnson
(1942) with modifications suggested by Kitson and Mellon
(1944), and involved reading P colorimetrically. Leaves,
stems and roots of R. tomentosa plants harvested in December
as well as tops and roots of L. glauca harvested from the root

study were analyzed for P.

Extractable soil sluminum

At each harvest date a soil sample from each pot was
collected and placed in a plastic bag and sealed to prevent

dehydration. The pH of the soil was determined in water
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(1 part soil:l part distilled H20) and percent soll moisture
was also determined (Piper, 1950).
Extractable Al was determined by the following method:

1. Weigh out ten grams of soil in field condition
(not air dryed) in a 150 ml beaker, add 50 ml
of 1N ammonium acetate - 0,2N barium chloride
solution adjusted to pH 4.8, allow to stand
overnight.

2. Filter with a Buchner funnel and wash the soll
five times with 10 ml portions of the ammonium
acetate-barium chloride solution.

3. Transfer to a 500 ml volumetric flask and
dilute to volume.

4. Determine Al by aluminon method (Chenery, 1948a)
and compare againsﬁ a standard curve. Standard
curve was prepared as in plant Al analysis
except that & ml of extracting solution was
added to each cf the known solutions after
aliquots of the standard aluminum solution were
takeus.

5. Compute extractable Al in milliequivalents per
100 grams oven dry soil (m.e./100g.).

Statistical analysis of extractable Al data from soils
treated with lime and phosphate was made using the methods of
Snedecor (1956). Comparisons between the check and treatments
were calculated using the method described by.Snedecor (1956,
p. 329).
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Root studies

Roots of M. malabathricum and R. tomentossa were excavated

in the Halil, Koolau and Kapaa soll series and descriptiocns
and measurements were made as to depth of penetration of tap
roots, location and length of 1ater§1 roots, relation of roots
to soll profile, and possible evidence for causes of thicket
formation. A few plants of Norfolk Island pine (Araucaria
excelsa (Lamb,) R. Br.) were also excavated in the Wallua

Game Refuge.

Root descriptions and measurements were also taken of
R. tomentosa seedlings used in the pot experiment designed to
measure plant Al and soil Al. Notes taken included: color,
thickening, black tips, number of lateral roots, length of tap
roots, and number of active buds. Root weights wers also
taken and are presented in Table ¢ in the section on plant
growth.

Because tap roots were obssrved turning laterally in
Halii and Kapaa 80ils in the field, & pot experiment was
establishad using the soil layer where these roots turned as
"subsoils"™., These soils were collected from areas where tap
roots were observed turning laterally and were sacked care-
fully to prevent dehydration. They were screened through
vwire mesh containing approximately 4 meshes to the inch.
Weighed samples of the screened soll were placed in plastic
pots 11 inches high to form the "bottom" 5 inch:  soil layer

in the pot, and treated with six lime and phosphate treatments.
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After the treatments were mixed thoroughly in the subsolis,
a 5 inch leyer of untreated Kapaa surface soil was added to
form the surface soii. L. glauca seeds were planted in the
surface soii and after germination piants were thinned to two
in each pot.

At harvest the soils were carefully removed from the
pots and washed from the roots and measurements of tap root
penetration and lateral root deveiopment were taken. Roots
were examlned for bilunted aend blackened tips, and root tips
from each treatment were preserved for staining studies.
Yields of tops and roots were recorded and plant Al concentra-
tions were determined. The pH, extractable Al, exchangeable
calcium and catlon exchange capacity were determined for each
soil.

Root tips of L. glauca plants from treated pots were
sectioned on a freezing microtome and stained using hemotoxylin

without a mordant (Johansen, 1940). Slides of the rocot sec-

tions were made and photomicrographs were taken.

Plant growth

Observations and measurements taken of R. tomentosa
seedlings grown in pots on Kauai included number of stems,
height, and leaf appearance. At harvest the plants were
divided into leaves, stems, and roots. The samples were dried
at 70°C overnight, weighed, and later analyzed for Al.

Observations and measurements were also taken of L.

glauca plants growing in treated subsolls of Kapaa and Halii



soll series. At harvest the tops and roots were sacked

separately, dried overnight at 70°C, and welghed.

30.



RESULTS AND DISCUSSION

Distribution of Rhodomyrtus tomentose and Melastoma malabath-

ricum on Kaual and thelr relatlonship to the bauxitic soils

Lccording to a report published by the Hawailan Sugar

Planter's Association (Knudsen, 1919), Rhodomyrtus tomentosa

and Melastoma malabathricum were introduced on Kauai in 180¢;

the infestation in 1919 of M. malabathricum was estimated at

50 acres, but R. tomentosa was just beginning to spread.
Since their introduction, these plants have invaded
thousands of acres of land on Kauail. The arees infested
includes some of the bauxitic solls of Kaual, hence a study
of the relationship of these plants to the bauxite solls was

of interest.

Results

Distributions of R. tomentosa and M. malabathricum are

shown in the overlay sheet of fig. 1, and descriptions of the
Infestations of each plant in the five soils studied are given
in Table 2.

R. tomentose 1s most prevalent in the Kilohana Crater
area, and 1ts density appears to diminish with distance from
the crater. The density of growth of R. tomentosa is espe-
cially well illustrated in fig. 2 which shows R. tomentosa
seedlings on Kilohana Crater. Except for fringe areas of
grass, there were few other plants growing in this seedling
stend. R. tomentosa also has become the dominant shrub on

abandoned pineapple and sugar cane fields. Attempts to clear



TABLE 2

DESCRIPTIONS Of RHODOMYRTUS TOMENTOSA AND MELASTOMA MALABATHRICUM
GROWTH ON FIVE SOIL SERIES OF KAUAL

Soll Series Rhodomyrtus tomentosa Melastome malabathricum

Halii Dense thicket growth in waste and Occaslonal gscattered shrubs Iin dense
abandoned areas. Dominant shrub stands of R. tomentoss.
on these soils on Kilchans Crater. :

Often grows to a height of 12
feet.

Hanamaulu A few shrubs growing among Thickets frequently found in waste
Psidium guayave L. and M. mala- and uncultivated areas.
bathricun.

Koolau Rarely found 1n this soil except Thickets form dense understory of
for a few plants near Hanahana- Bucalyptus forest near Hanahanapuni
puni Crater and Halii Falls. Crater. Scattered shrubs common in

pasture area near Halll Falls.

Puhi Cultivated soil. Plants found Small thickets common -along roads
only In gulches adjacent to this and in gulch aresas.
soll.

Kapaa Dense thicket growth on Kilohana Occasional shrubs and small thickets

Crater, a few scattered shrubs in
Weilua Game Refuge.

on Kilohana Crater and in Waillua
Game Refuge.

‘3¢
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Fig. 2 Rhodomyrtus tomentosa seedlings growing on the
rim of Kilohana Crater, the plants are approxi-
mately two years old. Note almost solld stands.

Fig. 3 Clearing R. tomentosa on Kilohana Crater by Grove
Farm Company. In the background is an area which
is being bulldozed and burned. The area in the-
foreground had been cleared and planted to pangola
grass (Digitaria decumbens) spproximately 6 months
before the photograph was teken.
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lands infested by this pest are now being made, and fig. 3
shows a section of the west slope of Kilohana Crater being
cleared by bulldozing and burning and planted to pangola

grass (Digitaria decumbens). The R. tomentosa infestation

on Kaual was measured as 7204 acres by Landgraf (1961).

M. melabathricum is most prevalent in the vicinity of

Hanahanapuni Crater and forms a dense understory in the

Eucalyptus ssp. forests there. This plant is also often

found in waste and uncultlvated areas near cultlivated flelds.

Estimates of acreage of M. mslabathricum on Kaual are diffi-

cult because of the type of terrain invaded, but light to
heavy infestation of 10,000 acres is probably a conservative

estimate.

Discussion

The distribution of R. tomentosa seems to be more
closely assocliated with Kilohana Crater, the original site
of introduction, than bauxitic soils. The plant does grow
well on bauxltic soils, but this is probably related to its
evolutionary background and adaptation to infertile soils.

Melastoma malabathricum has wider distribution than

R. tomentosa and is not always associated with bauxitic
soils. This shrub grows well in waste and uncultivated areas
oo low fertility.

The ability of both these plants to spread rapldly in
uncultivated areas should be carefully noted by ranchers and

plantations in BEast Kauali. Planting of grass in abandoned
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pineapple filelds upon abandonment could have prevented the
impenetrable thicket stands which now have become dominant.

Successional studies on Kilohana Crater should be

conducted in the future because R. tomentosa and M. malabath-

ricum seem to compete poorly with staghorn fern (Dicranopteris
linearis (Burm.) Und.). In an area where R. tomentosa leaves
were sampled 18 months before, no R. tomentosa plants were

visible in the dense growth of this vigorous fern.

Plant aluminum studles

Plant tissue analysis for aluminum has often been used
ags an aid in determining aluminum relationships of plants.

In the past, such studies have usually consisted of random
sampling of plant tissue, usually leaves, and have not been
concerned with season of sampling, measurable aluminum, or
type of soil.

An initial field sampling of R. tomentosa on Kauail
indicated a difference in aluminum concentration between
leaves of different age, so a study was designed to measure
aluminum concentration in various tissues of the same specles

at different dates of sampling. Leucaena glauce plants from

a pot experiment in which solls had been treated with lime and

phosphorus were also analyzed for aluminum.

Results
Older leaves in initial field samplings contained more
Al than did younger leaves. The average concentration for

older leaves was 132 ppm while the average concentration tor
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younger leaves was 33 ppm. There was no difference statis-
tically between areas sampled.

R. tomentosa and M. malabathricum lcaves sampled from

the same sites indicated great differences in aluminum
concentration in different plants sampled from the same

location (table 3). For example, for eite 2, M. malabathrizum

contained 9100 ppm Al in 1ts leaves while K. tomentosa con-
tained only 23v ppm Al. Bsecause of simlilar observations in
their studies, Moomaw et al. (1959) classified plants in
three categories as to their Al relationship: (1) AL ex-
cluders (2) AL accumulators and (3) piants unaffected by Al.
Under this classification R. tomentosa probabiy would be a

plant unaffected by AL and M. malabathricum would be an AL

accumutator.

Figures 4, 5, and 6 summarlize the results of 360 deter-
minations of AL in R. tomentosa from five soils and four
harvest dates. Differences between plant parts anatyzed
followed the reiationship: roots > stems > Leaves. This
relationship was observed throughout the experiment.

In all plant parts analyzed, leaves, stems and roots,
Al concentrations in plant tissues were higher for the first
two harvest dates, March and June, than for September and
December. The differences between harvest dates were highly
significant for all plant parts analyzed. |

There were no significant differences between solls for
Al concentrations in stems and leaves, but in roots statis-

tically significant differences in ppm AL in R. tomentosa
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TABLE 3

ALUMINUM CONCENTRATION IN PARTS PER MILLION
IN LEAVES OF RHODOMYRTUS TOMENTOSA A
MELASTOMA MALABATHRICUM FROM KAUAI

Melastoms Rhodomyrtus
Site malaebathricum tomentosa
1l 7500 190
= 9100 230
3 6800 360
4 63900 120
5 6600 320
6 5900 590
7 6000 420

l/Each figure represents a mean of duplicate
determinations of composite samples (approximately
500 grams fresh plant material) taken from 5 to 20
plants in the field,
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between solls were observed using a multiple range test
(Duncan, 1955). There were no significant differences be-
tween Al concentrations in roots from the Halii, Kapasa and
Puhi soil series, but the Koolau and Hanamaulu series were
significantly higher in ppm Al 1n roots than the Kapaa and
Halii series. Thus, among the flve soils studied, the two
Aluminous PFerruginous Latosols were not highest in AL con-
centration in the roots as might.be expected, but were
actually lowest in Al concentration in roots. The Kapaa
soil was usually highest in extractable soil Al in the study,
however. The Koolau soil, a& Hydrol Humic Latosoli, and the
Hanamaulu soil, a Humic Latosol, were approximately second
and third In rank in extractable Al of the filve solls studied
(fig. 9). Roots of the Puhi series were extremely high in
Al concentrations on the June date, no explanation can be
given for this. |
Total plant Al uptake was computed by using figures for
Al concentrations 1in plant parts and total plant ylelds.
Thus total AL uptake per plant 1s an expression not only of
percent Al In tissues, but of Al concentrations in relation
to total dry weight of the plant. Total milligrams Al per
plant figures (table 4) indicate no level above which the
R. tomentosa plant will cease to take in Al. Total Al Waé
highest in roots with leaves and stems following in that
order. Higher total Al in leaves than in stems was probably
due to the greater yield of leaves. The Kapaa and Halli

soils showed the lowest total Al upteke, these soils were



TABLE 4

CONCENTRATION OF ALUMINUM IN PARTS PER MILLION AND TOTAL MILLIGRANMS Al 1
UPTAKE IN RHODOMYRTUS TOMENTOSA PLANT PARTS FROM FIVE HAWAIIAN SOILS IN POTS-/

Soil Plant March June September December
Series Parts ppm AL Total mg ppm AL Total mg bppm AL Total mg ppm AL Total mg
Al/plant Al/plant Al/plant Al/plant
Halll leaves 415 0.1 378 0.5 166 1.2 190 1.8
stems 698 0.3 669 0.7 240 0.6 198 0.8
roots 1780 2.0 | 1497 2.4 1205 7.7 1287 11.6
2.4 3.6 9.5 14,2
Koolau leaves 250 0.1 303 0.5 254 2.0 206 6.2
stems 593 0.2 776 0.2 329 1.5 153 1.5
roots 2574 2.5 3003 5.1 2164 17.7 1510 25,5
2.8 6.5 21.2 3.2
Hanamaulu leaves 435 0.1 441 0.7 141 1.4 217 2.5
‘ stenms 879 0.2 664 0.6 205 0.7 196 1.4
roots 1951 1.5 3940 6.1 2105 26,1 1926 29,7
1.8 7. 28.2 33.6
Kapaa leaves 289 0.1 583 0.5 174 0.9 167 1.7
stems 674 0.2 886 0.4 205 0.4 202 0.8
roots 1501 2.0 2477 4.1 1345 5.9 1597 12,3
2.3 5.0 7.2 14.8
Puhi leaves 484 0.3 539 0.9 150 1.3 291 4.2
stems 8568 0.3 448 0.6 229 0.5 162 1.0
roots 1729 2,9 3603 11.2 1620 13.0 1670 2l.0
3.5 12.7 14.8 26.2

l/ Bach figure represents a mean of 6 replications.

14
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also comparatively lower in total plant material produced
and ppm Al,.

Figures 7 and 8 show ppm Al in tops and roots of L.
glauca plants from treated subsoils of the Halll and Kapaa
series. Statistlical analysés of tops and roots were made
separately to gain a more precise estimate of differences
due to treatment.

No statlistical differences between treatments were noted
in the Halii soill, and only two treatments were lower thsn
the check in ppm Al in tops and roots (fig. 7). Extractable
Al in the Halii soil (fig. 10) also appeared less affected
by treatment than did extractable AL in the Kapaa soll.

In the Kapaa soll series (fig. 8) no statistical differ-
ences in ppm Al between treatments were observed, but the
"P" value for treatments was almost significant at the 5%
level. There does seem to be a trend toward less Al in roots
of L. glauca with treatment, and the lowest Al analysis 1n
roots from the Kapaa subsoll was obtained in the 500 1lbs.

P treatment, In the tops there were highly signiflcant
differences in ppm Al between treatments according to the

F test, but using the multiple range test only 500 and 1000
lbs. of P reduced ppm Al in tops significantly as compared
with the check and 2.5 tons lime. There Was»a trend for less
Al In tops of L. glauca with the lime plus P treatments, how-
ever, |

Phosphorus levels in plants from treated Kapaa subsolls

(table 5) were predictably higher with P treatments. Tops
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5 tons lime, 1000 1lbs. F
ons lime, 500 1lbs. P

roots tops
Fig., 7 Conecentration of Al in parts per million in tops and

roots of Leucaena glauca grown in treated subsoils of
the Halii soil series. . Each figure 1s an average of

3 replications. @

378
- 130! ‘
1107 . ' Check
_ & 5 tons lime
Vel
ok, 2.5 tons lime
121
o1 ! 1000 1bs. P
171 500 lbs. P
65 5 tons lime, 1000 lbs. P
5 tons lime, 500 1lbs. P

roots tops

Fig. 8 Concentration of Al in parts per million in tops and

roots of Leucaeng glauca grown in treated subsoils of
the Kapaa,3011.ser§es...Each figure is an average of
3 replications.



TABLE 5

PHOSPHORUS IN TOPS AND ROOTS OF

FROM TWO TREATED KAUAI SOILS IN POTS

KOA HAOLE (LEUCAENA GLAUCA)

L/

45.

Treatment
Halil Kapaa
Top Root Top Root
% A
S00 1lbs P 2166 «099 «130 064
100V tbs P 0142 .089 0123 «065
2.5 tons lime .099 V47 050 «043
5 tons lime <092 .UB6 .052 «033
S tons lime, «158 «090 114 .081
500 1lbs
5 tons lime, 141 o114 .087 .041
1000 1lbs
Check 2120 .0656 .052 066

1y

Each figure represents a mean of 3 replications.
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contained more P than roots except in the check. Phosphorus
levels in plants grown in the Halli soils were also higher
in tops than in rocts and highest in P-treated plants. It
should be pointed out that the P levels between the two solls
are not comparable because the growlng perlods differed be-

tween the solls.

Discussion

The results of this study bring out several problems
related to sampling for Al in plant tissue as well as a
criterion for Al accumulation. First, the tissue sampled for
Al is apparently very important and should be carefully
chosen and clearly stated when a report is given. This is
borne out by the great differences in ppm Al between leaves,
stems and roots of the same plant. Another important factor
is the age of tissue, because older tilssues will usually
contaln higher concentrations of Al than younger tlssues.
Age of tlssue should especially be considered if leaves are
to be used as the basis for determining Al accumulation or
Al concentration.

If the arbitrary point of 1000 ppm Al in dry tissues is
used as a basis for Al accumulation, then R. tomentosa would
be an accumulator 1f root analyses were considered. Size of
sample 1s a problem because there is a marked variabillty
even within tissues of similar age. It seems essentlial then
to sample as many plants as possible and to carefully select

and report the age and type of tissue used for analysis.
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The greater concentration of Al in plant parts observed
for the March and June harvast dates as compared with later
dates is interpreted as a "dilution" effect due to increased
growth at the later dates. Thls interpretation 1s based upon
the observation that totél uptake of Al per plant was highest
for the September and December dates although ppm Al was
lowest in those months. Thus the percent Al (ppm can easily
be converted to percent) may be low in plants grown in a
given soll series, but when plant growth in that soil is
considered, more total uptake of Al per plant in relation to
plants from other soll series may be the result.

There seems to be a difference in ppm Al in plants grown
on different soils, but this seems only partially related to
extractable AlL. For example, June and September were the
harvest dates with highest ppm Al in plant tlssues but were
also the harvest dates with lowest extractable Al. In general,
soils with high extractable Al were also high in Al concen~
tration in leaves, stems and roots. Lowest in extractable Al
and also plant Al concentration was the Halii serles.

The concentration gradient, roots > stems > older leaves)
younger leaves, suggests that Al is relatively immobile in
the plant and may be precipitated internally in plant tissues.
Although there is good evidence by Wright (1937, 1943, 19453)
and Wright and Donahue (1953) that internal precipitation of
P by Al may occur, it is possible that other elements may
also form precipitates with Al in plants. An understanding

of the combined form of Al present 1n plants might lead to
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management techniques to improve plant growth in soils with
high ective Al.

Extractable soil aluminum

Because a measure of soll Al was needed as an indication
of Al available for absorption by the plant, Al was extracted
from soils and determined colorimetrically. Extractable Al
measurements were also of Interest to provide a means for
comparing extractable Al from five untreated solls for the
period of a year, thus giving a measure of fluctuation in

extractable Al due to rainfall fluctuations and other factors.

Results

Extractable Al data from pots established for Al uptake
studies are summarized in fig. 9 which shows the extractable
Al for five soils over four sampling dates. Lowest extractable
Al was observed in June and September, highest extractable Al
in March and December which is also the perlod of highest rain-
fall in East Kauail (see fig. 11).

The soill with highest extractable Al was the Kapaa seriles,
an Aluminous Ferruginous Latosol, but the Koclau series, a
Hydrol Humic Latosol, was very close to the Kapsa series.
Lowest extractable Al was found in the Halil series, an
Aluminous Ferruginous Latosol with a very concretionary surface,
while the Puhl soil (Humic Ferruglnous Latosol) was slightly
higher than tbhe Halii. Intermedliate in extractable Al was the

Hanamaulu series, a Humic Latosol.
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Fig. 9 Extractable zluminum in m.e./100 g. from five Kauai

soils and four sampling dates. Each figure is an
average of 6 replications. - -
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Table 6 gilves pH measurements for each soll and harvest
date. It appeared that pH did not influence the amount of
extractable Al as much as rainfall and type of soil. Thir
may be due to a masking of pH effects by greater influence
of soil type and rainfall, or to pH changes too small in
magnitude to markedly influence extractable Al.

Extractable Al was determined on soll samples from pot
experiments designed to test root development in treated
subsoils of the Halii and Kapaa serles. This was done to
determine the effect of lime and phosphorus treatment on
extractable Al.

Results for the two subsoils are summarized in fig. 10.
Statistical analﬁsis indicated all treatments applled to
Kapaa subsolls except 500 and 1000 1bs. of P were effective
in reducing extractable AL as compared with the check. Most
effective treatments were the combinations of lime and P, but
both lime treatments were also significant statistically.

In the Halil subsoil four treatments reduced extractable
Al significantly as compared with the check. These tfeatments
were: both rates of lime and P applied together, 5 tons of
lime and 1000 ibs of P. | |

The pH measurements for each treatment are given in
table 7. In the Kepaa soil the four treatments which were
most eflfective in reducing extractable Al also produced the
highest pH values. As an example, 5 tons of lime plus 1000
lbs of P produced the lowest extractable Al (5.7 m.e./100g.)

and the highest pH (6.3).
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TABLE 6

THE AVERAGE pH VALUES FOR FIVE KAUAI SOILSl
FROM POTS SAMPLED AT THREE MONTH INTERVALS—/

Dates
Soil seriles
March June September December

Puhi 4.7 4.8 4.7 4.9
Kapaa 5.0 5.2 4.8 5.3
Hanamaulu 5.2 5.4 5.2 " 5.6
Koolau S.4 5.5 5.1 5.5
Halii 5,0 5.0 4.6 5.0

1/ The pH was measured on sumples kept moist in plastic
film bags by using a 1l:1 ratio of soil to distilled water.
Each pH value represents an average of 6 replications.
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Fig. 10° Bxtractable aluminum in m.e./100 g. from two Kauai
soils treated with lime and phosphate.
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TABLE 7

CATION EXCHANGE CAPACITY, EXCHANGEABLE CALCIUM, EXTRACTABLE ALUMINUM
pH OF TREATED SUBSOILS OF THE JALII AND KAPAA SOIL SERIES FROM KAUAT

Treatment : Helli subsoll Kapea subsoil

Ext. Al Exch. Ca C.E.C. Ext. Al Exch. Ca C.E.C.
pH m.e./L00g m.e./l00g m.e./l00g pH m.e./l100g m.e./100g m.e./100g

500 1bs P 5.1  13.5 0.3 23.1 5.1  12.2 1.3 29.7
1000 1bs P 5.2  10.4 1.1 18.4 5.4 8.8 1.5 26.9
2.5 tons lime 5.8  12.0 2.4 24,9 5.9 8.3 - 3.0 27.2
5 tons lime 6.0  10.1 3.6 22,3 6.2 8.1 6.2 31.9
5 tons lime,

500 1bs P 6.0 9.2 4.3 20.9 6.0 6.6 6.7 28.3
5 tons lime, '

1000 1bs P 6.1  10.3 5.3 21.8 6.3 5.7 6.0 29.0
Check 5.3 13,3 0.1 19.7 5.1  11.7 0.6 27.7

1/

Soil samples from each pot were maintained in molst condition until analyzed, and
the results were adjusted to an oven dry basis for cvaluation.

‘vS
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In the Halii subsoils all treatments but two followed
the pattern observed in the Kapaa subsoils, lower extractable
Al with treatments which produced higher pH. The two treat-
ments which did not follow the pattern were: 10001lbs of P
which reduced extractable AL significantly but which produced
a2 pH valtue (5.2) slightly lower than the check (5.3), and 2.5
tons of lime which produced a pH of 5.8 but was not statis-
tically significant for reduction in extractable Al.

Cation exchange capacities and exchangeable calcium
figures for each of the treated soils are given in table 7.
In general, with increase in exchangeable calcium extractable
Al decreased. Cation exchange capacities ranged from 18.4 to
24,9 m.e./L00 g. 1In the Haiii soli and from 26.9 to 3L.9 m.e.

/100 g. in the Kapaa soil.,

Discussion

A close examination of rainfatl (fig. 11) and extractable
Al (fig. 9) indicates & reiretionship of Mactive™ AL and rain-
fall as was suggested by Burgess (1923). Lowest figures for
extractable AL were obtained durlng low rainfall pericds while
highest extractable AL filgures were obtained during high rain-
fall periods. The lower rainfall period, Aprili to September,
1s also the season with greatest sunitight and resultant
dehydrstion. Kanehiro and Sherman (1956) reported a loss in
cation exchange capaclity of Hawgilan soils due to dehydration.
This loss generally increased with annual rainfell and was .

most pronounced in the wettest soils in the Islands. Both the
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Kapaa and Koolau soils used in thls study showed & marked
decrease in extractable Al at the June and September sampling
dates which could be interpreted in part as a loss in cation
exchange capacity due to dehydraetion. The smaller decreases
in extractable Al for the Halii, Hanamaulu and Puhl soils at
the June and September dates are probably also related to
losses in catlon exchange capsacity due to drying.

It should be pointed out that rainfall recorded at the
Bauxi*e Project site in 1960 (fig. 11) does not follow the
normal pattern of rainfall for winter months in East Kauai.
Rainfall figures given in teble 1 for Field 219 are long-term
figures representative of the area, and show highest rainfall
during December, January and February. In 1960 the highest
months were October and March.

Catlon exchange capaclty and total alumina (AlgOg)
content of solls are apparently very lmportant in the amount
of Al extracted from those soils. Plants grown in soills with
high extractaeble Al in this study did not neceséarily contain
highest Al concentrations in their tissues. Plants from the
Kepaa soll which was highest in extractable AL (12.3 to 24.1
m.e./100 g.) were not highest in plant Al concentration, but
were quite low in compearison to plants grown in other soils.
The Hanamaulu soil, with intermedlate extractable Al values
(5.8 to 14.1 m.e./100 g.), was usually highest in plant Al
concentrations (see figures 4, 5, and 6).

It appeared that Al measured in this study included both

"exchangeable" Al and "soluble" AL in one form or another,



57.
This "soluble™ Al should theoretically increase with increased
alumina content of the soil. The high extractable Al figures
and comparatively low plant Al concentrations observed in the
Kapaa soils seem to indicate much "soluble™ Al included in
extractable Al figures for this soil. The total alumina in
the Kapaa soil 1s higher than the other soils studied (table 8)
and this mey explain the high extractable Al measured in this
soll. Perhaps other methods for extractable Al should be
tested in Hawaiian soils in order to differentiate between
"axchangeable" Al and "soluble" Al.

The high extractable Al of the poorly-drained Koolau soil
seems to substantiate the work of Ragland and Coleman (1959)
who found the percent Al saturation of soils increased with
decreased drainage. Low extractable Al in the Haliil soil is
probably due to the high iron oxide concretlionary fraction of
its surface.

In treated ialil and Kapaa subsoils the decreasing
extractable Al with increasing pH follows other work reported
in the literature. Decreases in extractable Al due to lime
are prooably caused by increases in pH while beneficial effects
of P may be explained by fixation of P by Al. The occurrence
of lowest extractable Al figures with lime plus P trestments
may be explained by the combinatlon of pH effects due to 1lime
and\tieup of some Al in phosphate fixation.

Growth of L. glauca in these pots (see chapter on plant
growth) indicated decreases in extractable Al were probably

not as important to plant growth as was the supply of P. In
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TABLE 8

CHEMICAL COMPOSITION OF FOUR KAUAI SOILSL/

Soil % 8i0g % AloOz % FegOz % TiOg

Kapaa series2/ 2.1 41.2 36.1 5.0
(Sample 5)

Puhi seriesZ/ 0.7 18.6 43,7 7.6
0" tO 5"

Koglau seriesé/ 23.4 26,1 . 33,5 4,3

Halii seriesﬁ( o" to 3"

nodules (68.5% of the 1.0 14.2 62.7 3.7
whole)
soll (30.7% of the whole) 4.2 17.6 51.1 4.5
1/ Oven dry basis. -
2/

Sherman, G. D, 1958. Gibbsite~-rich soils of the
Hawalian Islands. Hawaii. Agr. Expt. Sta. Bull. 116.

3/

Plucknett, D. L. 1960. Unpublished data.

4/

Sherman, G. D. 1957. Unpublished data.
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general, P treatments without lime did not markedly decrease

extractable Al nor raise pH, but did produce highest ylelds.

Root studies

One commonly reported effect of aluminum on plant growth
is root damage. Such damage is usually described as stunting
of the general root system and blunting and blackening of
root tips, especially in barley and tobacco. Plants in Hawail
grow on solls of high aluminum content but little is known of
root behavior in such solls. -

It was decided to study root growth of certain taprooted

plants, especielly R. tomentosa and M. malabathricum, in order

to characterize root distribution in bauxitie solls of Kausail.

Results

Six R. tomentosa plants were excavated in the Kapaa soll
series. All plants were extremely shallow-rooted with tap
roots turning laterally from & to 10 inches below the surface
(see fig. 12). Lateral root development in these plants was
especially pronounced and one large 10 fcot shrub had a
lateral root 24 feet long. Lateral roots displayed a tendency
to grow downward and outward for 2 to 4 inches and then to
ascend toward the surface. Lateral roots were frequently
found just at, or slightly under, the soll surface.

Two thickets of R. tomentosa were excavated in the Kapaa
soll series. These thickets contained shrubs up to 10 feet
in height and trunks 1.5 to 2.25 inches in diameter. Root

diameters were observed up to 2 inches. Tap roots turned at
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Rhodomyrtus tomentosa excavated in the Kapaa
soll series, Wailua Game Refuge. The tap root
turned laterally at 4 inch depth and lateral

roots penetrated dlagonally before ascending
toward the surface.

Melastoma malabathricum excavated in the Kapaa
soll serles of the Wailua Game Refuge on Kauai.

Note the shallow lateral roots and the small
tap root.
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a depth of 10 inches and no roots of the thickets were found
below this depth. There was no evidence of root fusion.

M. malabathricum plants excavated in the Kapaa soll were

found to have root development similar to chat in R. tomentosa,
tap roots which turned laterally at shallow depth with long
lateral roots. One plant (see fig. 13) had a small, twisted
and deformed tap root with 2 main lateral roots 5 feet long.
Fibrous roots were almost lacking in both R. tomentosa and

M. malabathricum.

Norfolk Island pine trees (A. excelsa) planted about 10
years ago in the Kapaa solls were excavated to check root
development in specles planted in these soils. Tap roots of
these trees penetrated to what appeared to be the bottom of
the planting hole before turning upward toward the surface.

Two individual plants and a thicket growth of R. tomentosa
were excavated 1ln the Koolau soll near Hanahanapuni Crater,

Tap rocots of the two individual plants penetrated 9 inches
downward before turning diagonally for 1 or 2 inches. Small

plants of M. malabathricum nearby, like the R. tomentosa, had

tap roots which penetrated from 8 to 10 inches.

The main tap root of the R. tomentosa thicket penetrated
24 inches dovmward in the Koolau soil without turning (fig. 14)
even though water from the soil was already filllng the hole
when a depth of 12 inches was reached. One lateral root of
this thicket was observed from which numerous stems had arisen.
This was the only observation of this type in the plants

excavated. It is possible that this "root" could have been a
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Fig. 14 The excavated tap root of a Rhodomyrtus tomentesa

Fig. 15

thicket in the Koolau soll series near Hanahana-
punl Crater, Kauai. The tap root 1s just to the
right of the measuring rod. Note the water fill-
ing the excavation.

Plants of Rhodomyrtus tomentosa from the Halil
soil series on Kilohana Crater, Kauai. The

long lateral root of the larger plant was 1l
feet long.
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stem buried by road construction because the thicket was
loqated close to.a forest preserve road. The Koolau scil in
this area has a gray surface 8 to 10 inches in thickness with
a reddish brown, yellow-mottled layer below,

A S5-foot M. malsbathricum plant about 20 feet from the

R. tomentosa thicket was also excavated and the tap rodt was
traced to a depth of 18 inches where water filled the trench
very rapidly. |

A series of R. tomentosa plants in the Halll soll series
were excavated on the northern slopes of Xilohana Crater.
These plants had extremely shallow root systems with tap roots
turning laterally at about 4 inch depth and with lateral roots
almost at the soil surface (fig. 15). R. tomentosa shrubs in
this area were easily pulled up without digging, and tracing
of lateral roots was accomplished by pulling. Excavation of
such roots was very difficult because of long overlapping
latergl roots of surroundlng plants. One 40 ihch plant had
a lateral root which arose from the tap root about 2 inches
below the soll surface and which was traced at depths of 1
ineh or less for 11 feet.

No evidence of root injury was found in R. tomentosa
plants except for an unusual blunting of rcot tips 1in the
Halii soll. This blunting is best described as a curving and
thickenihg of the root tip‘which then resembles a chicken's
head. Some blackened tips were also found in the Halll soil,
but since the concretionary surface of the Halil soll was

used in these pots, it is doubtful that these root abnormalities
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were due to Al injury.

The only evidence for thicket formation of R. tomentossa
found in this pot study was the presence of a number of budg
on the tap root just below the soll surface. Young shoots
ﬁere observed arising from these buds and often 6 to 10 of
these young shoots were growing simultaneously on one plant.
The number of shoots arising from buds increased with time.
Bud numbers of single plants ranged from & to 30.

In both the Kapaa and Halll subsolls, root development
was usually restricted to the untreated topsoill if subsoils
were untrested. Greatest root development in subsoils was
produced by P treatments. Lime plus P treatments stimulated
root growth more than lime alone, The 1000 1b P treatment
produced most root penetration into the subsolls and also the
highest plant yields.

Comparative root systems produced by treatments in the
Kapaa subsoll are illustrated in figure 16. Tap roots of the
P treatments were straight and penetrated to the bottom of
the pot. Tap roots of check plants did not develop in the
untreated subsoils. The effect of treatment on tap root
penetration and root development in treated Kapsa subsoils
can be ranked as follows: P > lime plus P> lime > check.

Flgure 17 shows comparatlve root systems in Halii sub-
soils. Roots of check plants in the Halii subsoils penetrated
slightly into the subsoil, but total root development in the
check was much less than total root development in P and lime-

plus-P treated subsoils,
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Plants of Leucaens glauca grown in treated sub-
solls of the Kapaa series. Treatments fron
left to right are: 600 1lbs.P, 1000 1bs.P, 5

tons lime, 5 tons lime plus 1000 1lbs.P, and the
check.

Fig. 17

Plants of Leucaena glauca grown in treated sub-
soils of the Halii series. Treatments from
left to right are: check, 5 tons lime plus
1000 Lbs. P, 5 tons lime, and 1000 lbs., P.
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Two types of tap roct development with treatment are
itlustrated in figures 18 and 19. The long straight tap root
was characteristic of P treatment while the branching tap
root was characteristic of the lime plus P treatments.

An interesting result of treatments added to Halii sub-
soils was the number of nodules produced on roots of L. glauca.
Most nodulation occurred with lime plus P, but lime alone also
stimulated nodule formation. Only 1 nodule was found.with P
treatment and no nodules were found in the check. Nodules
can be observed on the roots of the plant shown in figure 19,

Slides of root tips sectioned on the freezing microtome
and stalned wlth hemotoxylin were examined under the mlcroscope
and photomicrographs were taken. Staining was heavy in
epldermel layers and vascular areas of roots from the check
(fig. 20) but lLess pronounced in roots from lime~-treated soils
(fig. 21). In P-treated plants two darkly-stained, apparently
magsive areas were observed in or near the xylem. One of
these 1s shown in fig. 24. It could not be determined whether
these were precipitates in the xylem,

The staining of nuclei (figures 20, 22, 23, 26, 27) with
hematoxylin was previously reported (McLean and Gilbert, 1926),
but this may be due in part to iron since hematoxylin staing
without a mordant if iron and aluminum are present. Staining
of the nuclei was especially pronounced with 1000 1lbs P treat=-
ment, even when added with § tons lime (figures 22, 23; 26, 27),
Cell walls were apparently also stained (figures 26 and 27).

In most cases, cells with lime plus P treatments stained less
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Fig. 18 Tap root of Leucaena glauca from 1000 lbs, P
treatment in Halll series subsoil. Note the
loug straight tap root.

Flg. 19 Tap root of Leucaena glauca from Halll series
subsolils treated with 5 tons lime, 1000 1lbs. P.
Note the branching from the tap root.




€8.

Fig. 20 Photomicrograph of a longitudinal section of
Leucaena glauca root tip from the untreated
(check) subsoil of the Kapsa soll series. Note
heavy staining in epidermsl and vascular areas.

Fig. 21 Photomicrograph of a longitudinal section of
Leucaena glauca root from subsoil of the Kapaea
soil series treated with 2.5 tons lime. Note
light staining in vascular region.
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Fig. 22 Cross section of Leucaena glauca root tip from
Kapaa soil series subsoil treated with 5 tons
lime plus 1000 lbs. P. Note staining of nuclei,
heavy stailning in outer cortex.

ig. 23 Longltudinal section of root tip of Leucaena
glauca from Kapaa subsoil treated with 1000 l1lbs.
P. Note heavy staining in the smaller cells
near the apex (lower left hand corner) and in
the layer of epidermis (upper left hand corner).
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Fig. 24 Longitudinal section of Leucaena glauca root
from Kapaa subsoil trested with 500 1bs. P.

Note heavily stained area in center of picture
in the xylem region.

Fig. 26 Longitudinal section of Leucaens glauca root

from Kapaa subsoil treated with 5 tons lime
plus 500 1bs. P.
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Fig. 26 Photomicrograph of a cross section of Leucaens
glauca root from Kspaa soil serles subsoil
treated with 5 tons lime plus 1000 1bs. P.
Note staining of nuclel and cell walls.

Fig. 27 Photomicrograph of a cross section of Leucaens
glauca root from Kapaas soil series subsoll
treated with 5 tons lime plus 1000 1ibs. P.
Note staining of some nuclei and cell walls.
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than cells with P treatments. Epidermal cells were heavily

- stained in the check (fig. 20) and 1000 1lbs P (fig. 23).

Discussion

The importance of the effect of high soil Al on root
growth cannot be minimized, but shallow root development in
the Halii and Kapaa soll series was not interpreted as being
due to "Al toxicity." High soil Al can cause conditions in
the soil which may 1limit root development; however. From
previous work, it is known that Al can interfere with phosphate
nutrition of the plant both by preclpitation of phosphorus in
the soll and possibly by precipitation within the plant. In
addition, Al 1s also thought to contribute to the o:ldity of
the soil. The low fertiliity status and presence of high
alumina in these subsoils was probably very important in root
development, but if Al effects alone were causing the shallow
root development of plants iIn bauxitic soils, any decrease in
extractable Al and plant Al should result in stimulated root
growth in these soils. An examination of results of liming
treatments however, show that although pH was increased and
extractable Al and pilant Al concentrations were decreased by
liming, no marked stimulation of root development of L. glauca
occurred with liming. The increased root development of
L. glauca in P-treated Halli and Kapaa subsoils in pots is
interpreted more as a response to P than & decrease in Al

effects.
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Deep tap root development Iin the Koolau solls was
unexpected because of the extremely poorly-dralned condition
of this soll. Root growth in the wet Koolau soil in pots
also appeared normal even though extractable Al figures were
nigh.

The lack of root damage in plants used 1n this study was
probably related to the evolutionary background of the plants
which seem to thrive in areas of low fertility and high rain-
fall. Roots of plants sensitive to Al Llke rye or barley
would probably be severely injured in these soils.

Thicket formation in R. tomentosa is probably caused by
the large number of shoots which arise from buds on the tap
root just below the soil surface.

Heavy staining of roots with hematoxylin cannot be
definitely attributed to Al alone, for iron will also cause
hemotoxylin to stain without a mordant. Since chemicai
analysis showed Al present in large amounts in these roots
however, some of the staining must be due to Al. Staining of
the nuclel and cortex with hemotoxylin was previously reported
by McLean and Gilbert (1926) who thus established thelr loca-
tion of Al accumulation in roots. Roots treated with lime
seemed to stain less in vascular and epidermal regions, vhile
roots treafed with P seemed to staln heavily in the cell wall
and nuclel. The presence of two staining regions in or near
the xylem with P treatment indicated a possible precipltate

in the vascular system,but this was not definitely established.
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Plant growth in bauxitic soils

Measurements of plant growth were taken becsuse reduction
in yield due to Al effects is often reported, and these expe~
riments provided a means to measure extractable soil Al along
with plant dry weight. Of particular interest was the season
of greatest growth in R. tomentosa in the five untreated soils
of Kauai. In addition, dry welghts of L. glauca grown in
treated subsoils were measured to determine possible bene-

ficial treatment effects on plant growth.

Results

R. tomentosa seedlings transplanted in pots grew slowly
at first, but growth increased especially after the June
harvest date. The greatest increase in plant growth as
measured by plant yield occurred betwsen the June and September
harvest dates (table 9).

Plant yields were highest at the December harvest date.
Especially notable in December was the large leaf yield 1in the
Koolau soil whilch is very poorly drained;”'Plant yields of
R. tomentosa ir. the Kapaa soil were usuglly lower than plant
yields from other soils. Statistically, there was no differ-
ence between R. tomentosa yields between soils. Differences
between ylelds at different harvest dates were highly signi-
ficant statistically, however.

The number of llive stems of R. tomentosa increased
throughout the experiment, but there seemed to be no differ-

ence in number of stems between solls at any one period.
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TABLE 9

YIELDS OF RHODOMYRTUS TOMENTOSA GROWNl N
FIVE UNTREATED KAUAI SOILS IN POTS

Harvest Soil Series

Date Ha1ii Koolau Hana- Kapaa  Puhi
maulu
g e e g Eo
leaves 0.4 0.6 0.3 0.4 0.9
stems 0.4 0.4 0.3 0.3 0.5
March roots l.2 0.7 0.7 1.3 l.8
Total 2.0 1.7 1.3 2.0 3.2
leaves 2.1 2.1 2.1 1.1 3.6
stems 1.2 1.2 1.3 0.5 1.5
June roots 1.6 1.8 1.6 l.4 Sl
Total 1.9 5.1 5.0 3.0 8.2
leaves 8.1 10,4 10,0 5.7 7.0
stems 3.0 4.8 4,9 1.9 3.6
Sept. roots 5.9 8.4 11.8 4.4 8,0
Total 17.0 23.3 26,7 12,0 18.6
leaves 10.1 20,5 12.1 10,0 14,1
stems 4,3 11.4 7.3 4,3 7.0
Dec. roots 9.0 15.7 14.7 9.1 12.7
Total 23.4 47 .6 34.1 23,4 33.8
1/

Each figure is an average of 6 replications. Yields
were dried at 70°cC.
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Phosphorus treatment produced greatest growth of

L. glauca in both the Kapaa and Halii soils (table 10). Lime

n

alone produced ylelds about equal to or even less than the
check while lime plus P produced yilelds greater than the
check but less than P alone. In both the Halii and the
Kapaa soils, 1000 1lbs of P produced highest ylelds.

There is no basis for comparison of ylelds between the
two solls because the growing periods were of different

duration, 14 weeks 1n the Kapaa soll and 20 months in the
Halil soil.

Discussion

There seemed to be little evidence for reduced plant
growth due to soll Al in this study. Although the Kepaa
soil was usually lowest in plsnt yields, there were no
statistically signiflicant differences in plant ylelds between
soils,

There was no evidence of plant injury due to Al. The
only leaf symptom observed was apparent P deficiency.

The low yield of L. glauca with lime treatment is
difficult to explain, however Younge and Moomaw (1961)
reported lime was beneflclal after depressing forage yields
initially on stripmined bauxite soils of Kauai.

The supply of P seemed to be very important for growth
of L. glauca in this experiment. In general, P treatments
did not substantlally decrease extractable soil Al but did

decrease Al measured in plant tissues of L. glauca. Reduction
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TABLE 10

YIELDS OF LEUCAENA GLAUCA GROWN IN TREATEDl
SUBSOILS OF THE HALII AND KAPAA SOIL SERIES—/

Treatment Soils
Halll Kapaa
T o Root T op Root
grams /pot grams /pot grams /pot grams /pot
check 1.7 4,5 0.8 0.7
2.5 tons lime 2.1 4,1 0,8 0.3
5 tons lime 1.2 1.9 0.5 0.4
500 1bs P 7,42/ 13,93/ 3,28/ 2.8%/
1000 1bs P 11.4%/ 19.1%/ 4.6% 5,55/
5 tons lime, 4,9 7.8 1.4 1.3
500 1lbs P ,
5 tons lime,  6.92/ 9.62/ 2,02/ 1.92/
1000 1bs P
1/

Pots were established on the same date, but the Kapaa
soil was harvested before 6 weeks the Halii soll. Yields
were dried at 70°C. Each figure is an average of 3 replications.

2/
Difference from check exceeds .05 level of significance
according to multiple range test.

3/
Difference from check exceeds .0l level of significance
according to multiple range test.

e
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of Al in plant tissues due to P treatment does not appear
of a magnitude sufficicnt tc explain the much greater ylelds

produced by these P treatments.



SUMMARY AND CONCLUSIONS

A study of some plant relationships on the bauxitic

of Kauai was undertaeken using Melastoma malsbathricum L.

soil

a

and Rhodomyrtus tomentosa Ait. (Hassk.), two shrubs introduced

about 50 years ago on Kilohana Crater. Reconnalssance and
mapping of the area of infestation indicated the distribution
of R. tomentosa was more affected by site of introduction
than by soil series, although the plant grows well on bauxitic

soils. Melastome malabathricum has a wider rangs of distri-

bution and is found in more varied environmental conditions
than R. tomentosa.

Concentrations of aluminum in R. tomentosa leaves sampled
in the field followed the relationship: older leaves? younger
leaves. Concentration of aluminum in plants sampled from
untreated soils in pots followed the relationship: roots)
stems » leaves. The analyses indicated that aluminum 1s
relatively limmoblle in the plant and probably is rapidliy com-
bined with other elements and substances after entering the
plant; this mey explain the much higher aluminum concentra-
tions In roots. Differences in sluminum concentration between
plant parts analyzed indicate the necessity for great care in
selecting and reporting the type and age of tissue used in
aluminum accumulation or plant aluminum concentration studles,

Plant aluminum concentrations varied with the species

sampled. Melastoma malabathricum leaves contained 6000 - 9000

ppm aluminum, and Rhodomyrtus tomentosa leaves contained

140 - 480 ppm aluminum.
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Differences in plant aluminum concentrations between
soils were not marked, although there was a trend for higher
concentrations in plants grown in solils of higher extractable
soll aluminum. Total aluminum uptske per plant may be a
better measure of the relation of soil aluminum to plsant
aluminum than plant concentration, because although percent
aluminum in plant tissue may be low due to rapid growth, the
total aluminum uptake per plant may be high for a given soil.
Aluminum concentrations in plants grown in the Halli and
Kapaa subsoils treated with limeand phosphate were reduced
in one soll but not in the other.,

A relationship between extractable soll aluminum and
rainfall was. observed in five solls. Highest extractable
aluminum was measured during high rainfall periods (winter)
and lowest extractable aluminum was measured during low rain-
fall periods (summer). High extractable aluminum was alsoc
observed in the poorly-drained Koolau soll. Losses in cation
exchange capacity and changes in the form of aluminum in the
soils due to dehydration probabiy account for lower extractable
atuminum during summer months. The method used for extractable
aluminum in this study probably measured both "exchangeabie®
and "soluble™ aluminum. Plant aluminum analysis indicated
that not all extractabie atuminum measured was available to
the plant.

In subsoits treated with Lime, extractabie aluminum

decreased with increased pH. Lower extractable aluminum due
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to phosphate treatment was interpreted as fixation of phos-
phate by aluminum.

Root systems of R. tomentosa and M. malabathricum in

Kapaa and Halil solls were very shallow, with tap roots
turning laterally at shallow depth and with long leteral
roots very close to the soil surface. Deeper tap root pene-

tration of R. tomentosa and M. malabathricum was observed in

the Koolau soil. Tap roots of Leucaena glauca (L.) Benth.

were stimulated by phosphate treatment in subsoils of the
Halil and Kapaa soll series in pots, but were restricted 1n
untreated subsoils. Increased root development with phosphate
treatment seemed to be more related to phosphate supply than
to decreased aluminum effects. N> evidence of root damage due

to aluminum was found.

Leucaena glauca roots from untreated solls werec heavily
stained by hematoxylin in vascular and epldermal regions.
Heavy staeining of cell walls and nuclel was observed with
phosphate treatment. All staining could not be attributed to
aluminum however, since iron also causes hematoxylin to stain
without a mordant.

No differences in R. tomentosa growth were found between
soils. Phosphate treatments applied to Halii and Kapaa sub-

soils stimulated growth of L. glauca.
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