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TIIE IMPROVEMENT OF THE PHYSICAL AND CHEMICAL PROPERTIES OF 
THE DARK MAGNESIUM CLAY SOILS OF THE HAWAIIAN ISLANDS

INTRODUCTION
The intrazonal soils of the Hawaiian Islands (Dark 

Magnesium Clays, Paddy, and Gray Hydromorphic) have several 
similar physical and chemical characteristics which are 
affected by one common property. This property is the high 
saturation of exchangeable magnesium in the exchange complex 
of the soil colloid. The calcium to magnesium ratios are 
very low, usually about 1.0, and the exchangeable magnesium 
is approximately 30 percent or more of the cation exchange 
capacity. The characteristics of the Dark Magnesium Clays 
are dominated by the properties of magnesium clay, while 
those of the Gray Hydromorphic and the Paddy soils also are 
influenced strongly by water (poor drainage). The high sat
uration of magnesium appears to interfere with the avail
ability of potassium in the soil. The physical properties 
of these soils are similar to those of the sodium soils of 
the saline areas of the western United States in that they 
are sticky plastic clay soils.

The management of the areas of Intrazonal soils is a 
serious problem, concerned with the physical properties (ease 
of cultivation) and chemical properties (availability of 
nutrients). The discovery of methods which will Improve 
their physical structure and of the factors which affect 
the availability of plant nutrients would be very beneficial 
to the agriculture of the Territory of Hawaii. Since the



area of this type of soil la increasing, there is growing 
interest in discovering practicable procedures for improving 
the physical condition of the soils and malcing plant nutri
ents, especially potassium, more available. In this st\idy 
an attempt will be made to determine the soil treatments 
and the soil management procedures which would improve both 
the physical and the chemical properties of these soils, or, 
at least, furnish some information and ideas toward that end. 
This stvidy of the Dark Magnesixim Clays may concern the other 
two intrazonal soils due to the above mentioned similarities.

Soils similar to the Dark Magnesium Clays of the 
Hawaiian Islands have been found throughout the world and 
have been given various names devised to dlstingiilsh and 
define their pecxiliar qualities, and the soil forming pro
cesses Involved. Joffe (11) introduced his discussion of 
Saline Soils as a group by defining them as "hydrogenlc soils 
reflecting the characteristics and properties brought about 
by the reactions of circulation of soluble salts in the pro
file." He further stated, 'In the evolution of saline soils, 
3 stages have been recognized, and each one represanta a well 
defined soil fonnlng process resulting in a soil type. The 
first stage repreaents a process of salinization, i.e. the 
accumulation of soluble salts at the surface or at some point 
below the surface of the soil profile. Such a soil is known 
as "solonchak". The second stage represents a process of 
desalinization, whereby the soluble salts are removed from 
the surface or pushed down to the bottom of the B or into



the C horizon, ond the exchange complex la subjected to a 
considei’able saturation with the Na-lon and sometimes Mg-lon. 
Such a soil type Is known as ’'aolonetz • According to Rich
ards (18) the above second stage process Is tenned "alkall- 
zation” (referring to a saturation by sodliim only); and the 
soil usually becomes strongly alkaline, the colloids dis
perse, and the soil develops a structure unfavorable for the 
entry of water and for tillage. The resulting soils is 
called an "alkali" soil.

Although the usual description of the "desalinization" 
(alkallzation) process by which a solonetz type soil is 
formed prescribed replacement of the soluble salts by sodim, 
more recently investigators discovered that a high magnesium 
saturation of the exchange complex gave similar properties 
to soils. Ellis and Caldwell (6) described magnesium solon
etz soils found in the Lake Agassiz Basin in Manitoba, Can
ada, and attributed the solonetz properties, not to sodium, 
but to magnesitm- salts and magnesium clays. They suggested 
that in classification the solonetz group should be sub
divided to Include "sodlxim solonetz" and "magnesium solon
etz". Rost and Chang (22) investigated alkali soils in the 
prairie portion of the Red River Valley of Minnesota, where 
there was the condition of run off and seepage of waters 
from higher lying land into the poorer drained area, causing 
a high water table. They fo\md that two of the five profiles 
stiodied were high in exchangeable magnesium, which occupied 
from 20^ to 505̂  of the exchange complex, while the exchange-
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«ble sodium and potassium occupied only a small percentage 
of the total. They discovered also that magnesium had a 
direct relation to the amount of gypsum present; where the 
gypsum was high, the magnesium was repressed, A similar 
repressive action of gypsum may have prevented the Dark Mag
nesium Clays of the Hawaiian Islands from reaching the true 
solonetz type, Cline (5) and Sherman, Kaneshlro and Puji- 
moto (24) reported the presence of gypsum below the surface 
of these soils.

Joffe (11) informed that according to reports a mag
nesium saturated soil attained properties similar to a sod
ium solonchak freed of its soluble salts and that, theoret
ically, ve could, therefore, speak of a magnesium solonetz. 
He further cited similar findings of other investigators, 
mainly in Russia and Hungary.

Studies in detail have been made of the effects of app
reciable amounts of exchangeable magnesium upon the physical 
characteristics of soils. Gill (7) cited the findings of 
several of these studies, which tended to show that soils 
having, a large percentage of their exchange capacity filled 
with magnesl\jm had properties similar to sodium soils, Rie- 
Chen (19) and Joffe and Zimmerman (12) added further infor
mation.

Little information has been foxind of reclamation work 
toward improving "magnesium solonetz" type soils, Joffe and 
Zimmerman (12) gave some useful leads. They found that, if 
in the exchange complex of soil magnesium was present in



high concentration, its effects were harmful and tended in 
the same direction as sodium, and that calcium, on the other 
hand, antagonized both magnesium and sodium. Further find
ings vere that a lov Ca:Mg ratio caused behavior like a high 
sodi\im content, and that a Ca:Mg ratio of 11:1 was the best 
to ameliorate the solonetz effects either of sodium or of 
magnesium. Rlechen (19) found that In some solonetz soils 
the Ca-lons were more energetically adsorbed than Mg-lons 
at pH of below 7.5.

There Is considerable more information on the studies 
and projects toward reclamation of the saline and the al
kali soils. In the dry regions of the western United 
States, as Irrigation projects vere completed and increas
ing areas placed under irrigation, the problems arising 
from the salinization and alkalizatlon of soils became ser
ious and corrective measures necessary. The U.S. Regional 
Salinity Laboratory, Riverside, California is a coordin
ating and reporting agency for the various‘research and 
reclamation projects of the areas In the West. Richartla 
(18) edited for the Salinity Laboratory a discussion and 
summary of the problems Involved and methods of reclamation 
and soil management, including testing methods, to date of 
1947, The Swllnlty Laboratory's 19^7 report to Collaborators 
(28) was a further report on projects In progress or com
pleted in various areas. These 19^7 discussions and rep-

A*
orts by the Sftllnlty Laboratory are mainly in agreement with 
earlier discusoiono on related subjects published In the



U.S. Department of Agriculture Yearbook of Agriculture 
1938. Byers, Kellogg, Anderson and Thorpe (4), Haswell (9), 
Scofield (23), and Thorpe and Scofield (26), discussed 
problems and methods of drainage, irrigation, reclamation 
and management in various regions. The latest published 
work st\idled is that of Thome and Peterson (27), The main 
concern has been with saline and sodium (alkali) soils. Due 
to the similarity of the sodium soils to the Dark Magnesium 
Clay soils of the Hawaiian Islands, and to the similar con
ditions causing their unfavorable physical properties, these 
discussions have been studied and the following resume made 
of pertinent information.

The improvement of alkali soils Involves practices and 
methods for the removal of excess salt and sodium from the 
soil, and the improvement of their structure and tillage 
qioalltles. This may involve drainage operations, irrigation 
practices, leaching, use of soil amendments, growth of 
special crops to aid I'eclamatlon, and other soil management 
practices. The feasibility of reclamation may depend upon 
whether the soil can be readily leached. Measurements of 
infiltration and pemeablllty probably constitute the best 
single index of the physical condition of.the soil. If the 
soil is only slowly permeable, or becomes so after the salts 
are leached out, then a reclamation procedure involving re
placement of exchangeable sodium by calcium is indicated.
Low permeability may be caused, also, by a lower dense layer 
having low porosity. Subsoiling and deep plowing might cor



rect this condition. Adequate dr«»inage is the first essen
tial in any reclamation pi*ogram. The ground-water table 
must be maintained at a great enough depth below the soil 
surface to minimize upward movement of water. A depth of 
six to ten feet is generally considered desirable. Root 
zone restriction by subsoil water must be prevented. The 
purpose of drainage is to maintain movement of water down
ward, and out. Drainage is oinilnarlly achieved by deep open 
ditches, by tile lines, or by pumping from wells. The 
method that will take best advantage of permeable strata 
in the subsoil usually will be the most efficient. Drain
age is seldom a problem where an appreciable part of the 
water supplied to an area for irrigation is obtained from 
pumped wells. Often the interception of ground water by tile, 
open drains or by pumps has provided effective drainage. 
Seepage from hi-llne canals or deep percolation losses from 
higher irrigated lands, or higher lands of higher rainfall, 
may be Intercepted to alleviate drainage conditions in the 
lower land. In areas where slopes are extremely flat, 
drainage is often accomplished by relief-type drains designed 
to acctunulate and remove water. Hear the seacoast, or in 
very flat areas, it is sometimes feasible to establish a 
drainage network from which the water can be pumped through 
a dike into the sea, or into a river, lake or lower area.

The proper use of water in irrigated regions is im
portant, not only in the correction of adverse conditions 
but also in the prevention of excessive salt accumulations.
The quantity of water actually applied to the land should be
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large enough to leach the salt residues from the root zone, 
and the quantity of dissolved salts removed from the area 
by drainage should equal or exceed the quantity brought in 
by irrigation and ground water. When saline or alkali soils 
of heavy texture and low calcium content are leached until 
most of the soluble material has been removed, they will dis
perse to form a sticky, jelly-like mass when wet, through 
which water passes with difficulty and on which satisfactory 
crops cannot be grown. Irrigation and drainage will fall on 
these soils \mless they are treated with heavy applications 
of gypsum or sulphur. There is little evidence of other chem
ical treatments having direct beneficial effects on soil 
stiructure.

Consideration to the osmotio pressure of the soil sol
ution should be given in determining the need of crops for 
water application. Alkali soils are especially subject to 
puddling, and should not be cultivated or tilled when too 
vet. Grazing With stock or crossing with heavy machinery 
should be avoided when problem soils are in a wet condition.

As irrigation with higa salt waters presents a problem 
in certain of the areas Involved in the Islands, a study by 
Allison and Moore (1) is considered Important, They found 
that*

1, Yields were significantly higher with low-salt 
water than with high-salt water,

2, Yields were hlglier on low-salt soils than on high- 
salt soils, and were higher on high-salt soils receiving



lov-salt water than on low-salt soils receiving high-salt 
water,

3. High rates of leaching were most effective in in
creasing yields where high-salt waters were used (on both 
high and low salt soils).

4, It was not possible to secure as high yields on 
low-salt soil with high-salt water applied at a high rate 
as with low-salt water applied only as required to meet 
growth requirements.

The search for information relative to the second ob
jective of this study - the determination of the fundamental 
factors Influencing the availability of potassliam in the 
Dark Magnesium Clays - revealed that magnesium and calcium 
relationships have received wide attention. In their dis
cussion of the subject Thorne and Peterson (27) brought out 
that in guayule studies, variations in calcium, magneaium 
and sodim in nutrient solutions Indicated that magnesium 
was more toxic than either sodium or calcium, and in several 
tests yields were usually lower when magnesium was the pre
dominant ion than where calcium or sodium predominated*.
Luts and Chandler (14) stated that soils which contain a . 
large excess of magnesium over calcl\im have frequently been 
found Infertile. There have been investigations, also, to 
determine the effects of varying amotmts of calcium, mag
nesium and potassium. Bower, Wadlelgh and Cooil (3) con
ducted an investigation to determine the effects of varying 
ratios of calcitim, magnesium and potassium on the growth of
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Da Ills grass, and on the uptake cf potassl\im. Sr^pplylng the 
othex* necessary nutx'ients, they set up four treatments vlth 
Cn:Mg!K ratios of 10:3:1. 30:3:1. 10:9:1 and 3:1:1 respect
ively. The optimum growth of Dallls grass was obtained with 
the I'atlo 10:3:1, next with 3:i:l and the poorest was that of 
10:9:1. The highest uptake of potassium was with the treat
ment 3:1:1 and next with 10:3:1. Mehllch and Reed (1?) con
ducted investigations using a Ruston sandy loam soil with 
two objectives. The first one was to determine the Influence 
of degree of calcium saturation, potassium level and addit
ions of calcium sulfate on the removal of calclxim, magnesium 
and potassixxm from the soil by leaching. Among their find
ings the one noted of interest was that the rate of loss of 
potassium and magnesium was greater when calcium sulfate was 
added tlian when not added. This would support the use of cal
cium sulfate as a treatment for leaching magnesium from soils 
where in excess. The second objective of their investigation 
was to determine the influence of the degree of calclxxm sat
uration and potassium levels on calcim, magnesium and pot
assium,contents of cotton. Their findings, of significance to 
the present study, were that:

1. The unit content of calcltun and total uptake of 
calcium increased in proportion to calcium saturation.

2. The magnesium content and total uptake increased to 
about 405̂  calcium saturation and then remained constant. The 
addition of calcium sulfate reduced the magnesium content and
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total magnesium uptake. The magnesium content vas lower at 
highest potassium levels.

3, The potassium content and total uptake increased 
with an Increase in the potassiiim level in soil and with 
Inci’easlng degree of calcixam saturation up to level. 
Calcium sulfate additions had little effect on potassium 
content of plants.

Prom the above investigations we see that tne best 
growth of plants may be expected with a high CatMg ratio in 
the soil, but that a high level of potassium is also necess
ary; and that these high levels of calclvim and potassium 
tend to repress the uptake of magnesium in the plant. The 
content of potassixim in the plant appears to be higher when 
the ratio of calcium to potassium is low, but the best growth 
does not result. The low CatMg ratio of about 1,0 gives poor
est results. Ve have further information from Ayers (2) that 
"increasing the degree of calcium saturation of the soils in
creased the sorption of potassium andl ammonium,"

Prom this historical research Information has been 
obtained concerning the factors affecting, and the practices 
for improving, the physical properties of soils similar to 
the Dark Magnesium Clays. The relative levels of calcium, 
magnesium and potassium which produce the best plant growths 
have been investigated and discussed. In the experiments of 
this study attempt will be made to give further evidence as 
to:

1. The most practical method of improving the physical
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structure of the Dark Magnesium Clay soils,
2. The fundamental factors which influence the avail

ability of potassium in the soils, which would indicate a 
method of improving this availability.

‘ ...
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DESCRIPTION OF THE SOILS STUDIED 
The Dark Magnesiiam Clays occur on Kauai, Molokai and 

Oahu at elevations less than 500 feet in regions of 10 to kO 
Inches of yearly rainfall. They are mainly in Vegetation 
Zone A, extending slightly into Vegetation Zone B on Kauai 
and Oahu. These vegetation zones are described by Rippor- 
ton (21), The Lualvialel Family is the only one of this 
group, and is described by Cline (5) as followss

"They are soils in which the properties are dominated 
by the physical properties of the magnesium clays that make 
up the mass of the soil material. Their outstanding char
acteristics are their dark color and the extremely sticky 
and plastic consistence throughout the profile, Wnen these 
soils are dry they are extremely hard,

"In another section of this report Sherman has Indicated 
the close correlation between the high status of exchangeable 
magnesium and the heavy sticky plastic clays characteristic 
of the soils of this gruup. In a former paper he has sugges
ted dolomltlzatlon as one of the processes operated in these 
soils,. Moat of the soils of this group occur in situations 
where seepage waters from adjacent uplands underlain by basic 
igneous rock h l ^  in magnesium flow laterally into areas of 
alluvium, that are the parent materials of this soil of the 
Lualualel Family in most places. Members of the family that 
are developed on rock or weather in place appear to be on 
materials exceptionally high in ollvene. The horizons are 
poorly differentiated. Usually the top 3 or 4 Inches is more 
friable than the lower horizons. It is very dark gray or
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black in moat of tlie soils, blocky when dry and sticky and 
plastic when wet. This material is firm or moderately 
friable when dry. The texture is almost Invariably clay. Be
low this topmost layer the soil la equally dark in color and 
has a very coai’se blocky structure. The material is extremely 
hard when dry and is very sticky and plastic when wet. With 
depth the structure becomes less apparent, and at a depth 
ranging from 20 to 30 inches the soil becomes massive. It 
is lighter in color at these depths, commonly being a medium 
gray or bluish-gray. It is extremely plastic and sticky when 
wet, having an almost soapy feeling. When dry it is extremely 
hard, Gypsvun crystals are common below depths of 50 inches 
and it is proposed by Sherman that the magneslm of magnesium 
sulphate has replaced approximately half of the calcl\mi in 
calcium carbonate in the upper layers to form dolomite while 
the resultant calcium sulphate has been deposited in the 
deeper layers as gypsum crystals.

"Parts of those soils that occur in regions where irr
igation water is available are used for the production of 
sugar cane with fidtr to poor success. The greater part of 
the area is idle or is used for grazing. The soils are ex
tremely sticky and plastic and hard to work. They absorb 
irrigation water very slowly and moisture relationships for 
the growing plants, due to the restricted root systems, are 
generally poor. Potassium deficiency in these areas has 
been attributed to the high content of exchangeable mag
nesium, The soils are extremely deficient of nitrogen; the 
dark color is not an indication of organic matter. Mainten-
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ance of good structui-e and a favorable rooting zone as veil 
as fertility maintenance is an important problem in cul
tivated areas. The success of sugar cane production varies 
noticeably among the different soils of the group pending, 
to some extent, on variations in the physical properties," 

There are five series in the Lualxialei Family. They 
are described by Cline (5) as follows:

"Two of the series are derived from alluvium and these 
are the most extensive soils of the group. Of these two 
series, the Lualuelel series is the least sticky and plastic 
of the family. The Kokokahl series is the most sticky and 
plastic of the family. Two series are derived from por- 
phyi’itic basalts in which olivene phenocrysts ar̂ e promin
ent, Of these, the Nonopahu series are grayish-brown or 
gray soils whereas the Papaa series ai-e reddish brown soils. 
The fifth series, Makalapa, is derived from volcanic tuff.

"The Lualualei Series are plastic, hard clays derived / 
from deep alluvium on coastal flats or talus slopes of up 
to gradient. They occur in the Kikaha section of the Is
land of Ka\iai and vest of the Waianae Range on the Island of 
Oahu at elevations less than 250 feet. Mean annual rainfall 
ranges from I5 to 25 Inches. They are entirely within veg
etation zone A. Most of the area on the Island of Kauai is 
now used for the production of sugar cane under irrigation,
A fairly large part of that on the Island of Oahu was at one 
time used for ttiat cr-op but has been retired from that use. 
On Kaxial this is considered a strong productive soil. It is 
well supplied with available phosphorns but is low in avail
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able potassium. Potassium deficiency on these soils has been 
attributed to the high exchangeable magnesium. It is a very 
difficult soil to cultivate because of its plasticity and 
stickiness and for crops that are intensively cultivated it 
would be a poor soil, When used for cane, it is not necess
ary to till the soil frequently and this type is considered 
fair to good cane land. It occ\irs in an area where the am
ount of sunlight is high and yields of sugar are normally 
good. It is difficult soil to irrigate, however, and ab
sorbs water slowly and cane generally roots shallowly in this 
sticky plastic soil which makes the problem of maintenance of 
available water more difficult. It is much inferior to the 
more friable soils of this section of Kaxiai for s\igar cane. 
Most of the remainder of the area is used for pasture. Dur
ing the winter months the annual grasses provide some feed 
after rains. The amount of feed produced, however, is low 
and its production highly seasonal. The quality is very high.

"The Kokokahl Series are extremely sticky plastic soils 
with high exchangeable magneslxim. They are derived from 
alluvium on talus slopes and adjacent more nearly level land 
of the coastal planes or alluvial flats. They occur on the 
Islands of Molokai and Oahu at elevations less than 200 feet 
above sea level. These regions receive mean annual precip
itation ranging from 10 to 40 inches, Tliey occur in vegeta
tion Zones A and B. These soils are essentially stinicture- 
less. Even the topmost layer in most places is massive.
None of the area is cropped; most if it is used for pasture. 
This is probably more productive of forage than are soils of
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the uplands in the same zone.
'’The Nonopahu Series are sticky plastic soils derived 

from basalt. They occur bn the Island of Kauai in intimate 
association vith soils of the Molokai series of the Low- 
Humlc Latosol Group. They occur at elevations ranging from 
sea level to 25O feet in a zone that receives 20 to 30 inches 
of mean annual precipitation. This la entirely within vege
tation zone B. In some places this soil occurs in small 
areas in intimate association with soils of the Molokai 
series. The relief is generally moderately uniform. In 
most areas there are some loose stones on the surface and 
throughout the soil mass but the stoniness is not so great 
that machinery cannot be used. This soil is used for pro
duction of sugar cane \inder irrigation and for pasture.
Cane yields on these areas are definitely inferior to those 
obtained on the Molokai soils with which they are associated. 
Water penetrates poorly and the cane roots shallowly. Thus 
it is difficult soil on which to provide adequate water 
at all times for the use of the crop. Where this soil Is 
pastured. It produces good quality forage of low carrying 
capacity. Production is highly seasonal. On this complex 
of extremely contrasting soils the problems of management are 
very great. Distribution of water Is much easier on the Molo
kai soil which adsorbs water well and holds It available to 
plants. On the Nonopahu Clay the water is absorbed slowly 
and the plants root shallowly so that moisture becomes limit
ing much more quickly than on the Molokai soils.

‘”The Papaa Series soil is a Red Nonopahu. It is derived
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from basalt and has the physical properties of the Nonopahu 
series except for color, mainly a reddiah-brown in topmost 12 
Inches. The soil occurs on the Island of Oahu at elevations 
less than 200 feet above sea level, in a zone where mean 
annual precipitation ranges from 20 to 40 Inches, This is 
entirely in vegetation zone B. The soil occurs for the most 
part as a narrow band between zonal soils of the Humic Lato- 
sol Group and alluvial soils of the lowlands or soils of the 
Kokokahl series. Essentially all this soil is pastured or 
is idle. It is a soil of small total extent and it is un
important agriculturally.

"The Makalapa Series are heavy textured and at least 
moderately sticky and plastic soils derived from volcanic 
tuff, in some places with moderate amounts of alluvial 
material Included in the mapped areas. The soils are gen
erally not quite so sticky and plastic as are most other 
soils of the Lualualei family. This soil is confined to the 
Island of Oahu in the vicinity of Salt I.ake Crater and on 
Mokapu Peninsula in the vicinity of Glupau Head. It occurs 
at elevations less than 500 feet In a zone that receives 30 
to 40 Inches of mean annual precipitation, and is entirely in 
vegetation zone B. The soil of the small area on the slopes 
of Ulupau Head differs from the rest of the Makalapa Series 
in being considerably more friable throughout the profile. 
Most of the area is used for pasture. The rest of the ser
ies occurs in the vicinity of Salt Lake Crater, and occupies 
slopes that range from 0 to 155̂  in gradient. Practically all 
this area at one time was used for production of sugar cane
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vlth irrigation and in spite of the somevhat plastic char
acter of the soils the cane crop appeared to be doing well. 
The area now is mainly in housing projects or military in
stallations.

The soil in this sttidy was taken from the farm at the 
University of Hawaii from the cultivated field north of
McCarthy Road. This soil vas selected because it has the
physical and chemical properties of the soils belonging to 
the Lualualel Family, It is a montmorlllonlte clay. It has
a CatMg ratio of 1,02 and the exchangeable magneslm content
is 31 percent of its cation exchange capacity. When this 
soil la vet it disperses vlth eaŝ e, and as it dries out it 
becomes a sticky plastic clay. When it becomes air-dry, it 
forms large clods which are not easily broken down to smaller 
aggregates.
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MATERIALS AND METHODS
Soil Sample.

The soil for use in the experiments of this study was 
taken from the cropped field north of McCarthy Road at the 
University of Hawaii. The soil sample was taken to a depth 
of about one foot. For the percolation tests, the soil was*, 
ground and sifted to 20-mesh. The soil used in the pot 
tests of Experiment I was not ground. Test samples weighing 
100 gi^s were used in all percolations except those of Ex
periment E, which were one pound.
Percolation Tubes.

In Experiment E round bottles 3 Inches in diameter from 
which the bottoms had been cut were inverted. For the other 
experiments percolation tubes 1^ inches in diameter and 7 
inches long were used. About one inch thickness of glass 
wool was placed in the lower end of each tube, packed only 
tightly enough to hold soil, A thin layer of glass wool 
was laid over the top of soil in tube to prevent caking, and 
disturbing the soil when pouring in water.
Procedures, ^

In Experiments A, B and F treatments were mixed with
the soil samples and wet with distilled water. Then the sam
ples were oven-dried at approximately 45° C. for two or three
days as necessary, after which each again was groiaid to 20-
mesh before placing in tube. This same drying procedure was 
used where the samples were removed from tubes, dried, and 
ground after leachlngs. In the other experiments the soil 
samples, mixed dry with treatments were placed in the percol-



fltlon tubes and distilled water added until soil was wet 
through. The tubes were stoppered for three days to permit 
reaction before starting percolations. Then distilled water 
was permitted to percolate through soil in the tubes, mean
while maintaining a head of about 1,5 inches of water above 
the soil. The leachates were collected and measured. The 
percolation rates, adjusted to millllltera per 24 hours, were 
used in plotting curves to show the relative physical con
ditions of the soils resulting from the various treatments 
and leachings. In Experiments A and B percolations were made 
at intervals of about one week, and the tubes were permitted 
to run dry between percolations. In the other experimente 
the intervals were varied; some readings were taken on con
secutive days, while between others tubes were allowed to 
m m  dry. This was done to determine any effects on rates 
resulting from continuous wetting for short periods, and
from wetting and drying. No dlffex^nces were noted,

« { >?■
Analysis of Leachates for Calcium and Magnesium.

Certain leachates were saved and analyzed to determine 
the relative amounts of calcium and magnesitim being leached 
from the soil. The leachates were evaporated to dryness and 
organic matter destroyed with concentrated nitric acid. Cal
cium was precipitated as calcium oxalate and detei'minations 
made volumetrically. Magnesium was determined gravimetrlcally 
as the pyrophosphate. The standard laboratory procedures 
practiced at the Hawaii Agricultural Experiment Station were 
followed,
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EXPERIMEKTAL
A. EFFECTS OP ALUMINUM SULFATE AND LEACHIHGS PLUS LIME 

ON PHYSICAL STRUCTURE OF SOIL
Teat Treatiaent (Aluminum
   Sulfate)
A & B 

C 
D 
E 
F 
G

Controls 
^ ton per acre
1 ton per acre
2 tons per acre 
4 tons per acre 
nev control

The purpose of this experiment was to determine if any 
improvement in the physical structure of the soil resulted 
from:

1. Treatment with a polyvalent salt, and
2, Lime as an amendment after leaching.
Test samples, treated with varying rates of almlnum 

sulfate as shown above, were set up and percolations con
ducted. After the fourth set of percolations the treatments 
were repeated by mixing the treatment with water and pouring 
into tube without disturbing the soil. Following the sixth 
set of percolations the soils were removed from the tubes, 
dried, ground and mixed with lime at one ton per acre. The 
lime amendment was added to replace salts leached from the 
soil. The teats were set up again and percolations continued.

Leachates #2, #4 and #6 were analyzed for calcium and 
magnesium. The Ca:Mg ratios were determined and plotted in 
Figure 2(a). The magneslvun contents per milliliter of leach
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ates vere computed and plotted In Figure 2(b). Figure 2(a) 
shows that the Ca:Mg ratios in the leachates were low init
ially, dropped to 1.0 or less in leachates #4, and, following 
repetition of treatments, were considerably below 1.0 in 
leachates #6. More magnesium than calcluua was being leached 
from the soils, but inversely proportional to the amounts 
of treatments. The \mtreated control had the lowest ratio 
throughout. Figure 2(b) shows that the amount of magnesium 
per milliliter of leachate was about constant for the treated 
samples until the treatments were repeated, after which there 
was an Increase in these rates, especially for test sample 
which reached that of the control test sample A, whose rate 
had risen steadily with leachings.

The percolation rate ciirves of Figure 1 indicate that 
there was an initial physical improvement in the soil, in 
proportion to the rate of treatment with aluminum sulfate,

I
The initial Improvement lessened with repeated leachings and 
dryings until, after one month there was little difference 
between the rates of the treated soils and the untreated 
controls. All i*ates dropped very low indicating that the 
soil had become compacted and diaperesed on leaching out of 
salts. The repetition of treatments without disturbing the 
soils apparently had no beneficial effects.

That considerable improvement resulted from the drying, 
grinding and adding of the lime amendment after leaching is 
indicated by the second portion of the curves, in comparison 
to that of the new control 0. The untreated leached control 
A and test C, which had received the least treatment, showed
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the greatest improvements. The rates of the remaining tests 
varied directly as the rates of treatment, and returned to 
slightly higher levels than at start of percolations. The 
soils had retained the initial improved conditions due to 
treatments, plus some improvement from leaching or the lime 
amendment, or from a combination of both. It is noted that 
the two tests shoving the greatest improvement in physical 
structure also had the lowest CatMg ratios in the leachates.
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B. EFFECTS OF LIME AND LEACHINGS PLUS AUjrAINUM SULFATE 
ON PHYSICAL STRUCTURE OP SOIL
Teat Treatment (Lime)
A & B Controls

H 1 ton per acre
I 2 tons per acre
J 4 tons per acre
G New Control

The purpose of this experiment was to determine if any 
Improvement in the physical structure of the soil resulted 
from!

1, Lime applications before and during leachings, and
2. A polyvalent salt as an amendment after leaching.
This set of tests was conducted at the same time and in

the same manner as those of Experiment A, The controls A,
B and G were the same for both experiments, Vhen the soils 
were removed from the tubes, dried and ground after leach- 
ates #6, alximinxim sulfate was added to tests H, I and J at 
rate of 1 ton per acre.

Leachates #2, #4 and #6 were analyzed for calcium and 
magnesium. The CatMg ratios were determined, and plotted in 
Figure 4(a). The magnesliim contents per milliliter of leach
ate were computed, and plotted in Figure 4(b), Figure 4(a) 
shows that the CatMg ratios of the leachates of treated sam
ples were comparatively high initially, dropped in leachates 
#4, and, following repetition of treatments, rose again in 
leachates #6. More calcium than magnesium was being leached
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from the soli In leachates #2 and #6 but this probably was 
due to the excess from the lime treatments. The Ca:Mg rat
ios for leachates #4 Indicate that, as the excess calcium 
was leached, the Ca:Mg ratio approached 1.0 or leas. Fig
ure 4(b) shows that the amount of magnesium per milliliter 
of leachate was steadily rising for all samples, and increased 
appreciably after the treatments were repeated following 
collection of leachates #4.

The perxjolation rate curves of Figure 3 indicate that 
the treatments of lime improved the soils initially, the 
small initial differences in Improvement being inversely 
proportional to amounts of lime applied, and that a small 
portion of the Improvement remained after the repetition of 
lime treatment and continued leachings. The CasMg ratios 
were higher during leachings 1 to 6, but Figure 4(b) shows 
that magnesium was being released at comparatively high 
rates along with calcium, and in proportion to lime added. 
When the soils were dried and ground and aluminum sulfate 
added, the initial improvement due to lime returned to teat 
H; test I approached the leached control A, and test J was 
considerably higher. Greatest Improvement resulted from 
leachings and two 4-ton applications of lime followed by 
drying and grinding and application of 1 ton per acre of 
aluminum sulfate. Next best was the leached control A.
Since test H returned only to the initial improved condition, 
the amount of Improvement due to the aluminiom sulfate is 
questionable.
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C. COMPARISON AND SUMiAATION OP RESULTS OF EXPERIMENTS 
A AND B
The curves of Figures 1 and 3 were comhlned in Figure 

3 for comparison. They show that both the alimiinum sulfate 
and the lime treatments gave some initial improvements, which 
diminished with repeated leachings and dryings of the un- 
dlstxirbed soils. The decrease in percolation rates indicates 
that the soils probably became compacted or dispersed as the 
soluble salts were leached. The curve of test J remained 
at a higher level indicating that the heavier applications 
of lime probably reduced the dispersal,

A different picture is seen following the removal and 
grinding of the test soils. The curve of the leached control 
A was exceeded only by that of test J (heaviest lime treat
ment), Next came the curves of test I (moderate lime) and 
test C (minimum alumimam sulfate). The remaining curves 
were somewhat lower.

The initial lime treatments appeard to effect greater 
lasting Improvement than tue initial alximinum sulfate treat
ments,^ Leaching without initial treatanents appeai*ed to 
effect appreciable Improvement.
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D. EFFECTS OF SULPHURIC ACID AKD LEACHIK03 FLOS LIME ON 
PHYSICAL STRUCTURE OP SOIL
Test Treatment (Sulphuric Acid)
K~1 and K-2 Controls
L-1 and L-2 2 tons per acre
M-1 and M-2 4 tons per acre
N-1 and N-2 8 tons per acre
The purpose of this experiment vas to determine if any 

improvement in soil structure resulted from:
1, Varying treatments with sulphuric acid followed by 

continued leachings, and
2, Varying treatments with sulphuric acid, and a short 

period of leachings, followed by lime as an amendment.
Duplicate teats as shown above were set up for com

parison. The treatments were mixed with distilled water and 
poured over soil in tubes. When soil vas thoroxighly vet, 
tubes were stoppered for 3 days to permit reaction. Then 
percolations were commenced and leachates collected and 
measured. The percolations of the n\miber-l tests were con
tinued, at varying intervals, without disturbing the soil in 
the tubes. After the first 3 leachings, however, the number-2 
soils were removed from tubes, dried, ground, mixed thoroughly 
with lime at rate of 2 tons per acre, and returned to tubes. 
Then percolations were continued and the first leachates were 
collected at same time as number 12 leachates from the number- 
1 tests, and together from then on.
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Certain leachates of both sets of tests, grouped to
gether as shown in Figures 7 nnd 8, were analyzed for cal- 
citun and magnesium. The Ca:Mg ratios and the magnesium 
content per milliliter of leachate were determined. Figure 
7 shews the curves of these values for the number-1 tests 
and Figure 8 for the number-2 tests. The almost identical 
values for duplicate tests in leachates #1, 2, 3 are noted. 
The Ca:Mg ratios are approximately 1,0 except for tlie two 
controls. The values of magnesliuE content per milliliter 
of leachate are proportional to the amount of treatment and 
are almost Identical except for the L-1 and L-2 tests. The 
curves of Figure 7(a) show a lowering of the CatMg ratios 
with continued leachings, except that the K-1 control has 
risen. The curves of Figure 8(a) show that the Ca:Mg ratios 
are Increased by the grinding and addition of lime, Tae 
curves of Figures 7(b) and 8(b) show very similar rates of 
release of magnesium per \aiit of leachate for duplicate 
treatments. The rates of release of magnesium from nmber-2 
testa do not appear to be affected by the grinding and add
ition 9f lime. The curves of the controls are almost iden- 
tlcal, and are of a constant value to which tlie other curves 
steadily approach.

The percolation rate curves of Figure 6 indicate that 
there was appreciable Initial improvement in soil structure 
generally in iroportion to amounts of treatment, except that 
the rate of the M-1 test ĵumped above others on second day
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and remained higher than the other undisturbed soils during 
remainder of percolations. All the number-2 yolls showed 
marked Improvement in rates after being dried, ground and 
treated with lime, in proportion to initial acid treatmeait; 
except that the- rate of test L-2, which had received least 
treatment, was less than that of the K-2 control. The rate 
of test M-2, was almost as high at that of test K-2 at first, 
then after further leachings levelled off at higher rates than 
other samples, maintaining the proportionally higher rate 
with continued leachings. The lates of all samples were 
improved by the initial acid treatments. The treatments of 
4 tons of sulphuric acid per acre gave the greatest continued 
improvements, test M-1 of undisturbed soils and test M-2 of 
the ground and limed group. The improvement In the leacned 
control k -2 when dried, ground and limed is noted.

In summfttion, the rate curves of this study indicate that 
sulphuric acid treatments definitely improved the physical 
condition of this soil, but that increasing the treatment 
beyond 4 tons per acre did not show proportional benefits. 
Leaching, drying, grinding and liming vas a beneifical pro- 
cedtire,
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E. EFFECTS OP SULPHURIC ACID AND LEACHINGS ON SOIL 
STRUCTURE
Test Treatment(Sulphuric A d d )
0 Control
P ^ ton per acre
Q 1 ton per acre
R 2 tons per acre
S 4 tons per acre
In August, 19^8, a study of the effects of varying 

treatments of sulphuric acid was started. One-pound soil 
samples were set up in percolation tubes. The treatments 
were mixed with distilled water and poured over soil in 
tubes, ‘When dripping started, the tubes were stoppered 
for 3 days to allow for reaction with the soil. Then per
colation tests were started. Leachates were collected at 
intervals of about one week, drying being permitted between 
runs. These tests were interrupted by illness after 3 sets 
of leachates had been collected and measured. The set-ups 
were covered and loft undisturbed until the summer of 19^9 # 
when studies were resumed. Trial percolations were run. 
Leachates were collected and measured. It was noted that 
the soila had at least retained the improved condition of 
the previous summer and the experiment vas continued, leach
ates being collected at same intervals as were those of the 
other experiments being conducted. No further treatments were 
added and the soils in the tubes were not disturbed.
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The percolation rate curves of Figure 9 indicate that 
initially the lesser treatments gave greater improvement, 
but at the end of tvo weeks the tests R and S, which had 
received greater treatments were improving with leachings, 
while the lesser treated tests and the control were losing 
the initial Improvement, Upon resumption of percolations 
after 11 months, testa Q and R appeared to have the greatest 
Improvement, but their percolation rates dropped to the level 
of test S after two weeks of leachings. Test Q showed the 
best retained improvement \mtll, at the end of about one 
month of leachings the percolation rate of test R inci^ased 
considerably above any previous rates and remained much higher 
than rates of other tests, although decreasing with further 
leachings.

In sximmatlon, the rate curves of this long study indic
ate that sulphuric acid treatments definitely improved the 
physical condition of this soil, based on percolation rates, 
and that the Improved condition was retained by the soil.
These curves Indicate also that increasing the treatment above 
2 tons per acre did not give proportional benefits, and that 
at least 1 ton per acre must be applied to effect any lasting 
Improvement,
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F. EFFECTS OP SODIUM SILICATE ON SOIL STRUCTURE
Test Treatment (Sodium aillcate)
K-1 Control
T-1 and T-2 2 tons per acre
U-1 and U-2 4 tons per acre
V-1 and V-2 6 tons per acre
The purpose of this experiment vaa to determine if any 

improvement in the physical structure of the soil resulted 
from treatments with a cementing agent.

This experiment was conducted at same time as Exper
iment D, The K-1 control was the control of both exper
iments .

At first, the soil samples were set up in percolation 
tubes and the treatoenta were mixed with distilled water and 
poured over the soils in the tubes. The liquid did not-t
even penetrate to the bottom of tubes of tests U-1, V-1 
and V-2, and only very small aaoxmts initially penetrated 
the otliers. All percolations stopped entirely after three or 
four days, A layer of Jelly like substance formed below the 
soil surfaces preventing further downward movement of moisture; 
the greater the treatment, the quicker and nearer the surface 
the layer formed.

Another method or applying the treatments was tried. Six 
soils samples were placed in mixing vessels. The sodium sil
icate treatments were mixed with sufficient distilled water to 
saturate the soils and poured over the soil samples. These 
mixtures were dried and ground, and set up in percolation
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tubes. Dlstlllel water was poured into the tops of the 
tubes until dripping started; then percolation measui-ements 
were started. Leachates were collected at intervals. Fig
ure 10 shows the rate curves. Test V-1 was slow to start 
dripping, and at most 2 drops were collected in a 24 hour 
period; a jelly-like layer had formed about 2 inches below the 
surface preventing further percolation. As the tJ-1 and U-2 mt,

rates were almost Identical, one curve represents both. There 
was some variation between the T-1 and T-2 rates and their 
curves are plotted. The very low V-1 and V-2 curves are not 
plotted.

In summation, the rate curves of this study indicate 
that sodlvim silicate does not improve the soil when mixed with 
water and poured over it, but prevents downward movement of 
moisture. When mixed with the soil, then dried and groiand, 
the light treatments seemed to improve the soil initially.
The medium treatments of 4 tons per acre showed little effect 
and the heavy treatments of 8 tons per acre again sealed the 
soil. This does not appear to be a practical treatment.
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G. COMPARISON OP HIGHER PERCOLATION RATE CURVES OP SOILS 
WHICH AFTER LEACHINGS WERE DRIED, GROUND AND TREATED 
WITH AMENDMENTS

Curve
Experiment 
and figure Initial Treatment Amendment(tons per acre) (tona per acre)

A A-1 Leached control 1-lime
C A-1 1-Aluminum Sulfate 1-llme
I B-3 Total 4-lime

m
1-Aluminum

Sulfate
J B-3 Total 8-lime 1-Aluminum 

Sulfate
K-2 D-6 leached control 2-lime
M-2 D-6 4-Sulphuric acid 2-lime
N-2 D-6 8-Sulphuric acid 2-lime
G A,B-1,3 New control

The purpose of this study was to compare the practices 
which gave the best results in the different experiments.

In Figure 11 the higher percolation rate curves of soils 
which after a period of leachings were dried, ground and 
mixed with an amendment are plotted for comparison. The 
experiment concerned and the figure from which each curve 
was taken, and the initial treatments and the amendments 
added are shown above.

Leached controls A and K-2, received no initial treat
ments, The curve of the new control G shows the original 
condition of the soil. The curves of this figure start with 
the first readings upon resxamptlon of percolations. The 
intervals between readings were approximately the same for 
various curves.
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These cuives indicate that there was considerable 
Improvement resulting from the drying and grinding of the 
soil samples, following a period of leaching, with or with
out Initial treatment. The amendments added at time of 
grinding appear to effect a further initial improvement.
The curves, except J, tend to group together after about 4 
days of leachings, and are then below the leached control A, 
which received in initial -treatment. The J curve remained 
considerably above the others.

Curves A and K-2 indicate the benefits from leachings 
followed by drying and grinding and an amendment. The add
ing of only 2 tons per acre of lime to the K-2 sample at 
time of grinding effected a greater initial improvement over 
A, which did not last after further leachings. Cvirve J sug
gests that a longer period of leachings may have shown 
greater benefits in the K~2 cvirve. Curves M-2 and N-2 in
dicate the high initial improvements from sxilphuri.c acid app
lications. Any Improvement from the application of aluminum 
sulphate appears questionable. Comparison of Cxirves A, C, I 
and J, where the soils wei'e leached periodically for almost 
two months pi'ior to drying and grinding, to Curves K-2, M-2 
and K-2, where only 3 prior leachings on consecutive days 
were accomplished, suggests that considerable lasting im
provement in the soil structure resulted from leachings alone.

In summation, the curves indicate that a series of leach
ings followed by drying and grinding the soil effected the 
moat improvement in the soils. Further initial improvement 
at this stage was obtained by adding lime as an amendment, but
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this added improvement vas not lasting in curves K-2, M-2 
and N-2. The J curve indicates that greatest lasting im
provement vas obtained by a month of leachlnga during which 
the soil received two heavy lime applications of 4 tons per 
acre each; after which the soil was dried and ground.

, q:--
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H. COMPARISON OP HIGHER PERCOLATION RATE CURVES OP 
UNDISTURBED SOILS

Curve
Experiment 
and figure

Treatment 
(tons per acre)

H
I
K-1

M-1
T-2

A-1 Total 8-aluminum 
silicate

B-3 Total 4-lime
B-3 Total 4-lime
D-6 Control
D-6 4-sulphuric acid
P-10 2-sodium silicate

The purpose of this study vas to compare the practices 
which gave the best results in the different experiments, 
where the soils were not disturbed in the percolation tubes.

The curves of Figure 12 are based on leachates collected 
at vaiy^ng intervals during periods of approximately two 
months, during which the soil samples had not been disturbed. 
They are the control K-1 of Figure 6 and the best rate CTirves 
for undisturbed soils of each experiment. The experiment con
cerned and the figure from which each curve was taken, and 
the treatment in each case are shown above. The odd numbered 
leachate readings of control K-1 were plotted. The other cur
ves were based on leachate readings taken at similar time 
intervals as those of K-1.

The curves indicate that, of the treatments studied, the 
application of 4 tons per acre of sulphuric acid followed by 
leachings was the most beneficial to the undisturbed soils in 
tubes. Next was the application of 2 tons per acre of sodium
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silicate. The treatments of 2 and 4 tons of lime and of 4 
tons of aluminum auifate per acre effected initial benefits, 
vhlch apparently were not lasting even though repeated. The 
lime treatments appeared to effect greater improvement than 
the aluminum sulfate,-

.....
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I. POTASSIUM AVAILABILITY IN DARK MGNE3IUM CLAY SOILS
Crop plants growing on Dark Magnesium Clay soils and 

other soils having a high magnesium saturation show tP.e 
typical sypmtoms usiyilly associated with potassivim def
iciency. Tn geneial these soils usually show a medium to 
high level of exchangeable potassium in the soil after lying 
fallow for a period, Wlien crops are planted on this fallow 
soil there appears to be an adeqioate amount of available 
potassium for the initial growth, but this supply is soon 
depleted from the soil and potassium starvation sets in. 
Numerous experiments have shown that for such crops as 
Sudan grass without the application of potassium fertilizer 
the second crop or ratoon crop will be, for all practical 
purposes, a failure. The analysis of plant tissue has 
usually shown a pattern of a high magnesium content and a 
low potassium content. Such a relationship is abnormal 
and must be due to the relative availability of the two 
elements In the soils.

Many hypotheses liave been presented to explain these 
phonomejoa. The two most coiraaon explanations have been that 
of the low Ca:Mg ratio and the abnormal Mg:K ratio. It is 
probably that both of these ratios arise from the soil con
dition, namely, a high exchangeable magnesivua content.

Two investigations were conducted to determine if the 
nature of the GasMg ratio of the soil exerted an influence 
on the availability of the potassium in the soil. In the 
f. it iivestlgatlon the Ca:Mg ratios were altered in the
6. .en from the University Farm. Calcium acetate vas
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added to portions of this soil In q-uantltles calculated 
to produce CatMg ratios of 2:1 and 3s1, and magnesium 
acetate vas added to other portions of the same soil to 
produce pi^edlcted Ca;Mg ratios of 1:2 and 1:3. At the 
close of the experiment it vas found, however, that the 
actual ratios obtained by these treatments were much lover 
than the predicted ratios. The predicted 3*1 ratio actually 
was found to be 1.8:1 and the other ratios were as follows: 
for the 2:1 it was 1.2:1, for 1:1 it was 1:1.1, for 1:2 it 
was 1:1.3 and for 1:3 it was 1*1.5. The soils were divided 
into tvo lots for each treatment. One lot received ammo- 
phos (11-48-0) at 2,000 pomids per acre while the other 
received the same amount of ammo-phos plus potash at 1,000 
poxands per acre. Sudan grass was planted on tiiese soils in 
pots and three crops were grown. The average yield data 
are given in Table I. The highest yields for every crop were 
produced on tlie soils having the highest Ca:Mg ratio when 
they also received potash. When the data are subjected to 
statistical analysis the yields of all treatments receiving 
potash are not significantly different. The yields of all 
treatments receiving potash were very significantly higher 
than the yields obtained on the same treatments without 
potash.

The potassium content of the Sudan grass is given in 
Table I. The treatments receiving potash had a potassium 
content which was about three times greater than that of the 
plants not receiving potash. The Ca:Mg ratio of the soil did 
not affect the Intake of potassium by the Sudan grass.
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In Table II arc given derived cheLiical i-atlos obtained 
from the chemical analysis of the Sudan grass grovn on the 
various soil treatments of this experiment. The Ca:f4g 
ratio in the plant tissue decreased as the Ca:Mg ratio in 
the soil decreased. The Ca:K ratio in the plant tissue de
creased as the CatMg ratio decreased in the soil. The 
different CatMg ratios in the soil did not affect the IlgtK 
ratio in the plant. All the ratios Were lover when potash 
vas applied to the soil. Since the magnesium content of the 
plant tissue vas very high, it is likely that the high level 
of exchangeable magnesium was the chief factor affecting the 
growth of plants on these soils.

In another attempt to alter the CatMg ratio of the same 
soil applications of hydrated lime at tvo,four and eight 
tons per acre were made with and without potassium fertil
izer, This time the soil was leached with water to lower 
the available potassium in the soil. All pots received anmo- 
phos (11-48-0) at 1000 pounds par acre, and to one pot of the 
check and of each lime treatment, KCl was applied at the rate 
of 1000, pounds of potassium per acre, Sudan grass vas plant
ed and seven crops were grown. The results, shown In Table 
III, veie very similar to those obtained in the ottier exper
iment. The application of potassium caused a much greater 
growth of Sudan grass. The seven-crop average yield with 
potassitim was almost double that of the soil which received 
no potassium. The application of line appeared to increase 
the yield of Sudan grass. The chemical composition of the 
Sudan gi’ass showed a much higher potassium content where pot-
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aaalum fertilizer vas added. The application of potassium 
fertilizer always caused a decrease in the content of cal
cium and magnesium in the plant tissue with the latter being 
depressed more relatively.

This data does not present a clear out picutre that 
magnesium does influence the potassium availability directly. 
If it does not Influence it directly it must do so through 
the poor aeration due to the poor physical condition of 
the soil. Poor aeration or compaction of the soil could 
Influence the plants ability to obtain potassium.



TABLE I. THE YIELD AM) POTASSIUM CONTERT OP SUDAN GRASS GROWN IN POTs" ON A^MAGKESIUM 
CLAY SOIL IN WHICH THE CatMg RATIO HAS BEEN ALTERED BY THE ADDITION OP CALCIUM OR 
MAGNESIUM SALTS

CatMg
ratio

N P
in soil

3:1^ 1.8U.2:1 i. 2c 1.
1:1J 1. id.l:2i 1. Ic3j1. l;B.

Yield average Potassl^ Content 
of three crops average of three crops

N P KYield average 
of three crops

Potassium content 
average of three crops

grams
90.1

105.0
106.0

percent

■ M

grams
306.8
235.6
276.0
232.3
231.2

■?5t!T

percent 
1.49 
1.39 1.48 
1.38

Average
Analyses by Dr. G. D. Sherman

VJ 5



TABLE II. THE DERIVED CHEICCAL RATIOS CALCULATED PROM THE CHEMICAL AJIALYSIS OP SUDAN 
GRASS GROWN IN POTS OK A MAGNESIUM CIAT SOIL IB WHICH THE Ca:Mg RATIO HAS BEEN AIS»ERED 
BY THE ADDITION OF CALCIUM'OR NAGHESIUK SALTS

Ca:Mg ratio 
In soil

CaiMg ratio In plant
N P B P

CaxK x^tlo in plant
N P N P K

Mg;K ratio in plant 
K P H P K

Yield
H P  H P K

3 s l J • 0 . 7 3 0 . 6 1 6 . 7 9 1 . 5 5 9 . 3 0 2 . 5 5
Grams

9 0 . 1
Grams
3 0 6 . 8

2 s l , ( L ^ * i w 9 0 . 5 4 0 . 4 8 4 . 1 1 1 . 3 6 7 . 5 6 2 . 8 1 1 0 5 .0 2 3 5 . 6
l i l J L: L“ L] 9 0 . 5 6 0 . 4 6 4 . 3 0 1 . 1 5 7 . 7 1 2 . 4 9 ' 1 0 6 .0 2 7 6 . 0
1 : 2 J 9 0 . 4 4 0 . 3 1 3 . 4 0 0 .8 2 7 . 8 0 2 . 6 6 6 6 . 9 2 3 2 . 3
1 : 3 J 9 0 . 3 0 0 . 2 5 1. 2 . 5 8 0 . 7 9 8 . 6 6 3 . 1 1 6 7 . 4 2 3 1 .2



TABIE III. THE INFLDEHCK OP U M E  AM) POTASSIUM FERTILIZER ON VATER-LEACHED MAGNESIUM 
SOIL AS SHOWN IN SUDAN GRASS YIEIDS

Average Yield of V crops Average chemical compositi'on of 7 crops
Treatment grams K Ca 

Percent Percent
MgPercent

Check 167.6 0.40 0.90 0.85
Check and KCl ___  3.28_.7 2.15 0.43 0.34
2 Tons of lime 181.7 0.42 0.78 0.68
2 Tons of lime & KCl 372.7 . 2.32 0.48 0.35_____
4 Tons of lime 174.5 0.44 0.94 0.74
4 Tons of lime & KCl 377.5 2.50 0.51 0.30 _____
8 Tons of lime 162.9 . 0^47 l as 0.74
8 Tons of lime «■ KCl .,.,355*0 ........... .. 2.46 0.55 0.30

Analyses by Dr., 0, D. Shermant
k



DISCUSSION AND CONCLUSIONS
In the Introduction instances of the existence of 

magnesium type soils in different parts of the world were 
given, and the alkali, or sodium, soils of the saline areas 
of the western United States described. The similarity of 
those soils to the Dark Magnesium Clay soils of the Hawaiian 
Islands was recognized. Since there had been considerable 
coordinated st\idy and work toward reclaimihg and Improving 
the alkali soils and comparatively little with the Dark Mag
nesium Clay soils, the available information on reclamation 
and improvement of alkali soils was considered in conducting 
the experimental projects of this study. Certain recurring 
and proven statements were noticed, and are repeated here.

Adequate drainage is the first essential in any rec
lamation program. Feasibility of reclamation may depend 
upon whether the soil can be readily leached. Measurements 
of infiltration and permeability probably constitute the best 
single index of the physical condition of the soil. If soil 
is only slowly permeable or becomes so after the salts are 
leached out, then a reclamation procedure involving replace
ment of exchangeable sodium by calcium is Indicated. Low 
permeability may be caused also by a lower dense layer having 
low porosity.

As the adverse properties of the Dark Magnesium Clay 
soils are attributed to the high saturation of exchangeable 
magnesium, instead of sodium, in the exchange complex of the 
soil colloid, and since the soils are sticky plastic clays 
only slowly permeable, procedures Involving replacement of
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exchangeable magnesium were indicated.
When planning the procedures to be followed consider

ation vas given to the vario\ia factors involved in any pro
ject toward improving the physical properties of the subject 
soils in the field. Since adequate drainage is the first 
essential in any reclamation program, and, since inadequate 
drainage is one of the causes of high saturation of magnesium 
in the soils, a drainage project seemed necessary before any 
satisfactory Improvement studies of the soil in the field 
could be commenced. The preparation of a water table map 
of the teat area showing occurence and levels of water tables 
and their duration would be the first step in this drainage 
project. This would be followed by the installation of 
appropriate drainage equipment. The supplying of sufficient 
quantities of water at any available test site was another 
factor involved. The construction or procurement of suit
able test cylinders and the laying out of leaching plots 
would be necessary. It was realized that, even after all 
the required preparations had been completed, the entire 
project might be a failure due to the physical properties 
of the soils. Although there was much evidence as to pro- 
cedTJires for reclaiming alkali soils, which appear to have 
similar physical properties, there was no real evidence as 
to the reaction of the Dark Magneslvua Clay soils to reclam
ation practices under desirable field conditions. Some 
apparently haphazard attempts had been made on one or more 
of the plantations to Improve these soils, with some tem-
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porai*y favorable benefits, but no coordinated reclamation 
program bad been caiTied out. Laboi'atoiTr studies prior to 
any project in the field were indicated.

Conaideration was next given to laboratory tests, vhero 
ideal drainage conditions could be maintained, and using 
core samples of the soils from the fields. Tliese samples 
probably could be obtained in little disturbed condition as 
many devices for obtaining them have been made available.
There were many factors, however, which might contribute to 
errors in infiltration and percolation rates using small un
disturbed samples. Worm holes, charinels from decayed roots, 
tanusual rocks and other similar differences could cause appi'e- 
clable errors. This method would be rather unreliable un
less results could be coordinated with field testa, Thorne 
and Peterson (26) advise that Improved methods of taking 
cores of natuz'al field soils have offered an Improved basis 
for laboratory tests, but that, in general, relationships 
between laboratoi’y permeability testa and infiltration rates 
In the field have not been fully satisfactory.

Thought was given finally to laboratory^ studies in 
which attempts would be made to change the physical proper
ties of the clay of the soil, rather than of the soils.
Cline (5) in describing the Dark Magnesium Clay soils stated 
that "they are soils in which the properties are dominated 
by the physical properties of the magnesium clays tliat make 
up the mass of the soil laateriai." If successful methods 
could be found for improving the physical properties of the
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clay, these methods would give evidence as to field pract
ices and could be cooidinated with field teats in any ex
panded program fox* study and improvement of these soils.
Decision was made to conduct experiments in the labox'atory 
towards improving the phuslcal properties of the magnesium 
clays of the soils.

In or-der to avoid irregularities in results that might 
occur if several soils were used, one soil having the physical 
properties common to tlxe soils of this group was selected and 
ground to 20-meah fineness. All test samples were fx*om this 
one soil, were of same weight, were placed in same sised test 
tubes in the same way, and an equal head of water was main
tained during percolations. In this way sufficient accuracy 
for the studies was obtained without necessity for duplications. 
Where duplications were set up for other reasons, results were
sufficiently close for pur*pose3 of this study.

The series of percolation tests were conducted in which 
soil samples were leached, with and without various treat
ments, and soil amendments applied. Treatments applied 
before and dxirlng teachings were aluminvua sulfate, lime, sul
phuric sold and sodium silicate. If used, amendments applied 
after the soil samples had been leached, dried and ground, 
were aluminum sulfate for the first set of tests and lime for 
the remainder.

There was early indication of ttie influence of treatments
on soil structure. Measurement of the first set of leachates
of Experiment A showed increased percolation lates for the 
treated samples over the rates of the two untreated controls.
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The tests were continued. The percolation rates were used 
as the indication of the physical condition of ti.'e soils and 
the rate curves vere compared ir evaluating the effective
ness of the treatments and amendments. Under headings A 
through K, the experiraents conducted and the findings were 
described, and the results evaluated.

The results of the experiments Indicated that the phy
sical properties of the magneslun clays could be changed. 
Evidence was given as to methods of improvement. When a 
series of leachings and dryings over an appreciable period of 
time were followed by the drying and grinding of the soil 
and the addition of an amendment, considerable lasting im
provement vas effectedJ the higher the rates of release of 
magnesium In the leachates, the greater was the Improvement. 
Treatments of lime and of sulphuric acid at rates up to 4 tons 
per acre per application gave best results. Only three leach
ings were conducted following the sulphuric acid treatments, 
however, and the final improvements were not as lasting as 
vere those of the lime with longer leachings. The curves of 
the lor^ Experiment E Indicated that greater lasting Im
provement from the sulphuric acid treatments might have 
resulted if followed by a longer period of leachings before 
adding the lime amendment. The treatments by aluminum sul
fate gave some initial improvements but seemed to retard the 
release of magnesium as compared to that of calclxmi, and the 
resulting final Improvements were lover. Lime as a treat
ment before leachings and as an. amendment following leach
ings appeared to be beneficial.



Negative results were obtained from the use of sodium 
silicate as a treatment. Although the treatment at rate of 
2 tons per acre appeared to give some improvement, the diff
iculty in application to the soil would preclude its use.

If the methods and beneficial results therefrom could be 
translated into field practices under ideal conditions, the 
results of this study indicate that the physical properties 
of the Dark Magnesium Clay soils could be improved by leach
ings, cultivation and amendments. Field teats correlated 
with the laboratory results of this study should give re
liable information as to desirable field practices.

Since there was no restriction on the drippings from the 
percolation tubes, adequate drainage must be presumed as req
uisite to the success of these reclamation procedures. Acc
ording to information available, adequate drainage has not 
been obtained in the two projects now in progress. On one 
plantation a system of dikes has been built and drainage 
water pmped into the ocean. The tile feeder drains used 
appear to give soma Improvement in their Immediate vicinity. 
The use^ of tile drains with sticky clays was advised against 
and open drains recommended in literature studied. In another 
project open drains are used but appear to. be too shallow, 
as only limited areas near the drains are affected. Deeper 
open drains and periodic deep knifing of the subsoil as 
practiced in southern Puerto Rico might improve drainage. The 
need for coordinated drainage programs, planned and super- 
vl-sed by experts seems indicated.
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Under heading I vaa described and discussed the two 
studies of the potassium availability in Dark Magnesium Clay 
soils as determined by growing Sudan grass on soils receiv
ing various combinations of calcium, magnesium and potassi\im. 
In the first experiment the highest yl^ld for every crop was 
grown on the soils having the highest CatMg ratio when they 
also received potash. The potassium content percentages of 
the yields of all treatments were not significantly differ
ent. The yields of all treatments receiving potash were sig
nificantly higher than the yields on the same treatments 
without potash. In the second experiment similar results 
vere obtained. The application of potassium caused a much 
greater yield over that of soil receiving no potassium. The 
application of lime appeared to increase the yield.

The results of these two studies do not present a clear 
cut picture that magnesium does influence the potassixun 
availability directly. If It does not do so directly. It 
must do so through the poor aeration due to the poor physical 
condition of the soll._ There is increase in the yields when 
the CaiMg was raised, and when lime and potassium both were 
added. Similar results were found by Mehllch and Reed (17)J 
and by Allison and Moore (1). They also fo\ind that the high 
calcium and potash combination tended to repress the raagnesltua 
uptake by the plants, A similar action in both of the exper
iments conducted herewith is indicated by results.



SUMMARY
The Dark Magnesium Clay Soils are similar in some phy

sical properties to the magnesium solonetz soils found 
throughout the world and to the alkali soils of the saline 
areas of the western United States.

The results of the percolation rate studies conducted 
Indicate that the physical structure of the magnesium clay 
can be changed by various treatments and by leachings. Of 
the methods studied, greatest improvement appeared to resxilt 
from a series of leachings to remove excess magnesium, 
followed by thorough mixing when dry with lime as an amend
ment. Mixing with treatments of lime or of sulphuric acid 
prior to leachings appeared to Increase and to prolong the 
improved condition.

Since their properties are dominated by the physical 
properties of the magnesium clays which make up the mass of 
their soil material, the above improvement in the physical 
structure of the magnesium clay would indicate that correlated 
field practices might effect similar Improvement in the phy
sical -properties of the Dark Magneslxaa Clay soils.

The results of the experiments in growing Sudan gzass 
have not given a clear cut answer as to the methods of 
improving the chemical properties of these soils, but do 
Indicate that a low Ca;Mg ratio retards yields, and that a 
higher CasMg ratio tends to inci-ease yields, especially when 
the potassium level in the soil is I'aised by fertilizers.
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