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EFFECTS OF INCORPORATING SUGARCANE TRASH AND

PINEAPPLE RESIDUE ON SOIL AND PLANT CHARACTERISTICS

By Mohammad Asghar

A dissertation submitted to the Graduate Division of the
University of Hawaii in partial fulfillment of the
requirements for the degree of Doctor of Philosophy

ABSTRACT

As waste disposal restrictions have become stringent, the soil has

been considered as a source for disposal of residential, industrial and

agricultural wastes. However, incorporation of organic residues into

soil changes many biological and physico-chemical properties of the soil.

Among other factors, the extent of these changes is a function of the

amount and nature of the residue being added. Therefore, a series of

experiments was designed to investigate the effects of incorporating

sugarcane (Saccharum officinarum L.) trash and pineapple (Ananas

comosus (L.) Merr.) residue on soil and plant characteristics.

Sugarcane trash and/or pineapple residue was incorporated into two

Oxiso1s of Hawaii (Wahiawa and Mo10kai series) in a finely ground state

and the effects were determined on sugarcane or corn (Zea mays L.) and

on soil characteristics.

Soil Eh decreased and pH increased significantly after the appli

cation of organic matter. A decrease in redox potential was accompanied

by a significant increase in the water-soluble and exchangeable Mn in

soil. Increased concentration of Mn in soil resulted in a higher con

centration of Mn in the plant. Extractable Fe concentration in soil
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increased, decreased, or did not follow any particular trend as a

result of·plant material addition. Drying of the Wahiawa and Mo10kai

soils increased the concentration of extractable Mn in"soil whereas the

concentration of extractable Fe was not affected. An increase in soil

pH was associated with a significant decrease in extractable Al in soil.

Total N, organic C, K, Ca, Mg and electrical conductivity of extract

increased after the addition of plant material. Wate~ holding capacity

of soil' increased and soil bulk density decreased after organic matter

incorporation.

Asignificant decrease in sugarcane and corn dry matter yields was

observed as a result of organic matter addition. Corn yield was more

severely affected after pineapple residue application than the sugarcane

yield after sugarcane trash incorporation. Decreased dry matter· yields

of plants might have been due to immobilization of available forms of

N, increased concentration of available Mn, or accumulation of some

phytotoxins in soil.

It is concluded that on a short term basis, incorporation of massive

amounts of sugarcane trash or pineapple residue will affect plant growth. .

adversely. Under the present experimental conditions, at least 4-6

months should be allowed for decomposition to proceed before planting

the crop, or large amounts of N fertilizer should be added to alleviate

possible adverse effects of nitrogen immobilization on the plant growth.

A potential for the accumulation of toxic levels of available forms

of Mn exists as a result of undecomposed plant material incorporation.
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CHAPTER 1

GENERAL INTRODUCTION

Pineapple (Ananas comosus (l.) Merr.) and sugarcane (Saccharum

officinarum l.) are the two major crops in Hawaiian agriculture. In

pineapple fields approximately 224000 kg/ha (wet basis) of o~d pJants

are commonly disked down or shredded and plowed under the soil after

the second ratoon harvest (Tam and Magistad, 1936). Field burning of

pineapple residue is also a common practice. As far as sugarcane is

concerned, ,careful measurements by the Hawaiian Sugar Planters· Associ

ation staff (Nickell, 1970) indicate that about 47000 kg/ha of sugar

cane trash (dry weight basis) is burned in the field.

Agricultural industries are facing increasing pressure from State

and Federal health and environmental officials to end widespread burning

of agricultural fields prior to and after harvest. Ecologists are deeply

concerned about polluting the atmosphere resulting from burning of all

types of material. The soot particles large enough to be subject to

gravity-fall may be caught by the mucous in the nose and throat. Smaller

particles are likely to be deposited in deeper portions of the lungs~

Particles deposited in branchioles and alveolar areas of the lung may

cause pneumoconioses. Thus, much of the trash and residue will have to

be disposed of by some other means if field burning is outlawed or

curtailed.

Disposition of processed plant residues into the ocean or into

streams is also being discouraged. Much of the' processed residue is

burned as fuel in mills. Increased use of green tops and processed
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residues as animal feed can be anticipated. As waste disposal restric

tions have become stringent, the soil has been considered as a source

for disposal of large amounts of residential, industrial and agricu1

t~ra1 wastes. However, incorporation of organic residues into soil

changes many biological and physico-chemical properties of soil. Among

other factors, the extent of these changes is a function of the amount

and nature of the Y'esi.due being added. Incorporation of massive amounts

of residue will produce profound changes--changes which should be

evaluated carefully before soil is used for waste disposal.

The studies reported in this dissertation were undertaken to

investigate the effects of incorporating sugarcane trash a~d pineapple

residue on soil and plant characteristics. More specific objectives

are given in each experiment. The results of the various experiments

are reported in separate chapters. Each chapter is comprised of

Introduction, Materials and Methods, Results and Discussion, and

Summary and Conclusions. As all the experiments are closely related,

it was appropriate to write a common Review of Literature section to

avoid unnecessary repetition. The results of all the experime~ts are

summarized in the Abstract.
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CHAPTER 2

REVIEW OF LITERATURE

ORGANIC MATTER DECOMPOSITION

The addition of organic residues brings about biological and

physico-chemical changes in the properties of soil and the extent of

these changes, among other factors, is a function of the decomposition

rate of the residue.

The rapidity' of decomposition of different organic substances in

soil is largely controlled by four factors (Tenney' and Waksman, 1929):

1. The chemical composition of the organic matter which depends

upon the nature and age of the plant, as well as upon the

conditions of nutrition.

2. The presence of sufficient nitrogen (N) to enable micro

organisms to bring about decompositi'on in the shortest

possible time.

3. The kinds of microorganisms active in decomposition processes.

4. The environmental conditions at which decomposition proceed~,

especially aeration, moisture supply, soil pH, and temperature.

Effects of organic matter decomposition
on N status of soil .

Decomposition of organic matter'may result in an immobilization

of available forms of nitrogen in soil.

Nitrogen could be immobilized (a) by direct incorporation into

microbial .cells, or (b) by becoming associated with phenolic compounds

produced during organic matter decomposition (Kimber, 1973). The
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mechanisms of immobilization are not well understood, particularly with

regard to the forms of N which are temporarily unavailable to plants

(Parbery and Swaby, 1942). Jensen (1931) added 2% oat straw and found

th~t the nitrate (N03) content of soil reached the level of the control

treatment after 300 days of decomposition. Sturgis (1932) conducted

experiments on sugarcane trash decomposition under field conditions and

reported that trash. and trash plus 80 pounds N/acre treatments always

contained higher total N than the control. The concentration of nitrate

nitrogen (N03-N) was depressed for three months. Allen et al. (1934)

suggested that for every unit of carbohydrate utilized by the microbial

population, a c~rtain amount of N is also needed~ If N is not supplied

in sufficient amounts in the material added, it is taken from the soil,

tied up in the microbial protoplasm and made temporarily unavailable.

Tam and Magistad (1936) investigated the changes in different

constituents of organic matter during the decomposition of pineapple

trash under field conditions. They found that the amount of available

Nwas decreased and even at'the end of 35 week incubation, it was less

than in the original soil. Peevy and Norman (1948) reported that sotl

contained almost no N03- and NH4-N at any time during the decomposition

of oat straw. However, even after 28 months of decomposition, total N

cont~nt was maintained at a high level in the soil, possibly due to the

formation of ligno-protein or some other complex, because very little N

was present in the form of NH4 and N03. Birch and Friend (1956) noted

that the rate of decomposition decreased with time and was proportionate

to the amount of decomposable material present. The rate of change of

organic N to N03-N, i.e., N03-supplying power, depends upon biological
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processes which are affected by such factors as nutrient supply, soil

pH, C/N ratio (organic carbon/total nitrogen) and aeration. Stojanovic

and Broadbent (1956) found that when finely ground plant material (wheat

straw or co'rn 1eaves) was added to soi 1, 56 pounds of N/acre/day was

immobilized as the C/N ratio of the material decreased. Stewart et a1.

(1963) used a material of C/N of 40 and noticed that during the early

stages of incubation, the inorganic N decreased while the non-distillable

acid-soluble Nfraction increased. Stevenson (1967) proposed that as a

res~lt of microbial activity, chemical elements in the residues are

liberated in forms available to plant. At the same time, appreciable

amounts of elements are being immobilized during the formation of new

microbial cells. Russell (1961) suggested that the e~fects of addition'

of plant residue to soil depend upon the proportion of carbohydrates to

proteins present in the residue. If the material is rich in' energy

supply but poor in N, the organisms may assimilate N03- or NH4-N already

present in soil and thus reduce their concentration in soil.

Float (1970a) reported that the mineral Nproduction decreased as

the pre-incubation C/N ratio of the added materials increased., Vari-.

ations in moisture content (i.e., 25% water holding capacity (W.H.C.);

50% W.H.C.; 100% W.H.C.) resulted in minor changes in CO2 evolution

and so was mineral N.production in plant residues (Float, 1970b).

Bhandari et a1. (1972) demonstrated that the addition of unhumified

dung (C/N = 36.9) depressed the mineralization of Nmarkedly. As a

result, the whole of the fertilizer N (200 ppm N) was immobilized. They

suggested that i.t might be due to an increased microbial activity

resulting in assimilation of available N.
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The time interval of N03 depression may be long or short depending,

upon the physical and chemical nature of plant material added. The

greater the amount of residue applied, the longer will nitrification be

blocked. The narrower the C/N ratio of residue, the more rapidly the

cycle runs its course (Buckman and Brady, 1972). Foth and Turk (1972)

professed that organic residues with a narrow GIN ratio (less than 15 to

20) usually have enough N in them to satisfy the requirements of decom

posing microorganisms. As the residue decomposes, there will likely be

N in excess of that n~eded by microbes which will be released as

inorganic N.

Effects of addition of mineral N
on organic matter decomposition

The addition of readily decomposable organic matter to soil results

in a marked increase in biological activity and a decrease in available

N because of its assimilation by microorganisms. The addition of

mineral Nmay help alleviate any undesirable effects of N03 'depression

during the early stages of decomposition and hasten the decomposition

process.

Tenney and Waksman (1929) recorded that the addition of available

inorganic N hastened the decomposition of cellulose and hemi-ce11u1ose,

hence of those plant ,materials which were rich in these components and

poor in N. Other investigators, utilizing different soil and environ

mental conditions, have arrived at opposite conclusions (Pinck et al.,

1950). There are also experimental results showing insignificant dif

ferences in decomposition, rate between N treated and untreated residue

in soil (Waksman and Tenney, 1927; Pinck et al., 1950.)
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Sircar et ale (1940) concluded that the addition of N accelerated

the rate and extent of decomposition of not only rice s~raw poor in N

but also that rich in N, possibly due to the preference of microorganisms

for inorganic N to plant protein. According to Allison and Klein (1962),

the greater N needs are usually manifested during the first few weeks of

decomposition when "biological explosion ll occurs. After the peak of

biological activity, many of the orga~isms involved die and are in turn

decomposed, and a portion of the N is released for use by other microbes

or higher plants. If crop residues have a C/N ratio of about 25-30

(1.4-l.7%N), or if N fertilizer is added to bring the N up to this level,

decomposition can proceed at maximum rate. Under these conditions,

there will usually be no immediate net release of mineral N from the

crop residue. Addition of more fertilizer N than what is required to

bring the N up to this level will not further increase the rate of

mineralization or of N immobilization. Lueken et al. (1962) noted that

the addition of mineral Naccelerated the initial decomposition rate

of" incorporated wheat straw and alfalfa hay. However, in more advanced

stages, the reverse was true. Novak (1974) incubated a soil containing

0-33 mg C/IOO g soil as chopped wheat straw (38.6%C) and 0-168 mg NI100

g soil as (NH4)2S04 at 280C for 60 days. The percentage of C mineralized

decreased with an increas.ing straw concentration'., The addition of N

increased C mineralization up to a C/N r~tio of 20.

Effects of C/N ratio of organic
matter on its decomposition

Some plant residues decompose more readily than others. This has

been 'attributed to the difference in chemi~al composition of plant
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materials.

The decomposition of organic material depends upon the activity of

microbes which are mainly composed of protein and have a comparatively
.-

narrow C/N ratio. If an ultimate point is reached where all crop

residues turned into the soil have been utilized, then the C/N ratio

of the soil organic matter would be the same as that of the protein of

the microbes. This is the narrowest ratio at which carbon-nitrogen can

exist in soil (Allison, 1927).

Tam and Magistad (1936) reported that a C/N ratio above 12 to 1

was undesirable because of the eventual conversion of available N to

unavailable forms under conditions favoring rapid cell multiplication.

According to Harmsen and van Schreven (1955), mineral Nwill be formed

during the first few weeks after incorporation of organic materials in

the soil if the N content exceeds 2% (0.0. basis). It is generally

not formed during the initial stages of incubation if the organic

material contains less than 1.5% Nor if C/N ratio of the material is

greater than 25.

Winsor and Pollard (1956) noted that treatments with C/N r~tio o~

5 always had more inorganic N than one with a C/N ratio of 10. On· the

other hand, Corbet and Wooldridge (1940) pointed out that the C/N

ratio in itself is not a factor controlling N lo~ses, although in.

general this ratio reflects the p~oportion of the biologically active

C and N compounds present in soil. Lueken et a1. (1962) observed that

alfalfa (C/N =19) decomposed faster than wheat (C/N =60). Burges
. .

(1967) reported a progres$ive change in the C/N ratio of the soil after

the incorporation of organic matter. As the decomposition proceeded,
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CO2 was given off but Nmaterials tended to accumulate in the microbes

carrying out the decomposition, so that the CIN ratio was progressively

reduced. When the CIN ratio is 10 or 12 to 1, the proteins are broken

down to amino acids and ammonia is released.

Effects of organic matter
decomposition on soil pH

There are conflicting reports regarding the effect of organic

matter decomposition on soil pH. Marten and Pohlman (1938) incubated

soil plus mature leaves of yellow poplar (Liriodendron tulipifera), black

walnut (Juglans nigra) and red maple (Acer rubrum) and found that fol

lowing a slight depression during the first week, pH of all the samples

increased. Sircar et a1. (1940) stated that the course and extent of

decomposition of plant residue were influenced by the nature and com

position of the material, degree of aeration, moisture supply, tempera

ture, pH of the medium and the nature of the microbes attacking the

residue. The pH of the soil suspension under aerobic conditions fell

slightly during the early stages of rice straw decomposition and then

generally rose until a value slightly higher than the original. was

obtained. The depression in pH was attributed to the accumulation'of

organic acids at ,the early stages of decomposition. The slight rise in

pH of the media might have been due to the formation of ammonia as a

result of protein decomposition. Motomura (1962b) reported that the

application of air-dried powdered milk-vetch and rice straw resulted

in a noticeable increase in acidity in the beginning of the incubation

period and then soil pH rose rapidly. It was speculated that the fall

in pH at the first stage of incubation in the organic matter treatment
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occurred due to accumulation of organic acids produced by microbes.

The elevation of soil pH in the later stage was mainly the result of

the disappearance of organic acids and the formation of ammonia, ferrous

iron (Fe2+) and manganous (Mn2+) compounds, etc. with~e1ation to the

development of the reduced state in soil because manganous hydroxide

(Mn(OH}2) and ferrous hydroxide (Fe(OH}2) may contribute toward a reduc

tion in acidity and an increase in alkalinity.

Using sugarcane trash as a source of organic matter, Takkar (1969)

found that in acid soils, pH increased from 5.12 in the control to

6. 10 when 8% sugarcane trash was added. This increase in pH was

attributed' to the production of Fe2+, Mn2+ and H2S as shown in the

following equations:

Fe203 + Mn203.+ 6H20 > 2Fe(OH}3 + 2Mn(OH}3

Fe(OH}3 + Mn(DH}3 + 2 e >Fe(OH}2 + Mn(OH}2 + 20H-

FeS + 2H+ ~ Fe2+ + H
2
S·· .

Similar results were reported by Takai et a1. (1957). Iron reduc

tion in soil has been associated with increased soil pH under submerged

conditions as a factor in "self-liming" effect (Cate and Sukhaj, 1964.;

Patrick and Wyatt, 1964). The reaction is shown to be:

Fe(OH}3 + e--->~ Fe(OH}2 + oR

Effect of incorporating organic matter
on some soi 1 properties' .

Stephenson and Schuster (1945) reported an increase in soluble

K and Ca in soil as a result of wheat straw mulch. Yeh (196B) found

that a continuous application of compost or solid manure to each sugar

cane crop for a period of nine crop years slightly increased the total
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pores and macropores of loamy soils while the soil bulk density was

decreased. The water-stable aggregates increased. The organic matter,

total N, acid-soluble (Bray No.1) P and exchangeable Jl !NH40Ac)K

increased. Addition of organic matter decreases runoff of water

(Wischmeier and Mannering, 1965) and increases moisture holding capacity

in loose sands (Tymieniecka, 1963). When crop residues were added to a

soil of medium texture (Pinck et a1., 1950; Allison et al., 1949) only

about 30% of added C was' present in the soil after one year, perhaps

15-20% after two years and 10-15% after three years. Increasing residue

levels decreased bulk density of soil (Brawand, 1964; Black, 1973). Lai

and Rajan (1971) inves~igated the effect of dried cane leaves, bagasse

and alfalfa on the P status' of the Lihue silty clay (Oxisol). The

water-soluble P in soil increased after the addition of organic matter.

The highe~ P availability of organic matter-treated soils was attributed

to the organic acids produced during decomposition and to the enhanced

microbial activity. High uptake of P by sugarcane resulted when cane

leaves were added at the rate of 0.5 ton/acre. Black (1973) added wheat

straw mulch at the rates of 0, 1680, 3360, and 6720 kg/ha and found

that as the residue levels increased, soil organic matter, total N,

organic C, C/N ratio and exchangeable K increased significantly.

The resistance of soil to root penetration is an important factor

in restricting root proliferation. Restriction of root development

leads to a reduction in the accessibility of water and nutrients which

can be serious when these are in short supply (Payne, 1974). Compijc-·

tion may also interfere with soil aeration and this aggravates the

effects of mechanical resistance. Resistance of 10 bars may have some
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adverse effect and 30 to 60 bars usually prevent root growth completely

(Payne, 1974).

As the addition of organic matter into the soil affects bulk

density, soil strength is also expected to be affected. For seedlings

to grow, their hydrostatic pressure (turgor) must· be sufficient to over

come restraints imposed by the surrounding area (Barley, 1962, 1963).

No cotton (Gossypium hirsutum var. Western stonmproof) roots penetrated

soil pans with strength greater than 25 bars measured at field capacity

with a penetrometer (Taylor and Burnett, 1964). Taylor et a1. (1966)

investigated the soil strength-root penetration relationships for medium

to coarse textured soil. The percentage of tap roots of cotton

(Gossypium Hirsutum L. var. Western stormmaster) that penetrated the

soil cores decreased as soil strength increased. A sharp decline in

root penetration percentage occurred as soil strength i~creased from

3 to 15 bars and then a more gradual decline occurred to about 25 bar~

strength. At 25 bar soil strength, no tap root penetration was observed.

Effects of incorporating organic matter
on plant growth and composition

Agboola and Corey (1973) suggested that the concentration, rate of

release and the amount of both major- and micro-nutrients absorbed by

plants were dictated by the level of organic matter. McCalla and Army

(1961) observed that where wheat straw was left on the soil surface in

a stubble mulch system of farming,. the growth of corn was sometimes

retarded. The effect was observed on the very young plants which never

recovered during the entire season. Tang and Ho (1968) reported that

mulching with trash resulted in a 3% increase in the cane yield and 4%
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•
increase in sugar yield which were not statistically significant.

Hagihara (1974) reviewed the results of some of the experiments

conducted in Hawaii on the effects of cane trash mulching and filter

cake incorporation on sugarcane growth and composition. In these

experiments, the sugarcane yield was increased, decreased or not af

fected significantly. However, mulching decreased Nlevels both in the

soil and plant. This was attributed to immobilization of applied N.

The uptake of K, Si, Zn and Mn by sugarcane were increased .by mulching.

On the basis of the results from these experiments, it w~s concluded

that cane trash and filter cake when properly applied could promote

favorable growth of sugarcane. Masui and Ishida (1975) found that the

application of organic matter increased ~ry weight of leaves, stems and

roots. The P, K, Ca and Mg in leaves were significantly i~creased by

the application of high organic matter and similar trend was observed in

the amounts of N03-N, K, Mg and electrical conductivity in soil.

Effects of organic matter decomposition
on production of phytotoxins

Plant residues and their decomposition products are important com

ponents of soil. Plant residues or residue byproducts added to soil

often stimulate detectable biological responses (linderman, 1970). The

residues perhaps upset the soil balance to such an extent that organisms

are forced to respond until a new equilibrium is established.

When plant residue is incorporated into a soil there is generally

an immobilization of available N by the soil microbial population. In

many cases adverse effects, which are due to N immobilization, can be

eliminated by the addition of N fertilizer, but in practice it seems
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that additional N does not entirely remove the adverse effects of the

straw on the soil and low yields of plant still result (McCalla and

Haskins, 1964). There is evidence that this might be due to toxic

materials, which are derived from decomposing straw (McCalla and Army,

1961; Patrick et al., 1964).

During the decomposition process, various organic compounds are

produced and become involved in many biological interactions (Patric~

et al., 1963). These organic compounds exhibit a wide range of proper

ties and their direct and indirect'bio10gica1 consequences. are many and

varied. They may have toxic or stimulating effects on plants and micro

organisms (Garrett, 1956; Martin, 1957) or no apparent effect. There are

many organic substances that inhibit some aspect of plant growth and they

may reach levels in the soil that are toxic to plant growth (McCalla

and Haskins, 1964).

In addition to their direct toxic action, the organic compounds

apparently so condition root tissues as to predispose them to invasion

by various pathogens (Garrett, 1956; Tyner, 1961). Toussoun and Patrick

(1963) postulated that crude phytotoxic' residue extracts a1ter.ed cell

permeability, allowing more fungus-stimulating compounds to be exuded.

Linderman (1970) suggested an increased permeability of cell by

phytotoxic compounds. ~

Engard and Nakata (1947) discovered an inhibitor in apical tissue

of sugarcane. Schwartz et a1. (1954) extracted acid-treated soils with

diethy1 ether and found significant amounts of acetic and formic acids

but only trace amounts of succinic and lactic acids. Takai et a1. (1956)

reported accumulation of mostly acetic and formic acids in flooded fields.
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Patrick and Koch (1958) showed that under certain conditions~ decomposi

tion of plant residues often resulted in formation of substances with

phytotoxi't-: properti es. These substances exhibited a wi de range of

activity including inhibition of seed germination, inhibition of respira

tion and growth of seedlings and discoloration and death of plant roots.

In their investigation, phytotoxicity was most severe after barley~ rye,

wheat, sudan grass, vetch~ broadbeans and broccoli had been decomposing

for 10-25 days. The toxicity diminished with increasing periods of

decomposition and extracts with stimulatory properties were often ob

tained after 30 days of decomposition. They further noted that the

electrical conductivity of extract (EC~) of the surface layers of soil

increased during decomposition of the plant residues. Waterlogged con

ditions ~ere found to be more conducive to the production of phytotoxic

substances than less moist situations (Patrick and Koch~ 1958; Patrick

et a1., 1963). Some other studies (Greenwood, 1961,1968) on soil

aeration and the microecological relationships within the soil suggested

that fluctuations between aerobic and anaerobic.conditions occurred

rapidly. It is quite possib1e~ therefore, that localized pockets of .

anaerobiosis ar~ widely spread in soils. Similarly, for temporary

periods following· rain or irrigation, aerobic conditions may prevail for

varying periods of time (Chapman, 1965). Conditions that lead to the

formation of high concentration of phytotoxic decomposition products

may, therefore, be more common than is generally realized and not neces

sarily confined to waterlogged soils (Patrick, 1971). When conditions

are optimum for phytotoxin formation, type of plant material and soil

type appeared to have little effect on overall phytotoxicity (Patrick
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et al., 1963}. Soil toxicity due to organic constituents is most

frequently associated with heavy, poorly aerated and waterlogged'soil
, .

(Patrick et al., 1964). When oxygen is deficient and an ample supply

of decomposable organic matter is available, volatile fatty acids and

other organic acids accumulate. Among the compounds formed,under such

conditions are methane, hydrogen sulfide, ethylene, acetic, lactic,

butyric, formic and other organic acids; phenolic compounds including

syringaldehyde, vanillin, p-hydroxybenzaldehyde, feru1ic, syringic,

vanillic, p-hydroxybenzoic and benzoic acids and various amino acids

(Borner, 1960).

Patrick et a1. (1963) noted necrotic lesions on roots in contact

with residues in the field. Poor growth and injury to plant roots were

often associated with decomposing plant residues. The highest phyto

toxic activity was exhibited by extracts obtained during the early

stages of decomposition. 'Following this period, toxicity declined and

stimulatory effects appeared. Furthermore, the ECe was highest in

plant residues that had been decomposing 5-15 days. The ECe of field

soil to which 2% and 5% barley residues had been added increased to

1.7 and 4.5 mmhos/cm respectively after 23 days of decomposition..

The concentration of phenolic acids extracted from soil appears to

be low considering the concentration required for phytotoxic effects on

plant growth (Guenzi and McCalla, 196~). The assumption generally made

is that the acids are evenly distributed throughout the soil. However,

high concentrations of biological byproducts, such as phenolic acids,

that might reach toxic levels are probably localized around fragments

of energy material. The probability of localized high concentration
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spots under specific environmental conditions seems feasible since

Patrick et a1. (19G4) have found that most, of the phytotoxic activity

appeared to be limited to the immediate area of the decomposing organic

material. Coleman (19GB), working on sugarcane tissue, without charac

terizing any specific phytotoxins, demonstrated that fresh stalk tissue

and roots contained 'at least both' neutral and aci'dic inhibitory com

pounds. The roots contain phytotoxins and growth-stimulating compounds

which are apparently water-soluble. Toussoun et a1. (19GB) extracted

soil-organic residue (barley, cotton, cowpeas and soybean) mixture

samples with water, and diethy1 ether., The ether-soluble phytotoxins

were identified to be benzoic acid, 3-pheny1propionic acid and 4

phenyl butyric acid.

Fujii et a1. (1970) detected higher microbial population in soil

samples when treated with rice straw. Humico1a species was the predomi

nant fungus in straw-treated soil and Fusarium species was the predomi

nant fungus isolated from the surface of the straw after incubation.

Organic acids accumulated only when the soil was incubated with straw

for ten days. Linderman '(1970) extracted benzoic, phenylacetic, 3- .

pheny1propionic (hydrocinnamic) and 4-phenylbutyric acid from decompos

ing barley, soyabean, cowpeas and cotton under waterlogged conditions

in the soil. Fujii et al. (1972a) incubated clover-sand mixtures at

200C. Under aerobic conditions, acetic (predominantly), butyric and

propionic acids were detected. Under waterlogged conditions, acetic,

butyric, succinic, propionic, fumaric and formic acids were produced

during early incubation while at a later stage, only acetic, butyric

and propionic acids were found. In other studies (Fujii et a1., 1972b)
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protein decomposing microbes increased during the early stages of incu

bation of rice straw-sand mixture at 200 C under waterlogged conditions.

This was followed by an increase in the population of cellulose decom

posing microorganisms. During the early stages of incubation~ the fungi
. .

isolated from clover-sand mixtures under aerobic conditions wer~ mainly

Mucor species and Fusarium species. In the later stages, only Fusarium

species were isolated. Kimber (1973) reported marked depression in

germination where wheat straw was decomposed on the soil surface. It is

important to indicate that this effect was in no way reduced by the

addition of nitrogen at any dosage. Reduced germination was observed

where soil-wheat straw was present.

REDOX POTENTIAL OF SOIL

Definition

Oxidation-reduction processes are defined in terms of electron (e)

migration; oxidizing properties are due to a tendency to give away

electrons and reducing tendency to take up electrons.

The electron availability or the electrochemical potential at

equilibrium has been defined by liThe International Union of Pure and

Applied Chemistry" (Christiansen, 1960) as the electrode potential.

The redox potential (Eh) is defined as the potential of a half

cell that forms a complete cell with the hydrogen half-cell (1/2 H2 =
H+ + e)~

In practice, redox potential is measured by immersing an indif

ferent electrode, such as a platinum electrode, into the solution to

be tested. The solution is connected by means of a salt-bridge with
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some standard half-cell, such as a calomel cell, and electromotive

force (EMF) is measured with a potentiometer.

Theory

In the 1890's, Peters developed a formula that gives the potential

of an oxidation-reduction system when it is measured by an electrode

composed of some noble metal which will not enter into the reaction.

If a solution contains a mixture of oxidized (Ox) and reduced (Red)

forms, the reaction can be written as:

The Peters' equation for this reaction is:

Eh = K - RT 1n l~ed ~nF Ox

Its algebraic equivalent is:

Eh = K + RT 1n (Ox)
nF (Red)

The more familiar form of the equation is:
_ RT (Ox)

Eh - Eo + nF 1n (Red)
Where,

Eh = Potential, referred to the normal hydrogen half-cell taken

as zero

Eo = Constant, characteristic of the particular redox system and

is equal to the Eh when the ratio of molar concentration of

oxidized (Ox) to reduced (Red) species is unity at pH = O.

It is also called the "Standard Electrode Potential." When

(~~~~ = 1, 1n (~~~~ = 0, therefore, Eh = Eo

T =Absolute temperature (degrees Kelvin)

R = Gas constant (8.316 volt Coulombs/degree)
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F = Faraday constant (9.649 x 104 Coulombs)

n = Number of electrons involved in half-cell reaction

(Red) and (Ox) = Products of molar concentrations (or rather

activities) of all the species occurring on the reduction

and oxidation sides of half-reaction, respectively.

Upon conversion from natural logarithms to Briggsian logarithms and

insertion of the values of the constants with T equal to 298.1 0K (250C),

.. the equation becomes:

"Eh =E + 0.059 log (Ox)
o . n TRedT

It follows from the equation that the more oxidizing a system is,

. the higher (more positive) will be the electrode potential and the more

reducing a system is, the lower will be the potential. The actual poten

tial measured by an instrument (e.g., pH meter) is the difference between

that of noble metal electrode and reference electrode. rhe potential of

noble metal electrode (platinum) is, hereafter, denoted as Eh and this

value is equal to so~l redox potential.

or,

Eh = Eobs + Eref
where, .

Eh = redox potential (mv) of soil

Eobs = observed EMF on potentiometer (mv)

Eref = redox potential of reference electrode (mv)

If hydrogen electrode is used as a reference electrode (Eref = 0,

by definition), Eh would be equal to Eobs". Generally, saturated KC1-
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calomel refere~ce electrode (E = 244 mv at 25°C) is used instead of

hydrogen electrode because of its convenience in handling. However,

all the Eh values are referred to the hydrogen half-cell. Therefore,

Eh = E b + 244o s
In order to avoid any confusion, it is emphasized that all the Eh

values reported in this dissertation are Eobs + 244 and are not corrected

to any particular pH.

Factors affecting redox
potential (Eh) of soil

The electromotive force (EMF) of an electrode often is not a simple

function of the activities of the redox couples as implied by the equa

tion.Keaton and Kardos (1940) suggested tha~ the oxidation-reduction

character of a soil was a function of many complex interlocking systems.

In the presence of more than one redox system, the final Eh of the soil

should be some value which falls within the range between the most

negative and the most positive redox system present in soil. Hood

(1948) expressed the opinion that in a complex heterogenous mixture

where undoubtedly many oxidation-reduction systems (both reversible and

irreversible) might be operating, it was unlikely that a simple, direct,

theoretical explanation of the Eh would be forthcoming. Biological

processes are never in a state of true equilibrium.

The above statements present a gloomy picture regarding the inter

pretation of any Eh data. However, consideration of some of the factors

affecting redox potential in soil has some justification.
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Effect of pH on Eh

Theory

Changes in hydrogen ion concentration can affect redox systems

directly by participation of hydrogen ions in the reaction or

indirectly by influencing ionic equilibrium (Ponnamperuma, 1955a).

Direct participation
of hydrogen ions

+ -Ox + mH + ne > Red<

Where,

m = number of protons involved in the reaction

n =number of electrons involved in the reaction

The electrode potential for this system would be:

Eh = E + RT ]n (Ox) (H+)m
o nF' '(Red)

or by accounting for different constant factors

Eh = Eo + 0.059 log {~~~~ - 0.059 mpH

If the ratio {~~~J were kept constant, the potential would be

affected by only pH and the Eh-pH slope would be -0.059 m.

Indirect effect

The H+ ion concentration may affect redox potential through

its influence on ionization of one of the reactants (Ponnamperuma,

1955a). In a system where the' oxidized (Ox) form is unionized and

the reduced form (Red) is a monovalent anion the following equil

ibria will hold:

Ox + e:r=..=~, Red

,..,..
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For this system it can be shown that
+

Eh = E + RT 1n (Ox) x H + Ka
o F (Red) Ka

where,

H+ = the activity of hydrogen ions

Ka = dissociation constant of the unionized form of the

reductant •

. If the ratio of (Ox) to (Red) is kept constant, the potential

of the system is determined by the term (H+ + Ka). The!efore,

dEhdpH ' i.e., the slope of the Eh-pH curve, depends on the

relative values of H+ and Ka.

To remove pH variability between soils, Eh is often adjusted

to pH 7.0 by a factor, usually -59 mv/pH. However, the adjustment

of mixed potentials, as found "in soil, and the value of -59 mv/pH

have little theoretical or experimental justification (Bohn, 1968).

Therefore, Eh values reported in the present study were not ad

justed for pH variations in different samples.

Eh-pH relationship from the
perspective of the literature

It is interesting to survey the available literature and find

quite different· values for the slope ~~~ of the Eh-pH curve.

Darnell and Eisenmenger (1936) verified that the potential is

a direct function of acidity. Simultaneous Eh and pH measure-

ments showed decidedly a negative correlation. The Eh/pH slope

was calculated to be 59.4, 57.5, 55.3, 38.1 and 47.9 for 0, 2, 4,

6, 8 week incubation periods, respectively. Bradfield et a~.

(l934) established a value of -100 for ~~~ for some New York soils.
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Burrows and Cordon (1936) stated that any correction factor

can be no more than a guess. This uncertainty is particularly

true in experiments where oxidation of substrates differing widely

in nature is taking place; very likely different systems with dif

ferent Eh-pH relationships are involved. Any similarity of Eh/pH

slope in different soils and 'under different conditions is fortui

tous experimentally (Puri and Sarup, 1938) and theoreticai1y. Pur;
, . dEh

and Sarup (1938) found a wide range of values for dpH (~6.8 to

76.3) under different experimental conditions. Similarly, Asghar

(1972) reported a wide range of Eh/pH slope va1ues~

Effects of aeration and
moisture on Eh

The Eh of soil mainly depends upon the· degree of aeration (Aomine,

1962). Pearsall and Mortimer (1939) demonstrated that the changeover

from reduced to oxidized conditions in natural water systems took place

at a relatively low oxygen (02) concentration of 8% or less. Redox

potential was at a minimum when no O2 was present in the soil (Andrea

son, 1952).• At 5% 02"Eh was about 400 mv; however, at the 2]% O2 .

level, it rose to 500 mv. Turner and Patrick (1968) found that at the

point of O2 depletion, the Eh (corrected to pH =7) was in the range

of 300-350 mv.

The moisture level in soil appears to affect Eh indirectly, i.e.,

by exclusion of air, helping to establish a different type of microbial

population, dissolution of different compounds that control potential,

etc. Patrick and Wyatt (1964) demonstrated that as the moisture con

tent in the soil decreased, Eh increased. Savant and Ellis (1964)
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reported similar results. In glucose decomposition studies, Cizek

(1974) found that equilibrium values in the region of 470, 390 and 290

mv were obtained at soil moisture contents of 9,17 and 25%, respectively.

Organic matter decomposition and
soil Eh relationships

Organic matter supplies the bulk of the reducing materials in most

soils. Organic materials· added to a soil generally affect soil aera

tion in two ways: directly, they consume soil O2 and produce CO2 during

the decomposing processes (Epstein and Kohnke, 1957); and, indirectly, ,

they stimulate ,t,he growth of soil microorganisms, which in turn increase
.~ ... "'.

soil respiration'by decomposing the indigenous soil organic matter

(Broadbent, 1948).

The presence of organic matter and its differential breakdown by

soil microorganisms influences soil Eh. Differences of opinion exist

regarding the influence of organic matter on soil Eh.

Pineapple grown on Hawaiian soils, high in Mn, suffers from

chlorosis due to lack of available Fe. A liberal application of stable

manure to such soils prevents chlorosis. From this, Robinson. {1930}

presumed that the benefi ci a1 effect of stable manure mi ght be due' to

the reduction of insoluble Fe3+ to Fe2+ compounds. Burrows and Cordon

(1936) cautioned that in a medium such as unsteri1ized soil, which

contains a great variety of microorganisms, addition of various kinds

of decomposable organic matter will result in the predominance of a

certain type of population. Thus, the observed differences in Eh may

in some cases be the result of the activity of a different microbial

flora.
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Kohnke (1934) indicated that as the decomposition of organic matter

is mostly irreversible and generally non-ionic, it in itself does not

produce a definite Eh. Redox potential of a Miami soil that had been

covered for years under a straw pile remained between 400 to SOO mv.

He further noted that the use of fresh manure or of straw in the ferti

lization of soil tended to decrease the Eh and cause unfavorable growing

conditions. Peech and Batjer(1935) stresse~ that extensive microbial

activity during the decomposition process might alter the composition

of gas mixture in a soil atmosphere and thus oxidation-reduction'

conditions. Vandecaveye and Katznelsen (1938) demonstrated that the

addition of duff or litter to soil lowered the Eh initially but that

subsequently the potential increased during a period of decomposition

of organic matter. Buehrer et ale (1939) experienced a similar trend

in Eh values after the addition of alfalfa to the soil. At 1% alfalfa

level, the drop in Eh was about 50 to 100 mv after 70 hours from the

initiation of the experiment.

Malloch and Young (1940) credited microorganisms as causing change

in Eh. They mixed various crop residues with sand, brought it to a .

moisture content equal to ~O% water holding capacity and allowed it to

undergo decomposition at 2SoC for varying periods of time. Initial Eh

values were around 400-500 mv. After three and s·ix week incubation

periods, Eh values were 500 mv and 600 mv,respectively.

Ponnamperuma and Castro (1964) incubated soils with (0.5%) and

without organic matter and studied the changes in Eh. The potentials

of soils immediately after moistening with water and having free access

to air ranged from 350 to 620 mv, indicating the presence of a system



27

poisedata high level of oxidation. In some other experiments (Ponnam

peruma, 1955b) organic matter was reported to increase the velocity of

reduction but did not necessarily produce significantly lower potentials

in flooded soils. Kalpage (1965) found that different levels of fresh

organic matter (0-6%) had no effect on Eh value in a submerged rice

soil.

Two systems may have the same Eh value but different poise patterns,

indicating that different potential-aeration conditions may exist between

the two systems. Therefore, plant behavior is sometimes, but not always,

correlated with Eh (Shalhevet and Zwerman, 1962; Armstrong, 1964).

DYNAMICS OF Mn AND Fe IN SOIL AND PLANT

Occurrence and forms of
Mn and Fe in soil'

Many Hawaiian soils are characterized by high Fe ana Mn contents.

Wilcox and Kelley (1912), in their work with manganiferous soils gave

analyses ranging-from 4.43 to 9.74% Mn304 in red soils (Oxisols) of

Hawaii. Sherman et a1. (1949) reported that the Mn02 content of concre

tions in Oxisols ranged from 23.1 to 44.2% and the iron oxide con~ent,

0.7 to 17.8%.

Manganese oxides exist in varying degrees of oxidation and can be

arranged in a progressively higher state of oxidation, MnO, Mn304'

Mn203, Mn02 (Fujimoto and Sherman, 1948). The manganous-manganic Mn

exists in an oxidation-reduction equilibrium reflecting the state of

oxidation of soil.

Malavolta et al. (1962) suggested that three valence states were in

dynamic equilibrium as shown by the following schematic diagram.
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Leeper (1935) showed that a measurement of Mn within the manganous

manganic (Mn2+~Mn4+) equilibrium in the soil was a reliable indicator

of the capacity of the soil to provide plant with required Mn. He pro

posed the hypothesis on the existence of soil Mn in a dynamic oxidation

reduction equilibrium, which might be expressed as follows:

Water-soluble~ Exchangeable ~Easi1y-reducib1e~ Relatively inert
Mn2+ Mn2+ Mn02 Manganic oxides

Easily-reducible Mn has been considered to be the active part of·

the manganese oxides of the soil which, after reduction, functions as

an important source of Mn2+ (Leeper, 1935). Sherman and Harmer (1942)

stated that there is a relationship between the amount of hydroquinone

reducible Mn in soils and the appearance of Mn deficiency symptoms in

crops. In another investigation, Sherman et al. (1942) expressed the

view that the active manganese in the soil included the readily avai1~

able manganous-manganese (Mn2+) and the easily-reducible manganic man

ganese (Mn4+). Manganese oxide (Mn02) has been included in easi1y-
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reducible oxides of Mn (Dion et a1., 1947).

Heintze and Mann (1947) showed that citrate, tartrate, and malate

were able to dissolve hausmannite and manganic hydroxides but not Mn02

whereas malonate, succinate and oxalate were ineffective. Bromfield

(1957) found that tartrate, citrate and EDTA solutions, as well as those

containing Fe2+ ions, were able to dissolve appreciable ·amounts of man

ganese oxide. He was able to show that the root washings of oats

(Avena steri1is L. var. Algerian) and vetch (Vi cia sativa L. var.

Golden Tares) contained a substance that could dissolve manganese oxides

(Bromfield, 1958a; Bromfield, 1958b).

E1gala and Hendawy (1972) found that more Fe was extracted with

che1ating agents and ammonium acetate (NH40Ac) than with water. How

ever, solubility of Fe was not entirely related to total Fe. Added iron

sulfate did not increase water- and NH40Ac-soluble forms of Fe but

Fe-EDDHA (Fe-ethylenediamine di(0-hydroxypheny1acetic acid» addition

gave a significant increase in the amount of water-soluble Fe in all

soils.

Effect of soil pH on Mn and
Fe availability

Soil Mn

Reduction in soil pH released Mn (Conners, 1932) and an in-

.crease in pH was accompanied by a decrease in the level of water

soluble Mn (Page, 1962). Unlike Fe, Mn is not in the hydrosol

fonm when pH is aboye 6.0 (McGeorge, 1924) but in the soluble form

up to pH 8.0 (Piper, 1931) and Mn does not rapidly oxidize upon

air-drying the soil (Conners, 1918). Hale and Heintze (1946)
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indicated that in acid soils~ Mn toxicity was an important factor

in causing injury to plant growth. Tisdale and Bertramson (1950)

found an inverse linear relationship between soil pH and extract

able Mn. Christensen et al. (1950) showed that low pH and low

moisture content, both of which retarded microbial activity,

caused a prolonged release of Mn, though in smaller amounts, than

pH and moisture conditions better suited to microbial activity.

In the studies of Farley and Draycott (1973) increasing the pH

by liming greatly increased symptoms of Mn deficiency in'sugarbeet

grown on organic soils and decreased the Mn concentration in the

dry matter. At pH < 7, Mn20jH20 partially dissociated to ionic

trivalent Mn (Mn3+) which was reduced to Mn2+ by the organic matter

and then held on the humic acids of the peat as exchangeable Mn.

However, at pH > 7, it was oxidized to Mn02 which was not readily

available. According to Dommerges and Mangenot (1970), at extreme

pH, Mn form balance is controlled by chemical processes:

Mn2+ + 2H 0 pH ~ 8 >MnO + 4H+ + 2e-
2 .... pH ~ 5.5 2

From pH 5.5 to 8.0, Mn is in trivalent and tetravalent forms

and biological activity plays an important part in the balance

Mn2+, > Mn4+. Normally, Mn levels leading to toxicity occur, at

soil pH below 5.5 (Leeper, 1947; Fujimoto and Sherman, 1948; Mishra,

1966). However, Grasmanis and Leeper (1966) reported Mn toxicity

in orchards at pH values above 7.0. They suggested that during a

dry period, the wetting and drying cycle favored a net gain in

reduced Mn, resulting from either excessive release of Mn2+ during
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the dry periods and/or normally slow reoxidation upon wetting.

Cotter and Mishra (1968) found that exchangeable Mn was very high

(300 ppm) in an alluvial soil of pH 8.0 to which cotton seed hulls

had been added.

Soil Fe

Availability of Fe is governed by variations in soil tempera

ture, moisture, pH, phosphate, heavy metals, calcium carbonate and

organic matter. These factors influence Eh, hydration and dehydra

tion of Fe and Mn compounds. The research indicates that Fe may be

reduced to the Fe2+ state under reducing conditions and/or low pH.

When the pH value is below 5.8, soluble salts of Fe are present in

soil but colloidal Fe is in solution when the pH value is 6.0 or

above (McGeorge, 1924). Halvorson and Starkey (1927) reported that

the amount of Fe in solution was increased and the Fe3+ iron was

reduced as the pH or Eh decreased. Hem (1960) found similar results.

Kohnke (1934) showed that Fe in the ferrous (Fe2+) state is very

stable in an acid medium but becomes relatively easily oxidized in

neutral or alkaline solution. Ponnamperuma (1964) studied the influ

ence of pH on the solubility of Fe. The marked change in Fe2+ iron

as related to pH has been well illustrated by values exceeding 1000

ppm at pH 6.3; 352 ppm at pH 6.5; 35 ppm at pH 7.0 and only 3.5 ppm

at pH 7.5. At pH > 5.0, no Fe can exist stably in oxidizing solutions

at concentration more than 0.01 ppm except in the form of organic

complexes or of colloidal Fe (OH)3 as reported by Hem and Cropper

(1959) and Hem (1960).
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The magnitude of Fe reduction is, however, determined by the

amount of active Fe in the soil irrespective of pH and organic

matter (Ponnamperuma, 1964). The content of water-soluble Fe in

most aerobic soils is so low that it is almost chemically undetec

table (Ponnamperuma, 1974). It has been recognized that some sort

of inorganic N compounds added to soil affected the formation of

active Fe2+ iron in different manners, positively or negatively,

depending on their forms and concentrations (Yamanaka and Motomura,

1958, 1959). Motomura (1962b) extracted water-soluble Fe by shaking

samples for 30 minutes. He reported that the application of N03
decreased Fe in soil and the influence of associated ions was un-

certain if ammonium salts were applied. However, ammonium ferti

lizer application increased Fe in supernatant solution.

Effects of Eh on Mn
and Fe Availability

Manganese availability to plants is related to oxidation conditions

favoring the formation of higher oxides (unavailable to plants), and

reducing conditions resulting in divalent Mn (available to plants)

(Leeper, 1947; Quastel et al., 1948). Copeland (1955) found a signifi-

cant negative relationship between extractable Mn and soil Eh. Under

reducing conditions both Fe2+ and Mn2+ are known to increase in solubility

to the point where they become adsorbed as exchangeable ions (Mandal,

1961). The solubility of Mn can be increased by creating reducing condi

tions in soil (Graven et al., 1965).

Aomine (1962) concluded from a review of research on paddy soils

in Japan that exchangeable Mn became abundant below an Eh of 500 mv.
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The Mn2+ ion was formed from Mn4+ when the redox potential was in the

range of 200 to 400 mv and Fe2+ was formed from Fe3+ in the 100 to 300

mv range (Parr, 1969). Alexander (1967) placed the critical Eh value

for Fe2+ formation around 200 mv. A higher concentration of Mn is

stable at a given Eh and pH than Fe, i.e., at an Eh of 300 mv and a pH

of 8, the activity of Mn 2+ would be 10 ppm whereas the activity of Fe2+

would be only 4.2 x 10-9 ppm (Hem, 1963). According to Ponnamperuma et

a1. (1956), Mn was much more readily reducible and more soluble than Fe.

Wada and Matsumoto (1972) passed leachate from surface soil that

had been incubated under submerged conditions through columns of manga

nese oxides and found that manganese oxides were reduced by Fe2+ ion in

the leachate to water-soluble Mn2+; the Fe2+ was oxidized to form a

precipitate in the upper part of the column.

Krauskopf (1972) stated that the role of oxygen was usually in

precipitating a hydrated ferric oxide:

4 Fe2+ + O2 + 10H20 ) 4 Fe(OH)3 + 8H+

Effects of organic matter on
Mn and Fe availability

Soil Mn

Solubility of Mn in soils is governed by soil pH as well as by

the oxidation-reduction conditions of the soil as reviewed earlier.

These factors in turn depend upon soil aeration and the supply of

readily-oxidizable organic matter (Peech and Bradfield, 1948).

Organic matter has a chemically reducing effect on the equilibrium

as well as a biological effect. While the chemical reduction is

direct, the biological effect is indirect and has two opposing
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outcomes. If anaerobic conditions prevail, reduction proceeds

and exchangeable Mn increases; if sufficient O2 is present, oxida

tion to the unavailable form is encouraged (Leeper, 1947). When

large quantities of organic matter are incorporated into the soil,

Mn and Fe may be solubilized (Sherman and Harmer, 1942; Mann and

Quastel, 1946; Bloomfield, 1951; Motomura, 1962a).

Manganese may form complexes with many organic molecules

(Bremner et al., 1946; Beckwith, 1954) and there are conflicting

reports regarding the availability of this complexed manganese

(Piper, 1931; Heintze and Mann, 1949; Heintze, 1951; Beckwith,

1954). The addition of specific organic amendments was shown to

both increase (Mann and Quastel, 1946; Fujimoto and Sherman, 1948)

and decrease available Mn (Russell, 1961). The addition of 0.25%

dextrose to soils before waterlogging was always accompanied by a

large increase in the amount of water-soluble Mn (Piper, 1931).

Fujimoto and Sherman (1948) showed that increasing applications

of sugar and pineapple residues and sugarcane leaves increased the

exchangeable Mn. After 19 days of incubation, the extractable Mn

(with NH 40Ac, pH = 6.8) content in the control was 3.7 ppm whereas

the soil plus organic matter treatment (256 tons/acre} had a Mn

content of over 3343 ppm. They suggested that the reduction of the

higher oxides took place when the biological oxidation of organic

matter proceeded at so rapid a rate that the air cannot supply

oxygen in adequate amounts. This leads to an increase in available

Mn. Applications of straw mulch resulted in an increased activity

of cellulose-decomposing, denitrifying and Mn-oxidizing organisms.
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The control treatment had more easily-reducible Mn than the mulch

treatments (Timonin and Giles, 1952). Gotoh and Yamashita (1966)

stated that the oxides of Mn, Mn02, Mn304, were easily-reducible

under strong reducing conditions which prevailed in waterlogged

soils. A rapid increase in Mn2+ content in soil was seen, particu

larly with additions of decomposable organic matter such as com

post. Similarly, Cotter and Mishra (1968) found a reduction of the

higher oxides of Mn following the addition of large amounts of

fresh organic matter to soil. Presumably, under these conditions,

combined oxygen served as a partial substitute for molecular oxygen

of the air.

Addition of wheat and clover straw had a solubilizing effect

on the added Mn02 resulting in a temporary marked increase in water

soluble plus exchangeable Mn. The increase was accompanied by a

decrease in the easily-reducible Mn, suggesting that part of it was

transformed to the divalent form (Ghanem et al., 1971b). They

proposed a cycle suggesting that in soil, three processes that in

fluenced availability of Mn were in action, a) oxidation-reduction,

b) hydration-dehydration and c) production and decomposition of

natural chelating agents that could solubilize the higher Mn oxides

and maintain the existence of the divalent form. The effect of

organic materials on the transformation of native soil Mn was simi

lar (Ghanem et al., 1971a). However, this effect was dependent on

the kind and level of organic material, time of incubation and

soil type. In the studies of Patrick and Gotoh (1972), under

submerged conditions, the Eh of the soil sharply declined with a
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subsequent increase in soluble Mn concentration. Elliott and

Blaylock (1975) kept a soil at 0.3 and 0.5 bar moisture tension

and found that increasing straw percentage increased soluble and

easily-reducible Mn. Their results indicate that the potential

exists for Mn toxicity in normally unsaturated soils when large

amounts of plant residue are added. In some studies, application

of organic matter in soil decreased water-soluble Mn (Hemstock and

Low, 1953; Masui and Ishida, 1975).

Soil Fe

A survey of the literature showed that not much work has been

done on the effect of organic matter addition on the dynamics of

Fe in soil.

Organic compounds brought about the reduction of Fe3+ and the

formation of stable organic complexes with Fe2+ (Bloomfield, 1951).

Because of the reducing properties of fulvic acids (Beres and Kiraly,

1959) and polypheno1s, the reduction of Fe3+ to Fe2+ which con-

tributes to Fe mobilization, occurs not only under anaerobic but

also aerobic conditions. Meek et al (1968) found that the addition

of organic matter resulted in large quantities of Fe and Mn in the

soil solution. Clark et a1. (1962) added rice straw into the soil

up to a 1.60% level by weight and analyzed the content of soil per

colates. Iron increased (except at the 1.6% level where it de

creased) with an increase in the level of organic matter. Manga

nese increased up to an organic matter level of 0.2% and then

decreased. As concerns the content of the elements in plant after
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74 days, Fe increased from 220 ppm to 440 ppm and Mn decreased

from 3300 ppm (control) to 800 ppm at 1.60% organic matter level.

In studies by Takkar (1969), buffered sodium acetate (pH = 2.8)-

extractable Fe decreased up to 35 days of incubation with sugarcane

trash and then increased where 2, 4 and 8% organic matter were

added. Manganese decreased with organic matter increase up to 104

days and then increased. The soil used in this study had a total

Fe of 2.25% and total Mn of 420 ppm. Mandal and Nandi (1971) inves-

tigated the influence of intensity of soil reduction on the avail

ability of Fe and Mn, P and the growth and nutrition of rice plant.

Starch was added at 0, 2.5 and 5.0% levels. They found that the

content of Fe2+ in soil gradually increased with time up to 38

days from the date of transplantation. Thereafter it showed a

declining trend. The fall in Fe2+ content towards the end of the

experiment might be associated with the higher oxidizing ability

of the rice roots during the period of vigorous growth of the crop.

This fall may also be due to a fall in the concentration of dis

solved carbon dioxide in the soil solution during the later stages

of decomposition of organic matter. Application of organic matter

significantly increased phosphorus (P) availability in the soil due

to the reduction of insoluble ferric phosphate to soluble ferrous

compounds.

Meek et a1. (1968) reported a marked interaction of flooding,

organic matter (chopped alfalfa) addition and high temperature

that resulted in a soil containing 46 ppm Mn2+ and 30 ppm Fe2+

in the soil solution. They indicated that the microbial metabolism
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also could increase the level of Mn2+ by reduction, removal of

oxygen or formation of acid products. Thus, the addition of carbo

hydrates or plant residue can stimulate the production of Mn2+.

RELATIONSHIP OF Mn AND Fe IN SOIL TO PLANT UPTAKE

Mn

According to Evans and Sorger (1966) Mn is required for the

activity of several enzymes including oxidase, peroxidase, dehydro

genase, decorboxylase and kinase.

Adams (1965) contended that exchangeable Mn was probably the

best estimate of immediately available Mn in soils of high pH.

However, the level of water-soluble Mn was probably best for soils

of low pH. The absorption of Mn by plant appears to occur only in

divalent state (Mulder and Gerretsen, 1952).

Soils having less than 25 ppm active Mn (easily-reducible plus

exchangeable) would become Mn deficient when limed (Sherman et al.,

1942). Pailoor et al. (1970) established critical value to be 31

ppm Mn using navy beans. Manganese uptake by various crops de

creased progressively as soil pH was increased by lime application

(Abruna et al., 1964,1974), indicating that soil solution levels

of Mn decreased as soil pH increased. Dual and Maurice (1970) re

ported that if soil pH was around 6 and the soil contained less

than 20 ppm easily-reducible Mn, plant might show deficiency symp

toms. And if Mn values were over 100 ppm and soil pH < 5, toxicity

might result. Vomel and Ulrich (1963) found that if mature sugar

beet leaves contained 10 ppm Mn, a significant reduction in yield
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was seen. Gupta et ale (1970) observed bronze colored spots on

carrot (Dawcus cetrota L., sativa D. C.) leaves when Mn content of

tops was over 2600 ppm. Jones (1972) summarized some of the earlier

work and remarked that if the plant dry matter contained less than

. 20 ppm Mn, deficiency was likely and over 500 ppm Mn might be toxic.

The uptake of Mn by rice plant increased with an increase in

the Mn level of the culture solution (Tanaka and Navasero, 1966a).

When Mn was low, much of the Mn absorbed by the plant went to the

shoot. In the shoot, the Mn reached higher concentrations in the

young growing leaves rather than in older leaves. However, be

cause Mn continued to accumulate for a long period of time, the

older leaves had a higher Mn content than the younger leaves, when

plants were supplied liberally with Mn. The Mn toxicity symptoms

develop first on the older leaves. Clements (1965a) stated that

the Mn/Si02 ratio is one of the most important negative factors in

sugarcane growth. On the other hand, Ayres (1966) believed that

Mn was not toxic to sugarcane in Hawaii. He found that the

addition of 100 lbs Mn/acre as MnS04 to soil already containing

the element in high concentrations produced a gain of 0.4 tons of

sugar/acre. Halais and Parish (1963) found an inverse relation

ship between Si and Mn concentrations in sugarcane sheaths. Vlamis

and Williams (1967) conducted studies with atlas barley (Hordeum

vulgare), California red oats (Avena sativa), wheat (Triticum aesti

vum), common rye (Secale cereale) , ryegrass (Lolium multiflorum)

and caloro rice (Oryza sativa) in culture solutions with the Mn



40

content ranging from 0 to 5 ppm. Toxicity symptoms appeared at

high Mn levels. In·all species, the conentration of Mn decreased

as a result of dilution by increased growth when Si was added.

Samuels and Alexander (1968) suggested that exposure to excessive

Mn caused the plants to compensate by increasing their Si uptake.

~anganese content of leaf blades and leaf sheath increased with

increasing Mn concentration in solution. However, Fe content of

leaf blade decreased with increasing Mn in solution whereas the Fe

content of leaf sheath increased (not explainable). Khalid (1974)

found less Mn in young tissue than the old in Desmodium (Desmodium

asparines L. =Q. intortium M.) and Kikuyugrass (Pennisetum clandes

tine, Hochst).

In soils where Mn toxicity is a problem, a treatment can be

indicated which favors the step to Mn4+ formation from reduced

species. There the application of Mn oxidizing microbes can be

successful which immobilize the excess of soluble ion (Fujimoto

and Sherman, 1948; Misra and Mishra, 1969). Manganese oxide

(Mn02) reducing organism is Aspergillus niger. It is an acid

former. Skerman and Bromfield (1949) isolated three organisms

from the zones of formation of black oxide (Mn oxides), Pseudomonas,

Serratia and Aerobactor. None could carry out the oxidation alone

but when tested in pairs rapid oxidation was obtained. Clementset ale

(1968) reported that if possible a soil should be limed to pH 5.8

to prevent problems with ferrous iron and Mn toxicities. E1-Tahir

(1976) observed that lime application reduced plant tissue Mn
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significantly. High levels of Fe in sugarcane sheath and top were

found at low pH. Raising soil pH reduced sheath Fe markedly.

Fe

The content of water-soluble Fe in most aerobic soils is so

low that it is almost chemically undetectable (Ponnamperuma, 1974).

Plant roots extract Fe by first reducing insoluble Fe3+ to the more

soluble Fe2+ form (Brown et al., 1961; Ambler et al., 1971). Be-

cause in mesophytes, the flux of oxygen decreases from the bulk of

the soil to the root surface, their rhizosphere tends to be reduc

ing. This facilitates the uptake of Fe. Thorne and Wann (1950)

and Porter and Thorne (1955) concluded that manure and/or excess

irrigation worsened Fe chlorosis because of high bicarbonate in

the soil solution rather than low oxygen levels. Olson and Carlson

(1971) extracted Fe with 1 ~ NH40Ac (pH = 4.8) and classified soils

on the basis of degree of deficiency symptoms. At Fe levels

between 0.01 and 0.3 ppm, chlorosis of sorghum was slight to

moderate and plants grown on soil testing between 2 and 32 ppm Fe

were not chlorotic. From this, it appeared that the critical level

would be 2.0 ppm Fe by this method for plants sensitive to Fe

deficiency. High Mn/Fe ratio, high pH and free lime enhance Fe

chlorosis. According to Jones (1972), generally when Fe values

were 50 ppm or less in the dry matter, deficiency was likely to

occur. Ponnamperuma (1974) commented that the main features of

soils on which Fe toxicity appeared were low pH, a low cation

exchange capacity, a low base saturation, a low supply of Mn, a

high content of organic matter and a poor drainage.
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Fe-Mn Interactions

As concerns Fe-Mn interaction, excess Mn hinders the transloca-

tion of Fe in plants by causing Fe in plants to convert into an

insoluble form which leads to Fe deficiency (Chapman and Brown,

1943; McHargue, 1945; Premi, 1971). In oats, Mn deficiency symptoms

have been reported to be identical to those of Fe toxicity, and Fe

chlorosis has been produced by increasing the Mn level (Twyman,

1946).

The interference of Mn with the availability of Fe to pineapple

plants has been explained by Johnson (1924) and Kelley (1909, 1912)

as due to the oxidation of Fe by Mn in soil and leaf tissues. Some

other studies (Sideris et al., 1943; Sideris and Young, 1945;

Sideris and Young, 1946) revealed that iron may be made unavailable

to the leaf tissues because of its precipitation in the exodermal

root tissues at pH higher than 5.5. High pH values are generated

by a greater rate of absorption of anions than cations (N03 vs K

or Ca) by plant roots. Possible mechanisms (Sideris, 1950) for

explaining the deposition of Fe in the exodermal tissues of roots

grown in solution cultures supplied with or without Mn may be

attributed to a) the alkalinity of the products of hydrolysis of

bicarbonate ions formed from CO2 by respiring roots, and b) the

oxidation of Fe by Mn as shown below:

Fe2+ + Mn3+~ Fe3+ + Mn2+
~

Both reactions are possible in soils of higher pH than 5.5 and

in the exodermal tissues of roots but not as much in the chlorophyllous
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tissues of pineapple leaves with high acidity (pH 3.4-4.6) and

reducing agents such as ascorbic acid (Sideris and Young, 1944,

1945, 1947). In another study Sideris (1950) found that most of

the iron removed from the nutrient solution was deposited in the

roots, presumably in the exoderma1 tissues, more so in the cultures

supplied with than without Mn. The amounts of translocated iron

from the roots to the leaves was considerably lower in the cultures

supplied than without Mn. No precipitation of Fe could be detected

with certainty in the nutrient solutions containing Mn as a result
. 2+ 3+ 3+ 2+of the reactlon; Fe + Mn ~ > Fe + Mn •

Since there is an antagonistic effect between Fe and Mn uptake,

increasing the Mn content in soil solution may cause iron defici-

ency and the value of Fe/Mn ratio in the plant might be a good index

to show iron deficiency (O'Sul1ivan, 1969). When the Fe/Mn ratio

in plant tops was within the range 0.8 - 2, normal growth of this

plant could be obtained. Whenever the ratio was outside of this

range (>2), yellowing in basal parts of the leaves was observed

(Dalal and Chatterjee, 1971). Shive (1941) pointed out that Fe/Mn

ratio in a normal plant tissue should be 1.5 to 2.5. In studies of

Tanaka and Navasero (1966b) on rice plants, Fe/Mn ratio of the

plants did not give a clear-cut picture as to the critical condi

tion at which symptoms developed. The same investigators reported

that in the rice plant (Oryza sativa), increased levels of Mn in

culture solution decreased the Fe content of the leaves and roots.

However, the decrease was more pronounced in the roots and was

smaller in the old leaves than in the young ones. In culm, high
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Mn was associated with high Fe. The Fe/Mn ratio in plant tissue

varied from 0.01 to 25.8. On the contrary, Mass (1967) observed

that Fe2+ reduced Mn 2+ absorption by barley roots but the reverse

was not true.

In some investigations of Ponnamperuma (1974), low pH brought

about by nitrification and absorption of NH4 from (NH4)2S04 ferti

lizer, made Mn more soluble as compared to Fe. This increased the

concentration of Mn and depressed that of Fe in the plant. The

high concentration of N03 probably enhanced the uptake of Mn and

further depressed that of Fe. He found a negative correlation

between Mn in straw and straw yield of rice and positive relation

ship with Fe in straw and straw yield.
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CHAPTER 3

EFFECTS OF INCORPORATING SUGARCANE TRASH ON
SOIL (WAHIAWA) AND PLANT (SUGARCANE) CHARACTERISTICS

INTRODUCTION

Organic matter has long been used to improve the physico-chemical

properties of soil. It may serve as food for microf10ra and greatly

enhance the microbial population in the soil. Thus, the available

forms of Nwill be rapidly used up in the early stages of organic

matter decomposition (Tam and Magistad, 1936; Asghar and Kanehiro,

1976) and plants may suffer N deficiency. It has been indicated that

increased microbial activity may lead to an immediate and marked drop

in oxygen content and an increase in carbon dioxide content of soil air

(Alexander, 1967). Peech and Batjer (1935) stressed that extensive

microbial activity during the decomposition process might alter the

composition of gases in a soil atmosphere and bring about changes in

oxidation-reduction conditions. Incorporation of plant residue into

soil may also contribute to gaseous losses of nitrogen (Ba1asubramanian

and Kanehiro, 1976), change the water holding capacity (Asghar, 1972)

and soil pH (Sircar et a1., 1940). In turn, changes in soil pH (Tis

dale and Bertramson, 1950), moisture content (Christensen et a1., 1950)

and Eh (Manda1, 1961; Graven et a1., 1965) can alter nutrient availa

bility in soil, especially the availability of Mn and Fe. These

changes are related in turn to plant growth, directly or indirectly.

This study was undertaken to investigate the effects of incorpora

ting different rates of sugarcane trash in the Wahiawa silty clay on
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the soil and plant characteristics.

MATERIALS AND METHODS

Materials

Plant Material

Sugarcane (Var. H50-7209) pieces were collected from the

Hawaiian Sugar Planters' Association Breeding Station, Kunia, Oahu,

from a 6-month-old crop. Single eye pieces were cut leaving an

approximate 4 cm portion of internode on each side of the node.

The seed pieces were cleaned with distilled water and dipped in a

400 ppm Benomyl (methyl-l-butylcarbamoyl)-2-benzimidazolecarbamate)

solution for one minute. The seed pieces were placed in trays

containing perlite and distilled water was applied two times a day.

Ten days after germination, the seedlings were transplanted

into pots.

Pots

Plastic pots of 9.5 liter capacity were used in this study.

The drainage holes were covered with a fine plastic screen to

avoid loss of soil.

Sugarcane Trash

Sugarcane leaves including sheaths (mostly dried) were col

lected from mature sugarcane plants grown at the Mauka Campus,

University of Hawaii, Honolulu, Hawaii. The sample was washed

to remove any soil particles sticking to the plants and chopped.
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The large sample was dried at 58°C in a draft oven, ground

to pass through a 1.78 mm sieve and mixed to get a uniform sample.

Some of the characteristics of this sample are given in Table 1.

Soil

Wahiawa surface soil (Tropeptic Eutrostox) was used in this

study. The soil was partially air-dried and passed through a 2

mm sieve. The weight of soil in each pot was 4.54 kg (10 lbs.).

Some of the general features of this soil are given in Appendix A.

The soil sample used in the present study contained 0.130% N,

0.85% organic C, 150 ppm extractable Al (1 li KC1), 2.14% total Fe

and 1.77% total Mn. Soil pH in water (1:1) was 4.39 and in 1 N

KCl it was 4.15.

Fertilizers

a. Nitrogen: Urea salt (reagent grade) was used as a source of

nitrogen.

b. Phosphorus: Ammonium phosphate, dibasic (reagent grade)

supplied some nitrogen and all phosphorus.

c. Potassium: Potassium chloride (reagent grade) was used as

a source of potassium.

Methods

Experimental Procedure

The plan of organic matter treatments under investigation is

depicted below:
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Table 1

Characterization of Sugarcane Trash

Constituent Concentration
------%------

Total:

Extractable:

N
p

K

Na
Ca
Mg
S

Si
C/N

Fe

Mn
Al
Cu
Zn

t
K

Na
Ca
Mg

a§
Fe b

c
a

Mn b
c

0.34
0.09
0.58
0.10
0.38
0.31
0.20
2.72

102
-----ppm----
157
186
216

3

13

5640
680

2600
2080

13.5
traces

12.7
50.4
26.4
8.8

c = Easily-

2.25
5.39

ECe (l :20)
(mmhos/cm)

pH (l :8)
tH20 - soluble for K, Na, Ca, Mg
§
a = HZO - soluble; b = (KC1-extractable)-(H20-so1uble);
reduclble (NH20H-HC1)

Miscellaneous:
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a. S. Trash = 0.0%

b. S. Trash = 2.5%

c. S. Trash = 5.0%

d. S. Trash =10.0%

where S. Trash = organic matter as sugarcane trash.

All treatments received 100 ppm N~ 50 ppm P and 100 ppm K

initially. Three replications were maintained.

The soil (4.54 kg/pot on oven-dry basis) was spread on a plas

tic sheet in a thin layer and the initial levels of fertilizer were

added in a 50 ml solution as a spray. The soil was mixed to ensure

uniform distribution of fertilizer. Then~ calculated amounts of

sugarcane trash were mixed in the soil~ samples were placed in 9.5

liter capacity pots and distilled water (1000 cc) applied.

After one day of equilibration the seedlings were transplanted

into the pots on August 14~ 1975. Distilled water was applied

during the course of plant growth. Soil leachate from individual

pot was received in a plastic pan kept under the pot and poured

back each time to avoid the loss of nutrients. During the span of

this experiment (about six months)~ 250 ppm N (500 lbs. N/acre)~

100 ppm P (200 lbs. P/acre)~ and 350 ppm K (700 lbs. K/acre) were

applied.

Soil Eh

Platinum electrodes were constructed as described in Appendix

B. Two platinum electrodes were inserted in each pot at 10 cm

depth from soil surface. During the course of this study~ the
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platinum electrodes were left in their place and redox potential

readings were taken in situ, by connecting a reference electrode

at the surface of the soil, temporarily.

Soil Bulk Density

The weight of soil plus organic matter (0.0. basis) in each

pot was known. The soil containing 0, 2.5, 5.0 and 10.0% sugar

cane trash was packed in the pot with a uniform force (not to the

same bulk density) and water applied. The volume of water needed

to fill a similar size empty pot to the same level as occupied by

the soil plus organic matter was determined.

Bulk Density =Weight of so~l plus trash =glcc
Volume of s011 plus trash

Soil Strength

The soil strength was determined by using a pocket penetrometer

six months after incorporating the sugarcane trash as described in

Appendix B.

Harvesting

The plants were cut with a stainless steel blade and separated

into green and dry leaves plus sheaths and corresponding stalk.

The samples were washed with distilled water for about 30 seconds

and dried at 580C in a draft oven to constant weight.

The roots were cleansed of soil with tap water and then dipped

in 0.01 N HCl for 30 seconds. Next, the roots were rinsed in three

consecutive distilled water-filled pans for a total of 30 seconds.

Lastly, they were slowly washed with distilled water for 30 seconds
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in a Waring blender avoiding shredding of roots. The roots were

oven-dried, and ground for analysis.

Soil Sampling

The soil was removed from each pot and subsamples were taken

to make a homogenized soil sample before washing the roots. The

soil samples were stored in a refrigerator in double polyethylene

bags.

Soil Analysis

The soil samples were analyzed for different constituents by

using the methods summarized below. The detail~ of each method

are given in Appendix B.

Soil samples were analyzed for total N by the modified Olsen

method (1929), NH4-N in a 1 ~ KCl extract using a NH3-electrode

(Banwart et al., 1972) and N03-N in a 0.02 li CUS04 extract using

a N03-electrode (Balasubramanian and Kanehiro, 1974). Organic

C was determined by a wet digestion method (Walkley and Black,

1934) and the colorimetric procedure of Perrier and Kellogg (1960)

was used to estimate water-soluble carbon. Aluminum was measured

in a 1:25 soil-solution (1 li KC1) extract. Soil pH was determined

in a 1:2 soil-water suspension and ECe in a 1:10 water extract.

Water-soluble, exchangeable (1 ~ NH40Ac at the soil pH) and easily

reducible (with NH20H-HC1) Fe and Mn were determined using an

atomic absorption spectrophotometer, Perkin-Elmer Model 303.
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Plant Analysis

The plant samples were first ground in a Waring blender equipped

with a stainless steel blade to a coarse texture. Then the samples

were finely ground to pass through a 0.1 mm sieve using a carbide

grinder. The plant samples were analyzed for elements (except N)

by using x-ray fluorescense spectrometry through the mechanism of

a Quantometer, Model 72000.

Total N in plant samples was determined by digesting the sam

ples on a Tecator Digester and analysis was done with a Technicon

AutoAnalyser (Schuman et al., 1973).

RESULTS AND DISCUSSION

Effects of Incorporating Sugarcane
Trash on Soil Characteristics

Soil Eh

Data on the effects of incorporating sugarcane trash on soil Ehl

at different periods are presented in Appendix C, Table 23. A decrease

in soil Eh was observed as a result of trash application (Fig. 1). An

increasing rate of trash was associated with a decreasing Eh of the

system. After one month the control treatment (O.M. = 0.0%) showed a

significantly higher value of Eh as compared to the treatments where

trash was applied. Generally, a statistically significant reduction in

Eh of the soil was observed at the 5.0 and 10.0% levels of trash at

different time intervals. At the 10.0% trash rate negative value of Eh

was recorded at the three-month period and Eh remained negative in the

succeeding months (Fig. 1). It was observed that soil Eh decreased

lEh values were not adjusted to any particular pH
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initially, went through a minimum and increased during the later peri

ods (Fig. 1) of trash decomposition.

A decrease in soil Eh after organic matter addition has been re

ported by some other workers (Vandecaveye and Katznelsen, 1938; Buehrer

et al., 1939: Ponnamperuma and Castro, 1964; Asghar and Kanehiro, 1976).

This decrease in Eh might be due to microbial population explosion dur

ing the decomposition process which will reduce oxygen level in the soil.

Peech and Batjer (1935) stressed that extensive microbial activity dur

ing the decomposition process might alter the composition of gas mixture

in a soil atmosphere and thus oxidation-reduction conditions. Similarly,

Malloch and Young (1940) credited microoganisms as causing change in Eh.

Another reason for the decrease in Eh on trash incorporation might

be an increase in soil pH as soil pH and Eh have inverse relationship

(see Nernst Equation on page 22 of this dissertation and Fig. 4). Dar

nell and Eisenmenger (1936) reported a negative correlation between

soil Eh and pH, although they found a wide range of values for the

Eh/pH slope.

High retention of moisture as a result of trash addition as ob

served by Asghar (1972) may also be a factor in reducing soil Eh.

Water in the soil could exclude air from the sailor decrease the rate

of exchange of oxygen from the outside atmosphere to the soil atmos

phere. In order to emphasize the effect of excess water in soil, let

us make some theoretical calculations. In a water system, the oxygen

diffusion rate is a function of the concentration of dissolved oxygen.

The solubility of oxygen in water at OOC and 760 mm Hg is 0.049 cm3cm-3.

The oxygen diffusion coefficient in water is 1.25 x 10-5 cm2sec- l while
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that in air is 0.178 cm2sec-l . The ratio of oxygen diffusion rate ~

in air to that in water would be:

(%t)air

(%t) water

0.178
= 1.25 x 10-5

1.00
x 0.049 = 291,000

The actual ratio calculated here is for a pure oxygen system so

it is not directly applicable to soil conditions, but it shows that the

rate of oxygen diffusion in air is higher than in water. Therefore,

excess water is expected to restrict oxygen diffusion and affect soil

Eh.

It is important to point out that Eh values were recorded 24 hours

after irrigation and allowing free drainage to take place. At the 6

month period, the moisture retained by the soil 24 hours after irriga

tion and free drainage was approximately 46, 55, 66 and 84% (weight/

weight) at the 0, 2.5, 5.0 and 10.0% trash rates. The Eh measured 24

hours after irrigation in the 6-month period was 387, 381,319 and -38

mv at the 0, 2.5, 5.0 and 10.0% trash rates, respectively. However,

96 hours after irrigation, Eh values were 439, 426, 386 and 306 mv at

the 0, 2.5, 5.0 and 10.0% trash levels, respectively. Therefore, during

the course of this study Eh would be fluctuating depending upon the

stage of trash decomposition, age of the plant and the irrigation inter

vals.

The results of the present study are important as soil Eh is

related to the availability of Fe and Mn.
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Soil pH and Extractable Al

Data on the effects of sugarcane trash incorporation on soil pH

and extractable Al (1 li KC1) are given in Appendix C, Table 24.

Figure 2 shows that increasing levels of cane trash resulted in

a significant increase in soil pH which was measured at the end of the

experiment (6 months of decomposition). As soil pH increased, the

concentration of extractable Al decreased significantly at the 0, 2.5,

5.0 and 10.0% rates of trash (Fig. 2). Near a soil pH of 6, very little

Al was extracted (Fig. 3). These results show that if Al toxicity is a

problem in some of the tropical soils, liming of soil to a pH of 7 is

not necessary. Increasing soil pH reduced extractable Al in soil in

some other studies using Hawaiian soils (Khalid, 1974; El-Tahir, 1976;

Rosenau, 1969). However, it is important to keep in mind that in the

present study an increase in soil pH and a reduction in Al concentra

tion was observed due to trash incorporation and not because of the

application of lime.

Figure 4 depicts the relation of soil Eh to soil pH at 6 month

period. An inverse relationship was observed between soil pH and Eh.

This inverse relation between soil pH and Eh is well established (Pon

namperuma, 1955a). However, the slope of the line that represents

soil pH-Eh relationship varies widely, depending upon the redox system

operating in the soil. Let us consider the Fe system.

The Nernst equation relating Eh to pH of the system can be written

as:

Eh = Eo - 59(~) pH

where Eh = redox potential of the system in mv
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Eo = standard potential of the system in mv

a = number of protons involved in the reaction

n = number of electrons

Many i ron systems may be operati ng ina soi 1:
+ -a. 2Fe304+H20, > 2Fe203+2H +2e

here .! =.£ = 1
n 2

Eh = 220 - 59 pH

Fe2++2H2S~FeS+4H++2e-

.!=i=2
n 2

Eh = -140 - 118 pH
2+ + -Fe +2H20~FeO.OH+3H +e

d•

.!=3
n

Eh = 1058 - 177 pH
2+ + -Fe +4H20~ Fe304+8H +2e

.!=4
n

Eh = 990 - 237 pH

Let us consider Eh-pH slope of Mn system as well.
2+ + -Mn +2H20~Mn02+4H +2e

.!=i=2n 2
Therefore the slope of the linear equation pH-Eh is expected to be

59 x 2 = 118 mv/pH.

Kohnke (1934) determined the pH-Eh relationship in Fe systems and

found that up to about pH 2.5 Eh varied only slightly with pH while

from pH 3.5 to pH 6.8, the change in pH value was approximately 174

mv per pH unit change.
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The preceding statements give an idea of the wide range of ~~~

value expected in soil. In the present study, for the data in Fig. 4,

the pH-Eh relationship can be represented by the following equation:

Eh = 1390.2 - 224.3 pH

r = -0.927**

Howeve~ when the data at the 10% trash level was excluded the

relationship was quite different from the previous one.

Eh = 743.3 - 81.8 pH

r = -0.852**

Very likely, different systems with different Eh-pH relationships

are involved in the above two situations. According to Puri and Sarup

(1938), any similarity of Eh/pH slopes in different soils and under dif-

ferent conditions is fortuitous, experimentally and theoretically. It

should be noted that in the present study, Eh was measured in situ in

pots and pH was determined on soil samples brought to the laboratory

which will make the situation even more complex.

Now we discuss the topic of pH increase after trash incorporation

in detail. An increase in soil pH after plant residue incorporation

has been reported in earlier studies (Marten and Pohlman, 1938; Sircar

et a1., 1940; Motomura, 1962b). The reason for the pH increase might

be the reduction of higher oxides of Fe and Mn into more soluble forms

and production of H2S as shown in the following equations (Takkar,

1969).

Fe203+Mn203+6H20 ~2Fe(OH)3+2Mn(OH)3

Fe(OH)3+Mn(OH)3+2e- , Fe(OH)2+Mn(OH)2+20H

FeS+2H+~ Fe2++H2st
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Ponnamperuma and Castro (1964) reported the following reactions,

which could result in an increase in soil pH.

Mn02+4H++2e-< b Mn2++20H

Fe(OH)3+e-~ Fe2++30H

Fe(OH)3+e- < >Fe(OH)2+0H-

Similar results were reported by Takai et ale (1957). Iron reduc

tion in soil has been associated with increased soil pH of acid soils

under submerged conditions; this reduction is believed to be a factor

in the "self-liming" effect (Cate and Sukhai, 1964; Patrick and Wyatt,

1964) .

Fe(OH)3+e-~ Fe(OH)2+0H-

Production of NH4-N as a result of the mineralization process and its

accumulation in soil may also contribute to an increase in soil pH as

shown below:

enzymatic
R-NH2+HOH hydrolysi s ~ R-OH+NH 3+energy

~rotein)

+ -NH3+HOH~ NH40H ---.NH4+OH

In the light of the above probable reasons for an increase in soil pH

when trash is added, it is important to discuss the data regarding Fe

and Mn and NH4 concentration in soil in the present study.

Soil Fe

The data on the effects of trash incorporation on soil Fe are

included in Appendix C, Table 24. A very low concentration of extrac

table Fe (1 ~ KC1) was detected at all levels of sugarcane trash (Fig.

5). However, 2.43 ppm Fe in the control treatment was significantly
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higher than that in treatments where trash was applied. The concentra-

tion detected was 1.73, 1.87 and 1.47 ppm Fe at 2.5,5.0 and 10.0%

trash rates, respectively. The easily-reducible fraction was 270 and

260 ppm at zero and 2.5% trash rates, respectively, and these values

were not significantly different (Fig. 5). Application of trash at

5.0 and 10.0% rates decreased the concentration of easily-reducible Fe

to 41 and 15 ppm, respectively. The decrease in extractable Fe and

easily-reducible Fe might be due to an increase in soil pH when trash

was applied. At pH > 5.0, no stable form of Fe can exist in oxidizing

solutions at concentrations greater than 0.01 ppm, except in the form

of organic complexes or as colloidal Fe(OH)3 as reported by Hem and

Cropper (1959) and Hem (1960). According to Ponnamperuma (1974) and

Adams (1965) the content of water-soluble Fe in most aerobic soils is

so low that it is almost chemically undetectable. Another reason for

the low concentration of extractable Fe on trash incorporation might

be an excess of Mn in the soil solution. This topic will be discussed

at a later stage.

Soil Mn

Data pertaining to the effects of trash incorporation on the dif

ferent forms of Mn in soil are reported in Appendix C, Table 24.

Sugarcane trash incorporation increased the concentration of H20

soluble and exchangeable Mn in the soil significantly (Fig. 6). Fuji

moto and Sherman (1948) reported a large increase in exchangeable Mn

when sugarcane trash and pineapple residues were applied to soil.

When large quantities of organic matter are incorporated into the soil,

Mn and Fe may be solubilized (Sherman and Harmer, 1942; Mann and
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Quastel, 1946; Bloomfield, 1951; Motomura, 1962a). Fujimoto and Sherman

(1948) suggested that the reduction of higher oxides of Fe and Mn took

place when the biological oxidation of organic matter proceeded at so

rapid a rate that the air cannot supply oxygen in adequate amounts.

In the present study the increase in Mn concentration when different

rates of organic matter were applied was associated with the release

of Mn from the trash as it decomposed (Table 1) and lowered redox po

tential in the systems in which trash was incorporated (Fig. 1). Cope

land (1955) found a negative relationship between extractable Mn and

soil redox potential. Easily-reducible Mn was 9183, 8925, 9267 and 4217

ppm at 0, 2.5, 5.0 and 10.0% rates of trash addition, respectively.

There was a significant decrease in the easily-reducible fraction

of Mn at the 10.0% trash level. This might be because a major part of

the initially easily-reducible fraction was changed to the water-soluble

and exchangeable forms in this treatment. Note that the sum of water

soluble plus exchangeable Mn is higher where 10.0% trash was applied

than in the other treatments (Fig. 6). Ghanem et al. (1971b) found that

an increase in water-soluble plus exchangeable Mn after wheat and clover

straw addition was accompanied by a decrease in the easily-reducible

Mn, suggesting that part of the Mn02 was transformed to the divalent

state. Similar results were reported by Motomura (1962a). The higher

pH in the 10.0% trash treatment (Fig. 2) than in the others might have

reduced Mn solubility to some extent. It is also possible that Mn may

have formed complexes with organic acids (Bremner et al., 1946; Bloom

field, 1951; Beckwith, 1954). There are conflicting reports about the

Mn availability of such complexes. The results of the present study,
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in agreement with the findings of Elliot and Blaylock (1975), show

that there is a potential for Mn toxicity in a normally unsaturated

soil when large amounts of plant residue are incorporated.

It is interesting to see that Fe concentration in soil did not

follow the trend of Mn concentration, probably because the conversion

of Fe3+ to Fe2+ occurs in the Eh range of 100 to 300 mv (Parr, 1969),

while Mn4+ is reduced to Mn2+ in the 200 to 400 mv range (Aomine, 1962).

Alexander (1967) placed the critical Eh value for Fe2+ formation at

around 200 mv. A higher concentration of Mn is stable at a given Eh and

pH than Fe, e.g., at an Eh of 300 mv and a pH of 8, the activity of

Mn2+ would be 10 ppm, whereas the activity of Fe2+ would only be 4.2 x

10-9 ppm (Hem, 1963). If we observe the sequence of redox systems in

soil (Ponnamperuma and Castro, 1964) we find that the Mn system is at a

higher level (E
0
7 = 0.41 volts)l than the Fe system (E

0
7 = -0.13 volts).

This means that as long as there is an ample supply of higher oxides

of Mn in soil that could be reduced, Fe2+ will not be released into

soil solution in significant amounts. Wada and Matsumoto (1972) mixed

Mn oxides in soil, passed FeS04 solution through the columns and ana

lyzed the leachate. They reported that Fe2+ was oxidized to form a

precipitate in the soil column whereas Mn4+ was reduced to form Mn2+.

The soil used in the present study, Wahiawa silty clay, has a large

accumulation of higher oxides of Mn (1.77% total Mn) and Mn would keep

Fe in an oxidized state. In pineapple, grown on Oxisols of Hawaii,

Fe deficiency has been attributed to the presence of high levels of Mn

lE
0
7 = standard potential of the system at pH 7.0
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(Johnson, 1924).

Now let us trace why there was an increase in soil pH after trash

application. It was earlier noted that Fe concentration in soil did

not increase when trash was applied. The reaction of H2S production

(FeS + 2H+ ~Fe2+ + H2S) as given by Takkar (1969) is not expected

to be taking place under the present experimental conditions. Note that

NH4-N concentration in soil (Table 2) is not high enough to change pH

drastically. Therefore, the contributions of Fe-reduction, NH3 and H2S

production to an increase in soil pH should be negligible in the present

study.

It is pertinent to point out that the trash contained high concen

trations of basic cations (Table 1) which would affect soil pH upon

trash decomposition. Furthermore, Mn concentration increased signifi

cantly when trash was applied (Fig. 6). Thus, the most probable reasons

for the increased pH observed are:

a. Mn reduction from higher oxides.
+ - 2+ -Mn02 + 4H + 2e~ Mn + 20H

This probably occurred at the expense of Fe oxidation without

mobilization of Fe.

b. Basic cations in the trash being applied. Calculations showed

that at the 10% rate of sugarcane trash addition, approximately

0.43, 1.49, 1.90 and 2.55 me/100 g soil of Na, K, Ca and Mg

were applied, respectively.

Although soil pH increased (Fig. 2), Mn concentration in soil

also increased (Fig. 6). This is in contrast with the relationship

between soil pH and Mn solubility in an oxidized soil system. Tisdale
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and Bertramson (1950), for example, found an inverse relation between

soil pH and extractable Mn. It is thought that in the present study,

the organic matter is the governing factor rather than the soil pH in

regulating the concentration of Mn in soil.

Other Soil Characteristics

Data on some soil characteristics influenced by trash incorpora

tion relevant to this study are presented in Table 2.

Results of other investigators (Black, 1973; Masui and Ishida,

1975) agree with the results reported here that a massive application

of organic matter increases organic C, total N, C/N and ECe. Stephen

son and Schuster (1945) recorded an increase in soluble K and Ca in

soil as a result of wheat straw mulch addition. Yeh (1968) noted an

increase in organic matter, total N, acid-soluble P and exchangeable

K because of a continuous application of compost or solid manure to

each crop for a period of nine years.

There was no clear trend in NH4-N concentration after sugarcane

trash addition (Table 2). A significant increase in N03-N concentra

tion in soil was noticed after a six-month decomposition period and

sugarcane growth. However, a plot of N03-N/NH4-N in soil vs soil pH

revealed a very interesting relationship (Fig. 7). Note that NH4 to

N03 conversion seems rather slow in the soil pH range 4.28 to 4.47

which is the range of expected Al toxicity. At these pH levels, over

100 ppm extractable Al was measured (Fig. 3).

An increase in the rate of NH4 to N03 conversion at soil pH

values favorable to nitrification was reported by Foxl (personal

lManuscript prepared for Geoderma, IIA study of highly weathered soils
of Puerto Rico. Part III. Chemical properties. 1I



Table 2

Effects of Incorporating Sugarcane Trash on Soil Composition (after six months)

Sugarcane orraniC Carbon Total
Trash ECe H20-so uble Total N NH4-N N03-N

(%) mmhos/cm ---------------%----------------- C/N ---------ppm-------

0.0 0.122t 0.018 0.98 0.135 7.3 4.9 a 5.8 a
2.5 o. 187 0.024 1.81 0.153 11.9 2.5 ab 5.5 a
5.0 0.323 0.027 2.65 0.165 16. 1 1.9b 7.8

10.0 0.379 0.039 4.43 0.181 24.5 4.0 ab 11. 1

Sugarcane Extractable Soil
Trash p Na K Ca .l19- Strength

(%) -----------------------ppm---------------------- Kg/cm2

0.0 10.57 a 82 a 56 50.0 b 15.3 1.65
2.5 8.03 79 a 167 52.3 b 20.7 a 1.44 a
5.0 11.33 a 106 702 237.7 a 21.3 a 1.32 a

10.0 10.83 a 122 904 262.3 a 22.0 a 1.04

tValues in a column followed by the same letter are not significantly different from each other at the 5%
level of probability.
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communication) in nitrogen mineralization studies using some soils of

Puerto Rico. Note that in the present study the ratio of N03-N/NH4-N

dropped off at pH 6.12 which would ordinarily be a favorable pH for

nitrification (Fig. 7). The situation might have been complicated by

Mn which was mobilized (Fig. 6) because of reduced conditions associ

ated with high percentages of organic material (Fig. 1).

A significant decrease in soil bulk density and soil strength

was observed as a result of trash incorporation (Fig. 8). In some

other studies (Brawand, 1964; Black, 1973), increasing residue levels

decreased bulk density of soil. Yeh (1968) found that a continuous

application of compost or solid manure to each crop for a period of

nine crop years slightly increased the total pores and macropores of

soils while the bulk density was decreased. It is interesting to see

a decrease in soil strength as this decrease should facilitate germi

nation and growth of seedlings. Taylor et al. (1966) investigated the

soil strength-root penetration relationships for medium to coarse tex

tured soil and established that the percentage of tap roots of cotton

that penetrated the soil cores decreased as soil strength increased.

Effects of Incorporating Sugarcane Trash
on Sugarcane Growth and Composition

Plant Height

Data regarding the effects of trash incorporation on sugarcane

growth are given in Appendix C, Table 25.

Figure 9 shows the height of cane at different periods. The growth

of plants was adversely affected when trash was applied. Increasing
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rates of organic matter resulted in decreasing heights of the plant.

The differences were more prominant at the earlier stages of organic

matter decomposition. It is emphasized that the growth in the control

treatment was not much increased after about 2 months. However, plants

continued growing where trash was applied. Reasons for the abnormally

poor growth at the latter stages of the experiment will be explored in

the next topic, i.e., dry matter yield.

Dry Matter Yield

Data on the effects of incorporating cane trash on dry matter

yield of cane are presented in Appendix C, Table 26.

The top (leaves plus stems) and root yields decreased significantly

when trash was applied (Fig. 10). At the 10.0% organic matter level,

there was over 60% reduction in dry matter yield as compared to the

control treatment. There was a general deficiency of N in all treat

ments and that might have affected the total yield. The soil data

(Table 2) showed that NH4-N or N03-N concentration was less than 12

ppm in all treatments whereas Fox (1976) reported that to obtain 95%

of the maximum yield of sugarcane about 50 ppm N03-N in solution was

needed. It is stressed that the objective of this study was to see

the effects of fresh trash incorporation on soil and plant characteris

tics.

The addition of plant residue into the soil has a profound effect

on available forms of N in soil. Furthermore, as a result of decom

position process, N is released into the soil. Therefore, it was

thought appropriate not to supply the plants with excessive amounts of
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N fertilizer as that would have defeated the objective of the study.

However, the amount of N applied (250 ppm) in the present study is not

low for a field experiment. In the pot experiment the volume of soil

used is limited for root growth compared to the field situation and

therefore even a normal rate of fertilizer for a field experiment might

be low in the case of a pot study. Limited space in the pot for root

proliferation will have a definite effect on plant growth because of

the limited supply of all nutrients. We are presently interested in

the relative yields of sugarcane, with and without trash treatment,

although the absolute yields might be low. Hagihara (1974) summarized

the results of filter cake and cane trash additions on sugarcane growth

and composition in experiments conducted in Hawaii in which variable

results were reported. Decreased dry matter yields may result from

immobilization of available forms of N in soil as a result of a microbial

population explosion during the decomposition process (Asghar and Kane

hiro, 1976). It is recalled that cane trash was added in a finely

ground state and had a wide C/N ratio (C/N = 102). For every unit of

carbohydrate utilized by the microbial populations, a certain amount

of N is also needed. And if N is not supplied in sufficient amounts

in the material added, it is taken from the soil. This process leads

to a marked decrease in available forms of N in soil. The N is tied

up in the microbial protoplasm and made temporarily unavailable (Allen

et a1., 1934). Therefore, if some plants are growing, they will suffer

N deficiency and a decrease in the dry matter yield will result. The

adverse effect of trash addition may also have been due to the produc

tion of organic acids during the decomposition process (see Chapter 7
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in this dissertation) or increased Mn concentrations in the soil solu

tion when cane trash was applied (Fig. 6).

Plant N

Data on the effects of trash incorporation on sugarcane composi

tion are included in Appendix C, Table 27.

Nitrogen concentration in different parts of the sugarcane plant

is depicted in Fig. 11. The old leaves and old stems had lower concen

trations of N than their young counterparts. This is expected because

of the high mobility of N in the plant which will result in the accumu

lation of this element in parts where metabolic activity is great. The

addition of trash did not significantly affect N concentration in the

young or old stems or roots. The young stems contained the highest

concentrations of N compared to the other parts of the plant. Reasons

for this trend are not clear except that the final application of N

fertilizer was done about two weeks before harvesting sugarcane. The

N taken up by the plant after urea hydrolysis in soil might have accumu

lated in the stems and not transferred to leaves due to the time factor.

As concerns composition of old leaves, addition of sugarcane trash

at the rate of 2.5% though decreased the concentration of N but the

results were not statistically significant from the control treatment.

Application of 5.0 and 10.0% trash rates decreased N concentration in

old leaves significantly than the 0.0% and 2.5% trash rates. However,

5.0 and 10.0% trash levels were identical in affecting Nconcentrations.

Total N uptake in tops plus roots was significantly reduced from 1052

mg/pot in the control treatment to 368 mg/pot at the 10.0% trash level
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(Fig. 12; data in Appendix C, Table 28). The decrease in N uptake by

the plant on trash addition might be due to a) higher dry matter yield

in the control treatment, b) immobilization of available N in treat

ments where trash was applied. Mulching has been reported to decrease

N levels both in soil and plant (Hagihara, 1974).

It is pertinent to point out that the N concentration values

reported in the present study are below normally reported values in

the literature. This is because the plants were generally N deficient.

In the present study, leaf sheaths were combined with the leaf blades.

Therefore, the results of this study are not comparable to literature

values which are given for leaf blades only.

Plant P

Data regarding P concentration in different parts of sugarcane and

total uptake are given in Appendix C, Tables 27 and 28, respectively.

Generally, there was no significant effect of trash addition on

the P concentration in plant (Fig. 13A). However, old stems and leaves

had a lower concentration of P compared to the young counterparts (Fig.

13A) giving evidence of the mobility of this element in plant in con

trast to a soil situation. The translocation of P from older portions

of the plant to areas with high metabolic activity has been documented

by some other workers (Stout and Hoagland, 1940; Russell and Martin,

1949). Total uptake of P by sugarcane plant decreased when trash was

applied (Fig. 14). This is most probably due to higher dry matter

yield in the control treatment (Fig. 10) as compared to the trash

treated plants.
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Plant K

Data regarding Kconcentration in different parts of the sugarcane

and total uptake are reported in Appendix C, Tables 27 and 28, respec

tively. Application of trash increased Kconcentration in all parts of

the cane (Fig. 138). However, the differences in K concentration at

the various rates of trash (excluding the control treatment) were non

significant in the case of stems and roots. Young stems showed the

highest concentration of K than other parts of the plant. Young leaves

and young stems had a higher concentration of K than their old counter

parts, showing a high mobility of this nutrient in the plant. Total

uptake of K in tops (Fig. 15) was decreased only at the 10.0% trash

level, probably due to a large decrease in the dry matter yield in this

treatment (Fig. 10).

The increased concentration of K in plant on trash incorporation

has been reported by other investigators (Hagihara, 1974; Masui and

Ishida, 1975). It is most probably due to a high concentration of K

in the trash being added (Table 2) which is released into the soil.

The results show that the application of cane trash can cut down on the

fertilizer K requirements of the plant to a large extent.

Plant Ca

Either the Ca concentration was not affected as a result of cane

trash application or it decreased (Fig. 13C). However, total uptake in

tops and roots decreased significantly in trash-treated plants as com

pared to the control treatment (Fig. 16).
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Plant Mg

There was a significant increase in Mg concentration (Appendix C,

Table 27) after the application of cane trash in all the parts of the

cane (Fig. 130). Total uptake was found to be 103, 125, 109 and 91

mg/pot at the 0, 2.5, 5.0 and 10.0% trash rates, respectively (Fig 16).

It is interesting to note that young leaves had a lower concentration of

Mg than old leaves but in stems the order was reversed. Explanation

for this behavior is not clear. The results of the present study are

in line with the finding of Masui and Ishida (1975) who noted an increase

in Mg concentration in the plant when organic matter was applied.

Plant Si

Silicon concentration in plants increased significantly as a

result of cane trash application (Fig. l7C). Old leaves had a signi

ficantly higher concentration of Si than young leaves. However, in

stems, differences in Si concentration of young and old parts were not

as prominant as in leaves. Total uptake of Si by the sugarcane plant

was significantly higher in the trash-treated samples than in the con

trol treatment (Fig. 15). Therefore, a higher concentration of Si in

different parts of the sugarcane plant is a real one and not simply due

to the concentration effect (reverse dilution effect). Similar results

were reported by Hagihara (1974). Note that the cane trash used in

the present study had a very high concentration of Si (2.72%) which was

released on decomposition of organic matter. A positive relationship

of Si and Mn levels has been reported by Samuels and Alexander (1968).

They showed that the Si levels in the leaf blade of sugarcane increased
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with an increase in Mn levels. From such observations they concluded

that when the sugarcane was faced with an excessive supply of Mn, it

attempted to compensate by increasing its Si uptake. In the present

study, high Mn concentration in soil (Fig. 6) resulted in an increase

in the concentration of plant Mn (Fig. 19), which might be a factor in

an increased uptake of Si.

Plant S

Data on the concentration of S in different parts of the sugarcane

plant and total uptake are reported in Appendix C, Tables 27 and 28,

respectively.

Fig. 17A shows that there was a significant increase in S concen

tration in different parts of the plant when trash was applied. Total

uptake of S by sugarcane decreased (Fig. 14) with increasing level of

trash, but a significant reduction was observed only at the 10.0% trash

rate. This means that the higher concentration in trash-treated plants

than in the control treatment is not simply due to a concentration

effect.

Plant Na

There was no clear trend in the concentration of Na in different

parts of sugarcane when trash was applied (Fig. 17B). However, total

uptake decreased significantly on trash incorporation (Fig. 18), most

probably due to the decrease in dry matter yield in trash-treated

plants.
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Plant Al

In young and old stems, the concentration of Al increased signi

ficantly on trash addition in soil (Fig. 17D). In young leaves, no

clear trend was observed; however, in old leaves the concentration of

Al decreased significantly when trash was applied. It is interesting

to see that old parts had higher concentrations than young parts,

probably because of low mobility of Al in plant. Roots had the highest

concentration of Al as compared to the other parts (Fig. 17D). This

means that the plant roots did absorb large amounts of Al from soil but

this Al was not translocated to the upper parts of the sugarcane. Gang

war (1967) found that most of the Al to be in the plant roots rather

than in the tops. Plucknett et ale (1963) observed large accumulations

of Al in Leucaena roots but very little Al in the tops. Khalid (1974)

reported similar results.

Total uptake of Al by sugarcane (Fig. 18) decreased as a result of

trash application. This might be due to lower dry matter yields in

trash-treated plants than the control treatment. It is also reminded

that the solubility of Al in soils decreased significantly at various

levels of trash application compared with the control (Fig. 2). If

there were low concentrations of Al in soil solution, there would be

less uptake of Al.

Plant Fe

Appendix C, Table 27, shows the data on the concentration of Fe

in different parts of the plant.
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Iron concentration in young leaves was not significantly affected

by trash additions (Fig. 19B). In old leaves, the 10% trash rate gave

a significantly lower concentration of Fe than the other treatments.

In young and old stems, a significant increase in Fe concentration was

observed when trash was applied. The roots were stained with the color

of the soil even after cleaning them and thus iron values on root com

position were exaggerated and not meaningful (data not included).

Total uptake of Fe in tops was 34.6, 17.2,11.8 and 7.0 mg Fe/pot at

0, 2.5, 5.0 and 10.0% rates of trash, respectively (Fig. 20).

Plant Mn

Data pertaining to the concentration and total uptake of Mn are

reported in Appendix C, Tables 27 and 28, respectively.

Mn concentration in different parts of the sugarcane plant is

shown in Fig. 19A. There was a significant increase in Mn concentra

tion in old leaves, old stems and roots when trash was applied. Con

centration was higher in the old than in the young leaves, but in stems

the order was reversed. A large accumulation of Mn in old leaves is

evidenced by the fact that toxicity symptoms generally appear first on

the old leaves. An increase in the concentration of Mn in the plant

might be due to its high concentration in soil (Fig. 6) as reported by

Tanaka and Navasero (1966a). Another reason for the high Mn concentra

tion in the plant after trash incorporation in the present study may be

the so-called IIreverse dilution effect ll (concentration effect). This

means that as the dry matter yield decreases, the nutrients absorbed

will become concentrated, i.e., their concentration will go up compared to

the treatment where yield is high. In the present study, total uptake
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of Mn was computed to be 376, 304, 382 and 255 mg/pot at the 0, 2.5,

5.0 and 10.0% cane trash levels, respectively (Fig 20).

Some toxicity symptoms were observed in the lower leaves of plants

which were suspected to be due to high levels of Mn in plants. It is

interesting that, as expected, old leaves showed a very high concentra

tion of Mn on analysis (Fig. 19A), giving an affirmative clue that the

symptoms were most probably due to Mn toxicity.

Plant Cu

Data on the effects of incorporating sugarcane trash on plant Cu

are reported in Appendix C, Tables 27 and 28~

Variable trends were observed in Cu concentration in different

parts of the sugarcane (Fig. 19C). Total uptake of Cu in the tops de

creased significantly with an increase in the trash rate (Fig. 21). In

the roots, trash application increased Cu uptake over the control treat

ment (Fig. 21). It is possible that after sugarcane roots absorbed Cu,

it was not translocated to the tops. Note that the Cu concentration in

roots increased significantly in trash-treated plants as compared with

the control.

Plant Zn

The concentration of Zn in different parts of the sugarcane is

given in Appendix C, Table 27 and the total uptake in Appendix C,

Table 28.

The most significant changes in Zn concentration were observed in

the stems of sugarcane (Fig. 190). When the trash was applied, in

young stems, the Zn concentration decreased and in the old stems it



10 TOPS
I ~2.0

Sr-
• 00:j:!:i:i;:;: R TS

Zn !' I Cu- I I...
0i 41 n r -n.s

r----W
~«

~l
.

n r I I -11.0
~

w
0'

5 2~ I I I I -z ' r-1 I I I I I

IIl- I I I I ~0.5
11- I I I I I I n "1 I I I I r
0 0

0.0' 2.5 5.0 10.0 0.0 2.5 5.0 10.0
ORGANIC MATTER (%)

Fig. 21. Effects of incorporating sugarcane trash on Cu and Zn uptake by s!:~arcane
\0
(j')



97

increased, though the young parts had a higher concentration than the

old counterparts (Fig. 190). Total uptake of Zn in tops and roots de

creased (Fig. 21) as a result of trash incorporation compared to the

no-trash treatment, probably due to the differences in the dry matter

yields under various treatments (Fig. 10).

SUMMARY AND CONCLUSIONS

Sugarcane trash (finely ground) was incorporated in the Wahiawa

silty clay at the rates of 0, 2.5, 5.0 and 10.0% by weight and sugarcane

was grown for six months under greenhouse conditions. The effects of

cane trash addition on soil and plant characteristics were investigated:

A. Soil Characteristics

1. Soil Eh decreased and pH increased significantly in trash

treated samples compared with the no-trash treatment. At

the 10.0% trash rate negative values of Eh were recorded

during the last three months of this experiment.

2. Increase in soil pH on trash addition was associated with

a decrease in Al concentration in the soil solution.

Therefore, possible Al toxicity to plants growing in the

Wahiawa soil could be avoided by the addition of trash.

3. Iron concentration in soil was decreased and Mn concentra

tion increased after trash incorporation. Therefore, ad

dition of large amounts of trash may complicate the problem

of already-prevalent Fe deficiency in high Mn soils, such

as the Wahiawa.

4. Total N, organic C, C/N, K, Ca, Mg and ECe in soil increased
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after trash addition. Ammonium N in soil was not affected

to a great extent. However, N03-N in soil increased after

six months of trash decomposition.

5. Soil bulk density and soil strength decreased after trash

incorporation in the soil.

B. Plant Characteristics

1. Dry matter yield of sugarcane decreased as a result of

trash addition, probably due to N immobilization and a

large mobilization of Mn in soil.

2. The concentrations of N, P, Na, Cu andZnwere not greatly

affected in the trash-treated plants compared with the no

trash plants. Iron concentration did not follow any par

ticular trend. The concentrations of Mn, K, Si and Mg in

different parts of sugarcane increased significantly.

3. Total uptake of most of the elements by the sugarcane plant

decreased on trash incorporation, probably because of a

significant decrease in the dry matter yield.

It is concluded that on a short-term basis, incorporation of

massive amounts of fresh cane trash will affect plant growth adversely

if high ratesofN fertilizer are not applied along with organic matter

addition. A potential for the accumulation of toxic levels of available

Mn in soil exists as a result of trash incorporation at a heavy rate,

particularly in a soil of high native Mn.
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CHAPTER 4

EFFECTS OF INCORPORATING PINEAPPLE RESIDUE
ON SOIL (MOLOKAI) AND PLANT (CORN) CHARACTERISTICS

INTRODUCTION

Incorporation of fresh plant material may affect soil and plant

characteristics. The extent of these changes is a function of the

nature and amount of the residue being added and the type of plant being

grown.

In Chapter 3, effects of sugarcane trash that had a wide CIN ratio

(C/N = 102) were investigated on sugarcane growth. It was thought

appropriate to investigate the effects of incorporating a plant material

with a narrow CIN ratio on a plant quite sensitive to nutritional

changes. Therefore, pineapple residue (C/N = 38) was selected as a

source of organic matter and corn as an indicator plant in the present

study.

MATERIALS AND METHODS

MATERIALS

Plant Material

Corn (Zea mays L.) variety H652 (CM 105 x Oh545) was grown as

an indicator plant.

Pots

Wooden pots used in this study had dimensions of 34(L) x 14(W)

x 43(H)cm and a 5 cm diameter drainage hole at the bottom of each pot.

The front side of the pot had a glass window which was normally kept
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covered by a wooden board during the course of this study. The root

development could be observed at any stage of the experiment by removing

the board.

Pineapple Residue

Pineapple residue was collected from an abandoned pineapple field

in Wahiawa, Oahu, and dried in a draft oven at 580C. The material was

ground to pass through a 1.78 mm sieve. The composition of pineapple

residue is given in Table 7 (Chapter 5).

Soil

Mo10kai surface soil (Typic Torrox) was used in this study. The

soil was partially air-dried and passed through a 2 mm sieve. The

weight of soil in each pot was 6.8 kg (about 15 1bs.) on an oven-dried

basis. Some general characteristics of this soil are listed 1n Appendix

A. Some of the characteristics of the soil sample used in this study

are gi ven in Table 3.

Fertilizers

a. Nitrogen: Urea salt (reagent grade) was used as a source of

nitrogen.

b. Phosphorus: Ammonium orthophosphate,mono-H (reagent grade)

supplied some nitrogen and all phosphorus.

c. Potassium: Potassium chloride (reagent grade) was used as a

source of potassium.



Table 3

Some physico-chemical properties of the Molokai soil

Carbon
pH (1: 1) Total Organic Water Extractable Cations Extractable ECe

KCl H2O llpH N C C/N Soluble Na ..L ~ Mg p
~- -------------ppm------------ ----ppm---- rrmlos/cm- - ===---%--===- - ---%---

5.74 6.52 -0.78 0.165 1.57 9.52 0.019 245 255 1300 710 38.2 0.06

Iron
Water- Exchange- Easily-
Soluble able Reducible Total
--------------------------ppm--··-----------------------

Manganese
Water- Exchange- Easi1y-
Soluble able Reducible Total
---------------------------ppm---------------------------

3.0 2.0 2.8 51.85x10 0.6 1.38 1732 2350

.....
o.....
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METHODS

Experimental Procedure

The general outline of the experiment is shown below:

Control (Tl)

N = 100 ppm (T2)

O.M. = 10% (T3)

O.M. = 10% + N= 100 ppm (T4)

O.M. s = 10% + N = 100 ppm (T5)

Where O.M. = organic matter as pineapple residue

O.M. s = organic matter mixed in top 8 cm soil layer
only

All the treatments received 50 ppm P and 100 ppm Kas a basal dose.

Nitrogen was applied in two equal half doses. One half of N (50 ppm)

was applied at the start of the experiment and the other half one month

later.

The required weight of soil was spread on a plastic sheet as a thin

layer and calculated amounts of fertilizer (in 50 ml volume solution)

were sprayed with the help of a pipet, delivering solution in drops.

The soil sample was hand mixed thoroughly to obtain a uniform distribu

tion of fertilizer. The soil was spread again and the treatments which

were to receive organic matter received pineapple residue. The soil

and organic matter were mixed thoroughly. The sample, after receiving

a respective treatment, was placed in a pot and the pot was tapped

lightly.

In order to avoid loss of soil through the drainage hole in the pot,

the hole was covered with two pieces of very fine plastic screen. In

some pots, a layer of HC1-washed and distilled water-rinsed quartz sand
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was placed at the bottom before pouring in the soil. In this way, the

final level of space filled in each pot after receiving a particular

treatment was almost the same. Approximately 800 ml of distilled water

was applied to each pot and the samples left for equilibration.

After one day, eight corn seeds were sown in each pot (August 23,

1975). The plants were thinned to two per pot after 12 days. Throughout

the duration of this experiment, the plants were supplied with distilled

water. The leachate was received in an aluminum foil tray placed under

the pot and poured back into the respective pot. The plant height was

recorded at intervals and the crop harvested 78 days after planting.

Harvesting

Refer to the Chapter 3, "Effects of incorporating sugarcane trash

on soil (Wahiawa) and plant (sugarcane) characteristics" section,

"Materials and Methods" (page 50).

The plant was divided into stem, leaves and roots and dried in a

draft oven at 580C to a constant weight.

Soil Sampling

The soil was removed intact from each pot by removing the glass

window. Sub-samples were taken from individual pots to make a homoge

nized soil sample before washing the roots. The soil samples were

stored in a refrigerator at the existing moisture content in double

polyethylene bags until analysis.

Soil Analysis

The soil samples were analyzed for different contituents by using

the following methods. The details of each method are given in Appendix B.
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Soil samples were analyzed for total N by the modified Olsen method

(1929), NH4-N in a 1 li KCl extract using an ammonia electrode (Banwart

et al., 1972) and N03-N in a 0.02! CUS04 extract using a nitrate elec

trode (Balasubramanian and Kanehiro, 1974). Organic C was determined by

a wet digestion method (Walkley and Black, 1934) and the colorimetric

procedure of Perrier and Kellogg (1960) was used to estimate water

soluble C. Aluminum was measured in a 1:25 soil-solution (1 li KC1)

extract. Soil pH was determined in a 1:1 soil-water suspension and ECe

in a 1:10 water extract. Water-soluble, exchangeable (1 li NH40Ac, pH =

6.0) and easily-reducible (2 ml of 10% NH20H-HC1/10 g soil) Fe and Mn

were determined using an atomic absorption spectrophotometer, Perkin-

Elmer Model 303.

Plant samples were analyzed using x-ray fluorescence spectrometry

through the mechanism of a Quantometer, Model 72000. Total N in plant

samples was estimated by using the method of'Schuman et al. (1973).

RESULTS AND DISCUSSION

Effects of Incorporating Pineapple
Residue on Soil Composition

Soi 1 Fe

Figure 22 shows the effects of incorporating pineapple residue and

addition of N on soil Fe.

There was a significant increase in the concentration of exchange-

able and easily-reducible Fe in soil (Fig. 22) after organic matter

addition. This increase might be due to a decrease in the soil Eh as

a result of intensive microbial activity as observed in Chapter 3.
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Soil Mn

The concentration of water-soluble and exchangeable Mn in soil

increased significantly when pineapple residue was added (Fig. 23).

The easily-reducible Mn was found to be 1490, 1466, 166 and 418

ppm in the no N, plus N, a.M. and a.M. plus N treatments, respectively.

A decrease in the easily-reducible Mn when residue was added might be

due to the transformation of a major part of this form to the water

soluble and exchangeable Mn (Fig. 23).

It is pointed out that some of the differences in the concentration

of Fe and Mn after trash addition might be due to the differences in the

uptake of Fe and Mn by the corn plant as the dry matter yield was

severely affected in the organic matter treatments.

It has been reported in earlier studies (Sherman and Harmer, 1942;

Mann and Quastel, 1946; Bloomfield, 1951; Motomura, 1962a, Cotter and

Mishra, 1968) that when large quantities of organic matter are incorpor

ated into the soil, Mn and Fe may be solubilized as observed in the

present study.

The corn plant is quite sensitive and responsive to nutritional

problems in soil and this is one of the reasons why corn is used as an

indicator plant. In the present study, high levels of Mn were observed

in the soil after trash incorporation and this could have resulted in

very poor plant growth.

Other Soil Components

Table 4 includes the data regarding the effects of different

treatments on some soil characteristics. Incorporation of pineapple

residue decreased the concentration of extractable P in soil. This
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Table 4

Effects of nitrogen and pineapple residue incorporation
on some characteristics of the Mo1okai soil

Organic C
N Water ECe Ext. Soil

Treatments Total NH4-N N03-N Total Soluble C/N (l:10) P pH

--%-- -------%------- - rrmhos/cm -- ------ppm----- ppm

Control (T1) 0.154 1.8 2.2 1.52 0.029 10 0.061 60 6.52

N= 100 ppm (T2) 0.153 1.9 1.9 1.54 0.028 10 0.046 61 6.59

O.M. = 10% (T3) 0.228 13.8 13.0 4.94 0.044 22 0.539 47 5.60

O.M. = 10% + N = 100 ppm (T4) 0.231 37.9 11.9 4.71 0.038 20 0.464 38 6.08

O.M. s = 10% + N = 100 ppm S(T5)t 0.234 24.2 1.8 4.42 0.036 19 0.134 52 6.49

B(T5) 0.158 36.5 3.5 1.60 0.028 10 0.142 67 7.04

t s = O.M. layer; B = Bottom layer (no O.M.)

--'
o
co
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might be due to an immobilization of available P by the microbial

population in soil.

Total N, NH4-N, N03-N, total organic C, water-soluble C, CIN and

ECe increased upon residue addition. Similar results have been reported

by Sturgis (1932), Black (1973) and Masui and Ishida (1975). Large

variations in the dry matter yield (Fig. 25) might have complicated any

trends in soil pH.

Effects of Incorporating Pineapple Residue
on Corn Growth and Composition

Plant Height

The height of corn plant in various treatments at intervals is

shown in Fig. 24. The initial height (after thinning) was significantly

higher in the zero organic matter (T1 and T2) than the 10% organic

matter (T3, T4 and T5) treatments. At harvest the N treated plants (T2)

were the tallest, followed by the "no WI plants (T1). With the applica

tion of pineapple residue, plant growth was adversely affected (Fig. 24)

whether Nwas applied (T4) or not (T3). However, mixing of plant resi

due only in the top 8 cm layer plus the addition of N (T5) showed better

growth than when plant residue was mixed throughout the soil and N was

applied (T4).

Dry Matter Yield

Fi gure 25 shows the dry matter yi e1d of tops and roots. The dry

matter yield followed the trends observed in the plant height. A de-

crease in dry matter yield of corn after residue incorporation was
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observed as seen in the case of sugarcane after trash addition (Chapter

3).

Similar reports have come from other workers. McCalla and Army

(1961) observed that where wheat straw was left on the soil surface in

a stubble mulch system of farming the growth of corn was sometime re

tarded. The effect was observed on the very young plants which never

recovered during the entire season.

The adverse effect of plant residue incorporation on corn might be

due to (a) severe N immobilization by the soil microflora (Chapter 5)

in the early stages of decomposition, (b) production of organic acids

(McCalla and Haskins, 1964; Patrick and Koch, 1958), (c) high levels of

Mn in the soil solution (Fig. 23). The effects of organic matter addi

tion were much more severe in the case of corn (Chapter 4) than what

were seen in sugarcane (Chapter 3). This is mainly due to the fact that

corn plant is more sensitive than the sugarcane.

Application of pineapple residue only in the top 8 cm soil layer

gave significantly higher yield (T5) than when organic matter was mixed

in the entire sample and Nwas supplied (T4).

The top/root ratio was computed to be 5.0,7.8, 3.7, 4.1 and 4.3

in treatments 1, 2, 3, 4 and 5, "respectively. Thus, application of N

(T2) increased the top/root ratio over the no nitrogen treatment (Tl).

The addition of N fertilizer promotes root growth and better root

development provides the plant with access to more soil moisture and

enhances the uptake of other essential nutrients by providing more

sorption sites. When vigorous vegetative growth is promoted by optimum

nitrogen nutrition (T2), relatively more of the carbohydrate manufactured
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is utilized for the development of tops, and relatively little is trans

located downward for root development. This results in an increase in

the top/root ratio for the nitrogen treatment (T2). Incorporation of

pineapple residue further decreased top/root ratio. Here again, organic

matter plus N treatment (T4 and T5) resulted in a higher top/root ratio

as compared with "no organic matter" treatment.

Plant Fe

Figure 26 shows the effect of nitrogen application and pineapple

residue incorporation on plant Fe. Application of N increased Fe in

corn leaves (T2 vs Tl). Application of pineapple residue (T3, T4, T5)

increased Fe in corn parts significantly as compared with "no organic

matter" treatments (Tl and T2). It is reminded that the dry matter

yield differences were tremendous among the different treatments. There

fore, concentration of any element in the plant part in one treatment

might be different from that in the other simply due to the dilution

effect or concentration effect.

In treatments 3 and 4, leaves and stems were combined to secure

enough plant material for analysis purposes. Therefore, in Fig. 26 and

27 the stems and leaves are shown to contain the same concentrations of

Fe.

Plant Mn

Figure 27 depicts the concentration of Mn in the corn plant under

different treatments. The trend in Mn concentration in leaves and stems

under different treatments is similar to that observed in Fe concentra

tion (Fig. 27). Application of organic matter increased Mn concentration
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in the plant.

Increase in the concentration of Fe and Mn in plant after pineapple

residue incorporation might be due to their high concentration in the

soil (Figs. 22 and 23). Samuels and Alexander (1968) found an increase

in Mn content of leaf blades and leaf sheaths with increasing concentra

tion of Mn in solution.

Other Plant Components

Table 5 contains data regarding the effect of Nand organic matter

addition on the composition of corn leaves and stems.

The data showed (Table 5) that the N, K, Ca and Mg concentrations

generally increased with the application of N fertilizer and organic

matter. Similar results were reported by Black (1973) and Masui and

Ishida (1975). Phosphorus concentration did not follow any clear trends.

However, differences in nutrient concentration in the present case

might be simply due to the dilution or concentration effect.

SUMMARY AND CONCLUSIONS

Effect of Nand pineapple residue addition on corn was investigated

under greenhouse conditions using the Molokai soil.

1. Nitrogen application increased dry matter yield of corn over the

no nitrogen treatment. Incorporation of pineapple residue at

the rate of 10% (soil weight basis) decreased the dry matter

yield tremendously.

2. Concentration of Fe and Mn in corn leaves and stems increased

when organic matter was applied.



Table 5

Concentration of various elements in corn under different treatments

Leaves
Concentration (%)

Treatment N P K Ca ~ Si

Control (T1) 0.52 0.12 1.94 0.22 0.24 2.22

N= 100 ppm (T2) 0.53 0.09 1.46 0.26 0.36 2.64

O. M. = 10% (T3) 0.50 0.16 3.00 0.45 0.40 0.31

O.M. = 10% + N = ppm (T4) 0.66 0.11 2.44 0.26 0.33 0.27

O.M. s = 10% + N = ppm (T5) 0.60 0.14 2.28 0.32 0.34 1. 21

Stems

Tl 0.28 0.13 1. 56 0.08 0.18 0.54

T2 0.58 0.13 0.78 0.07 0.12 0.34

T3 0.50 0.16 3.00 0.45 0.40 0.31

T4 0.66 0.10 2.44 0.26 0.33 0.27
--'
--'

T5 0.73 0.12 2.48 0.13 0.24 0.42 .......
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3. Concentration of Fe and Mn in soil increased after pineapple

residue incorporation. Total N, NH4-N, N03-N, organic C, CIN

and ECe increased when residue was applied.

The results of this study show that under the present experimental

conditions, normal corn growth will probably be impossible if massive

amounts of pineapple residue were applied.
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CHAPTER 5

EFFECTS OF SOURCE AND RATE OF PLANT MATERIAL INCORPORATION
AT TWO MOISTURE LEVELS ON SOME SOIL CHARACTERISTICS

INTRODUCTION

Incorporation of fresh sugarcane trash in the Wahiawa silty clay

brought about many changes in soil characteristics (Chapter 3). How

ever, plants were growing in the pot and soil sampling at regular inter

vals was not possible. Therefore, changes in soil A1, pH, Fe, Mn, etc.

were measured only at the end of the experiment, i.e., six months after

incorporating cane trash. It is difficult to visualize what variations

might have occurred during the course of this study. Furthermore, the

situation becomes more complex when a plant is growing as compared to

the system where no plants are grown. This necessitated setting-up of

the laboratory experiment reported here.

The extent of changes in soil brought about by the incorporation

of plant material is a function of the amount and nature of the residue

being added. Therefore, two widely different sources of organic matter,

i.e., sugarcane trash and pineapple residue were selected.

Moisture content at which an incubation is carried out is a very

important factor in microbial transformations going on in the soil.

Moisture may affect the oxidation-reduction status of the soil and

regulate the availability of many nutrients, especially that of Fe and

Mn.

This study was designed to investigate the short-term (days) and

the long-term (months) effects of sugarcane trash and pineapple residue
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incorporation on some characteristics of the Wahiawa soil.

MATERIALS AND METHODS

This experiment was conducted to study the effects of moisture

content and the source and levels of plant residue incorporation on

some properties of the Wahiawa soil, under laboratory conditions.

General characteristics of this soil are given elsewhere (Appendix A).

Table 6 shows the general plan of this experiment.

Table 6

The Details of Organic Matter
and Moisture Treatments

Moisture level

60% W.H.C. t

85% W.H.C.

Sugarcane Trash
0% 5% 10%

Pineapple Trash
0% 5% 10%

tW.H. C. = Water holding capacity

The characteristics of sugarcane trash and pineapple residue are given

in Table 7.

The maximum water holding capacity of soil plus organic matter

mixture was determined under laboratory conditions. For this estimation,

soil plus organic matter was transferred to a Tempe cup that had a volume

of 68 cc. The soil was tapped to bring it approximately to its natural

bulk density in the field. The organic matter-treated soil samples were

packed with the same force (not to the same bulk density as in the con

trol treatment). The samples were first saturated under a negative

pressure and then zero tension and finally about 1 cm positive pressure.

Under the positive pressure the samples were saturated for 2 days. At
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Characterization of Sugarcane
Trash and Pineapple Residue
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Constituent S. Trash P. Residue
------------%------------

Total:
N 0.43 0.88
P 0.10 0.12
K 0.74 0.67
Na 0.10 0.09
Ca 0.36 0.26
Mg 0.27 0.16
S 0.17 0.15
Si 2.40 0.25
C/N 80 38

-----------ppm----------

Fe 243 1511
Mn 225 1448
Al 378 1141
Cu 4 9
Zn 10 20

Extractable: -rK 7300 6300
Na 720 550
Ca 1700 1160
Mg § 2080 1020

a 8 21
Fe b traces traces

c 13 14
a 50 483

Mn b 20 217
c 34 45

Miscellaneous:
ECe (1: 20) 2.02 1.76
(mmhos/cm)
pH 5.39 4.69

tH20-so1uble for K, Na, Ca, Mg

§a = H20-soluble; b = (KC1-extractable) - (H20-soluble); c = Easily-
reducible (NH2OH-HC1)



122

the end of saturation, the individual sample was transferred into mois-

ture can and the amount of moisture retained in each treatment determined

after oven-drying for 2 days at 1050 C. The amount of water retained in

different treatments is given in Table 8.

Table 8

Effects of Incorporating Plant Material on
the Amount of Water Retained and the Bulk

Density of the Wahiawa Silty Clay

Bulk Moisture Retained (w/w)
Rate Density W.H.C. 60% W.H.C. 85% W.H.C.

Source --%- --g/cc- ----------------%-----------------

l. Control 0 1.097 59.4 35.6 50.5

2. S. Trash 5 0.896 76.2 45.7 64.8

3. S. Trash 10 0.651 88.0 52.8 74.8

4. P. Residue 5 0.954 69.1 41.5 58.7

5. P. Residue 10 0.843 76.4 45.8 64.9

In order to have an idea at which parts of the moisture release curve

the present experiment was conducted, water release characteristics of

the Wahiawa soil were determined with and without organic matter

addition.

Moisture release curves were constructed by employing a commercially

available pressure plate outflow apparatus, Tempe pressure cell, as

described by Reginato and van Bavel (1962). The sample (trash-soil mix

ture) was packed in each cell with the same force (not to the same bulk

density) and allowed to saturate by capillarity for at least 24 hours

and at zero tension for another 24 hours. Mercury manometers and air

pressure gauges were used to measure the imposed suction. Equilibrium
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between soil water and imposed suction was attained when outflow from

the cell stopped. After each equilibrium step, the entire cell with soil

and water was weighed. The difference between the initial and the

equilibrium weight was taken as a measure of water content at a given

suction. The water content at 1000 cm tension was obtained by first

equilibrating the sample at this tension and oven-drying the soil sample

at 1050C for 48 hours. Bulk density of the sample was also calculated.

For the main experiment (i.e., Effects of source and rate of plant

material incorporation at two soil moisture levels on some physico

chemical characteristics of the Wahiawa soil), one hundred gram soil

(oven-dry basis) was placed into each of 250 ml capacity glass jar.

Nitrogen (100 ppm N in urea as a solution) was mixed with the soil

samples. The organic matter treatments (Table 6) received a calculated

amount of plant residue. The samples were tapped to the same extent as

in the moisture release curves study. A measured volume of distilled

water was applied to individual treatments. The samples were incubated

for 0, 15, 30, 60 and 120 days under laboratory conditions. Two repli

cations were maintained. The moisture content in each treatment was

maintained by weighing the samples occasionally throughout the course

of this experiment.

In samples reserved for the 120-day incubation period, one platinum

electrode was installed in each treatment and Eh measurements were taken

at each incubation interval without disturbing the platinum electrode.

At each incubation period the soil samples were analyzed. Soil pH

was determined in a saturated paste. Water-soluble, exchangeable

(1 RKC1) and easily-reducible Fe and Mn were estimated as given
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elsewhere (Appendix B). Total nitrogen was determined at 0- and 120

day incubation periods only. The available forms of nitrogen (NH4-

and N03-N) were estimated in 1 N KCl extract by the micro-Kjeldahl dis

tillation technique (Bremner, 1965). At the final incubation period

(120 days), soil phosphorus (Modified Truog extractant), and extrac

table cations (1 ! NH40Ac, pH = 7.0) were also determined. Extractable

Al (1 ! KC1) was estimated as well. The details of various analytical

procedures are given in Appendix B.

RESULTS AND DISCUSSION

Moisture Release Curves

Figures 28 and 29 show the pattern of moisture release curves

when fresh sugarcane trash and pineapple residue were incorporated in

the Wahiawa soil.

The control treatment (no trash added) shows a typical curve for

a well aggregated soil. It is apparent that although at 1 cm tension

the water retained (volume/volume) by the soil plus trash mixture was

higher than the control, at higher tensions the reverse was true. The

opposite trend at high tensions is probably related to the soil pore

size distribution. Addition of fresh trash results in an increase in

large pores which can be drained easily at higher tension. However,

on a weight/weight basis, the amount of water retained at 1000 cm

moisture tension was found to be 29.1, 31.5 and 35.6% at the 0, 5 and

10% trash treatments, respectively (Fig. 28). Similarly, Tymieniecka

(1963) observed an increase in water holding capacity of loose sands

after the addition of organic matter.
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The general shape of the moisture release curves when the two

sources of organic matter were used is almost the same. However, the

three curves (control, 5% trash and 10% trash) crossed over each other

at low tension in the case of sugarcane trash treatments as compared to

the pineapple residue-treated samples. Note that there was a difference

in the bulk density of the samples in the Tempe cells (Table 8) when

cane trash and pineapple residue were applied. The soil bulk density

was higher in the case of the pineapple residue-treated samples than

the sugarcane trash-treated samples. Therefore, the soil pores might

have been larger in size in the trash treatments as compared with the

pineapple residue treatments. If the number of large-size pores was

higher in the former case than those in the latter, they would be

drained faster and thus cross-over of the three curves could occur at

low tensions and vice versa.

Soil Eh

Data pertaining to the effects of plant residue incorporation at

two moisture levels on soil Eh are included in Appendix C, Tables 29

and 30.

Figure 30A shows that the application of plant residue decreased

the Eh of the soil. Increasing rate of organic matter was accompanied

by a decreasing Eh (Fig. 30B). Sugarcane trash treatment generally

resulted in a higher potential than the pineapple residue treatment.

An increase in moisture content at which samples were incubated was

accompanied by a decrease in soil Eh (Fig. 30C). Eh decreased in the

initial stages of organic matter decomposition after which Eh was

stabilized.
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A decrease in soil Eh on the addition of organic matter has been

reported in earlier studies (Vadecaveye and Katzne1son, 1938; Buehrer

et a1., 1939; Savant and Ellis, 1964; Asghar and Kanehiro, 1976). This

decrease might be due to microbial population explosion in the beginning

of the decomposition process. The microbes may consume oxygen from the

soil atmosphere to a large extent and thus affect Eh. Pineapple resi

due was richer in N as compared to sugarcane and thus the intensity of

microbial activity might be greater where pineapple residue was applied.

The soil moisture level appears to affect Eh indirectly, i.e., by

exclusion of air, helping to establish a different type of microbial

population, dissolution of different compounds that control potential,

etc. The results of this study are in accord with the findings of

Patrick and Wyatt (1964), Savant and Ellis (1964) and Cizek (1974) who

reported that as the moisture content of the soil decreased, Eh

increased.

Note that even when 10% organic matter was applied, the Eh values

remained above 400 mv (Fig. 30B). This is in apparent contrast to the

results reported in Chapter 3. The most probable reasons for this con

trast are the two altogether different experimental conditions. In the

pot experiment, the platinum electrodes were inserted at a 10 cm depth

from the soil surface but in the present study the electrodes were only

at about a 3-4 cm depth. It is apparent that the diffusion of oxygen

from the outside atmosphere to the soil atmosphere where the platinum

electrodes were located would be much easier in the laboratory experi

ment as compared to the pot experiment. In earlier studies, Asghar
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and Kanehiro (1976) reported similar results on the basis of a labora

tory experiment where heavy masses of cane trash were applied.

Soil pH

Data regarding the effects of plant residue incorporation at two

moisture levels on soil pH are given in Appendix C, Tables 31 and 32.

The soil pH generally increased in all treatments in the early

stages of decomposition, i.e., 1 or 2 weeks as a result of organic

matter addition and then pH decreased gradually (Fig. 31). After 120

days of organic matter decomposition, the soil pH was found to be almost

the same, lower or higher than the O-dayl value in various treatments.

However, the sugarcane trash and pineapple residue-treated samples

showed a significantly higher value of soil pH than the control treat

ment (Fig. 31A). Reasons for an increase in soil pH on plant residue

incorporation were discussed in detail in Chapter 3. Pineapple residue

addition resulted in higher soil pH than sugarcane trash, probably due

to greater intensity of microbial activity and release of Mn in soil

solution in the former as compared with the latter source of organic

matter. It should be remembered that the C/N ratio of the pineapple

residue (C/N = 38) was lower than that of the sugarcane trash (C/N = 80)

and therefore microbial activity might be different under the two

conditions.

An increasing level of organic matter was accompanied by an increase

in soil pH (Fig. 318). These differences might have occurred because

of higher microbial activity at high rates of organic matter as compared

lFor pH measurement O-day means about 12 hours after incorporating plant
material.
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to the low rates. Manganese released into the soil solution was higher

in the trash treatments as compared to the control and the level of Mn

reduction has been associated with soil pH changes (Takkar, 1969).

Samples incubated at low moisture (60% W.H.C.) had a higher pH than

high moisture (85% W.H.C.) samples at 60- and 120-day incubation periods

(Fig. 31C). This might be due to the fact that for microbial action,

60% W.H.C. level of moisture is better than the higher moisture content.

Increase in soil pH after plant residue incorporation has been

reported by other investigators (Marten and Pohlman, 1938; Sircar et al.,

1940; Motomura, 1962b). Interaction of the source and the rates of

organic matter was found to be significant at the 0-, 60- and 120-day

incubation periods (Appendix C, Table 32). Interaction of the source

of organic matter and moisture content was statistically significant at

the 14- and 30-day incubation periods. A significant interaction was

also found for source x rate x moisture (Appendix C, Table 32) at 14-,

30-, 60- and 120-day incubation periods. Figure 32 shows a statisti

cally significant interaction for moisture x rate of organic matter,

and source x rate of organic matter at 120-day incubation period.

Soil pH-Eh relationship was determined at each incubation period.

The regression lines computed were as follows:
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Table 9

Soil pH-Eh relationships at
different incubation periods

Incubation
Period Regressi on Line

---days--- Eht = b + mpH

0 Eh = 1363.58-162.71 pH

7 = 1188.58-126.06 pH

14 = 1262.86-143.22 pH

30 = 1264.45-144.40 pH

60 = 1272.85-150.14 pH
120 = 1111.28-119.20 pH

Correlation
Coefficient

r

-0. 77**§

-0.84**

-0.81**

-0.76**

-0.76**
-0.68**

IEh measured in mv

§Significant at 1% level of probability

Table 9 shows a significant negative relation between soil pH and Eh.

It is interesting to observe that the slope (m) of regression line is

always over 100 mv/pH unit change. Such values of dEh/dpH are attri

buted to Mn and Fe redox systems operating in the medium (Kohnke, 1934).

Data concerning the effects of source and rates of organic matter

incorporation at two moisture levels on NH4-N in soil are given in

Appendix C, Tables 33 and 34.

The control treatment (Fig. 33A) had a significantly higher con

centration of NH4-N than the organic matter-treated samples. At and

after 14 days, a very small amount of NH4-N was detected in the organic
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matter-treated samples. The average nitrification rate in the control

treatment calculated from NH4-N transformation and N03-N accumulation

during the course of this study was about 0.685 ppm Niday. Immobiliza

tion of large amounts of available forms of N on organic matter addi

tion has been reported by Tam and Magistad, 1936; Jensen, 1931; Peevy

and Norman, 1948; Stojanovic and Broadbent, 1956. Allen et al. (1934)

suggested that for every unit of carbohydrate utilized by the micro

bial population, a certain amount of N is also needed. And if N is

not supplied in sufficient amounts in the material added, it is taken

up from the soil. The N is tied up in the microbial protoplasm and

made temporarily unavailable. In a recent study on the effects of

plant residue incorporation on soil characteristics (Asghar and Kane

hiro, 1976), very negligible amounts of NH4- and N03-N were detected.

The main reason might be the immobilization·of available forms of N.

Stevenson (1967) indicated that as a result of microbial activity,

chemical elements in the residue are liberated in forms available to

plants. At the same time, appreciable amounts are being immobilized

during the formation of new microbial cells.

In the present study, at 60- and 120-day incubation periods, low

moisture treatments showed significantly higher concentration of NH4-N

than the high moisture treatments (Fig. 33C), probably due to better

microbial activity at 60% W.H.C.

Data on the effects of plant material incorporation at two moisture

levels on N03-N in soil are given in Appendix C, Tables 35 and 36.



137

Nitrification of the applied NH4-N (urea) was complete in 120

days in the control treatment (Fig. 34A). Very small amounts of N03-N

were detected 7 days after incorporating plant material (Fig. 34A and

34B). However, pineapple residue-treated samples gave a higher concen

tration of N03-N at the later stages of incubation than sugarcane trash.

It is recalled that the pineapple residue had a lower C/N ratio than

the sugarcane trash (Table 7). The narrower the C/N ratio of residue,

the more rapidly the cycle of N immobilization-nitrification runs its

course (Buckman and Brady, 1972).

Samples incubated at the high moisture content showed a signifi

cantly higher concentration of N03-N at 60- and 120-day incubation

periods than the samples kept at the low moisture (Fig. 34C).

Considering the results of Figs. 33 and 34, it is concluded that

under the present level of Nfertilizer addition (100 ppm N in soil),

heavy applications of sugarcane trash and pineapple residue would

result in a severe immobilization of available forms of N and if some

plants were growing, they are expected to suffer N deficiency. Similar

conclusions were drawn in an earlier study using sugarcane trash

(Asghar and Kanehiro, 1976). Tam and Magistad (1936) investigated the

changes in different constitutents of organic matter during the decom

position of pineapple trash under field conditions. They found that

the amount of available Nwas decreased and even at the end of a 35

week decomposition period, it was less than in the original soil.

Therefore, if plants are to be grown after trash addition, either

we should provide at least over 4 months for decomposition to proceed

or large amounts of N fertilizer need to be used to get normal plant
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growth.

Soil Fe

Extractable Fe

Data on the effects of sugarcane trash and pineapple residue

incorporation on extractable Fe (1 ~ KC1) in soil are reported in

Appendix C, Tables 37 and 38.

Less than 2.5 ppm extractable Fe was found in all the treat

ments during the incubation period (Fig. 35). Application of

pineapple residue though gave a higher concentration of Fe than

the sugarcane trash but the differences were significant only at

the 3D-day incubation period (Fig. 35A). Comparison of different

rates of organic matter showed that generally there was an in

crease in the amount of Fe extracted with an increase in the rate

of organic matter added (except 12D-day incubation period). In

crease in moisture content increased the concentration of soil Fe,

though the results were non-significant, except at the 14-day

period. Low concentrations of extractable Fe, even after the

addition of heavy amounts of trash, might be due to a relatively

well-aerated soil atmosphere (Fig. 3D) and high levels of Mn re

leased into the system which might have come from the reduction

of higher oxides of Mn (Fig. 37). It was discussed in detail in

Chapter 3 that Mn reduction could take place at the expense of Fe

oxidation.

It is pertinent to say a few words regarding the extractant

used for Fe recovery. In the literature, NaDAc (1 ~) at pH 2.8
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(Takkar, 1969) has been used to extract exchangeable Fe from

soil. Jackson (1958) described the use of 1 ~ NH40Ac of pH 3.0

to estimate available Fe in soil. It was thought that as the

soil pH in the present situation was between 4 and 6, it would be

unreasonable to use an extractant of pH 2.8 or 3.0. Of course the

best way would be to adjust pH of the extractant to soil pH and

complete the extraction. This method is useful if soil pH does

not change during the course of the study which was not true. It

is, therefore, very cumbersome to adjust pH of each sample before

extraction, especially when long exposure of samples to the atmos

phere might cause oxidation of Fe2+ to Fe3+. In the light of all

this, 1 ~ KCl (neutral) was selected to extract exchangeable Fe.

It is expected that for all practical purposes pH of the suspen

sion during extraction of a sample with 1 N KCl would almost be

the same as soil pH in water (Kamprath, 1972). Now let us observe

some data regarding the soil pH values in saturated paste (H 20)

and in 1 ~ KCl (1:5 = soil:electrolyte). It should be remembered

that for Fe and Mn extraction from soil, soil:KCl ratio of 1:5

was used. The data in Table 10 are for 120-day incubation

period.

On the basis of data in Table 10, use of 1 ~ KCl (neutral) to

find extractable Fe from soil seems to be justified.

As regard to the time of shaking for Fe extraction, a 30-second

time was recommended by Sherman (cited by Jackson, 1958) and for

Mn, 30 minutes. In the present study, both Fe and Mn were deter

mined in H20 or KCl extract (same extract) after 30 minutes of



Table 10

Soi 1 pH Measured at 120-day Incubation Peri ad

142

Treatment pH
Plant Material H2OSource Rate (%) Moisture 1 N KCl

----%--- (paste) (1: 5)

Control 60 4.05 4.03

85 3.87 3.99

S. Trash

P. Residue

5

5

10

10

5

5

10

10

60

85

60

85

60

85

60

85

4.48

4.45

4.94

4.56

5.46

4.76

5.82

6.02

4.30

4.36

4.75

4.28

5.20

4.44

5.66

6.03
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shaking. Some data are presented to justify the procedure used

in the present study. The data represent all the treatments, so

identification of any particular treatment is not necessary. The

data pertains to the 14-day incubation period.

The results of Table 11 show that with a 30-second time of

shaking only trace amounts of Fe were detected. However, 30

minute shaking time brought some Fe tnto the extract. In the

case of Mn, a 30-second shaking time extracted significantly lower

amounts of Mn as compared with the 30-minute shaking time. The

difference in shaking time made a larger impact on the amounts of

Mn extracted with 1 N KC1.

Therefore, selection of a 30-minute shaking time and the deter

mination of both Fe and Mn in the same extract was reasonable. It

saved some labor also as two separate extractions for Fe and Mn

were not needed.

Easily-reducible Fe

Data regarding the effects of source and rates of plant mater

ial incorporation at two moisture levels on easily-reducible frac

tion of soil Fe are included in Appendix C, Tables 39 and 40.

At 7-, 14- and 60-day incubation periods, pineapple residue

resulted in a significantly higher concentration of easily

reducible Fe than sugarcane trash (Fig. 36A). This might be due

to the difference in the intensity of microbial activity when the

two sources of organic matter were mixed with the soil. At the

0-, 7- and 120-day incubation periods, a 10% rate of plant material

resulted in a higher concentration of easily-reducible Fe than the



Table 11

Effects of Shaking Time on
Extractable Fe and Mn in Soil (ppm)

Fe Mn
KC1-extractab1e H2O-soluble KC1-extractab1e

Sample 30 sec. 30 min. 30 sec. 30 min. 30 sec. 30 min.

1 t/ 0.25 19 32 N. D§ 118

2 tr 0.75 484 498 N.D 1260

3 tr 0.34 518 617 N.D 1403

4 tr 0.10 490 585 N.D 1486

5 tr 0.52 677 698 N.D 2048

6 tr 0.17 N.D N.D 67 109

7 tr 0.63 934 1118

8 tr 0.78 1092 1309

9 tr 0.49 1162 1507

10 tr 0.63 1307 1818

t tr = traces

§ N.D = Not determined

144
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control and 5% trash levels (Fig. 36B).

At the 14-, 60- and 120-day incubation periods, the higher

moisture content gave a higher concentration of easily-reducible

Fe (Fig. 36C). This might be due to a relatively poor aeration

at the higher moisture level than the lower moisture level. The

highest concentration of easily-reducible Fe in soil was 7.2 ppm

in the pineapple residue treatment when samples were incubated for

7 days at 85% moisture treatment and at 10% rate of pineapple resi

due. This is expected as the microbial activity will be much higher

in the early stages of plant residue decomposition than at the

later periods.

Soil Mn

Water-soluble Mn

Data on the effects of plant material incorporation at two

moisture levels on water-soluble Mn are given in Appendix C,

Tables 41 and 42.

Figure 37 shows very clear trends in the water-soluble Mn

fraction in soil after various treatments were imposed. The pine

apple residue application resulted in a significantly higher con

centration of Mn than the control and sugarcane trash treatments

(Fig. 37A). It is reminded that pineapple residue used in the

present study had a higher concentration of total and extractable

Mn than the sugarcane trash (Table 7). Soil Eh values were lower

in pineapple residue treatment as compared with the control or

sugarcane trash-treated samples. Graven et ale (1965) suggested
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that the solubility of Mn can be increased by creating reducing

conditions in soil.

Increasing rates of plant material were accompanied by a

significant increase in water-soluble Mn in the soil (Fig. 37B).

Recall that Eh decreased with an increase in the rate of organic

matter (Fig. 30). It is interesting to note that particularly at

the 60- and 120-day incubation periods, the low moisture treat

ment contained significantly higher concentration of water-soluble

Mn than the high moisture treatment (Fig. 37t). This trend is not

expected if we consider the data on soil Eh (Fig. 30C) and soil

pH (Fig. 31C) at the low and high moisture levels. It is possible

that at the high moisture level, some organic acids are being

formed that could complex with the water-soluble Mn (Bremner et

al., 1946; Beckwith, 1954). There are conflicting reports regard

ing the availability of this complexed Mn (Piper, 1931; Heintze

and Mann, 1949; Heintze, 1951; Beckwith, 1954).

Organic matter source x rate interactions were found to be

significant at the 7-, 60- and 120-day incubation periods (Appen

dix C, Table 23). Organic matter source x moisture interactions

were significant at all incubation intervals except at the 0- and

7-day periods. Third order interactions (source x rate x moisture)

were statistically significant at the 30-, 60- and 120-day incu

bation periods (Appendix C, Table 42).

Figure 38A shows the organic matter source x moisture inter

action at the 7-day period for the water-soluble fraction of soil

Mn. A statistically significant interaction of the source x rate
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of organic matter at the 120-day period is shown in Fig. 39A.

Exchangeable Mn

Data on the effects of plant material incorporation at two

moisture levels on exchangeable Mn in soil are reported in

Appendix C, Tables 43 and 44.

The variations in the concentration of exchangeable Mn (Fig.

40) followed the trend of water-soluble Mn (Fig. 37). Maximum

concentration of exchangeable Mn was found at the 14-day incuba

tion period (Fig. 40). This might be due to a microbial popula

tion explosion in the early stages of organic matter decomposition.

Organic materials added to a soil generallyaffectsoil aeration

in two ways: directly, they consume soil oxygen and produce

carbon dioxide during the decomposing process (Epstein and Kohnke,

1957); and, indirectly, they stimulate the growth of soil micro

organisms, which in turn increase soil respiration by decomposing

the indigenous soil organic matter (Broadbent, 1948). The results

of the present study are in agreement with the findings of Fujimoto

and Sherman (1948) who showed that increasing applications of

pineapple residues and sugarcane leaves increased the exchangeable

Mn. Similar reports have come from Ghanem et ale (1971b). Most

of the interactions, i.e., source x rate; source x moisture;

moisture x rate and source x moisture x rate were found to be

significant at various incubation intervals (Appendix C, Tables 43

and 44). Interactions of source x moisture and source x rate at

l20-day on exchangeable Mn are shown in Figs. 38B and 39B,

respectively.
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Easily-reducible Mn

Data on the effects of organic matter incorporation at three

rates and two moisture contents on the easily-reducible fraction

of soil Mn are given in Appendix C, Tables 45 and 46.

Pineapple residue treatments showed the lowest concentration

of easily-reducible Mn compared with the control and sugarcane

trash treatments (Fig. 41A). Recall that the pineapple residue

treated samples contained maximum concentrations of water-soluble

(Fig. 37A) and exchangeable Mn (Fig. 40A). Therefore,it is

hypothesized that the pineapple residue treatments had lower con

tent of easily-reducible Mn than the control and sugarcane trash

treatments as a larger portion of this fraction was transformed

into other available forms in the former case than the latter.

Timonin and Giles (1952) found that the control treatment had

more easily-reducible Mn than the mulch treatments. Ghanem et ale

(1971b) noted a solubilizing effect of wheat and clover straw on

Mn02 and an increase in water-soluble plus exchangeable Mn accom

panied by a decrease in the easily-reducible Mn. Some other

workers (Motomura, 1962a) reported a decrease in the fraction of

easily-reducible Fe when straw was added.

The control treatment had a lower concentration of easily

reducible Mn as compared to the 5% and 10% rates of organic matter

(Fig. 41B). The high moisture treatment maintained a higher

concentration of Mn than the low moisture treatment. The reasons

might be the same as given above.
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Total N

Data on the effects of plant residue incorporation at two moisture

levels on total Nmeasured at 0- and 120-day incubation periods are

included in Appendix C, Tables 47 and 48. Sugarcane trash treatment

had a significantly lower content of total N than the pineapple residue

treatment (Fig. 42A). This was expected as pineapple residue had a

higher concentration of N (0.88%) than the sugarcane trash (0.43%). It

is of great importance to note that there was an increase of 3.45% and

4.40% in total nitrogen content of soil in sugarcane trash and pine

apple residue treatments, respectively, during 120 days of organic

matter decomposition. A similar observation was not made in the control

treatment. This means that the soil microflora were fixing N from the

atmosphere. The results of this study support earlier findings of

Asghar and Kanehiro (1976).

Increasing rates of organic matter resulted in an increasing con

centration of total N in soil (Fig. 428), as expected. Moisture

variations did not show any significant effect on total N (Fig. 42C).

Organic C

Data on organic carbon concentration in different treatments are

given in Appendix C, Tables 47 and 48.

There was a significant decrease in organic C percentage after

120 days of organic matter decomposition (Fig. 43). Sugarcane trash

treated sample had higher content of organic C than pineapple residue

treated samples at the 120-day incubation period (Fig. 43A). This

shows that the decomposition rate of pineapple residue was faster than
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that of sugarcane trash. There was about 22 and 32% reduction in

organic C in soil after 120 days of decomposition of sugarcane trash

and pineapple residue, respectively. This is probably due to the fact

that the C/N ratio of the pineapple residue used in this study was

lower (C/N = 38) than the sugarcane trash (C/N = 80).

Increasing level of plant residue increased organic C content of

the sample as expected (Fig. 43B). Variations in moisture content did

not affect organic C content significantly (Fig. 43C).

Results of other investigators (Black, 1973; Masui and Ishida,

1975) agree with the results reported here that massive application of

organic matter increases organic C and total N in soil.

Extractable Al

Data regarding the concentration of extractable Al under various

treatments are reported in Appendix C, Tables 48 and 49.

The sugarcane trash treatment had a significantly higher concen

tration of Al than the pineapple residue treatment (Fig. 44A). This

is most probably due to the higher soil pH in the pineapple trash

treated samples as compared to the sugarcane trash treatments. An

inverse relationship of soil pH-extractable Al is well established

(Pearson, 1975). Soil pH-extractable Al relationship at the 120-day

incubation period is shown in Fig. 45.

Increasing rate of organic matter addition significantly de

creased extractable Al in soil at the 120-day incubation period (Fig.

44B), probably due to soil pH differences which increased as organic

matter rate increased.
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The high moisture treatment resulted in a significantly higher level

of extractable Al than the low moisture treatment (Fig. 44C). The

reason is not clear. A significant interaction of organic matter rate

x moisture is shown in Fig. 46.

Other Soil Characteristics

Data regarding the effects of incorporating plant material at two

moisture levels on extractable Na, K, Ca, Mg and P determined after 120

days are included in Tables 12 and 13.

Pineapple residue incorporation resulted in a higher concentration

of extractable P than the sugarcane trash treatment (Table 12). This

might be due to a lower Eh in the pineapple trash treatments (Fig. 30A),

higher concentration of P in the original materials bein9 applied (Table

7) and rapid decomposition of the pineapple residue as compared to the

sugarcane trash (Fig. 43A).

Soil P was increased significantly at the 10% rate of organic

matter addition compared to the control and 5% levels which were not

significantly different. Lai and Rajan (1971) reported increases in

soil P after plant residue addition. This might be due to solubiliza

tion of fixed P as a result of increased microbial activity and a

decrease in Eh after the addition of organic matter (Fig. 30B). In

oxidized systems, P may become unavailable due to ferric or manganic

phosphate formation. As reducing conditions set in after organic

matter incorporation, Fe2+ and Mn2+ will be formed which combine with

P to yield more soluble salts than the original ones.

An increase in moisture content resulted in an increase in

extractable P in soil, though the differences were non-significant
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Table 12

Effects of Source and Rate of Plant Material
Incorporation at Two Moisture Levels on Soil

Composition at 120-day Incubation Period (ppm)

o.M. S. Trash P. Residue S. Trash P. ResidueRates Ml M2 Ml M2 Meanst Ml M2 Ml M2(%) Means- - - - - - - -

Na K- -
0.0 64 63 60 60 62 104 92 98 93 97
5.0 97 112 86 88 96 552 590 490 548 545

10.0 122 137 109 102 120 936 940 906 879 916
Means§ 117 99 -- 755 706 --

Ca !:!9.-

0.0 102 93 96 94 96 14 12 13 12 13
5.0 209 270 178 212 217 116 116 88 80 100

10.0 334 428 342 340 361 228 248 163 173 203
Means 310 268 -- 177 126 --

0.0 3.58 4.14 P 3.96 3.9~
5.0 4.08 4.00 4.30 3.5

10.0 4.91 7.10 7.20 8.0

3.91 a
3.97 a
6.82

Means 5.02 5.76

tMeans in a column followed by the same letter are not significantly
different from each other at the 5% level of probability.

§Means of organic matter source followed by the same letter are not
significantly different from each other at the 5% level of probability.
The values given do not include the zero organic matter treatment.

M=Moisture content; Ml = 60% W.H.C.; M2 = 85% W.H.C.



Table 13

Effects of Interation between Organic Matter, Rate and
Moisture on Soil Composition at 120-day Incubation Period (ppm)

Extractable P

O.M. Source x Moisture O.M. Source x Rates Moisture x O.M. Rates
Moisture n.M Rates (%)(%) Rates (%)O. ~1. O.M. Moisture RO R1 R2Source M M2 Source R1 R2 (%) I Means §

---.L

Sl 4.50 5.55 Sl 4.04t 6.00 M1 3.77t 4.19 6.06 4.67 a
S2 5.75 5.78 S2 3.90 7.63 M2 4.04 3.76 7.58 5.13 a

Na

Sl 110 125 Sl 105 130 M1 62 92 116
J

90 a
52 98 100 52 87 111 M2 62 100 125 96 a

K

51 744 765 Sl 571 938 M1 101 t 521 922 515 a
52 698 714 52 519 893 M2 93 569 910 524 a

I

Ca

51 271 t 349 51 240 381 M1 99 194 338
f

210
52 260 276 S2 195 341 M2 94 241 384 240

--'
C"I
W



Table 13, Cont'd

MeansRO Rl R2

O.M. Rates (%)

Moisture x O.M. Rates

Moisture
(%)

Rates (%)
Rl R2

O.M. Source x Rates

O.M.
SourceM2Ml

a.M. Source x Moisture
Moisture

(%)O.M.
Source

~

Sl
S2

172
126

182
126

Sl
S2

116
84

238
168

Ml
M2

14t
12

102
98

195
210

104 a
107 a

t Any interaction between organic matter source, rate and moisture containing this sign (t) is signifi
cant at the 5% level of probability.

§Means of moisture treatments in a column followed by the same letter are not significantly different
from each other at the 5% level of probability.

M= Moisture content; Ml = 60% W.H.C.; M2 = 85% W.H.C.

R = Rate of organic matter; RO = 0.0%; Rl = 5.0%; R2 = 10.0%

S = Organic matter source; Sl = Sugarcane trash; 52 = Pineapple residue

.....
O'l
~
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statistically (Table 12).

Sodium, K, Ca and Mg were significantly higher in the sugarcane

trash treatments than the pineapple residue treatments (Table 12). This

was most probably due to the higher concentrations of these elements

in the sugarcane trash as compared with pineapple residue (Table 7).

Increasing rates of organic matter were accompanied by a signifi

cant increase in the concentration of Na, K, Ca and Mg in soil (Table

12). Moisture treatment affected the concentration of only Ca.

Interactions of source x rate of organic matter, source x moisture

and moisture x rate are included in Table 13, which were generally non

significantly different. Source x rate of organic matter x moisture

content interactions (Table 12) were non-significant.

SUMMARY AND CONCLUSIONS

Sugarcane trash and pineapple residue were incorporated into the

Wahiawa silty clay at the rates of 0, 5 and 10% and samples incubated

at 60 and 85% (W.H.C) moisture content under laboratory conditions.

Soil samples were analyzed at 0-, 7-, 14-, 30-, 60- and 120-day

intervals. The following are the results:

1. Maximum water holding capacity (1 cm water tension) of soil

was increased significantly by the incorporation of sugarcane

trash and pineapple residue.

2. A statistically significant decrease in Eh was observed with

organic matter addition. The sequence of Eh under various

treatments followed the order:
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Control> S. Trash> P. Residue

O.M.=O% > O.M.=5% > O.M.=lO%

Moisture: Low> High

3. Incorporation of organic matter resulted in significant

changes in soil pH. Soil pH values were found to follow this

pattern:

P. Residue> S. Trash> Control

O.M.=lO% > O.M.=5% > O.M.=O%

Moisture: Low> High

4. Most of the applied NH4-N was immobilized in the organic

matter-treated samples during the first two weeks of incubation

and very small amounts were detected at the later incubation

periods. In the control treatment (no organic matter added)

applied NH4-N was transformed to N03-N at an average rate of

0.68 ppm N per day. However, in the organic matter-treated

samples, very small amounts of N03-N were detected.

5. Addition of plant material generally increased extractable

and easily-reducible Fe in soil. An increase in the moisture

content was accompanied by an increase in soil Fe.

6. Water-soluble and exchangeable Mn varied in the following

sequence:

P. Residue> S. Trash> Control

O.M.=lO% > O.M.=5% > O.M.=O%

Higher levels of extractable Mn were found in the early stages

or organic matter decomposition as compared with the later

periods.
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7. Total N concentration in soil followed this sequence:

P. Residue> S. Trash> Control

Moisture content did not affect total N concentration in soil.

There was a 3.45 and 4.40% increase in total N content of soil

in the sugarcane trash and pineapple residue-treated samples,

probably due to N fixation by soil microf10ra.

8. Decomposition rate of organic C was faster in the pineapple

residue treatments than the sugarcane trash treatments. There

was about 22 and 32% reduction in organic C in soil after 120

days of decomposition of the cane trash and pineapple residue,

respectively.

9. Extractable Al decreased significantly after 120 days of

incubation when organic matter was applied.

10. Extractable P in soil increased at the 10% rate of organic

matter addition. The pineapple residue-treated samples had

higher concentration of P than the sugarcane trash treatments.

11. Extractable Na, K, Ca and Mg increased significantly when

plant material was applied. The sequence of the concentra

tions of these elements was found to be:

S. Trash> P. Residue> Control

From the results of this study it is concluded that in the light

of immobilization of available forms of N when undecomposed plant

material was incorporated, if plants are to be grown after trash addi

tion, either we should provide at least 4 months for decomposition or

large amounts of N fertilizer need to be added to get normal plant

growth. There is a potential for the accumulation of toxic levels of
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available Mn in soil as a result of incorporating high rates of undecom

posed plant material in the Wahiawa silty clay.



170

CHAPTER 6

EFFECTS OF INCORPORATING SUGARCANE TRASH AND PINEAPPLE
RESIDUE ON TITRATION CURVES, AND STATUS OF

Fe AND Mn IN THE WAHIAWA SOIL

INTRODUCTION

Adjustment of soil pH to a particular level (pH 6.5-7.0) is impor-

tant, firstly to reduce toxicity of certain elements, e.g., A1, Mn,

etc. and secondly to keep many essential plant nutrients in soluble

form. The adjustment of soil pH is accomplished by the use of liming

materials if original soil pH is in the acidic range.

Titration curves are widely used to assess lime requirement and

buffering capacity of soils. Buffering capacity is the capacity of the

soil to resist a change in reaction with the addition of a base or acid.

A soil with a high buffering capacity does not readily change its pH

value. Type of the soil clay minerals determines the nature of the

buffer curve for each soil and the removal of organic matter does not

alter the general nature of the titration curves of the Hawaiian soils

(Matsusaka and Sherman, 1950).

It has been indicated that the effect of organic matter on buffer

ing of soil is the greatest at a soil reaction higher than pH 5.5

(Matsusaka and Sherman, 1950; Baver, 1931; Anderson and Byers, 1936).

Saeki (1939) reported that humus substances in soil are more soluble in

the alkaline range and are precipitated in an acid medium. Thus,the

high buffering capacity on the neutral to alkaline range may be attri

buted to the greater dissociation of the organic compounds.
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Incorporation of massive amounts of plant material in the soil

resulted in a significant increase in soil pH (Chapters 3 and 5). How

ever, the results obtained did not provide any information on how the

nature of buffering curves might be affected after the addition of

plant material.

The objectives of this study were to investigate:

1. The effects of sugarcane trash and pineapple residue incorpor

ation on the nature of titration curves.

2. The changes in Eh of the system at different points of the

titration curves.

3. The changes in the concentration of different forms of Fe and

Mn in soil at different points of the titration curves.

MATERIALS AND METHODS

Ten g (0.0. equivalent) of the Wahiawa silty clay was taken in 125

cc capacity wide-mouth glass jars. A general description of this soil

is given elsewhere (Appendix A). Sugarcane trash and pineapple resi

due were mixed in soil at the rates of 0, 5, and 10%. Increasing vol

ume of standard NaOH (0.05~) or HCl (0.05li) was added to get a range

of soil pH and the volume brought to 50 ml (i.e., 1:5 = soil :solution)

with distilled water. Three drops of preservative (phenyl mercuric

acetate, 10 ppm solution) were added to arrest microbial activity. The

samples were covered with plastic sheet and stirred occasionally.

The samples were left for 48 hours for equilibration with inter

mittent stirring. The time for an equilibrium to be established in
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Hawaiian soils has been reported to be 48 hours (Matsusaka and Shennan,

1950). After equilibration and final stirring, the suspensions were

left for approximately 6 hours to allow suspended particles to settle

down.

The pH of the soil mixture in each jar was recorded by using a

Beckman Zeromatic pH meter and keeping the calomel electrode in the

clear suspension and the glass electrode in the sediment. This was

done to minimize junction potential. Soil Eh was measured with a

platinum electrode.

After pH and Eh measurements, one set of samples were extracted

with distilled water at the final soi1:s01ution ratio of 1:10 to esti

mate water-soluble Fe and Mn in soil. The other set of samples were

used to measure extractable Fe and Mn (1 ! KC1). Exchangeable fraction

was determined by difference. Iron and Mn in the extract were estimated

by using an atomic absorption spectrophotometer, Perkin-Elmer Model 303.

In the above procedure, soluble salts and exchangeable cations

were not removed before running the titration curve. From practical

point of view, this might be a better approach than the regular proced

ureofsaturatingthesoil with H+ and removing all the exchangeable

cations before the addition of NaOH or Ca(OH)2' However, the latter

procedure was also used to construct a titration curve without adding

organic matter in the soil.

Soil sample (approx. 100 g) was saturated with 1000 cc of 0.05 N

HC1. After 24 hours of equilibration, the sample was filtered on a

Buchner funnel. The sample was washed with an additional volume of 0.05

NHCl until the leachate was free of Ca. Later on the sample was leached
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with distilled water until the leachate was free of chloride. Five g

(moist) soil samples were placed in 125 cc capacity wide-mouth glass

jars. Increments of 0.086 N NaOH were added and distilled water used

to bring volume to 50 cc in each case. The samples were left for 48

hours for equilibrium to be established. Soil pH was determined by

using a Beckman Zeromatic pH meter. Results were calculated on an

oven-dry soil weight basis.

RESULTS AND DISCUSSION

Figure 47 shows the titration curve on the Wahiawa soil by the

H+-saturation procedure. The shape of the curve resembles the general

shape of titration curve on Low Humic Latoso1s (Oxiso1s) reported by

Matsusaka and Sherman (1950).

Calculations on the basis of this titration curve indicated that

to raise the soil pH to 6.5, 4.00 meq NaOH/100 g soil would be needed.

The titration curve shown in Fig. 47 covered a wide range of soil

pH and represented a mono-ionic system, i.e., H+-soi1 system. For

practical purposes, we do not need to investigate the whole range of

soil pH and make a mono-ionic system. Therefore, as a next step, only

the most reasonable soil pH range (pH 4 to 7) was investigated without

leaching soluble and exchangeable ions from the soil.

Figure 48 shows the titration curves when 0, 5 and 10% sugarcane

trash was applied. Considering the control treatment (no organic

matter applied) calculations showed that to raise soil pH from original

value to pH 6.5 level, 5.75 meq NaOH/100 g soil will be needed. Compare

this value with the previously reported value of 4 meq NaOH/100 g soil.
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Therefore, the latter method (titration curve without removing salts)

gave a higher value of alkali needed to raise soil pH than the former

method (saturating the soil with H+ and leaching salts).

Incorporation of sugarcane trash increased soil pH over the control

treatment (Fig. 48, note the points where no HCl or NaOH was added).

Addition of trash increased the buffering capacity of the soil as well

(Fig. 48). It is interesting to note that when HCl was added, pH of

the soil suspension increased with an increase in the rate of organic

matter. In the region of NaOH addition, the reverse was true. One

possible reason for this trend might be physical or chemical sorption

of NaOH or HCl by the plant material. To explain the present titration

curves, let us first consider the topic of buffering capacity of soil.

The acidic or basic properties of exchangeable cations are expressed

only when they are in the soil solution. When acid is added, a small

fraction of the added H+-ions remains in soil solution and the rest

replaces basic cations from the soil colloid. Upon the addition of

NaOH, a reverse of the HCl reaction takes place, i.e., hydrogen ions

from the exchange sites are replaced by cations of the base being added.

The hydrogen ions come into the solution, react with OH- in solution

and generate water. Thus, the soil pH usually changes slightly on acid

or alkali addition. These reactions are one of the factors contributing

to the buffering capacity of a soil.

In the present case, when HCl was added, some of it was probably

sorbed by the organic matter particles and soil. Thus, a smaller amount

of H+ was left in the soil solution than the control treatment where

only the soil fraction was sorbing H+ ions. Therefore, pH of the trash-



177

treated sample was higher than the control treatment (Fig. 48). Let us

consider the region of the titration curve where NaOH was added. As

NaOH was added, plant material sorbed some of it, leaving smaller amounts

of OH- in the soil solution than the control treatment. Thus, in this

region, the trash-treated samples showed lower pH than the control

( Fi g. 48).

Another reason for the titration curves to follow the trend shown

in Fig. 48 might be the variations in salt concentration when trash was

applied. Note that the cane trash had a large concentration of Na, K,

Ca and Mg and a large fraction of these cations were soluble in water

(Chapter 5, Table 7). Therefore, in the titration curve (Fig. 48) con-

centration of electrolyte increased with an increase in the amount of

trash applied. Now consider a very familiar relationship between surface

charge (00), salt concentration and equilibrium pH for colloids for

which H+and OH- are potential determining ions (Keng and Uehara, 1973)

as shown in Fig. 49.

Fig. 49 shows that whencro is positive (HCl addition in the titra

tion curves) pH increases with increasing concentration (C3 > C2 > Cl )

of electrolyte in the system (addition of sugarcane trash). This

happens because the salts replace OH- from the surface and thus increase

OH- ion concentration in the solution, thereby increasing soil pH. The

reverse is true when ero is negative (NaOH added), i.e., soil suspension

pH decreases with increasing salt concentration (addition of sugarcane

trash). Under such conditions, the salts released from the trash will

replace H+ ions from the soil surface. The H+ ion concentration in the

medium increases and, therefore, a decrease in soil pH is observed on
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trash incorporation. Therefore, variations in electrolyte concentra-

tions which result from the incorporation of trash in soil could explain

the results of Fig. 48.

The organic matter may be chemisorbed by the soil and shift the

point of zero net charge (ZPC) to a lower pH value (Keng and Uehara,

1974). Free organic matter may also contribute to this shift in ZPC.

Such effects of organic matter addition may change the shape of titra-

tion curve.

By the incorporation of trash, surface charge density is increased.
K

~ = 4 'l'o

where,

Cia = surface charge density

K = reciprocal of the double layer thickness and is a function

of electrolyte concentration. Its value increases with

an increase in salt concentration.

'l'o = surface potential. In oxides (constant surface potential

colloids) 'l'o can be held constant.

This means that increasing salt concentraion (and therefore K) by the

incorporation of trash will increase the value of Ob. Increase in Cio on

trash addition will increase buffering capacity of the soil.

Saeki (1939) reported that humus substances in soil are more soluble

in the alkaline range and are precipitated in the acid medium. Thus, dif-

ferences in the degree of dissociation of organic compounds in different

regions of the titration curve may explain the trends in Fig. 48.
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In the present study, the electrolyte concentration in the control

and the organic matter treated-samples was not kept constant. Therefore,

it is difficult to sort out the effect of organic matter from the ef

fects of differences in salt concentration in explaining the shapes of

the titration curves.

Figure 50 shows the titration curves when the pineapple residue

was applied at different rates. The shape of the titration curve is

similar to that when sugarcane trash was used as a source of organic

matter. Therefore, the discussion for titration curves on cane trash

addition is applicable to the pineapple residue situation as well.

Soil Eh

Soil Eh-pH relationships after the incorporation of sugarcane

trash are shown in Fig. 51. A decrease in soil Eh was observed with

an increase in soil pH. This inverse relationship has been reported by

Darnell and Eisenmenger (1936). Bradfield et ale (1934) established a

value of -100 for ~~~ for some New York soils.

Increasing rate of organic matter resulted in a decreasing value

of Eh. It is reminded that a preservative was added to arrest microbial

activity. Therefore, the phenomenon in action might be mainly physico

chemical and to a very little extent, if any, biological transformations

were going on.

Figure 52 shows soil Eh-pH relationship when pineapple residue was

used as a source of organic matter. The results obtained follow the

trend of the sugarcane trash-treated samples.
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Table 14 depicts the regression lines expressing the soil Eh-pH

relationship. A highly significant correlation was observed in every

case (Table 14). Note that at the 0 and 5% levels of plant material the
dEhslope dpH of the regression line is close to the theoretical value of

60 mv/pH. At the 10% rate, the slope of the line is close to that of

the Mn 4+_Mn2+ system. Therefore, it would be of interest to observe

changes in various forms of Mn at different 'points of the titration

curve.

Soil Mn

The concentration of water-soluble (A) and exchangeable (8) Mn

after the incorporation of sugarcane trash and pineapple residue are

shown in Figs. 53 and 54, respectively.

A tremendous increase in water-soluble Mn was observed in the

organic matter-treated samples than the control treatment. Some of

this Mn might be coming from the added plant material and the rest from

the soil. Especially at low pH values, e.g., pH = 4 (see Fig .. 53A and

54A), the increase in water-soluble Mn in soil is phenomenal. This

might be due to the solubilizing effect of acid on organic matter and

due to some kind of interaction between soil pH and organic matter.

It is interesting to see thatatsoil pH of about 6~5, very small amounts

of water-soluble Mn were left in the soil solution. The shape of the

water-soluble Mn curve at different pH values is almost the same whether

sugarcane trash or pineapple residue was used. Small differences might

arise due to the difference in the concentration of Mn in the plant

material being incorporated (Table 7). Conners(1932) reported a



Table 14

Soil Eh-pH relationships under various treatments in titration curves

Treatment
Source of Rate Regression Line

Correlation
Organic Matter -ill. Eh = b + m pH Coefficient

Control -- Eht = 835.98 - 52.60 pH -0.960**

S. Trash. 5 Eh = 774.09 - 62.95 pH -0.978**

10 Eh = 1009.59 - 124.57 pH -0.972**

P. Residue 5 Eh = 714.12 - 51.26 pH -0.961**

10 Eh = 870.38 - 95.15 pH -0.920**

t = Eh in millivolts

** Significant at the 1% level of probability
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decrease in water-soluble Mn with an increase in soil pH.

The shape of the curve for exchangeable Mn in soil when sugarcane

trash and pineapple residue were applied is shown in Figs. 53B and 54B,

respectively.

In the control treatment, water-soluble Mn decreased with an in

crease in soil pH but the exchangeable Mn was higher between pH 4 and 6

compared with the extreme values of soil pH. It should be remembered

that the exchangeable fraction of Mn was the difference between the

concentration of extractable Mn (1 ~ KC1) and the water-soluble Mn.

This means that at a particular point of the graph, the exchangeable Mn

concentration might be affected by two factors, (1) how much of the

extractable Mn was transformed to the water-soluble fraction; and (2)

soil pH, which mayor may not be favorable to keep Mn in a soluble

form.

Therefore, a bell-shaped curve for the exchangeable Mn in the con

trol and the other treatments (Figs. 53B and 54B) can be explained by

the following: At low pH values, a major part of the extractable Mn

was transformed to the water-soluble form, so the exchangeable Mn con

centration decreased. At high pH values (above pH 6), very little Mn

was detected in the water-soluble and the exchangeable form probably

due to its precipitation. In the middle soil pH range (pH 4.5 to 6)

the water-soluble fraction decreased faster than the extractable Mn

fraction, so exchangeable Mn appeared in large amounts. Probably these

reactions resulted in a bell-shaped curve for the exchangeable Mn

fraction. Increasing soil pH has been reported to decrease soil Mn

(Tisdale and Bertramson, 1950; El-Tahir, 1976).
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Generally an increase in the rate of plant material addition was

accompanied by an increase in the exchangeable Mn concentration in the

soil (Figs. 53B and 54B). This is most probably due to the additional

supply of Mn in the plant material being added. Furthermore, as the

soil Eh (Figs. 51 and 52) is lower in the case of the 10% trash rate as

compared with the 5% rate, we should expect increased solubilization

of soil Mn in the former case (10% trash) than the latter (5% trash).

Soil Fe

Data regarding the effects of plant material incorporation and

acid or alkal~ addition on soil Fe are given in Table 5.

Small amounts of extractable and easily-reducible Fe were detected

under different treatments although the soil pH was decreased to around

pH 3. Furthermore, no clear trends in Fe concentration were found

when different treatments were imposed (Table 15).

Reasons for the low concentration of Fe even at low soil pH levels

might be (a) high soil Eh (Figs. 5 and 6); (b) solubilization of large

amounts of Mn at low pH values. These reasons have been discussed in

detail in other chapters. At high pH levels, as NaOH was added, Fe

might have formed Fe(OH)3 and become insoluble.

SUMMARY AND CONCLUSIONS

The effects of incorporating sugarcane trash and pineapple residue

on the shape of titration curves~and changes ·in the soil Eh, Mn and

Fe were monitored in the Wahiawa silty clay.



Table 15

Effect of Incorporating Plant Material and Addition of Acid or Alkali on Soil pH and Fe

Control Sunarcane Trash Pineaoole Residue
acid Dr alkali Fe§- 5% 10% 52: 10~
edl100 9 soil .-P1L -L _8_ J!L -L .JL -1!.'!.... .JL. .JL .-Illi-.. .JL. ....!L ..Jl.!L l l

9.82 HCl 3.10 3.0 2.3 3.60 5.0 5.1 ---- --- --- 3.69 4.6 5.5 3.86 3.8 3.9

7.36 HCl 3.27 2.2 6.3 3.76 4.3 4.9 _... --- --- 3.81 3.3 4.9 4.08 6.4 4.7

4.91 HCl 3.42 4.6 2.9 3.94 1.8 4.0 4.45 .-- --- 4.04 4.0 5.7 4.29 5.2 7.3

2.46 HCl 3.65 1.7 1.7 4.27 0.5 6.8 4.72 0.6 2.4 4.32 7.8 4.2 4.60 2.2 4.3

0.98 HCl 3.95 0.8 2.0 4.52 2.2 2.0 4.86 0.1 0.6 4.58 7.7 4.2 4.84 2.2 4.3

0.00 Control 4.40 1.6 1.9 4.86 0.7 1.3 5.15 0.9 0.8 4.75 3.4 8.8 4.98 7.4 3.4

0.97 NaOH 4.92 1.1 2.0 5.05 0.6 1.9 5.38 0.6 1.B 5.00 2.9 8.6 5.18 9.9 2.6

2.42 NaOH 5.57 1.7 2.5 5.51 2.1 2.0 5.56 1.8 1.4 5.32 2.0 B.5 5.40 7.4 2.3

4.B5 NaOH 6.28 2.0 2.1 6.00 1.9 O.B 5.80 0.3 0.6 6.00 2.7 8.9 5.71 5.5 2.4

7.28 tlaOH 6.81 0.9 1.2 6.54 1.5 1.5 6.00 0.9 1.6 6.32 3.9 5.3 6.11 1.7 2.1

9.70 flaOH 7.19 0.9 1.8 6.96 0.7 3.4 6.43 1.1 1.6 6.88 4.9 4.5 6.61 2.3 2.0

meq
~d

§
A • Extractable Fe (ppm)

B • Easily-reducible Fe (ppm)

....
lO
o
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1. Buffering capacity of the soil increased with an increase in

the rate of plant material addition.

2. Soil Eh decreased with an increase in soil pH and the rate of

organic matter.

3. Water-soluble and exchangeable Mn concentration increased with

increasing levels of organic matter addition. A reduction in

soil pH as a result of Hel addition was accompanied by a

significant increase in water-soluble Mn.

4. The concentration of water-soluble and exchangeable Fe did not

follow any particular trend.
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CHAPTER 7

EFFECT OF ORGANIC MATTER DECOMPOSITION
ON PRODUCTION OF PHYTOTOXINS IN SOIL

INTRODUCTION

The incorporation of plant residue in soil is generally accom

panied by an immobilization of available nitrogen. In many cases the

adverse effects associated with nitrogen immobilization can be eliminated

by the addition of nitrogen fertilizer, but in practice, it seems that

added nitrogen does not entirely alleviate the adverse effects of plant

residue incorporation and low yields of plant still result (McCalla and

Haskins, 1964; Kimber, 1973). There is evidence that this might be due

to toxic materials which are derived from decomposing organic matter

(Patrick et al., 1964).

This preliminary study was undertaken to investigate the possi

bility of organic acid production in soil during the decomposition of

sugarcane trash and pineapple residue.

MATERIALS AND METHODS

Ten g (0.0. equivalent) of the Wahiawa silty clay was incubated

with 0% and 10% sugarcane trash and pineapple residue in 50 ml plastic....,. ...
centrifuge tubes at a moisture content of 85% water holding capacity

(W.H.C.) for 0, 2, 5, 10, 20 and 30 days. General characteristics of

the sugarcane trash and pineapple residue are mentioned elsewhere

(page 121).

At the end of each incubation period, one set of samples were

extracted with water at a soil:water ratio of 1:2. The second set of
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samples were extracted after adjusting suspension pH to 3 with HC1. The

samples were shaken for one hour and filtered through a Whatman filter

paper No. 42. The extract was preserved by freezing until analysis.

Soil suspension pH (in H20) was also determined.

The analyze the extract for C2 (acetic), C3 (propionic) and C4
(butyric) acids, a Bendix 2300 gas chromatograph equipped with a 200 x

0.3 cm Chromosorb 101 Column was used. The conditions used were:

Flow rate: N2 = 20 mljmin; H2 = 20 mljmin; Air = 300 mljmin

Temperature: . Column = 1800C; Detector = 2000C; Injector = 2000 C.

Various peaks on the chromatogram were referred to standards for identi

fication of the compound and quantitative calculations.

RESULTS AND DISCUSSION

Table 16 shows the changes in soil suspension pH with time. The

incorporation of sugarcane trash and pineapple residue increased the

soil pH over the control treatment. Even at the zero-day incubation

(approx. 2 hours), pH of the control treatment (4.39) was lower than

that of the samples where sugarcane trash (pH = 4.65) and pineapple

residue (pH = 4.49) were applied. This increase in soil pH might be

due to the solubilization of basic cations present in the plant material

being added (see page 121 of this dissertation) and the fact that the

pH values of sugarcane trash (pH = 5.39) and pineapple residue (pH =

4.69) are higher than the soil pH (pH = 4.39).

As concerns the accumulation of C2' C3 and C4 organic acids in

the soil (Table 17), it was found that only acetic acid accumulated up

to a detectable level. Propionic acid was found to be in trace amounts.
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Table 16

Effect of incorporating sugarcane trash and
pineapple residue on soil pH

Days Incubated
Treatment 0 2 5 10 20 30

Control 4.39 4.44 4.41 4.41 4.39 4.34

S. Trash
10% 4.65 5.25 5.57 5.71 5.70 5.69

P. Resi due
10% 4.49 5.22 5.84 6.07 6.08 6.19

Table 17

Effect of incorporating sugarcane trash and
pineapple residue on the concentration of

acetic acid in soil (ppm)

Days Incubated
Treatments 0 2 5 10 20 30

A* Control 0.38
S. Trash

10% 2.00
P. Residue

10% 2.00 6.73 1.35 0.55

B Control
S. Trash

10% 1.35 0.55 0.73
P. Residue

10% 2.36 17.47 0.55 0.55

*A = Samples extracted with H2O
B = Samples extracted at pH = 3
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Propionic acid and butyric acid did not accumulate probably because the

soil conditions were not sufficienty reducing. There was some accumula

tion of acetic acid where plant material was mixed into the soil (Table

17), especially in the initial stages of incubation. At a later stage

of decomposition of plant material, acetic acid itself might have been

attacked by the soil microflora resulting in its disappearance. Rela

tively higher concentrations of acetic acid were detected in the pine

apple residue than sugarcane trash treatment. This might be due to a

more intensive bacterial activity during the decomposition of pineapple

residue, which has a lower C/N (38) than the decomposition of sugarcane

trash which has a higher C/N (80). It is worthy of note that even at

the zero-day incubation period, pineapple residue-treated samples had

higher concentration of acetic acid than sugarcane trash-treated samples.

Perhaps the plant materials contained different concentrations of acetic

acid initially. The results are in agreement with the findings of

Borner (1960), Schwartz et a1. (1954) and Takai et a1. (1956) who reported

the accumulation of formic and acetic acids along with some other organic

compounds in soil during organic matter decomposition studies. Fujii et

a1. (1972a) incubated a clover-sand mixture at 200C and detected acetic

acid (predominantly), butyric and propionic acids.

Tangl (personal communication) suspended 60 g of wheat straw in

1200 m1 H20 for one week and found the production of acetic, propionic

and butyric acids. In further tests, it was established that these acids

were toxic to the germination of wheat seeds.

lOr. Chung-Shih Tang, Department of Agr. Biochemistry, University of
Hawaii, Honolulu.
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Now the question arises whether the amount of acetic acid produced

in the present study is toxic enough to affect seed germination of plant

growth adversely. This point needs to be investigated in some future

studies. However, although the concentration detected is low, the assump

tion made is that the amount found is uniformly distributed throughout

the soil-organic matter mixture (Guenzi and McCalla, 1966). In actuality,

the high concentration of byproducts that might reach toxic levels are

probably localized around fragments of energy material and thus may be

toxic to plants. Patrick et al. (1964) have reported that most of the

phytotoxins appeared to be limited to the immediate area of the decom

posing organic matter.

SUMMARY AND CONCLUSIONS

Acetic acid was detected to accumulate in the early stage of

decomposition of sugarcane trash and pineapple residue. However, the

amount produced seems too small to be toxic. Possible accumulation of

phytotoxins other than acetic acid, propionic acid and butyric acid

was not investigated in the present study.
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CHAPTER 8

EFFECT OF WETTING AND DRYING ON EXTRACTABLE Fe
AND Mn IN THE MOLOKAI AND WAHIAWA SOILS

INTRODUCTION

In some soils of Hawaii which are high in Mn, a chlorotic condition

of plants is associated with seasonal variation in climate. During

winter, plant growth may be normal but in summer the plants become

chlorotic. One explanation for this strange behavior might be the

changes in the status of available Mn in these soils (Fujimoto and

Sherman, 1945). Seasonal variations in soil pH in Hawaii have been

reported by Kanehiro et al. (1951). An inverse relationship between

soil pH and extractable Mn was reported by Tisdale and Bertramson

(1950) and El-Tahir (1976).

This experiment was conducted to investigate the effect of a

rather severe treatment, i.e., wetting and oven-drying, on the status

of extractable Fe and Mn in the Wahiawa and Molokai soils. General

characteristics of these soils are given elsewhere (Appendix A, Tables 20
and 21).

MATERIALS AND METHODS

The soil samples (in duplicate) were subjected to the following

treatments:

1. Air-drying (control)

2. Oven-drying (1 day at 1050 C)

3. Wetting and Oven-drying (1 cycle)

4. Oven-drying (4 days)

5. Wetting and Oven-drying (4 cycles)
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It is important to state that the time of oven-drying samples in

treatments (2) and (3) was equal, i.e., one day, and the same was true

about samples in treatments (4) and (5), i.e., 4 days of oven-drying.

In order to impose wetting treatment on a sample, the soil was removed

from the oven, brought to room temperature and moisture equivalent to

the water holding capacity of the soil was added. The samples were

left for 1 hour before putting them back into the oven. Four cycles

of wetting and oven-drying were completed in four days.

For the extraction of Fe and Mn, 3 g of the treated soil sample

was placed in a 50 ml plastic centrifuge tube. Three consecutive

extractions were made with neutral 1 N KCl solution with a soil:extract

ant ratio of 1:10. The final volume was made up to 100 ml. Iron and

Mn concentrations were determined in the extract by using an atomic

absorption spectrophotometer, Perkin-Elmer Model 303.

RESULTS AND DISCUSSION

The results are presented in Table 18. Statistical analysis

showed that the Fe content was not affected significantly by the oven

drying treatment in both soils. However, the Mn concentration increased

significantly on oven-drying the sample. Wetting the soil for 1 hour

before oven-drying (wetting and oven-drying 1 cycle) resulted in signi

ficantly higher concentration of extractable Mn as compared to just

oven-drying. Increasing the number of wetting and drying cycles further

increased the content of extractable Mn. Four cycles of wetting and

drying resulted in 3700% and 493% increase in extractable Mn in the



Table 18

Effect of wetting and drying on extractable (1 N KC1) Fe
and Mn in the Mo1okai and Wahiawa soils (ppm)

Molokai Wahiawa
Treatment Fe Mn Fe Mn

Air-dried 8 4 11 200

Oven-drying (1 day) 1 10 15 10 510

Wetting and oven-drying (1 cycle) 10 22 10 562

Oven-drying (4 days) -- -- 10 580

Wetting and oven-drying (4 cycles) 9 152 11 1186

lOven-dried at 10SoC; the time of oven-drying in wetting and oven-drying (4 cycles) and
oven-drying (4 days) was kept constant, i.e., 4 days.

.....
1.0
1.0
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Mo10kai and Wahiawa soils, respectively. However, the absolute increase

was 148 ppm and 986 ppm in the Mo10kai and Wahiawa soils, respectively.

A large absolute increase in Mn concentration in the Wahiawa as compared

to the Mo10kai soil is most likely due to the higher native Mn content

of the Wahiawa soil. The results of the present study agree with the

findings of Kelley and McGeorge (1913), McCool (1934) and Fujimoto and

Sherman (1945) who reported that with heating and steam sterilization,

large amounts of soluble Mn were released from the soil. Takkar (1969)

found that the increase and decrease of active Mn in the soil corres

ponded to the increase and decrease in the room temperature, respectively.

Note that wetting and oven-drying released more Mn than oven-drying the

Wahiawa soil for 4 days. The increase in the available Mn on drying a

soil sample should be of great advantage in soils where Mn deficiency

is prevalent. However, in some of the Hawaii soils where native soil

Mn is high and a Mn-induced Fe deficiency is experienced, drying the

soil will further aggravate the situation.

As to the reason why the concentration of Mn goes up as a result

of oven-drying the soil, Fujimoto and Sherman (1945) stated that the

behavior of Mn in soil cannot be explained entirely by oxidation

reduction changes. They suggested that there was another chemical or

physical process in operation. Drying dehydrates the soil and eliminates

the water adsorbed on the surface of soil particles. At the same time,

it is possible that this drying removes the water of hydration from a

complex Mn oxide of the type (MnO)n(Mn02)n(H20)n. The elimination of

water of hydration may cause the compound to become unstable, thereby

rendering a part of Mn soluble (Fujimoto and Sherman, 1945). Boyd
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(1971) reported a large increase in available Mn after the soil was

autoc1aved. He suggested that the toxic levels of Mn resulted from two

mechanisms: the direct release of Mn comp1exed with the organic matter

fraction of the soil, and the killing of microorganisms that normally

transform available Mn into higher oxides.

In the present study, wetting and drying cycles might have subjected

the soil to a rather severe treatment and this could have resulted in

breaking up of the soil aggregates. Availability of increased surface

area as a result of a grinding action of wetting and oven-drying might

have contributed to an increase in the number of exchange sites for KC1

extraction. Water exercises a solvent action on minerals. Therefore,

the materials held in solution in the interior of the permeable parti

cles would be partially deposited on the surface of the water evaporated.

Upon adding water to the soil having been dried, it is probable the

materials deposited from previous evaporation would be more soluble than

the other mineral constituents (Kelley and McGeorge, 1913). Similar

concepts can be employed to explain the increase in extractable Mn in

soil samples which were subjected to wetting and drying cycles as com

pared to just oven-drying.

It is interesting to note (Table 18) that the extractable Fe

content was not much affected. The reason is not clear. It might be

due to the fact that the oxidation-reduction condition of the sample

rather than hydration-dehydration is, to a large extent, a governing

factor in the availability of Fe. Since during the oven-drying process

oxygen is not excluded from the oven, the soil remains in an oxidized

state and Fe is not reduced. It should be remembered that the critical
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Eh value for Fe reduction is lower than that needed for Mn reduction

(Ponnamperuma and Castro, 1964).

SUMMARY AND CONCLUSIONS

Drying of some soils of Hawaii which are high in Mn is expected

to release large amounts of Mn which might have adverse effects on

plant growth. Iron concentration may not be affected. Wetting and

drying cycles will solubilize greater amounts of Mn than just drying

the soil.
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CHAPTER 9

RECOVERY OF ADDED Fe AND Mn
IN THE WAHIAWA AND PAALOA SOILS

INTRODUCTION

In almost all of the experiments conducted with two Oxiso1s (Wahi

awa and Mo10kai series), changes in extractable Fe (1 ~ KC1) were not

prominent as was true in the case of Mn. In the Mo10kai soil the natural

soil pH is over 6 and at that pH not much Fe is soluble anyway. At

pH > 5.0, no Fe can exist in a stable form in an oxidizing solution at

a concentration of more than 0.01 ppm, except in the form of organic

complexes or of colloidal Fe(OH}3 as reported by Hem and Cropper (1959)

and Hem (1960). Thus, it is understandable that no major amount of Fe

came into solution. However, the pH of the Wahiawa soil is quite low

(pH = 4.39) and should facilitate maintenance of high levels of soluble

Fe in solution. But this was not observed. It was suspected that Mn

was being reduced at the expense of Fe oxidation as the soil had large

amounts of Mn oxides. To look further into the situation, another soil,

Paa10a series, was included in the investigation. This soil has a pH

which is close to that of the Wahiawa but does not contain high levels

of manganese. For general characteristics of the Paa10a soil, refer to

Appendix Aand Kanehiro and Chang (1956).

This experiment was conducted to investigate the changes that occur

when soluble forms of Mn and Fe are applied in two soils that have pH

values close to each other but are altogether different in the concen

tration of native Fe and Mn. The experimental plan adopted here should
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provide information on how applied Fe affects extractable Mn and vice

versa.

MATERIALS AND METHODS

General plan of the experiment is shown below:

Soil:

Treatments:

Wahiawa, Paaloa

1. Control

2. Mn = 100 ppm (as MnS04.H2O)

3. Fe = 100 ppm (as FeS04.7H2O)

4. Mn + Fe = 100 ppm each

Three g (O.D. equivalent) of soil was placed in a 50 ml centrifuge

tube. One ml of standard solution, i.e., Mn and/or Fe, was added to get

a 100 ppm concentration of the element on a soil weight basis. In every

treatment, the soil to solution ratio was maintained as 3 to 2. The

samples were incubated for 0, 2 and 7 days, and extracted with 1 li KCl

by making three consecutive extractions using a soil to extractant ratio

of 1:10. The final volume was made to 100 ml. The extraction, centri

fugation and filtration were completed in about 4 hours. The extracts

were acidified with conc. HCl to avoid oxidation of the sample until

analysis. At the same time standard solutions of Fe and Mn (300 ppm)

were stored in 250 ml volume, transparent glass flasks (flasks not

stoppered and solution not acidified) for 0, 2 and 7 days under labora

tory conditions to find out how fast oxidation was taking place. The

concentration of Fe and Mn was determined by using an atomic absorption

spectrophotometer, Perkin-Elmer Model 303.
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RESULTS AND DISCUSSION

The data on the Wahiawa soil (Table 19) show that even at the zero

day incubation period only about 5% of the added Fe was recovered.

Similarly, Elgala and Hendawy (1972) found that added iron sulfate did

not increase water- and NH40Ac-soluble forms of Fe. In the Paaloa soil

the recovery was about 78%. In the Wahiawa soil, there were no major

changes in Fe concentration with incubation time, although in some in

stances concentration increased, probably because of longer contact

time. In the Paaloa soil, where iron was added, the concentration of

extractable Fe in soil dropped significantly after two days of incuba

tion. Note that this decrease in extractable Fe was accelerated by the

addition of soluble Mn (Table 19). A 25% decrease in Fe concentration

was observed where only Fe was applied, but the decrease was about 50%

when Fe plus Mn were added. The reason for this behavior is not clear.

It is interesting that when a standard solution of Fe was kept for 7

days the decrease in Fe concentration was about 6%.

In the Wahiawa soil, the addition of Fe plus Mn increased the

amount of extractable Mn over the Mn-treatment. It is probable that Fe

is being oxidized at the expense of Mn solubilization from higher oxides.

In the Paaloa soil, there was no difference in the extractable Mn values

between the aforementioned treatments, probably because this soil was

not high in native Mn. There was no significant change in Mn content

between the O-day and the 7-day incubation samples. The standard solu

tion of Mn was not oxidized either.



Table 19

Recovery of added Fe and Mn in the Wahiawa and Paa10a soils (ppm)

l~ahi awa Paa10a
Fe Mn Fe Mn

Days

Treatment 0 2 7 0 2 7 0 2 7 0 2 7-

Control 8 9 12 202 205 206 41 43 42 10 10 10

Mn =100 ppm 8 8 11 284 282 281 44 41 44 96 95 97

Fe = 100 ppm 13 12 13 233 236 242 123 92 96 10 10 11

Mn + Fe = 100 ppm each 11 10 13 321 322 322 115 58 60 97 99 95

Standard solution
(not preserved) 292 284 275 300 300 297

N
o
O'l
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SUMMARY AND CONCLUSIONS

When soluble Fe was applied to two soils having natural pH close

to each other, Fe was immediately fixed/oxidized in the Wahiawa soil

which had a higher level of native Mn as compared to the Paaloa soil

which was low in native Mn. Most probably, Fe, being at a lower level

in the redox system series (Ponnamperuma and Castro, 1964) than Mn,

is oxidized at the expense of Mn reduction. Addition of Fe may also

facilitate the exchange of Mn from the soil complex and thus increase

Mn concentration in solution.



208

APPENDIX A

In order to provide the readers with detailed information on the

characteristics of the soils used in the present study, material in

Appendix A is being taken from: Soil Conservation Service, 1976. Soil

survey laboratory data and descriptions for some soils of Hawaii.

Investigation Rept. No. 29. USDA.

WAHIAWA SILTY CLAY

Classification: Tropeptic Eutrustox, clayey, kaolinitic, isohyper

thermic.

Vegetation: Pineapple. Climate: Average annual precipitation is

138 cm. The mean annual temperature is 21.70C, the

mean January temperature 20.60C, and the mean July tem

perature 22.80 C. Parent material: Weathered olivine

basalt. Topography: Low nearly level uplands. Relief

about 4 percent convex to southwest. Elevation: 246

m. Drainage: Well drained; moderately rapid permea

bility; slow runoff. Soil Moisture: Dry.

Remarks: Textures are apparent field textures. Colors are for

moist soil unless otherwise noted.

HORIZON DESCRIPTION

Ap1 0 to 10 cm, dusky red (2.5YR 3/2) silty clay, dark red (2.5YR

3/4) dry; moderate very fine and fine granular structure; hard,

friable, sticky, very plastic; many roots; many medium fine and

very fine interstitial pores; many medium and fine hard round

black concretions; violent effervescence with hydrogen peroxide;

abrupt smooth boundary.



Appendix A, Table 20

Some General Physico-chemical Characteristics of Wahiawa Soil

Extract- Extractable bases Sum Cation Base -..E!!
Kao- able Iront Organic Nitro- of Extr. exchange sat. H2O RC1

Depth lin- Gibbs- Fe 203
Carbon gen C/N Ca Mg Na K bases acidity capacity

(em) Horizon ites ite Fe l'leq./100 g. \ 1:1 1:1
-_\ %-- ,--

0- 10 Ap1 33 2 10.8 15.4 1.72 0.206 8 2.5 0.2 0.14 0.24 3.1 20.3 23.4 13 4.6 4.2

10- 30 Ap2 40 2 11.7 16.8 0.82 0.150 5 0.1 0.4 0.00 0.19 0.8 17.7 18.5 4 4.0 3.9

30- 48 D2lp 42 2 11. 7 16.7 0.34 0.117 3 0.3 0.3 0.08 0.18 0.9 15.6 16.5 5 4.1 4.0

48- 83 B22 47 <2 12.0 17.1 0.29 0.092 3 3.4 1.2 0.12 0.39 5.1 7.8 12.9 40 5.8 5.5

83-103 B31 50 4 11.9 17.0 0.45 0.075 6 3.5 1.6 0.15 0.27 5.5 8.1 13.6 40 6.2 5.7

103-123 B32 53 10.4 14.9 0.24 --- 3.3 1.5 0.18 0.26 5.2 7.3 12.5 42 6.4 6.0
2

123-150 C1 42 <2 11.4 16.3 0.23 --- 3.2 1.4 0.19 0.34 5.9 6.3 11.4 45 6.6 6.3

150-180 C2 32 <2 11.5 16.5 0.23 --- 2.9 1.2 0.25 0.54 4.9 7.2 12.1 40 6.6 6.2

tOithionite extraction
,

Ref. : Soil Survey Laboratory Data and Descriptions for Dome Soils of Hawaii.Investigations Report No. 291 Soil Conservation
Service, U.S.D.A., 1190-191.

N
a
\0
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Ap2 10 to 30 cm, dusky red (2.5YR 3/2) silty clay with common medium

and coarse dark reddish brown mottles resulting from mixing of

the B horizons by tillage; weak very fine and fine granular

structure; friable, sticky, very plastic; common very fine and

fine tubular pores; many very fine, fine and medium round black

concretions; abrupt smooth boundary.

B21p 30 to 48 cm, dark reddish brown (2.5YR 2/4) silty clay, mottled

with coarse and medium dark red particles caused by mixing of B

horizon by tillage; moderate very fine subangular blocky struc

ture; firm, sticky, very plastic; many roots; common very fine

tubular pores; many very fine black round concretions; common

black stains on ped surfaces; common pressure coatings; layer

appears to be compacted by tillage; clear smooth boundary.

B22 48 to 83 cm, dark reddish brown (2.5YR 2/4) silty clay; strong

very fine subangular blocky structure; firm, sticky, very plas

tic; few roots; many very fine and fine pores; many very fine

and fine black concretions; common black coatings on ped sur

faces; many pressure coatings on ped surface; violent efferves

cence with hydrogen peroxide; moderately compact in place;

gradual smooth boundary.

B31 83 to 103 cm, dark reddish brown (2.5YR 3/3) silty clay loam;

strong very fine subangular blocky structure; firm, sticky, very

plastic; few roots; many very fine pores; common to few black

concretions; common black coating on ped surfaces and in pores;

nearly continuous pressure cutans on ped surfaces; moderate effer

vescence with hydrogen peroxide; gradual wavy boundary.
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832 103 to 123 cm, dark red (2.5YR 3/4) silty clay loam; strong very

fine subangular blocky structure; firm, sticky, plastic; few

roots; many very fine and fine tubular pores; few fine black

concretions; common black coatings on ped surfaces; moderate

effervescence with hydrogen peroxide; abrupt wavy boundary.

C1 123 to 150 cm, dark reddish brown (5YR 3/4) and dark red (2.5YR

3/4) silty clay loam; structure1ess; very firm, sticky, plastic;

no roots; moderate very fine and fine tubular pores; nearly con

tinuous pressure coatings; many thick patches look like clay

films; few pockets of material that has rock structure; few

stringy black coatings on ped surfaces; few small specks of very

pale brown (10YR 7/3) presumed to be hal1oysite; abrupt wavy

boundary.

C2 150 to 180 cm, dark brown (7.5YR 3/2) silty clay loam, mottled

with many coarse dark red (10YR 3/6) coatings on ped surfaces;

firm, slightly sticky, plastic; no roots; common very fine and

fine pores; numerous specks of very pale brown (lOYR 7/3) that

are presumed to be ha1loysite; many coarse gravels that still

have rock structure increase with depth.

MOLOKAI SILTY CLAY LOAM

Classification: Typic Torrox, clayey, kaolinitic, isohyperthermic.

Vegetation: Irrigated sugarcane. Climate: Average annual precipi

tation is 55 cm. The mean annual temperature is 220 C.

Parent material: Weathered olivine basalt. Elevation:

78 m. Soil moisture: Dry.



Appendix A. Table 21. Some General Physico-chemical Characteristics of Molokai 5011

"
Depth
i£r!1L ~

Miner'alog1cal
Com;Josition

Kao·,
lin- Gibbs-
ites ite
=-=--%::-::=

Extractable
Iront

Fe Fe203-::::::-'X,===
Organic Nitro
Ca rb.Q!!.... .JI£.!!-
-------'X,--------

f.L!i

Extractable Da"es Sum Extract- Cation
-====;:..:..::,-=",•.=...- of able Exchange

Ca !:!!l. !:!.! ..!. Basis Acidity CapacitY
----------------------meq/TOOl9----------------------

Base
Satura

tion
---~---

pH

H20 KCl
.s!. .s!.

0- 28

28- 75

75-103

103-;33

133-173

Ap

821

B22

823

824

24

47

52

40

50

13

10

2

12.9 18.4

14.4 20.6

13.7 19.6

11,7 '16.8

10.7 15.3

0.98

0.49

0.25

0.29

0.17

0.144

0.083

7

6

4.6 3.4 0.40 0.33

2.5 1.9 0.50 0.07

3.0 2.2 0.72 0.05

3.1 2.4 1.09 0.05

2.9 2.7 1.08 0.05

8.7

5.0

6.0

6.6

6.7

8.8

8.0

8.1

7.1

6.3

17.5

13.0

14.1

13.7

13.1

50

38

43

48

52

6.5 5.9

6.2 5.9

6.6 6.2

6.7 6.4

7.0 6.7

tDithionite extraction

Ref: Soil Conservatlo~ Service. 1976. Soil survey laboratory data and descriptions for some soils of Hawaii. Investigations Report No. 29.
p. 182-183. USDA.

N
---I

N



Remarks:

213

Textures are apparent field textures. Colors are for

moist soil unless otherwise noted.

HORIZON DESCRIPTION

Ap 0 to 28 cm, dark reddish brown (2.5YR 3/3) silty clay loam,

slightly stronger chroma (2.5YR 3/4) dry; weak very fine, fine

and medium granular structure; slightly hard, friable, slightly

sticky, plastic; many interstitial pores; many very fine black

concretions; strong effervescence with hydrogen peroxide; decom

posing cane trash throughout horizon; strongly magnetic; clear

wavy boundary.

821 28 to 75 cm, dark reddish brown (2.5YR 3/4) silty clay loam;

weak coarse subangular blocky structure; slightly hard, friable,

slightly sticky, plastic; many roots; many very fine, fine and

medium pores; many very fine black concretions; strong effer

vescence with hydrogen peroxide; few thin patchy shiny coatings

that follow prism fractures; moderately magnetic; appears to be

compacted by tillage; clear wavy boundary.

822 75 to 103 cm, dark reddish brown (2.5YR 3/4) silty clay loam;

weak moderate subangular structure; friable, slightly sticky,

plastic; few roots; many very fine, fine and common tubular

pores; few very fine black concretions; moderate effervescence

with hydrogen peroxide; pseudosand appearance under magnifica

tion; clear wavy boundary.

823 103 to 133 cm, dark reddish brown (2.5YR 3/4) silty clay loam;

strong very fine subangular blocky structure; friable, slightly

sticky, plastic; many very fine and fine pores; few very fine
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black concretions; nearly continuous coatings on ped sur

faces; moderately compact in place; clear smooth boundary.

624 133 to 173 cm, dark reddish brown (2.5YR 3/4) clay loam that

crushes to a higher chroma (5YR 3/3); strong very fine sub

angular blocky structure; friable, slightly sticky, slightly

plastic; many very fine and fine pores; continuous glaze coat

ing on ped surfaces that appears like pressure coatings; many

very firm earthy lumps that resist breaking down.

PAALOA SILTY CLAY

Classification:

Vegetation:

Humoxic Tropohumult, clayey, oxidic, isothermic.

Dryland sugarcane (Saccharum officinarum), natural

vegetation is ohia (Metrosideros collina), guava

(Psidium guayava), fern and californiagrass (Panicum

purpurascens). Climate: Average annual precipita

tion is 175 cm. The mean annual temperature is 21 0C,

the mean January temperature 190C, and the mean July

temperature is 230 C. Parent material: Material

weathered from olivine basalt. Topography: Gently

sloping uplands with convex slopes, site has 4 per

cent slope. Elevation: 360 m. Drainage: Well

drained; moderately rapid permeability; runoff is

slow to medium. Soil moisture: Moist.

Remarks: Textures are apparent field textures.

HORIZON DESCRIPTION

Ap 0 to 43 cm, about 50 per cent dark brown (7.5YR 3/2) and 50
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Some General Physico-Chemical Characteristics of Paaloa 5011

Total Chemical Analysis

Si02 Ti02 A1 203 Fe203 MnO? MgO CaD Na20 K20 P20S L.O. I. TotalDC;Jth
.lli!L

Mineralogical Analysis
Kao-- ---~Mag·

1in- Gibbs- Gaeth· netlte Ana
Hori zon Hi cas Has ..ll!L ..i!..c_ ...£.tt:- tase

Per C e n" t of Whole S 0 i 1

0- 43

43- 63

63- 90

Ap

B21t

B22t

25

10

20

20

20

10

35

35

40

50

30 5

10

5

5

20.4 10.0 22.3 29.B 0.09 0.64 tr. 0.12 1.66 0.36 14.6

13.6 5.9 34.3 25.3 0.08 0.33 tr. 0.04 0.39 0.24 19.5

13.0 5.5 36.6 24.5 0.10 0.30 tr. 0.06 0.23 0.28 19.5

100.2

99.7

100.1

90-113

113-150

B23t

D24t

40

40

30

25

35

25 15

5

5

16.0 5.9 33.7 25.3 0.08 0.38

17.0 5.9 30.9 27.9 0.06 0.36

0.03 0.20 0.33 18.2

0.03 0.17 0.34 17.3

100.1

100.0

Ocpth
~

Extractable
---!.t'?'i!.-

Horizon ~ Fc203

O.SN NaOH
Soluble

TI02Jif203
-per Cent

Organic Nitro
~ .Jl£!l. fL!!

. BaseCatlon NH~OAc KC1 Satu-
Excha~ge , ~xtr. ration

Extractable Su~ £i~cl!l~~~A1+++ Kn-OKC
'Lbasg~ il ba~cs NII40AC _"_4 __ -+-

,,- Mcg.7TOQ9. _

pll
H2O --KG

l:.L l:.L

B21t 14.0 20.0 4.43 20.42

B22t 12.2 17.4 4.97 24.31

2.6 14.20- 43

43- 63

63- 90

lip 18.1 25.9 3.11 6.62 2.43

0.95

0.75

0.17 14 2.0 0.2 0.200.20

0.05 19 --- --- 0.200.10

0.03 25 0.2 tr. 0.200.10

0.3

0.5

7.6

6.2

0.3 0.8

1.0 1.8

13.9 1.3

1B.0 4.B 4.4

4.0 4.7 4.4

8.0 4.!J 4.3

90·113

113-150

B23t 13.5 19.3 4.41 24.12 0.78

B24t 14.6 ?0.9 6.63 16.35 0.79

0.7 0.1 0.200.10

0.8 0.4 0.400.10

1.1 7.2

1. 7 14.6

3.4 1.2

1.6 1.2

15.0 4.6 4.3

12.0 4.7 4.3

tOithionite extraction

Ref.: Soil Survey Laboratory Data and Descriptions for Some Soils of Hawaii, Investigations Rept, No. 29; 5011 Conservation Service,
U.S.D.A.: 144-415. N.....

(J'l
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per cent dark reddish brown (2.5YR 3/3) silty clay, dark brown

(7.5YR 4/4) and dark reddish brown (2.5YR 3/4) dry; strong

fine and very fine subangular blocky structure; hard, firm,

sticky, plastic; many roots; few fine and very fine tubular

and interstitial pores; strongly acid (pH 5.4); abrupt smooth

boundary.

B21t 43 to 63 cm, dark reddish brown (2.5YR 3/4) silty clay, dark

red (2.5YR 3/6) dry; moderate fine and very fine subangular

blocky structure; hard, friable, sticky, plastic; few roots;

root mat caps this horizon; common fine tubular pores; dusky

red (lOR 3/4) moist clay films in pores, moderately thick

nearly continuous clay films on ped faces; strongly acid (pH

5.1); clear wavy boundary.

B22t 63 to 90 cm, dark reddish brown (2.5YR 3/4) moist and dry

silty clay; moderate fine and very fine subangular blocky

structure; hard, friable, sticky, plastic; few very fine roots;

many fine and medium tubular pores; thin nearly continuous

dark red (lOR 3/6) moist clay films in pores, thin, patchy

films on ped faces; 30 to 50 per cent dark reddish brown

(5YR 3/3) moist saprolite pebbles coated with clay films; very

strongly acid (pH 4.7); clear wavy boundary.

B23t 90 to 113 om, dark reddish brown (2.5 YR 3/4) clay, dark red

(2.5YR 3/6) dry; moderate, medium fine and very fine subangular

block structure; hard, firm, sticky, very plastic; few very

fine roots; few very fine and fine tubular pores; thin continu

ous dark red (lOR 3/6) moist clay films in pores, thin,
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patchy films on ped faces; very strongly acid (pH 4.8); clear

smooth boundary.

B24t 113 to 150 cm, dark reddish brown (2.5YR 3/4) silty clay,

dark red (2.5YR 3/6) dry; moderate fine and very fine sub

angular structure; hard, friable, sticky, very plastic; few

fine roots; common tubular pores; thin continuous dark red

(lOYR 3/6) moist clay films in pores, thin patchy clay films

on ped faces; very strongly acid (pH 4.7).
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APPENDIX B

ANALYTICAL METHODS

Soil Analysis

I. pH: The soil pH was determined in a 1:1 soil-water suspension,

using a commercially available glass and reference eletrodes

and the Beckman Digital pH Meter Model pHasar I.

II. Redox Potential: The platinum electrodes were prepared in the

laboratory by the following procedures.

A. Construction of platinum electrode:

The platinum electrodes were constructed using a 3 cm long

B+S No. 18 platinum wire. This wire was sealed into the

tip of a glass tube (0.7 cm diameter of 16 cm length) so

that approximately 2 cm of the wire protruded from the

glass tube. A small quantity of pure mercury was put into

the glass tubing. An approximately 50 cm length copper

wire (16 gauge) was cleaned with dilute HN03 and inserted

through the mercury. The copper wire that protruded out

side the glass tube was covered with Tygon flexible plas

tic tubing of 0.5 em diameter. The upper end of the glass

tube was sealed with resin. The platinum wire was left

bright.

B. Testing of platinum electrodes:

The testing of platinum electrodes for satisfactory

performance is very important before their actual use. In

the present study, after construction of the electrodes,
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they were tested as follows:

• This solution gives an Eh value

at 250C and constitutes a stable

ZoBell solution.

sol. in 1~ KC1

of +0.430 volts

a.

1. Highly poised system
M M

300 K3 Fe (CN)6 and 300 K4 Fe(CN)6

standard redox system (ZoBell, 1946).

b. Quinhydrone saturated solution in pH 4 and pH 7

buffers. Eh of these solutions was measured. The

observed value was compared with the calculated

value, i.e., E = 0.4579 - 0.05916 pH at 250C, using

saturated calomel electrode with Eh as 0.244 volts

(Beckman Instruments, Bull. 99-D). The electrodes

that agreed within ±5 mv of the theoretical value

were selected.

2. Low poised system

Electrodes that may agree in a highly poised system may

diverge in readings as much as 100 mv when placed in a

soil (Jackson, 1965). Thus the electrodes tested in a

highly poised redox system were given a further elimi-

nation test in a low poised system, i.e., distilled

water. Electrodes agreeing with ±20 mv were selected

for use in this research as suggested by Bailey and

Beauchamp (1971).

A regular testing procedure before use of the

platinum electrode was performed by measuring the
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potential of saturated qUinhydrone solution in pH 4

and pH 7 buffers.

C. Cleaning of platinum electrodes:

To assure reproducible readings, electrodes have to be

cleaned regularly. On survey of the literature, one finds

many methods of cleaning electrodes:

1. Jackson (1965) recommended dipping of electrodes in

4 N HCl solution for 2 minutes and then rinsing with

distilled water.

2. Bailey and Beauchamp (1971) cleaned electrodes by

first heating and cooling followed by washing in a

solution of 10% HCl plus 10% detergent. This was fol

lowed by a wash in 10% H202 solution and finally a

rinse with distilled water.

The acid treatment was found to give higher read

ings. Heating of electrodes results in their breakage.

Thus, an electrolytic method of cleaning electrode

(Beckman Instruments, Bull. 326-F, 1966) was employed.

3. Electrolytic method

a. Immerse metal tip in dilute 0.1 li HN03.

b. Connect electrode to positive terminal of 1.5 volt

battery. Connect a similar electrode to negative

pole and immerse tip in the same dilute acid.

Maintain connection for 10 seconds.

c. Reverse electrode leads at battery and maintain
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connection for 15 seconds.

d. Disconnect both electrodes from battery and rinse

them in distilled water.

Even this treatment tended to cause too high

a value when electrodes were used immediately

after treatment. To avoid this effect, electrodes

were aged for some time before use. This method

of cleaning electrodes was found to be quite

satisfactory and easy.

D. Redox potential measurement:

Measurements were made with laboratory prepared platinum

electrodes and the commercially available reference elec

trode. Readings were recorded when the meter needle

(Beckman Zeromatic pH Meter) became stable. Displacement

of air in the soil sample with nitrogen was omitted as

Brown (1934) and Darnell and Eisenmenger (1936) have

shown it to be unnecessary and perhaps undesirable as it

creates a condition in the soil quite different from that

in the field. Necessary care was taken to avoid contami

nation of electrodes. The platinum electrodes were thor

oughly cleaned with distilled water and their performance

checked before actual use.

The redox potential readings were recorded by employing

the normal scale on the pH meter. The instability and

irreproducibility of mixed potentials indicate that measure

ments of redox potential down to the last millivolt in
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natural systems has little significance (Bohn, 1971).

III. Nitrogen

A. Total nitrogen: A five gram moist soil sample was

treated with 10 ml of 5% KMn04 in an 800 ml capacity

Kjeldahl flask and the contents of the flask swirled.

Twenty ml of 1:1 H2S04 was added slowly with shaking.

After about five minutes, 5 g of reduced iron (passed

through 100 mesh sieve) was added into the Kjeldahl flask.

After the disappearance of effervescence, the contents

were gently digested for about 45 minutes. To the con

tents of the flask, 10 g of K2S04, 1 g of CUS04 and 3 drops

of concentrated SeOC1 2 and 40 ml of conc. H2S04 were

added and the digestion completed.

At the completion of digestion and cooling, 150 ml of

water was added along with 2-3 glassbeads to prevent froth

ing. The Kjeldahl flask was attached to the distillation

unit and the contents of flask distilled in the alkaline

medium. About 150 ml of distillate was collected in a 500

ml Erlenmeyer flask containing 50 ml of boric acid

indicator mixture. The NH 4-N in the distillate was deter

mined by titration with 0.05 ~ H2S04.

B. Inorganic forms of nitrogen:

Moist soil equivalent to 20 g oven-dried weight

was placed in 4 oz. sized glass jars and ex

tracted with 1 N KCl solution at a soil-

extractant ratio of 1:5. The suspensions were
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shaken for one hour on a mechanical shaker and

filtered through a folded filter paper No. 42.

For the determination of NH4-N concentra

tion,35 ml of the filtrate was put in 50 ml

capacity glass beakers and estimation made with

ammonia electrode, Orion Model 95-10, available

from Orion Research Inc., Mass., as described

by Banwart et al. (1972). All the values for

unknown samples were referred to a standard

curve.

The soil samples were extracted with 1:5 ratio

of soil to extractant (0.02 ! CuS04) for one

hour, filtered and nitrate nitrogen concentra

tion was determined by using a nitrate-specific

ion electrode, Model 92-07, available from the

Orion Research Inc., Mass. (Balasubramian and

Kanehiro, 1974). The readings on unknown sam

ples were referred to a standard curve.

In some experiments, where indicated, the

micro-Kjeldahl distillation procedure of Bremner

(1965) was used to determine the concentration

of ammonium or nitrate nitrogen.

IV. Organic Carbon

A. Total Carbon: Determined by Walkley and Black (1934)

method of wet-oxidation as described below:
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A finely ground (60 mesh) sample of soil containing

10-25 mg of carbon was placed in a 500 ml capacity Erlen

meyer flask. To this, 10.0 ml of 1 ~ K2Cr207 was added.

Then 20 ml of conc. H2S04 was added rapidly and the con

tents of the flask mixed for about a minute. After the

mixture had been allowed to stand for about 30 minutes,

200 ml of distilled water, 10 ml of 85% H3P04 and 1 ml of

0.5% diphenylamine indicator were introduced. The content

of the flask was titrated with standard ferrous sulfate

solution to a permanent green end point. Ablank was run

with each series of samples.

B. Water-soluble Organic Carbon: The colorimetric procedure

of Perrier and Kellogg (1960) was used to determine the

water-soluble organic carbon in soils. Twenty gram (0.0.

weight equivalent) soil was mixed with 100 ml boiling

water for 10 minutes, transferred to a 500 ml Erlenmeyer

flask, placed over a boiling water bath, stirred inter

mittently for 4 hours, and filtered through Whatman No.5

filter paper. The filtrate was concentrated to about 10

m1 at 500C under partial vacuum. Then 5 ml of 1 ~ K2Cr207
solution was added and mixed, followed by the addition of

5 m1 of concentrated H2S04. The mixture was heated over

a water bath for 5 minutes, cooled, and diluted to 1 liter

with water. One m1 of this solution was pipetted out

into a 100 ml of volumetric flask; 2 ml of 10 ~ H2S04 and

1 m1 of saturated S-dipheny1 carbazide solution in 95%
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ethanol were added and the solution brought to the mark

with distilled water. This solution was mixed well and

the optical density of the pink color was determined at

540 m~ within 10 minutes after the addition of the S

diphenyl carbazide reagent. A blank was run with each

series of experiments.

Different volumes (0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0

ml) of 1% sucrose solution were used to construct the

standard graph (Klett reading vs water-soluble organic

carbon eontent). The sample readings were referred to

this standard graph to calculate the amount of water

soluble organic carbon.

V. Electrical Conductivity

The Electrical Conductivity (ECe) of soil-water extract was

determined using a conductivity meter YSI Model 31 and a con

ductivity cell of constant 5.0.

VI. Extractable Cations

The extractable cations, such as Na, K, Ca, Mg, were determined

in the 1 ~ NH 40Ac extract using the atomic absorption spectro

photometer, Perkin-Elmer Model 303.

VII. Iron and Manganese

A. Water-soluble: Ten 9 (O.D. equivalent) soil was shaken up

with distilled water at a ratio of 1:10 for 30 minutes on a

mechanical shaker. The extract was filtered using vacuum

and filter paper No. 42. If the filtrate was not clear, the

extract was refiltered utilizing a millipore filtering setup.
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The extract was preserved from oxidation by adding 3 drops

of conc. HC1/50 ml extract. The concentration of water

soluble Fe and Mn in the filtrate was determined by the

atomic absorption spectrophotometer, Perkin-Elmer Model 303

(Buchanan and Muraoka, 1964).

B. Exchangeable Fe and Mn: Ten g (0.0. equivalent) soil was

extracted with 1 li NH40Ac (in some experiments neutral 1 li

KCl was used instead of NH40Ac) buffered at the pH of soil

samples at a ratio of 1:10 for 30 minutes. Three successive

leachings were given with 50 ml of extractant and suitable

volume was made. The extract was filtered and preserved from

oxidation by adding 3 drops of conc. HC1/50 ml extract.

The concentration of extractable (exchangeable plus water

soluble) Fe and Mn was estimated by using the atomic

absorption spectrophotometer.

[
Exchangeablel = [Extractable] _ [water-solUble}
Fe or Mn J Fe or Mn Fe or Mn

C. Easily-reducible Fe and Mn: Two ml of 10% NH20H-HCl was

added to soil samples on which extractable Fe and Mn had

been determined, i.e., after step B (given above). The

soil was extracted with 1 ~ NH40Ac or 1 ~ KCl for one hour

at a soil:extractant ratio of 1:10. The samples were left

for 8 hours to assure reduction of higher oxides of Fe and

Mn. The samples were filtered, preserved and the concen

tration of Fe and Mn determined using the atomic absorption

spectrophotometer. The fraction of Fe or Mn thus determined
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was designated as easily-reducible Fe or Mn.

VIII. Exchangeable Al

Exchangeable Al is defined as the amount of soil Al that is

extracted by a neutral unbuffered salt solution (McLean, 1965).

For all practical purposes, the pH of the soil in a neutral un

buffered solution, like KCl or NaCl, is .close to that of the

soil (Kamprath, 1972). In recent years 1 ~ KCl solution has

been employed to study the so-called exchangeable Al in Hawaiian

soils (Teranishi, 1968; Rosenau, 1969; Roy, 1969).

Ten g soil was shaken with 100 ml of 1 N KCl for one hour

and filtered through folded filter paper. Aluminum in the ex

tract was determined by the atomic absorption spectrophotometer

(Mann i ng, 1964).

IX. Soil P

The modified Truog method of Ayres and Hagihara (1952) was used

to extract soil phosphorus as follows: A 2.0 g soil sample

(oven-dry basis) was shaken with 200 ml of 0.02 ~ H2S04 contain

ing 3.0 g ammonium sulfate/liter for 30 minutes in a 500 ml

capacity Erlenmeyer flask. The suspension was filtered through

Whatman No. 42 filter paper and phosphorus in the extract was

determined by the method of Dickman and Bray (1940) as described

by Jackson (1958). A suitable aliquot of the modified Truog ex

tTlct (0.02 ~ H2S04 + (NH4)2S04) was transferred to a 50 ml volu

metric flask and diluted to about 35 ml. Five ml of ammonium

molybdate solution was added and mixed, then 2 ml of diluted

stannous chloride solution was added. The solution was made to
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volume and mixed. The color intensity was determined within 10

minutes on a Klett-Summerson colorimeter by using a 660 mv

filter.

x. Soil Strength

The soil strength was determined 24 hours after irrigation by

using a pocket penetrometer, Model CL-700 (Soi1test, Inc.,

Evanston, Illinois). The penetrometer was pushed into the soil

to the calibrated point at 30 places in each pot and unconfined

soil strength was recorded directly from the scale on the

instrument.



Appendix C, Table 23. Effects of Incorporating Sugarcane Trash on Soil Eh (mv)

Sugarcane Time in ~lonths

Trash (?~) 1 2 3 4 5 6
.

0.0 , 539 388 a 356 a 363 a 367 a 387 a

2.5 464 a 357 ab 350 a 330 ab 363 a 381 a

5.0 435 a 274 b 277 a 273 b 306 a 319

10.0 423 a 58 -142 -148 -70 -38

Appendix C, Table 24. Effects of Incorporating Sugarcane Trash on Soil Composition

20 a

A1
(ext. )
--ppm-

174

101

Fe Mn

Exchange- Eas i ly H2O Exchange- Easily
Sugarcane able reducible soluble able reducible --lili
Trash (%) ----------------------------ppm-------------------~--------

0.0 2.43-1" 270 58 85 9183 4.28 a

2.5 1. 73 260 82 198 8925 4.47 a

5.0 1.87 41 257 659 9267 5.25

10.0 1.47 15 205 1032 4217 6.12 4 a N
N
~

tMeans in a column follm'1ed by the same letter are not significantly different from each other at
the 5% level of probability.



Appendix C, Table 25. Effects of Incorporating Sugarcane Trash on Sugarcane Height (em)

Sugarcane Age in Months
Trash (%) 0 1 2 3 4 5 6

0.0 18.8 at 127.3 200.4 211.3 217.3 226 230.3

2.5 19.2 a 74.7 a 106.0 a 138.1 170.0 198 a 212.1

5.0 19.6 a 62.4 ab 86.8 ab 113.3 a 154.8 191 a 206.1

10.0 19.5 a 61.4 b 76.6 b 99.9 a 129. a 173 181.9

Appendix C, Table 26. Effects of Incorporating Sugarcane Trash on Sugarcane Dry Matter Yield (g/pot)

Sugarcane Tops + Tops/
Trash (%) Tops Roots Roots Roots

0.0 169.8t 37.3 207.1 4.6 a

2.5 97.6 25.3 a 122.9 4.1 ab

5.0 76.5 19.9 ab 96.4 3.9 ab

10.0 54.9 16.9 b 71.8 3.4 b

tMeans in a column followed by the same letter are not significantly different from each other at the 5%
level of probability. N

Wo



Appendix C, Table 27. Effects of Sugarcane Trash Incorporation on Sugarcane Composition
Young Leaves

Treatment§ .J! -l. -!. Ca lliI. .J. Si Na & r~n Fe Cu Zn
------------------------------------%------------------------------------- -----------------ppm--------------------

T1 0.63 at 0.11 a 1.32 . 0.08 a 0.05 0.09 0.22 0.08 a 66 1721 a 87 a 9 a 24 a
T2 0.56 b 0.11 a 1.58 0.08 a 0.10 0.10 0.52 0.08 a 74 1731 a 84 a 8 a 22 ab
13 0.55 b 0.10 a 1.69 a 0.06 0.11 0.12 1.05 0.07 b 63 2576 70 a 8 a 20 b
T4 0.58 ab 0.10 a 1.70 a 0.05 0.12 0.11 1.33 0.07 b 73 1703 75 a 6 17

Old Leaves
Tl 0.37 a 0.07 a 0.57 0.13 b' 0.07 0.10 0.66 0.08 a 153 a 2721 503 a 4 ab 8 ab
T2 0.34 a 0.07 a 1.15 ab 0.16 a 0.19 a 0.18 a 1.62 0.09 a 151 a 5526 a 555 a 5 a 10 a
13 0.29 b 0.07 a 1.24 a 0.14 i1b 0.20 a 0.22 1.97 o.oa a 118 b 7322 405 ab 5 a 6 bc
T4 0.25 b 0.07 a 1.10 b 0.13 b 0.24 0.16 a 2.42 0.09 a 99 b 5380 a 233 b 2 b 5 c

Young Stems
T1 0.67 a 0.11 a 1.97 0.05 0.06 0.11 0.08 0.08 a 46 b 2904 a 16 b 13a 71 a
T2 0.60 a 0.12 a 3.30 a 0.04 a 0.14 a 0.20 0.20 0.07 a 67 ab 2945 a 13 b 15 a 65 a
13 0.63 a 0.11 a 3.57 a 0.03 a 0.15 a 0.26 a 0.37 0.07 a 66 ab 4113 a 34 a 13 a 57 b
T4 0.69 a 0.11 a 3.71 a 0.01 0.16 0.25 a 0.47 0.07 a 75 a 2862 a 45 a 14 a 58 b

Old Stems
Tl 0.54 a 0.08 0.44 0.06 a 0.03 0.08 0.07 0.07 a 51 955 73 a 11 a 30
T2 0.54 a 0.09 a 1.30 a 0.05 ab 0.06 0.19 0.22 0.08 a 98 a 1536 123 a 18 55 a
T3 0.57 a 0.09 a 1.47 a 0.04 bc 0.07 0.23 0.39 0.08 a 96 a 2122 a 200 14 a 46 a
T4 0.62 iI 0.09 a 1.26 a 0.03 c 0.09 0.26 0.57 0.07 a 107 a 2140 a 302 14 a 53 a

Roots
Tl 0.45 a 0.09 a 0.25 0.07 ab 0.04 0.06 0.55 0.11 4364 a 1791 a --- 2 2 a
T2 0.42 a 0.09 a 0.38 a 0.07 ab 0.06 a 0.07 0.72 0.09 a 4799 a 2106 a .-- 6 a 1 a
T3 0.45 a O.Og a 0.43 a 0.07 ab 0.06 a 0.10 0.90 a 0.09 a 4725 a 5252 ... 8 a 1 a
T4 0.48 a 0.09· a 0.39 a 0.06 b 0.06 a 0.12 0.90 a 0.08 a 3794 a 6434 .-- 6 a 1 a

t Average of three replications. Means in a column followed by the same letter are not significantly different from eilch other at the 5~

level of probability;

§ T1, T2, T3 and T4 represent sugarcane trash at the rites of 0.0,2.5. 5.0 and 10.0%. respectively.

N
W......



Appendix C, Table 28. Effects of ·Incorporating Sugarcane Trash on Nutrient Uptake by Sugarcane (mg/pot)

Nutrient Uptake

Treatment,i+ tl p K
Tops Roots Total Tops Roots Total Tops Roots Total

T1 886§ 116 1052 147.4 33.5 180.9 1417 ab 93 1510 a b
T2 503 104 a 607 97.4 22.7 a 120.1 1553 a 98 1651 a
T3 384 89 ab 473 71.2 a 17.9 ab 89.1 1315 b 85 1400 b
T4 287 81 b 368 51.2 a 15.2 b 66.4 924 67 991

Ca Mg S---
Tl 150.3 27.5 177 .8 86.8 b 16.3 a 103.1 a 152.1 a 20.9 173.0 a
T2 83.9 17.7 101.6 110.9 a 14.4 ab 125.3 137.8 a 16.4 154.2 a
13 56.1 a 13.3 a 69.4 a 98.1 ab 11. 4 bc 109.5 ab 129.1 a 20.4 149.5 a
T4 35.1 a 10.6 a 45.7 a 81.4 b 9.7 c 91.1 b 80.9 20.1 101.0

Si Na Al

Tl 502 210 a 712 c 129.9 41.3 171.2 14.6 16700 a 148.5
T2 634 183 ab 817 bc 81.5 22.1 a 103.6 8.9 124.7 ab 133.6 ab
T3 833 a 181 ab 1014 a 56.3 a 18.0 a 74.3 a 6.0 a 63.5 b 69.5 b
T4 795 a 155 b 950 ab 41.3 a 14.3 a 55.6 a 4.5 a 67.2 b 71.7 b

Nn Fe Cu

Tl 309 a 67 b 376 a 34.57 -- -- 1.398 0.060 b 1.458
T2 249 a 55 b 304 ab 17.15 -- -- 0.946 0.149 a 1.095
T3 277 a 104 a 381 a 11.82 -- -- 0.660 0.164 a .824
T4 145 110 a 255 b 7.00 -- -- 0.357 0.099 b .456

Zn

T1 4.043 0.060 4.103
T2 2.756 0.033 a 2.789
T3 1.833 0.020 a 1.853
T4 1.124 0.017 a 1.141

+ T1, T2, T3 and T4 represent trash rates of 0.0,.2.5,5.0 and 10.0%, respectively.

§ Means in a column followed by the same letter are not significantly different from each other at the 5% level of probability.

N
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Appendix C. Table 29. Effects of Source and Rate of Plant Residue Incorporation
and Moisture Content on Soil Eh at Different Incubation Periods

O-day 7-days 14-days

O.H. S. Trash P. Residue S. Trash P. Residue S. Trash P. Residue
Rates MI M2 M1 ~ Mea~§ ~ M2 ~ ~ Means ~ ~ ~ ~ Means---w-

0.0 6111 630 606 610 632 645 597 605 594 610 636 589 592 618 609

5.0 579 586 512 534 553 a 595 532 483 479 522 604 476 464 481 506

10.0 586 555 552 516 553 a 478 460 450 393 445 465 471 418 327 4,0

Hean~' 576 528 -- 516 451 -- 504 422
--.

30-days 60-da s 120-days

0.0 656 609 622 598 621 663 642 674 674 663 675 624 680 6441~
5.0 625 482 452 521 522 634 490 500 540 541 655 513 554

m I~10.0 493 470 413 302 420 435 494 418 302 412 4911 438 474 315 431

Mean~ 518 424 -- 513 a 440 a -- 526 a 474 a

t Any interaction between organic matter source, rate and moisture containing the sign (t) is significant at the 5~ level of probability.

§Means in a colomn followed by the same letter are not significantly different from each other at the 5% level of probability.

'Means of organic matter source followed by the same letter are not significantly different from each other at the 5% level of probability. The values
given do not include the zero organic matter treatment.

H =Moisture content; M1 =60% W.H.C.; M2 =85% W.H.C.

N
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Appendix C, Table 30. Effects of Interactions of Organic
Matter Source. Rate and Moisture on Soil Eh(mv)

Mols~~s

O.M. Rates m
~S.!n ~ ..!!z.

643 546 569 586 a
620 560 530 572 a

625 539 ~64 543 a
596 506 427 509 a
--
614 534 441 I 530 aMl

MlM2

M1M2

Moisture

604 479 399 494 a

M 638 539 453 543 a
M1 604 504 386 498 a2

Ml 668 567 426 554 a
M2 658 515 398 524 a

Hl 678 604 486 589
H2 634 532 376 514

...

0.11. 50urce x Moisture O.H. 50urce x Rates

O.M. Moisture (~ O.M. Rates (X)
Days Source fll _2 50urce 2I.l -'.2

0 51 583 570 51 582 571
52 532 525 52 523 534

7 51 536 496 51 564 469
52 466 436 52 481 421

14 51 534 474 51 540 46B
52 441 399 52 473 372

30 51 559 476 51 553 482
52 433 414 52 490 358

60 51 534 492 51 562 464
52 459 420 _52 520 350

120 51 577 476 51 584 468
S2 514 433 52 552 394

t Any interaction between organic matter source, rate and moisture containing this sign (t) is significant at the 5S level of probability.

SHeans of moisture treatment~ in a column followed by the same letter are not significantly different from each other at the 5S level of prQbabili~.

M• Moisture content; M1 • 60~ W.H.C.; HZ n 85% W.H.C.

R • Rate of organic matter; Ro • O.O~; Rl • 5.0~; Hz • lO.O~

S a Organic matter soul~e; 51 • Sugarcane trash; 52 • Pineapple residue

N
tN
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Appendix C, Table 31. Effects of Source and Rate of Plant Material Incorporation
and Moisture Content on Soil pH at Different Incubation Periods*

O-day 7-days . 14-days

O.H. S. Trash P. Residue S. Trash P. Residue S. Trash P. Residue
Rates ~ ~ ~

1'12 Means ~ ~ I'll 1'12 Means ..!i ~ I'll M2 I Means
m
0.0 4.50 4.51 4.52 4.49 4.51 4.50 4.50 4.52 4.54 4.51 4.46t

4.46 4.49 4.50 4.48

5.0 4.86 4.84 4.96 4.94 4.90 5.31 5.62 5.58 5.60 5.53 5.28 5.43 5.64 5.60 5.49

10.0 5.06 5.03 5.09 5.06 5.06 5.62 5.52 5.06 5.02 5.73 5.60 5.65 5.94 5.86 5.76-
Means 4.95 5.02 -- 5.54 5.71 -- 5.49 5.76

-

30-days 50-days 120-days

0.0 4.3S
t

4.36 4.38 4.50 4.40 4.24
t

4.12 4.24 4.24 4.21 4.02
t

3.87 4.08 3.89 3.q 6

5.0 4.94 5.20 5.82 5.54 5.38 4.50 4.64 5.74 5.07 4.98 4.48 4.45 5.45 4.76 4.79

10.0 5.51 5.24 6.02 5.94 5.6B 5.12 4.71 6.04 6.02 5.47 4.94 4.56 5.82 6.02 5.33

Means 5.22 5.83 -- 4.74 5.72 -- 4.61 5.51

~For footnotes and abbreviations refer to Appendix C, Table 29.

N
W
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Appendix C, Table 32. Effects of Interactions of Organic
~latter Source, Rate and ~loi sture on Soi 1 pH '"

O.M. Source x Moisture O.M. Source x Rates Moisture x O.M. Rate

O.M. ~:oisture (%) O.H. Rates (%) O.M. Rates (X)

.~Y.?. Source ~ 3 Source !J. J Moisture !9. !J. R2 Means

0 51 4.96 4.94 51 4.85t 5.04 Ml 4.51 4.91 5.07 4.83 a
52 5.03 5.00 52 4.96 5.08 M2 4.50 4.89 5.05 4.81 a

7 51 5.47 5.62 51 5.46 5.62 Ml 4.51 5.44 5.74 5.23 a
52 5.72 5.71 52 5.59 5.84

~
4.52 5.61 5.72 5.28 a

14 51 5.44t 5.54 51 5.35 5.63 M1 4.48 5.46 5.78 I 5.24 a
52 5.80 5.73 52 5.62 5.90 M2 4.48 5.52 5.76 5.25 a

30 51 5.23t 5.22 51 5.08 5.37 M1 4.37t 5.38 5.76 I 5.17 a
52 5.92 5.74 52 5.68 5.98 M2 4.43 5.38 5.58 5.13 a

60 51 4.80 4.67 51 4.56t 4.91 Ml 4.24 5.12 5.58 I 4.98
52 5.89 5.55 52 5.40 6.04 M2 4.18 4.85 5.37 4.80

120 51 4.72 4.50 51 4.47t 4.75 M 4.04t 4.97 5.38 I 4.80
52 5.64 5.38

~
5.10 5.92 l~1 3.88 4.60 5.29 4.592

It

For footnotes and abbreviations refer to Appendix C. Table 30.

N
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Appendix C, Table 33. Effects of Source and Rate of Plant Material Incorporation
and Moisture Content on Soil NH4-N at 01 fferent Incubation Periods'"

O-day 7-days 14-days

O.M. S. Trash P. Residue S. Trash P. Residue S. Trash P. Residue
Rates ~ ~

M1 M2 Means ~ ~ ~ M2 I Means ~
M2 M1 M2 I Means

li) -I - -
0.0 92 92 90 94 92 a 100 106 105 105 104.0 94 99 94 96 96

5.0 89 80 96 91 89 a 9.8 10.6 12.8 10.8 11.0 a 0.5 2.2 1.8 2.2 1.7 a

10.0 85 87 94 91 89 il 11.3 15.0 15.9 14.8 14.2 a 1.6 2.8 3.9 3.2 2.9 a

~leans 85 93 -- 11.7 a 13.5 a -- 1.8 2.8
=

30-days 60-days 120-days

0.0 91.6t 90.1 91.0 96.1 92.2 75.6t 52.8 70.8 ·70.0 67.3 22.8 11.6 24.6 10.3 17.3

5.0 2.0 2.4 2.6 2.9 2.5 a 1.5 1.5 1.5 2.0 1.6 a 1.0 2.7 5.9 2.0 2.9 a

10.0 2.6 1.6 3.9 4.2 3.1 a 4.4 1.8 4.2 3.4 3.4 a 1.2 2.4 2.5 2.1 2.1 a

~ans 2.2 3.4 -- 2.3 a 2.8 a -- 1.8 3.1

It
For footnotes and abbreviations refer to Appendix C, Table 29.
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Appendix C, Table 34. Effects of Interactions of Or9a~ic

Matter Source, Rate and Moisture on Sol1 NH 4-N (ppm)'

O. M. Ra tes (%)
R;: ~-R.-~--R

Moisture x O.M. Rates

..-._ ...-. - - - _2 Means

M 91.3+ 92.5 89.6 91 a
111 93.0 85.3 89.0 89 a2

"', 102 11.3 13.6 42.3 a
M2 105 10.7 14.9 43.7 a

111 94.1 1.2 2.8 32.7 a
M2 97.4 2.2 3.0 34.2 a

M 91.3 2.3 3.2 32.2 a
~,1 93.1 2.7 2.9 32.9 a2

~'1 73.2+ 1.5 4.3 26.3
M2 61.4 1.8 2.6 21.9

Ml 23.6+ 3.5 1.9 9.7
M2 10.9 2.4 2.2 5.2

O.M. Source x Moisture O.M. Source x Rates

O.M. Mois ture (Xl O.M. Rates (Xl
Days §..ource foil ~ Source ~

R2

0 51 87.3 83.4 51 84.5 86.2
52 94.8 91.0 S2 93.4 92.4

7 ~, 10.5 12.8 51 10.2 13.2
14.3 12.8 ~ 11.8 15.3

14 51 1.1 t 2.6 Sl 1.4 2.2
52 2.8 2.7 52 2.0 3.6

30 51 2.3 2.0 51 2.2+ 2.1
52 3.2 3.6 52 2.8 4.0

60 51 2.9 1.6 51 1.5 3.1
S2 2.8 2.7 S2 1.8 3.8

120 51 1.2+ 2.6 51 1.9 1.8
52 4.2 2.1 ~ 4.0 2.3

'It
For footnotes and abbreviations refer to Appendix C. Table 30.
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Appendix C. Table 35. Effects of Source and Rate of Plant Material Incorporation
and Moisture Content on So11 N03-N at Diffel'ent Incubation Periods (ppm)-

O-day 7-days 14-days

0.14. S. Trash P. Residue S. Trash P. Residue S. Trash P. Residue

~
H1 r~2 ~ ~ Means ~ ~ ~ ~ Heans ~ ~ ~ .~ • Means

(%)

0.0 7.5 8.8 7.5 9.2 8.2 7.4 7.2 6.8 6.4 6.9 10.8 11. 3 10.0 8.4 10.1

5.0 9.3 7.1 20.6 21.2 14.6 1.5 0.6 1.3 1.2 1.1 a 2.5 3.8 2.6 2.6 2.9 a

10.0 8.6 9.5 31.3 30.4 19.9 0.8 1.2 1.4 0.2 ~ 3.4 3.8 2.6 3.1 3.2 a

Means 8.6 25.9 -- LOa 1.0 a -- 3.4 2.8

3D-days 60-days 120-~s

0.0 13.0 "15.5 13.6 9.8 12.9 29.8+ 50.6 30.4 32.9 35.9 87.8 109.1 86.8 107.6 97.8

5.0 1.6 2.9 2.2 1.8 2.1 a 2.6 1.5 1.9 2.2 2.1 a 1.8 2.6 1.9 2.3 2.2 d

10.0 1.8 1.9 1.5 1.7 1.7 a 1.8 1.7 2.2 2.3 2.0 a 1.6 2.4 2.8 3.0 2.4 a

r.eans 2.1 a 1.8 a -- 1.9 2.2 -- 2.1 2.5

-For footnotes and abbreviations refer to AppendixC,Table 29.
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Appendix C, Table 36. Effects of Interactions of Organic
Matter Source, Rate and Moisture on Soil NOrN (ppm)'·

g.M. Source x Moisture O.M. Source x Rates Moisture x O.H. Rates

O.M. !:l.,?isture-1& O.M. Rates (t) O.M. Rates (X)
Days 50urce ...:J. ...::! ~ ~ ~ Moisture RO ~

H2

I
Means

0 51 8.9 8.3 51 8.i~ 9.1 111 7.5 14.9 19.9 14.1 a
52 26.0 25.8 52 20.9 30.8

~
9.0 14.1 19.9 14.4 a

7 51 1.0 0.9 51 1.4 0.9 M1 7.1 1.4 1.8 3.2 a
52 1.3 0.7 52 1.1 0.7 M2 6.8 0.9 0.7 2.8 a

14 51 2.9 3.8 51 3.1 3.6 ~'1 10.4 2.6 3.0 5.3 a
52 2.6 2.9 52 2.6 2.8 M2 9.8 3.2 3.4 5.5 a

30 51 1.7 2.4 51 2.3 1.8 M1 13.3 1.9 1.6 5.6 a
52 1.8 1.8 S2 2.0 1.6

~
12.6 2.4 1.8 5.6 a

60 Sl 2.2t 1.6 Sl 2.1 1.8 M1 30.0t 2.3 2.0 I 11.4
52 2.1 2.3 S2 2.1 2.2 M2 41.8 1.9 2.0 15.2

120 51 1.6 2.6 Sl 2.2t 2.0 M1 87.8 t 1.8 2.2 I 30.4
52 2.3 2.6 52 2.1 2.9 ~

108.3 2.5 . 2.7 37.8

"For footnotes and abbreviations r~rer to Appendix C, Table 30.
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Appendix C. Table 37. Effects of Source and Rate of Plant Material Incorporation
and Moisture Content on Soil Extractable Fe at Different Incubation Periods (ppm~

O-day 7-days 14-days
S. Trash P. Residue S. Trash P. Residue S. Trash P. Residue

O.M. H1 112 ~'1 M2 Means ~'1 M2 M1 ~'2 Means M1 1~2 r"l M2 MeansRJt!!s

<:n
0.0 0.27 0.64 0.70 1.01 0.66 0.87 1.13 1.09 1.21 1.08 a 0.21 0.33 0.20 0.33 0.27 b

5.0 1.86 1.64 1. 90 2.42 1.96 a 1.17 1.86 1.41 1.02 1.36 a 0.46 0.69 0.21 0.30 0.41 ab

10.0 2.32 1.65 2.33 2.22 2.13 a 1.62 1.68 3.83 2.57 2.43 a 0.38 0.56 0.32 0.58 0.46 a

Means 1.87 a 2.22 a -- 1.58 a 2.21 a -- 0.52 a 0.35 a
=z::===--== ----~ -~

30-days 60-days 120-days

0.0 0.22 0.90 0.72 0.10 0.49 a 0.30 0.57 0.38 0.34 0.40 a 0.70 0.78 0.50 0.56 0.64 ab

5.0 0.28 0.54 0.94 1.24 0.75 a 0.32 0.48 0.78 0.84 0.60 a 0.59 0.32 0.32 0.44 0.42 b

10.0 0.92 1.10 1. 71 1.82 1. 39 0.58 0.92 0.62 0.42 0.64 a 0.56 0.83 0.69 1.35 0.86 a
..

Means 0.71 1.43 -- 0.58 a 0.67 a -- 0.58 a 0.70 a

*ror footnotes and abbreviations refer to Appendix C. Table 29.
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Appendix C, Table 38. Effects of Interactions of Organi 1Matter Source, Rate and Moisture on Soil Extractable Fe

O.M. Source x Moisture O.M. Source x Rates Moisture x O.M. Rates

0.~1.
Moisture (Xl O.M. RlItes (%l O.H. Rates (Xl

Days Source ~ ~ Source .!l R2 Moisture J .!l R2 Means

0 Sl 2.08 2.11 51 1.75 1.98 Ml 0.48 1.88 2.32 1.56 a
S2 1.65 2.32 52 2.16 2.28

~
0.83 2.04 1.94 1.60 a

7 51 1.40 1.77 5, 1.52 1.65 ~11 0.98 1.29 2.72 I 1.G7 a
52 2.62 1.80 S2 1.22 3.20

~
1.17 1.44 2.12 1.58 a

'4 5, 0.42 0.62 S, 0.58 0.47 M 0.20 0.34 0.35 I 0.30
52 0.26 0.44 52 0.25 0.45 f1' 0.33 0.49 0.58 0.462

30 51 0.60 0.82 5, 0.41 1.02 Ml 0.47 0.61 1. 32 0.80 11

52 1.33 1. 53 S2 1.09 1.77 M2 0.50 0.88 1.46 0.95 a
.

60 Sl 0.45 0.70 51 0.40 0.75 Ml 0.34 0.55 0.60 0.49 a
S2 0.70 0.63 S2 0.81 0.52 M2 0.46 0.66 0.G8 0.59 a

120 51 0.58 0.58 Sl 0.46 0.70 ~'1 O.GO 0.45 0.62 0.56 a
52 0.50 0.90 S2 0.38 1.02

~
0.67 0.3!! 1.09 0.71 a

:It
For footnotes and abbreviations refer to Appendix C, Table 30.
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Appendix C, Table 39. Effects of Source and Rate of Plant Material Incorporation
and Moisture Content on SQil Easily-reducible Fe at Different Incubation Periods (ppm)~



Appendix C, Table 40. Effects of Interactions of Organic *
Matter Source, Rate and Moisture on Soil Easily-reducible Fe (ppm)

O.M•. Source x Moisture O. M. Source x Rates Moisture x O.M. Rates

O.M. ~'oisture (%)
O.~I.

Rate~ (X) O.M. Rates (%)

Days 50urce ~ M2 Source ~ ~ Moisture RO ~ ~ Means

0 51 1.56 1.81\ 51 1.72+ 1.67 ~11 0.91\ 0.95 1.84 1.24 a
52 1.23 1.46 52 0.60 2.09

~
1.07 1.38 1.92 1.46 a

7 51 2.53+ 2.01 51 2.78+ 1. 75 Ml 4.3B 3.06 3.BB I 3.7B a
S2 4.42 9.96 52 3.98 10.34 M2 4.0Z 3.70 8.Z6 5.33 a

14 S, 1.2Bt 1.46 S, 1.68 1.06 M, 0.29 1. 19 1.02 0.83
S2 0.92 3.06 52 1.66 2.34 M2 1.34 2.15 2.38 1.95

30 S, 3.06 2.57 5, 3.02 2.61 M, 2.10 3.44 2.34 2.43 a
52 2.71 2.40 52 3.02 2.08 M2 2.42 2.61 2.36 2.46 a

60 5, 0.53 1.88 5, 1.58 0.83 ~'1 0.93t 0.79 1.13 I 0.95
52 1.40 2.32 52 1.84 l.BB

~
1.65 2.62 1.58 1.95

120 5, 4.10t 4.31 S, 3.42 5.00 M, 2.49 2.66 4.16 I 3.10
5Z Z.71 5.71 5Z 3.49 4.93 M2 3.04 4.26 5.77 4.36

*For footnotes and abbreviations refer to Appendix C, Table 30.
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AppClldLX C, Table 41. Effects of Source and Rate of Plant Material Incorporation
and Moisture Content on Soil H20-Mn at Different Incubation Periods (ppm)*

O-day 7-days 14-days

O.M. S. Trash P. Residue S. Trash P. Residue S. Trash P. Residue
Rates Ml M2 ~ ~12 Means ~

N2 M1~ Means ~ i12 Ml MZ Means-- I - -I -I
(%)

0.0 29 32 28 33 31 35 44 37 46 40 35 30 34 32 32

5.0 151 147 209 188 174 488 506 688 534 554 487 480 730 590 572

10.0 190 206 257 285 234 503 462 746 667 595 530 552 762 693 634

Neans 174 235 -- 490 659 -- 512 694

30-days 60-days 120-days

t
1S

t t
0.0 14 18 14 16 16 4.. 14 38 28 102 78 102 69 88

5.0 350 491 694 558 523 1.88 234 579 26B 317 156 148 450 228 246

10.0 544 448 764 716 618 356 285 761 656 514 410 150 636 644 460

I',eans 458 683 -- 266 566 -- 216 490

11
For footnotes and abbreviations refer to Appendix C, Table 29.
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Appendix C. Table 42. Effects of Interactions of Organic A
Matter Source. Rate and Moisture on Soil H20-soluble Mn (ppm) •

a.M. Source x Moisture a.M. Source x Rates

0.~1.
Moisture (%) a.M. Rates (%)

Days 50urce ~ ~ 50urce ~ .!1.

0 51 170 176 Sl 149 198
52 233 237 52 199 271

7 51 496t 485 51 498t 483
52 717 600

~
611 707

14 51 509t 516 51 484 542
52 746 642

~
660 728

30 51 447t 470 51 420 496
52 730 637 S2 626 740

60 51 272t 260 51 2ll t 320
52 670 462 $2 424 708

120 51 284 149 51 152t 280
52 543 436 ~ 339 640

A

For footnotes and abbreviations refer to Appendix C. Table 30.

Moisture x O.M. Rates
a.M. Rates (%)

Moisture ~ ~
R2 Means

Ml 29 180 224 144 a
M2 32 168 246 148 a

Ml 36 588 625 416
M2 45 520 565 377

Ml 34 608 646 430
M2 30 535 623 396

MI 14t 522 654 397
M2 18 524 582 375

Ml 14t 384 558 319
H2 41 251 471 254

Ml 102 304 523 310
M2 74 188. 397 220

e
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Appendix C, Table 43. Effects of Source and Rate of Plant Material Incorporation~

and r·loisture Content on Soil Exchangeable Mn at Different Incubation Periods (ppm)

O-day 7-days 14-days

O.~l.
S. Trash P. Residue S. Trash P. Residue S. Trash P. Residue

Rates ~ M2 ~ ~ Means
-14

1 "2 ~ ~'2 Means ~
M2 ~ .!.s ~(%)-

110+ 9Bt0.0 122 118 117 116 9B 104 106 102 78 100 79 97 89

5.0 276 252 556 425 377 652 706 924 860 785 a 689 708 963 906 817

10.0 350 26B 540 594 438 6BB 693 1167 820 842 a 734 804 1206 1240 996

Means 2% 529 -- 684 943 -- 734 1079

30-days 60-days 120-days

0.0 54+ 64 47 60 56 50t 53 52 46 50 108+ 54 104 59 Bl

5.0 5n 654 10B8 960 823 295 348 1100 654 599 247 204 765 396 403

10.0 621 586 1200 1230 909 477 360 1205 1170 B03 534 141 942 1058 669

Means 613 1120 -- 370 1032 -- 282 790

~or footnotes and abbreviations refer to Appendix C, Table 29.
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Appendix C, Table 44. Effects of Interactions of Organic A
Matter Source, Rate and Moisture on Soil Exchangeable Mn (ppm)

O.M. Rates (X)

Moisture x O.M. Rates

Moisture !.9. --'J. ~ Means

Ml
114+ 416 445 325

M2 119 338 431 296

Ml J02t 700 927 605
M2 102 783 757 547

M 79 826 970 625 a
~Il 99 807 1022 642 a2

M 50 840 911 600 a
Ml 62 807 908 592 a2

M 51+ 697 841 530
141 49 501 765 4382

Ml 106 506 738 450
M2 56 300 600 319

O.M. Source x Moisture O.M. Source x Rates

O.M. 140isture (r.) O.M. Rates (%)
Q~ Source ~ ~ ~ --'J. -'1.

0 Sl 313 260 SI 264 309
52 548 509 52 490 567

7 SI 670t 699 Sl 679 690
S2 1045 840 S2 892 994

14 51 711 756 51 699+ 768
52 1084 1073 S2 934 1223

30 51 606 620 SI 623t 603
52 1144 1095 52 1024 1216

60 ~, 386t 354 Sl 322t 419
5' 1152 912 S2 877 11882

120 Sl 390 172 SI 225t 337
S2 854 727 ~ 580 1000

1r
For footnotes and abbreviations refer to Appendix C, Table 30.
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AP~endix C, Table 45. Effects of Source and Rate of Plant Material Incorporati?n ~
and oisture Content on Soil Easily-reducible Mn at Different Incubation Periods ppm)

O-day 7-days 14-daxs

C.M. S. Trash P. Residue S. Trash P. Residue S. Trash P. Residue
Rates -!J. ~ ..!i M2 r·leans -!J. .!1 "Ml--r.;; Means ~ .!1 ~ ~ !'leans

- -I
(1)

0.0 7290 7278 7143 7272 7246 a 8338t 9045 8292 9438 8616 a 8817 9712 9000 9706 9309

5.0 6995 8132 6947 7758 7458 a 9014 9010 8790 7152 8676 a 8396 9359 7586 8891 8558 a

10.0 7102 8410 6931 8726 7792 8350 9741 7242 9203 8612 a 9374 9670 7740 8784 8892 a

"'eans 7660 a 7590 a -- 9029 8259 -- 9200 8250

30-days 60-days 120-days

0.0 8714 9768 8661 9648 9198 a 8262t 8920 8246 8438 8466 a 8072 9134 7894 8942 8510 a

5.0 9495 10589 7566 9552 9301 a 9006 9435 7299 9057 8699 a 8748 10081 7478 9140 8862 a

10.0 9511 10329 7441 8974 9063 a 8885 10765 7164 8497 8828 a 8450 105112 7962 8452 8862 a

Means 9881 8383 -- 9523 8004 -- 9466 8258

ltfor footnotes and abbreviations refer to Appendix C, Table 29.
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Appendix C. Table 46. Effects of Interactions of Organic ~
Matter Source. Rate and Moisture on Soil Easily-red~:ib1e Mn (ppm)

D.M. Rates{%)

Moisture x O.M. Rates

- --
1~1 7216t 6971 7016" 7068
r~2 7275 7945 8568 7929

M1' 8315 8128 7752 8065
M2 891B 9224 9472 9204

M1 8908 7991 8557 8485
M2 9709 9125 9227 9354

M 0607 0530 0476 6564
~,1 9708 10071 9651 98102

141 8254t 8152 8024 8144
M2 8679 9246 9631 9185

Ml 7983 8113 8206 8101
M2 9038 9611 9518 9389

l'Ioisture • 1(0 ....'.!l ~ Means

O.M. Source x Moisture O.M. Source X Rates

O.~1.
Moisture (%) O.M. Rates (%~
~ ~Days 50urce 50urce Rl _2_

0 5, 7048 8271 Sl 7564 7756
52 6939 8242

~
7352 7028

7 51 85B2t 9375 51 9012 9046
52 7197 9321 52 8340 8178

14 51 8BB5t 9515 51 8878t 9522
52 7663 8837 ~ 8239 8262

30 51 9503t 10459 51 10042 9920
52 7503 9263 52 8559 8207

60 51 8946 10100 Sl 9220t 9025
52 7231 8777 52 8178 7830

120 51 8599 10332 Sl 9415 9516
52 7720 8796 52 8309 8208

*'For footnotes and abbreviations refer to Appendix C. Table 30.
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Appendix C, Table 47. Effects of Source and Rate of Plant Material Incorporati~n

and Moisture Content on Soil Composition at Different Incubation Periods (%)

O-day 120-days

O.M. S. Trash P. Residue S. Trash P. Residue
Rates M1 r42 M1 r42 Means Ml ~12 Ml M2 Means
(%)

Total N

0.0 0.130 0.130 0.130 0.130 0.130 0.130 0.130 0.128 0.131 0.130

5.0 0.136 0.136 0.165 0.166 0.151 0.142 0.142 0.173 0.170 0.156

10.0 0.154 0.154 0.199 0.200 0.177 0.158 0.159 0.204 0.214 0.184

Means 0.145 0.182 -- 0.150 0.190

Organic Carbon

0.0 0.84 0.84 0.84 0.82 0.84 0.75 0.75 0.75 0.75
1
0

.
75

5.0 3.34 3.36 3.33 3.32 3.34 2.62 2.63 2.30 2.30 2.46

10.0 6.00 5.99 5.66 5.67 5.83 4.65 4.62 3.78 3.87 14.23
--

Means 4.67 4.49 -- 3.63 3.06

'if

For footnotes and abbreviations refer to Appendix C, Table 29.
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Appendix C, Table 48. Effects of Interactions of Organic
Matter Source, Rate and Moisture on soil Composition-

O.M. Source x Moisture O.M. Source x Rate Moisture x O.M. Rates

O.M. Moist..~ O.M. Rates (X) O.M. Rates (%)
~ Source ~ ~ Source !l R2 Moisture ~ ~ R2 I Means

Total N (X)

0 51 0.145 0.145 51 0.136+ 0.154 M 0.129 0.150 0.177 I 0.152 a
52 0.182 0.183 52 0.166 0.199 r~1 0.130 0.151 0.177 0.153 a__2

120 51 0.150 0.150 51 0.142+ 0.159 M1 0.129 0.158 0.181 I 0.156 a
52 0.18B 0.192 52 0.171 0.209

~
0.130 0.156 0.187 0.158 a

Organic C (%)

0 51 4.68 4.68 51 3.35+ 5.99 r~l 0.84 3.34 5.83 I 3.33 a
52 4.49 4.49 52 3.32 5.66 1"'2 0.84 3.34 5.83 3.34 a

120 51 3.64 3.62 51 2.62+ 4.64 ~'1 0.75 2.45 4.22 I 2.48 a
52 3.04 3.0B 52 2.30 3.82 M2 0.75 2.46 4.24 2.48 a

Extractable Al (ppm)

0 51 247 263 51 253 257 M1 200 237 242 I 226 a
52 232 231 52 224 238 M2 202 240 254 232 a

120 51 18 35 51 37 16 M1 142+ 18 2 I 54
52 2 9 ~ 9 2 M2 192 28 17 79

-For footnotes and abbreviations refer to AppendiX C, Table 30.
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Appendix C, Table 49. Effects of Source and Rate of Plant Material Incorporation.
and Moisture Content on Soil Composition '.' at Different Incubation Periods (ppm~*

O-day 120-days

O. ~1.
S. Trash P. Residue S. Trash P. Residue

Rates Ml M2 Ml M2 Means Ml M2 Ml ~ I Means-
(%)

Extractable Al

0.0 202 204 199 200 201 146 196 138 189 167

5.0 247 259 227 222 239 a 35 39 2 16 23

10.0 246 267· 236 240 248 a 2 31 2 2 I 9

Means 255 231 -- 27 6

~

For footnotes and abbreviations refer to Appendix C, Table 29.
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