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ABSTRACT

Several experiments were conducted to study diagnostic features of

nutritional disorders in Eucalyptus sa1igna seedlings and to determine

their responses to fertilization in two forest soils of Hawaii.

A sand culture study was conducted under greenhouse conditions in

order to develop deficiency symptoms of N, P, K, Ca, Mg and S and to

determine the effects of these deficiencies on the growth and chemical

cvmpositiou of ~. saligr~ seedlings. N deficient plants developed

chlorosis on old leaves followed by small purplish spots and at

advanced stages the leaves, petioles and the stems turned purplish.

When P was deficient leaves had a dark green color followed by pale

brown spots along the margins and eventually tips became necrotic and

curled upwards and inwards. Chlorosis followed by mottling was observed

starting from leaf wargin and spreading towards the midribs in K

deficiency. Later necrosis developed on K deficient leaves. New leaves

were small and narrow, terminal apices died and older leaves abscissed.

Ca deficiency was expressed by younger leaves having light yellow spots

which became necrotic. New leaves were small and developed rosette

appearance and development of heavy lateral branching occurred. Mg

deficiency symptoms started with interveina1 chlorosis on leaves with

light brown spots starting from the base and margins of the leaves and

spreading towards the midrib. Lesions and discoloration of leaves near

the base and abscission of leaves occurred. S deficiency symptoms

started on young leaves where small pinkish spots which became whitish

to yellowish developed while old leaves remained green. Chlorosis on

young leaves was uniformly distributed. Young leaves became bronze and
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later necrotic and curled inwards. Eventually old leaves developed

marginal necrosis and heavy leaf fall was observed. Plants were bushy

and death of terminal apices of branches occurred. Height growth was

most affected by N deficiency followed in order by Ca, S, K, P and

the least by Mg deficiency. Total dry matter was also drastically

reduced by N deletion followed in order by S, K, Ca, Mg and P deficiencies.

Internal concentration of each deficient nutrient was significantly

reduced in the plant tissues and exhibited interactions with other

nutrients.

In a separate experiment conducted under greenhouse conditions

deficiency symptoms, effect on growth parameters as well as plant tissue

chemical composition for Fe, Zn, Cu, Band Mn deficiencies were in

vestigated using perlite as growing media. ~ptoms of Fe deficiency

were well expressed with distinct interveinal chlorosis. Zn deficient

plants were stunted with cup-shaped leaves and reduced branching. Cu

deficient leaves assumed light green coloration and the plants produced

less dry matter. B deficiency induced small sized leaves of uniform

pale green color and restricted plant growth. Interveinal chlorosis

was produced under Mn deficiency and plant height, diameter and dry

matter production were significantly lower than normal. Analyses of

young leaves, old leaves, stems and roots were carried out for internal

nutrient concentrations. Interactions among some nutrient elements

were found.

Studies to determine tolerance of !. saligna seedlings to toxic

levels of AI, Mn and B which often prevail under forest soil conditions

were conducted in separate solution culture experiments. Six levels
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of Al (0, 0.5, 1, 2,4 and 8 ppm), five levels of B (0, 0.2,0.4,2

and 4 ppm) and six levels of Mn (0, 0.5, 2, 4, 40 and 80 ppm) were

supplied to !. saligna seedlings. Al toxicity symptoms were brown

spots and reduced leaf size and seedling growth was stunted at 4 and 8

ppm at which the Al concentrations of tissues were 83 and 80 ppm in the

young leaves, 387 and 362 ppm in the old leaves, 72 and 51 ppm in the

stems and 130 and 163 ppm in the roots, respectively. B toxicity

symptoms appeared at 2 ppm level of applied B at which the internal

concentrations of B were 383, 713, 92 and 215 ppm in young leaves, old

leaves, stems and roots, respectively. However, the most pronounced

symptoms were observed at 4 ppm applied B which produced burnt brown

tips and margins of old leaves. The tissue concentrations of B at this

stage were 799, 1148, 156 and 398 ppm in the young leaves, old leaves,

stems and roots, respectively. Mn toxicity produced interveina1 chlorosis

in the young leaves at 40 and 80 ppm applied Mn at which the internal

concentrations of Mn were 1403 and 1441 ppm in the young leaves, 1544

and 1172 ppm in the old leaves, 1061 and 1167 ppm in the stems and 1387

and 1211 ppm in the roots of!. saligna seedlings, respectively, for

40 and 80 ppm applied Mn. However, growth was not adversely affected

even with 80 ppm Mn application conforming to some previous studies.

From this it appears that !. saligna can tolerate high Mn levels.

Furthermore studies to determine the growth response of !. saligna

seedlings to fertilization with N, P and K were conducted in two forest

soils, namely Maile Silty Clay Loam, Thixotropic Isomesic Hydric

Dystrandept and Hilo Silty Clay Loam Thixotropic Isohyperthermic Typic

Hydrandept, using a Composite Design. Five levels of N (0, 60, 120, 180

and 240 ppm), five levels of P (0, 80, 160, 240 and 320 ppm) and five
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levels of K (0, 60, 120, 180 and 240 ppm) were applied in various

treatment combinations. Growth response was measured as height, diameter

and dry matter production of shoots and roots. Soil samples collected

prior to fertilization and at the end of the study were analyzed for

pH, available P and exchangeable K, Ca and Mg. Tissue samples of shoots

and roots were analyzed for total N, tissue P, K, Ca and Mg.

Quadratic and polynomial equations were computed in order to

predict the relationships between application rates of N, P, and K and

plant height, diameter, total dry matter production and tissue mineral

composition. The most important element which affected all growth

parameters was P, followed by K and N. Height of the seedlings was

significantly increased in both soils by P application whereas response

to N was observed in the Hilo soil only and response to K was not obtained

in both soils. Diameter of seedlings in both soils was increased with

P application whereas Nand K application increased diameter in the

Maile soil only. N, P, and K applications gave significant positive

correlations with dry matter production of both sh00ts and roots in the

Maile soil. However, rates of N higher than 180 ppm decreased the dry

matter in the Maile soil. The maximum dry matter production in Maile

soil was with 180 ppm N + 320 ppm P + 180 ppm K. In the Hilo soil

results indicated that at 60 ppm K application there was a progressive

increase in dry matter production with increasing rates of Nand P.

But at higher K levels, application of N up to 120 ppm decreased the

total dry matter. An NPK combination of 240 ppm N + 320 ppm P + 60

ppm K resulted in maximum growth of ~. saligna seedlings in the Hilo soil.
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CHAPTER I

INTRODUCTION

Ever increasing population pressure on the globe has created more

stress on both renewable and nonrenewable resources. Fortunately,

renewable resource supply can be maintained with human efforts to cope

with needs of the time. Forests form an important part of the renewable

resource system. They play a significant role in economic development

as well as are resource for development of other sectors. In addition

to being a readily convertible and largely self regenerating raw

materials in providing innumberable products of vital use as for example

food, fiber, building materials, packing materials, textiles, pulp and

paper products and energy needs, forests have a very significant impact

on natural environment and form an important component of the ecosystem.

Within the overall intensification of resource use and management due

to technological advances, forest fertilization is becoming a silvicultural

tool to enhance forest soil productivity in many parts of the world

including the United States. This is evidenced by the increasing

intensity of both research activities and field applications of ferti

lizers to correct known nutrient deficiencies in forest stands. The

major responses of southern pines to P applications on poorly drained

flatwood soils of the Southeastern Coastal Plains and the N responses

demonstrated in the Pacific Northwest are excellent examples of fertili

zer use in forest stands (White, 1973). It is now generally recognized

that many of our soils under forest areas or available for afforestation

are either deficient in mineral nutriants or present some kind of

nutritional problem limiting ~ree growth. Having accepted the possibility
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of materially improving crop yield by fertilization, the major task is

to determine the limitations of a particular soil for the growth and

establishment of a particular tree crop and to find what and how much

fertilizer to apply to meet its requirement. The most straightforward

and convincing answer is provided by actual fertilizer trials made on

the site and on the species in question. However, such trials are

usually costly and time consuming and the results are generally l~ited

to the site and species investiaged. The soil analysis approach is

useful in providing a guide to fertility of a site prior to afforestation

and corrective measures can be adopted in cultural practices where the

nutrient requirements of the species are known. However, in contrast

to agricultural crops, the situation in tree crops is complicated by

sampling problems because of exploitation of different horizons by

tree roots. The long term rotation of forest crops necessitates

knowledge of the immediately available nutrients, as well as nutrients

potentially available in later years.

With these conditions in mind, attention should be paid to the crop

itself as an indicator of its nutritional status. The association of

certain mineral deficiences with characteristic visible morphological

symptoms is well known and indeed, from these an expert can often make

a reliable diagnosis not only of the nature of deficiency but also of

its severity. Like any other method, this method may not be without

some drawbacks yet it can prove a most useful guide to diagnosis,

especially when the actual mineral composition of plant tissues is

also determined.

The State of Hawaii has an aggregate land area of 4.1 million

acres. Less than 8% of the land is devoted to agricultural crops, while
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about 15% is under urban and military use and 17% is lava flows and

mountaineous. The rest, 60%, can be divided almost equally into

grazing and forest lands (Forestry Research Planning Committee, 1960).

In general, the fertility of these soils is low and crop productivity

is poor unless adequately fertilized and/or watered. The native forest

species of Hawaii are considered by the foresters as slow growing and

difficult to re-establish. Of the multitude of species tested,

Eucalyptus, Norfolk Island pine, silk oak, Australian red cedar, some

species of Pinus and tropical ash show good growth potential (Carlson

and Bryan, 1959). Of the int~duced species, Eucalyptus saligna

occupies an important place. Australian in origin, it has many

desirable characteristics such as rapid growth, with straight stem and

can achieve significant heights. It is used for multiple purposes

including lumber, furniture, pulp-paper and energy needs. The success

ful establishment of this species in the field requires, among other

factors, healthy and vigorous seedlings. In Hawaii extensive agronomic

research on soils similar or related to forest planting sites has clhown

multiple deficiencies of essential nutrient elements, such as N, P,

K, Ca, Mg, Fe, Mn, B, Zn and Cu (Tamimi, 1969). Several investigators

(Hacskay10 et al., 1969; Hobbs, 1944; Walker et a1., 1955) have presented

detailed descriptions of nutritional deficiency symptoms of temperate

zone forest species. However, use of this approach qn tropical species

is minimal (Will, 1961; Tamimi, 1966). Some soils in the tropics are

high in Al and Mn. Their toxicity to agronomic crops has been studied

(Child and Smith, 1960) but little information is available on the

toxic effects of these elements on forest species.
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This led to the initiation of research reported in this dissertation

with the following objectives:

1. To establish visual symptoms of deficiencies of macronutrients,

including N, P, K, Ca, Mg and S in Eucalyptus saligna seedlings.

2. To determine the effect of these deficiencies on the growth

characteristics of the seedlings.

3. To determine the internal nutrient concentrations associated

with these deficiencies in the seedlings.

4. To establish visual symptoms of deficiencies of micronutrients,

including Fe, Zn, eu, Band Mn in the seedlings.

5. To determine the effect of these deficiencies on the growth

characteristics of the seedlings.

6. To determine the internal nutrient concentrations associated

with these deficiencies in the seedlings.

7. To establish visual symptoms of toxicities of AI, Band Mn

in the seedlings.

8. To determine the effect of these toxicities on the growth

characteristics of the seedlings.

9. To determine the internal nutrient concentrations associated

with these toxicities in the seedlings.

10. To determine the growth response of the seedlings to N, P and

K fertilization in two forest soils of Hawaii.

11. To determine the effect of N, P and K fertilization on the

internal nutrient concentrations of the seedlings and the post harvest

soil analysis.



CHAFfER II

REVIEW OF LITERATURE

Nitrogen Deficiency

Nitrogen is a vitally important plant nutrient since it is a part

of a large number of necessa1Y organic compounds, such as amino acids,

proteins, coenzymes, nucleic acids and chlorophyll. It cOffiprises 40 to

50% of dry matter of protoplasm (Wallace, 1961). The forms most commonly

assimilated by plants are N03- and NH4+ . Urea (NH2C0NH2) may also be

absorbed by plants. Regardless of the form of nitrogen absorbed by

plants, it is converted within the plant to the -N=, -NH- or -~

form. This reduced N is incorporated into the carbonic framework

(usually a1phaketo-acids) to give amino acids. These by transamination

reactions give rise to new ones and protein synthesis occurs by the

union between the carbonyl group of an amino acid and an amino group

of another to form the peptide linkage NH-CO (Ma1avolta et a1., 1962).

N is also an essential part of the chlorophyll molecule which consists

essentially of a central Mg atom around which are four coordinated

pyrro1 rings, each consisting of one N and four C atoms. The N bonds

are shared with those of C and Mg atoms.

A shortage of N results in the reduction of the amount of chlorophyll

in the leaf, hence a loss of green color. The first symptoms of N

deficiency are expressed by the appearance of a light-green to yel1owish

green color of the leaves. This yellowing or chlorosis usually appears

first on the lower leaves while the upper leaves remain green. Since

N is very mobile in plants (Gauch, 1972), it is readily translocated

to supply vital growing points where it is most required. This mobility

and translocation of N explains why growing points are the last plant
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parts to show deficiency symptoms (Wallace, 1961).

The usual symptoms of N deficiency in plants are restricted

growth of shoots and roots. Shoots are short and thin, while leaves

are small, usually of pale yellowish-green color in the early stages

of growth. Later, leaves develop colored tints of yellow, orange, red

or purple. Tinting begins on older foliage and proceeds t~ward the

younger leaves. Defoliation may occur prematurely, starting with older

leaves. Later, buds may remain dormant or die. Blossoming in severe

cases is reduced and consequently yields are very small.

In N deficient Eucalyptus "hybrid" and in Eucalyptus globulus

seedlings, Kaul et al. (1966, 1970a) reported chlorosis, purplish spots

along margins and tips of leaves, browning of base of stems as well as

restricted growth. Similar symptoms were observed by Hussain and

Theagrajan (1966) in!. "hybrid". Kaul et a L, (1970) found very little

height growth and dry matter production from Eucalyptus citriodora

seedlings when N was deficient.

Hacskaylo et al. (1969) found reduction in size of leaves and

number of leaflets and variation in leaf color from greenish yellow for

sweetgum (Liquidambar styracif1ua) to yellow for black locust (Robinia

psuedocasia). They observed that petioles of black walnut (Juglans

nigra) were yellow while in sweetgum they were red due to N deficiency.

These authors observed in their study with Scots pine (Pinus sv1vestris)

that N deficient plants were stunted with short primary leaves having

plae green color and red or brown tips. Roots were brown in color and

fibrous.

Leaf N concentration is lowered rapidly when its supply was withheld.

This effect is more pronounced in the older leaves due to its translocation
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to younger leaves. Deficiency of N also affects the concentration of

other elements depending upon the species. Kaul et al. (1968, 1970,

1970a) found higher concentrations of P, Ca, and Mg in foliage of N

deficient Eucalyptus species. Hacs~ylo et al. (1969) reported higher

concentrations of Ca, Mg, Mn and Zn and lower concentrations of Fe, eu

and B due to N deficiency in Scots pine.

Phosphorus Deficien£y

P is closely related to many vital growth processes in the plants.

It is recognized as a constituent of nucleic acid, phytin, phospho-lipids

and certain coenzymes. The chemical combinations between nucleic acids

and basic proteins give rise to nucleoproteins which are associated

with the makeup of chromosomes. P has a fundamental role in several

aspects of respiration such as initial breakdown of hexoses; storage,

transfer and utilization of energy through ADP and ATP (Malavolta et al.,

1962). Plants absorb most of their P as primary orthophosphate ions

(H2P0
4-).

Smaller quantities of secondary orthophosphate ions (HP0
4

=)

are also absorbed. Much cf. the inorganic P is converted to organic

forms upon entry into the root or after it has been transported through

the xylem into the shoot.

P deficient plants appear stunted and in contrast to those lacking

N are often dark green in color. However, sometimes anthocyanin

pigments accumulate and plant leaves turn reddish or purple in color.

The high sugar content may also be associated with a decrease in the

formation of starch and cellulose from the sugar as a result of P

deficiency.

P is easily redistributed in most plants from one organ to anot1er

and is lost from older leaves, thus deficiency symptoms occur first in
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more mature leaves. Besides change in color, leaf margins may also show

brown scorching effects. The growth of tops and roots is restricted.

Shoots are often short and thin, while leaves are small and accompanied

by premature defoliation (Wallace, 1961). ~ptoms of P deficiency

attained by Mello et a1. (1960) in Eucalyptus alba grown in nutrient

culture included numerous dark points in the leaf blade which retained

its green color. Later, the points grew in size and the background

gradually developed an orange yellowish tinge. Kau1 et a1. (1966)

reported smaller and thinner leaves in P deficient plants of!. "hybrid".

Necrotic spots were observed on the foliage of P deficient !. citriodora

by the same authors (Kau1 et a1., 1970). Lateral branching was observed

in §.. "hybrid" seedlings (Hussain and Theagrajan, 1966). It was

restricted in §.. globu1us (Kau1 et a1., 1970a) but was completely

absent in some other Eucalyptus species (Will, 1961) when P was deficient.

Tissue P concentration is normally decreased when plants are

raised under P deficient conditions. The effect of P deficiency on

the concentrations of other nutrients in tissues has been reported by

several authors. Kau1 et a1. (1966) found an increase in Ca concentra

tion in P deficient.§.. "hybrid" seedlings. N uptake was reported to

be increased in .§.. globu1us and.§.. citriodora when P was deficient

(Kau1 et a1., 1970, 1970a). Hacskay10 et ale (1969) observed an increase

in concentrations of K, Fe, Zn and eu and a decrease in Mn concentration

in P deficient seedlings of Scots pine, while in cottonwood and black

locust there was higher concentrations of Fe, Mn and Zn. In black

walnut, they noticed higher concentrations of Nand B in P deficient

plants.
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Potassium Deficiency

Unlike Nand P, K does not form a stable structural part of any

molecule inside plant cells. Yet surprisingly large amounts of t~is

element are needed for proper growth and development. K plays its role

in several physiological functions such as carbohydrate metabolism and

translocation of starch, synthesis of protein, neutralization of

physiologically important organic acids, activation of various enzymes,

adjustment of stomatal illo~e~ent and water relations. It is taken up by

plants in its elemental form and is highly mobile and easily translocated

in the plant parts. It is of special importance in leaves and at growing

points. Most of the K is contained in cell sap and cytoplasm.

K deficiency symptoms first appear on the recently matured leaves

of plants and not on the young immature leaves at the growing point.

As the plant grows, the symptoms become more pronounced on the old

leaves and as the young leaves age, they in turn develop symptoms.

This characteristic pattern results from the fact that K directly moves

from the external supply source to growing point, and is translocated

from older to younger plant parts. In the case of extreme deficiency,

the entire plant may show SYmptoms including die back. Once scorching

of leaves has taken place, the process is irreversible (Ulrich and Ohki,

1966). In K deficient plants the tips and margins of the most recently

matured leaves first become yellow, then turn brown and appear scorched

and finally become dried up, brittle and ragged in appearance as a result

of loss of dead tissue (C~uch, 1972).

In trees, a slight deficiency of K leads to somewhat restricted

shoot growth but when it is severe, growth does not occur and shoots

die back. The leaves are dull bluish green and have chlorosis especially
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in interveinal areas. The laminae of leaves of many broad leaved

plants show a tendency either to curl backward toward the under surface

or roll forward toward the upper surface parallel with the midrib

(Wallace, 1961). Cup shaped appearance of the K deficient leaves of

!. globulus was observed by Kaul et al. (1970a). Necrosis of older

leaves as well as premature defoliation occurred in!. citriodora when

it was K deficient (Kaul et al., 1970).

As K is quite mobile its concentration decreases rapidly in tissues

deficient in K. Hacskaylo et al. (1969) noticed considerable reduction

of K concentration in leaves of black locust and cottonwood grown in K

deficient solutions. K deficiency in these species led to increased

concentrations of Ca, N, Mg and B but reduced Fe concentration. However,

they did not find the same in Scots Pine seedlings when grown in K

deficient solutions. Kaul et al. (1970) reported higher concentrations

of Ca and rlg in K deficient !. citriodora seedlings.

Calcium Deficiency

Although specific physiological functions of calcium in plants

are not clearly defined, it has been considered necessary for several

functions. It is associated with the formation of middle lamellae

of cells because of its alleged role in the synthesis of calcium pectate.

This compound cements the adjacent primary walls together so that cells

of a tissue remain bound together. This may explain how Ca deficiency

causes a marked inhibition of bud development and causes death of root

tips.

Ca favors the formation of protein content of mitochondria and is

associated with activity of certain enzyme systems. It is believed to
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be an essential part of a-amylase, a starch digesting enzyme. As the

cell metabolic processes go on to develop complex substances, some

organic acids are formed that would be harmful by-products were it not

for the neutralizing effect of Ca. The Ca in plants seems to exist

in a fine balance with Mg, K and possibly B. Any upset in this balance

due to an excess or lack of any of them will result in an abnorrr~l

performance of plant functions. An apparent ekcess of K, Mg, or B

may really be a deficiency of Ca or vice versa (Scarseth and Salter,

1941) .

Ca does not appear to move freely from older to younger parts of

the plant, hence young tissues contain a lower concentration of Ca

than older ones. This may explain why ca deficiency begins at the tip

of shoots (Wallace, 1961). Kaul et al. (1966) observed chlorosis of

older leaves and mottling along margins and on the tips of ca deficient

leaves of E. "hybrid" seedlings. They also observed no lateral branching.

Leaf buds were not visible and growth was slightly less than control

plants. However, Hussain and Theagrajan (1966) reported that Ca

deficient plants of !. "hybrid," were apparently healthy compared

to the control. They observed continued terminal growth with well

formed leaves and only slightly tinted petioles. Younger leaves in this

case were pale but not chlorotic.

ca deficient E. citriodora seedlings had lower Ca concentration

compared to the control. There was an increase in concentrations of

N, P, K, Mg and S due to Ca deficiency (Kaul et al., 1970), Somewhat

similar results were reported for!. globulus seedlings by Kaul et al.

(1970a) and for !. grandis by Kaul et al. (1968) when grown in ca

deficient media.
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Magnesium Deficien£y

Magnesium is the only mineral constituent of the chlorophyll

molecule and constitutes 2.7% of its weight. Thus it is involved in

the most important synthetic reaction on earth, namely, photosynthesis

(Gauch, 1972). Because of this, when Mg is deficient, its symptoms

are leaf chlorosis. Besides its importance in chlorophyll, it is

essential as an activator of many enzymes such as enolase (Utter and

Workman, 1942), yeast phosphoglucomutase (Coir et al., 1938), hexokinase

(Berger et al., 1946; Bailey and Webb, 1948), and carboxylase (Mee,

1949; Stumpf, 1945). Mg is absorbed by the plant as Mg++ ions. Plant

roots are capable of absorbing both soluble and exchangeable Mg. It is

readily translocated within the tissues CMalavolta et a1., 1962). For

this reason, symptoms of Mg shortage first appear on the older leaves

as firstly shown under field conditions by sacca (1912). The most

characteristic aspect of Mg deficiency is interveinal chlorosis which

begins at the edges and gradually progresses towards the center

(Zimmerman, 1947). In leaves of apple trees, symptoms may consist

merely of an interveinal necrosis, either in areas around the midrib

or begirrning near the margins and developing progressively toward the

midrib. The necrosis may be preceded by purple tinting which fades

as the necrosis develops (Wallace, 1961). In birch (Betula ~.),

Ingestad (1957) reported that leaves turn yellow with grey to brown

spotted margins spreading over the whole blade. In red pine, short

leaf pine, and white pine, needles become chlorotic at tips (Hobbs,

1944).

Where Mg deficiency symptoms develop in annual plants at a late

stage in their growth period, yields may not be appreciably reduced
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(Wallace, 1961), but in perennials such as forest trees or fruit

trees, Mg deficiency results in stunted growth. Among forest trees,

white oak (Quercus alba) is considered as an indicator plant for Mg

deficiency (Anon., 1949). Leaf defoliation as well as yellow green

interveinal spots in Mg deficient seedlings of~. '~ybrid" were

described as characteristic symptoms of Mg deficiency by Kaul et al.

(1966). These symptoms were also observed in~. alba where older

leaves first showed an interveinal chlorosis localized along the

midrib followed by necrosis which occurred by gradual change of color

to brown (Mello et al., 1960). In black walnut and black locust,

interveinal areas of Mg deficient leaves were pale yellow, most

pronounced on basal leaflets and diminishing toward the leaf tips

(Hacskaylo et al., 1969).

K and Ca concentrations were shown to increase with Mg deficiency

in E. globulus and~. citriodora (Kaul et al., 1970a, 1970). Increased

K, Ca and 8 concentrations were also observed in Mg deficient Pinus

patula seedlings (Kaul et al~, 1974).

8ulfur Deficiency

8 is an essential part of the amino acids cystine, cysteine and

methionine (Malavolta et al., 1962). It is absorbed by plant roots

in the form of 804= ions. Leaves are also able to directly absorb this

element in significant amounts as 804- (Thomas et al., 1944). After

entering into the plants as 804=' 8 is usually reduced to give -SH

and -8-8- forms. 804-8 in large amount may also be retained as such in

the tissue and cell sap without apparent injury to plants.

8 requirements of plants frequently have been noted as similar

to P requirements. Johnson and Ulrich (1959) reported that concentrati~ns
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of total S and total P in plant material usually fall within 0.1 to

1.5%. Within the plant, no appreciable redistribution of S takes place.

Thus under low S supply, the younger leaves show characteristic

chlorosis, whereas the older leaves remain green except in severe

cases (Malavolta et al., 1962). Sand culture experiments on various

plants reported by Wallace (1961) showed that S deficiency in many

ways resembled N deficiency. In tea, shoot growth became restricted

and stem stiff, woody, and thin. Drastic deficiency led to a decrease

in leaf size. The leaves rolled upward. They were stiff, brittle and

very chlorotic. Defoliation was severe and eventually terminal buds

died and branches died back. In~. alba grown in nutrient solution,

the S deficiency symptoms in younger leaves were uniform chlorosis

which later developed a bronze like color. The branches had purplish

tinge (JMello et al., 1960).

With S deficiency, there was an increase in Ca concentration and

a slight decrease in P, K, and Mg concentrations in E. citriodora

seedlings (Kaul et al., 1970); whereas in~. globulus there was a

slight increase in Mg and K concentrations and a slight decrease in N,

P, and Ca concentrations (Kaul et al., 1970a). The results obtained

by the same authors (Kaul et a1., 1974) for Pinus patula indicated an

increase in N but a reduction in P, K, Ca, and Mg concentrations due to

S deficiency.

Iron Deficiency

Iron is closely associated with chlorophyll formation but is not

a constituent of it. Its role appears to be a catalyst (Wallace,

1961). It has been shown that Fe is a metal constituent of a number of
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enzymes concerned with respiration and other oxidation systems such

as cytochrome band c, catalase, peroxidase, hydrogenase, xanthine

oxidase and aldehyde oxidase. It also occurs in nitrite and hyponitrite

reductases which are concerned with the chain of reactions by which

N0
3-

is reduced to NH4+ in plants (Wallace, 1961). Fe is absorbed by

plants in both di-and tri- valent forms, the former being more active

in metabolism. Plant tissues containing large quantities of ferric

iron may exhibit Fe deficiency symptoms. Fe deficient plants are

typically characterized by development of pronounced interveinal

chlorosis of the younger leav~~. Fe is very immobile in the plant,

perhaps because it is precipitated as an insoluble oxide or in the form

of inorganic or organic ferric phosphate. In case of severe deficiency,

the green color becomes absent, first in the finer veins, then in the

larger veins until eventually the leaf is devoid of chlorophyll

(Wallihan, 1966). In addition to scorching of leaf margins, shoot

tips may die and the die back may extend downwards into the larger

branches. In Eucalyptus tereticornis grown in Fe deficient nutrient

solution, Accorsi et al. (1961) observed interveinal chlorosis.

Hacskaylo et al. (1969) reported that leaves became white with the

veins outlined a dark green color and a reduction in leaf size in the

species, black walnut, eastern cottonwood, black locust and sweetgum.

They observed that the leaf color of Fe deficient pink oak ranged from

yellow green to cream.

In Fe deficient cottonwood foliage, there was an increase in

N, P, Ca, Mg, K, S, Mn, Zn, Band eu concentrations over the control

plants (Hacskaylo et al., 1969). Similar results were obtained for

Fe deficient leaves of black walnut except that the N concentration was
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slightly lower than the control. An increased concentration of several

nutrients may inactivate Fe, thus resulting in chlorosis. As Bennett

(1945) reported, Olsen's work in which plants grown in water cultU!-es

high in P, with iron supplied as ferric iron, became chlorotic. Olsen

(1935) concluded that iron was precipitated as phosphate in the leaf

tissue along the vascular bundles.

A high K content was correlated with lime induced chlorosis

(Lindner and Hartley, 1944). It appears that high K concentration of

chlorotic leaves cause the Fe to be displaced from the enzyme responsible

for chlorophyll formation, resulting in the inactivation of this enzyme.

Similarly high concentrations of Mn in the tissues are usually associated

with low concentrations of soluble Fe and vice versa. This suggests

the oxidation of ferrous to ferric ions by the active Mn resulting in

the inactivation and precipitation of Fe in the form of ferric organic

complexes (Sommers and Shive, 1942).

Zinc Deficiency

Zn deficiency produces interveinal chlorosis in the leaves of

several tree crops suggesting that Zn somehow participates in chlorophyll

formation. Zn is also an essential part of certain enzymes like

alcohol dehydrogenase, lactic acid dehydrogenase, glutamic acid

dehydrogenase, enolase, oxalacetic acid decarboxylase, dihydropeptidase,

etc. (Wallace, 1961). A relationship between Zn and auxins was suggested

by Skoog (1940) who maintained that lack of Zn led to destruction of

IAA (indoleacetic acid) and thus deficiency symptoms appeared. According

to Gauch (1972), there is good evidence that Zn is required for synthesis

of tryptophan, a known precursor of IAA--the principal hormone of higher
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plants. IAA is essential for the normal enlargement of cells in the

stems. This may explain the retardation of stem growth in the absence

of Zn.

Zn is absorbed by plant roots as Zn++ ion and may also be absorbed

as a molecular complex of such chelating agents as EDTA. It may also

enter the leaves if sprayed on foliage. Disorders arising from the lack

of Zn include little-leaf and rosette growth o~ several fruit trees as

the result of reduction in the size of the leaves and length of inter

nodes. Leaf margins are often distorted and puckered in appearance

(Malavolta et al., 1962; Camp, 1945). Stone (1968) described common

symptoms of Zn deficiency in woody plants to be marked chlorosis or

bronzing of younger leaves, loss of older leaves from terminal shoots,

rosette and die back of affected shoots. In!. tereticornis grown in

Zn deficient nutrient solution, the upper surface of the leaf blade

developed purple areas distributed among numerous discolored spots.

The laminae as a whole were pale green but veins were darker in color.

There also was marked shortening of internodes leading to the formation

of a rosette of small yellowish leaves (Accorsi et al., 1961).

Zn concentrations in tissue become lower as the supply of Zn is

cut off. However, the concentrations of Zn in the leaf of Zn deficient

black walnut, cottonwood, black locust and Scots pine were found to be

higher than in the control (Hacsk~yl0 et al., 1969) •.The effect of Zn

deficiency on the other nutrient concentrations varied with the species.

Nand Mn concentrations increased in cottonwood while Mn in black walnut

and N in black locust were higher than in the control. But in black

walnut, the concentrations of N, P and Ca decreased and in Scots pine

foliage K increased and Mn and Fe concentrations were lower than in the
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control (Hacsk~ylo et al., 1969).

Copper Deficiency

Copper in plants has a close association with chloroplasts and

proteins. It acts an an electron carrier and is part of various enzymes.

It is a constituent of polyphenoloxidase, ascorbic acid oxidase, laccase,

monoamine oxidase, uricase, cytochrome oxidase and galactose oxidase

(Gauch, 1972). Cu is also an essential part of plastocyanin--a

compound forming part of the photosynthetic electron transport chain.

Cu is largely absorbed as divalent cupric or monovalent cuprous ions

but it may also be absorbed as a salt of an organic complex, such as

EDTA. In Cu deficient plants, leaves are often bluish green and the

protein level may be high. Deficiency effects may be accentuated by a

high N supply (Wallace, 1961). Young leaves become dark green in

color, twisted and mis-shapen and with necrotic spots. Cu deficient

!. tereticornis developed interveinal chlorosis in young leaves

accompanied by deformation of the blades. The leaf margins showed an

irregular appearance while some leaf sections had an abnormal shape

(Accorsi et al., 1961). Hacs~ylo et ale (1969) observed sweetgum

leaves to vary from bluish green to grey with yellow veins, while black

walnut leaves were only slightly less green than normal.

The amount of Cu present in relation to that of other heavy

metals is of greater importance to proper plant functioning than the

absolute quantity of eu per se (Tisdale and Nelson, 1966). In black

walnut Cu deficient leaves contained lower amounts of N, P, K, Ca,

Mg, Sand Mo but higher concentrations of Fe and 11n. In cottonwood

the leaves of Cu deficient plants had lower concentrations of K, Mn,



19

B and higher concentrations of N, Ca and Fe than in the control

(Hacskaylo et al., 1969). These investigators also observed a higher

concentration of N in eu deficient leaves of black locust.

Boron Deficiency

B deficiency is the most common micro-nutrient deficiency in forest

plantations (Stone, 1968). Its occurrence in orchard species including

walnut, cherry persimmon and tung has been well studied (Bradford, 1966).

B deficiency is known in Grevil1ea and Eucalyptus species (Smith, 1960).

B plays a role in translocation of sugars, tissue respiration, reproduction

of plants, germination of pollen and water relations (Wallace, 1961).

In its absence, calcium metabolism becomes upset, thus resulting in

defective conducting systems (Ma1avolta, 1962). Due to B deficiency,

the meristematic tissues cease to grow and apical buds die.

B is absorbed in one or more of its ionic forms such as B407, H2B03,

HB03 or B03• B is not readily translocated from older to meristematic

regions. The youngest leaves become pale green losing more color at

the base than at the tip. The basal tissue breaks down and if the

growth continues the leaves have a one-sided or twisted appearance

when B is deficient. In most of the Eucalyptus species, the first

symptoms of B deficiency are crinkling and discoloration of unfolded

leaves of the apical buds. The unopened buds become brittle and dry.

The mature leaves become discolored and absciss (Savory, 1962). Hacskyalo

et ale (1969) reported symptoms of B deficiency in several forest species.

They found deformation of some sweetgum and cottonwood leaves and fusion

of the terminal and side leaflets of some black walnut leaves as well

as reduction in the number of leaflets. Yellowing of leaves of black

locust was most intense on the lower leaflets and decreased toward the
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tips of the leaves. The tissues of terminal buds and associated

tissues of cottonwood were observed to be disintegrated. Accorsi et ala

(1961) reported B deficiency symptoms in!. tereticornis in which young

leaves showed interveinal chlorosis starting at the margin and proceeding

to midrib. The tissue adjacent to the veins was green with a purplish

tint and growth was very restricted. Dark brown spots appeared between

veins in Juglans regia when it was B deficient (Chapman, 1966), while

dwarfing occurred in Populus deltoides plants. The leaves were dark

green and normal but did not develop at the shoot apex (Hacsk?ylo and

Vimmerstedt, 1967).

Foliar concentrations associated with B deficiency symptoms are

variable, depending on species and external conditions. The immobility

of B has been demonstrated by transferring plants from high B to zero B

solutions. Although typical apical symptoms soon occur in these cases,

yet average B content of foliage was still high. Similar effects were

observed with Betula verrucosa and Jug1ans regia grown in solution

cultures (Stone, 1968).

In a greenhouse experiment, using a range of B from 0 to 1.6 ppm

for papaya and 0 to 3.2 ppm for macadamia, B deficiency symptoms were

found to be associated with a B concentration below 12 ppm in leaf

blades, whereas B toxicity occurred at 0.4 ppm B applied externally

(Hiranburana, 1974). In macadamia the critical B concentration was

10 ppm and above 65 ppm it was toxic. He reported that B deficiency

did not generally affect the concentration of other nutrients. However,

B seems to be closely related to some function that Ca performs in the

plant. Whenever the proportion of Ca to B in the plant becomes un

balanced because of lack of B, the terminal parts of the plant fail to
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develop properly (Scarseth and Salter, 1941).

Manganese Deficiency

Reports on Mn deficient trees in forest situations are rare but

its deficiency in shade trees and shelter belts on calcareous soils

and in orchards is well known (Stone, 1968). The pattern of Mn

chlorosis as pointed out by cain ann Shear (1964) is often somewhat

intermediate between that caused by Mg deficiency and that due to Fe

deficiency. With few exceptions, ci.Lor-os Ls begins near the margins

and extends inward between major veins. Even when chlorosis is severe,

bands of normal green color remain next to the main veins and midrib.

Necrotic spots also appear in the chlorotic areas in some species (Stone,

1968) •

Mn is known to activate many enzymes including those responsible

for fatty acid synthesis, DNA and RNA formation and respiratory enzyme

of the Krebs cycle that decarboxy1ates and oxidizes isocitric acid

(Gauch, 1972). Mn is directly involved in photosynthesis, participating

in the Hill reaction by which E20 is split and 02 is released. It is

because of its involvement in chlorophyll that chlorosis results with

its deficiency (Wallace, 1961).

Mn deficiency symptoms in~. tereticornis were observed to be an

interveinal chlorosis of the yqunger leaves while near the veins the

tissue remained green. With increasing severity, the tips and margins

of leaves withered and showed a sandy color which eventually spread to

the entire leaf blade (Accorsi et a1., 1961). Hacsk~y10 et al. (1969)

described Mn deficiency ~ptoms in several hardwood species. They

reported that leaves of these species developed yellow green color but
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their size was not affected. Basal leaflets of black walnut and black

locust looked paler than those near the leaf tips. Lower leaflets of

black locust were rolled or cuped, while black walnut and cottonwood

leaves appeared wrinkled. According to Cain and Shear (1964) terminal

leaves were commonly not affected until shoot growth stopped. They

noticed that Mn deficiency symptoms developed late and that leaf size

and internode lengths were not generally reduced unless the deficiency

was very severe.

Aluminum Toxicity Symptoms and Effects on Growth Parameters

The importance of Al sorption by plants is due to its "toxicity"

and its adverse influence on absorption of other nutrient elements.

This is of particular significance in aluminous and acidic tropical

soils. Although Al is known more for its deterimental effects, it has

also been reported to stimulate growth in some species when provided

at low concentrations. In ce~tain plant species, Al has been shown to

have the role of a plant micronutrient (Mullette, 1975).

Coville (1923) found that Al had a stimulating effect upon growth

of rhododendron seedlings, where the diameter of rosette leaves

increased by 250% over that of the control. However, this was probably

due to lowering soil pH. Tea plants have been considered to require

Al for their growth. Chenery (1955) found that Al content of tea

ranged from 100 ppm in st~ to 20,000 ppw 4" old leaves. He attributed

failure of tea to grow well in some soils to non-availability of AI.

Nortenstein and Fiskell (1961) reported that top and root yields of

sunflower were little affected by 2-4 ppm Al but were depressed by

6-16 ppm AI. McLean and Gilbert (1927, 1928) classified various plants
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based on their tolerance to A1 levels. They found that low A1

concentrations stimulated growth in some plants but was toxic to other

species. Lettuce, beets, timothy and barley were very sensitive even

to 2 ppm AI. Radish, sorghum, cabbage, oats and rye were moderately

sensitive and were injured by 7 ppm A1, while corn, turnips and red

top were quite tolerant up to 14 ppm A1. Growth of some tree species

are also stimulated by A1. Mu11ette (1975) supplied four A1 levels

(0, 0.5, 1 and 10 ppm) to Eucalyptus gummifera seedlings grown in

quartz culture. The seedlings showed a marked response to the increasing

A1 concentrratd on up to a maximal value of 1 ppm AI. At 0 ppm A1,

Mu11ette (1975) found most plants to be stunted, their leaves small

and very chlorotic. He also observed that higher A1 levels (1.0 and

10 ppm) did not induce chlorosis.

Depression of growth due to A1 toxicity has been shown by several

researchers in a wide variety of plants. One tenth ppm A1 in solution

culture depressed growth of wheat (Barnette, 1923), while 1 ppm Al

solution was toxic to corn, sorghum and barley (Ligon and Pierre, 1932).

Kliewer (1961) found that the presence of 1 to 2 ppm A1 in solution

completely in~ibited root growth of alfalfa. Perhaps the greatest

form of damage done by A1 to most plants is the inhibition of root

development (Magistad, 1925; Wright, 1937; Rees and Sidrak, 1961;

Clarkson, 1969; Grime and Hodgson, 1969).

The visual symptoms of A1 toxicity in several species of plants

grown in sand culture were found to be stunting of growth, brown

discoloration and thickened root tips (Oue11etee and Dessureaux, 1958).

Mullette (1975) stated that in most plants symptoms of A1 toxicity are

commonly similar to P deficiency.
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Effect of Aluminum Toxicity on the Internal Nutrient Concentrations

Plants vary in regard to accumulation of Al in their tissues.

Pinus species grown under acid soils of Eastern Australia had a higher

foliar Al levels (475 to 1298 ppm) as compared with Eucalyptus species

(200 ppm AI) grown on same or similar sites (Humphreys and Truman, 1964).

Concentration of Al in the plant tissue £enerally increases as the

level of Al supply is increased. Increasing the amount of Al level in

the nutrient solution to 0.1 ppm resulted in increased concentration of

Al in root bark and finer roots of citrus but had little influence on

the Al concentration in root wood and stem while leaf contained even

less Al than in the control (Liebig et al., 1942).

Al exerts an indirect influence by forming insoluble complexes

on the root surfaces or in the free spaces, thereby preventing the

diffusion of other nutrients into the root protoplasm (Jones, 1961).

However, there is good evidence that Al accumulates in or on the roots

and increases the amount of phosphates (Ragland and Coleman, 1959;

Paterson, 1964; Munns, 1965). Whether precipitation in the root as

A1P04, absorption on exchange sites or some other kind of reaction

occurs is not known.

~. gummifera seedlings grown in pure quartz culture showed an

optimum growth response at 1 ppm P, supplied as altnninum phosphate

(Mul1ette et a1., 1974). It has been suggested that .in the soil of the

natural habitat of the Eucalyptus species, Al present as a insoluble com

pound, is released as the Al +++ ion at low concentrations and plays an

important role in the mechanism of P uptake (Mullette et al., 1974).

Paterson (1964) observed the effect of several rates of Al added in solution

cultures in which single cross corn hybrids were grown for six weeks.
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He found that Al did not significantly influence the absorption and

translocation of K in the corn. The conce~tration of Ca, however,

decreased significantly in several plant species due to Al application

as reported by Chernovand Belyneva, 1948; Schmehl et al., 1952;

Harward et al., 1955; Paterson, 1964; Hutchinson, 1967; Kerridge, 1969.

This may not only be due to prevention of Ca absorption from the external

solution but also losses of ca from the roots to the solution were

suggested by Ragland and Coleman (1959). Al supply also decreased

concentration of Mg in the roots and shoots of wheat and in the leaves

of lettuce as reported by Kerridge (1969) and Harward et al. (1955),

respectively. Kerridge (1969) noted that uptake of Mn was inhibited

to a less extent by Al at a constant pH. He explained the inhibition

of nutrient uptake as the effect of Al on the region of vacuolated

tissue. Paterson (1964) showed that corn roots when grown in nutrient

solution containing 0.25 ppm Al had tissue Mn and Fe significantly less

than non-aluminum treated roots. He did not find any significant

effects on the Cu and B contents. Meanwhile, Harward et al. (1955)

found decreased Cu content of new leaves of lettuce when Al was added

in the nutrient solution.

Boron Toxicity ~Ptoms and Effect on Growth Parameters

The range between adequate and toxic levels of B in soils is

very narrow (Malavolta, 1962). Excessive concentrations of B were

found in the chlorotic and dead portions of the leaves, often exceeding

1000 ppm (Oertli and Kohl, 1961). In angiosperms, excessive B is first

concentrated in the leaf margins and apices, leading to marginal yellow

ing and burning (Eaton, 1944; Oertli and Kohl, 1961; Shorrocks, 1964).
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Chlorosis was followed by necrosis, progressing inwards between the

veins. Usually older leaves are first affected and may be shed

prematurely. In lightly affected pines, needle tips become brown with

darker bands marking the successive boundaries between dead and live

tissues (Stone and Baird", 1956). With greater excess, a yellow

transition zone intervenes and severely affected trees show a contrast

of basal green to yellow or bright brown before the needles die entirely

and fall (Stone and Will, 1965).

The general symptoms of B toxicity have been described by Bradford

(1966). According to his findings, early stages of B injury are

generally characterized by the leaf tip yellowing and produces a

progressive necrosis of the leaf at the tips and margins and spreads

between the veins towards the midrib. The leaf tips and margins show

a scorched appearance which later involves the entire leaf before it

drops prematurely.

Growth is adversely affected when the B concentration is increased

beyond a critical level. Hiranburana (1974) reported that papaya

growth decreased at the external concentration of B of 0.3 ppm, whereas

macadamia growth was not depressed even with 0.4 ppm B.

Effect of Boron Toxicity on the Internal Nutrient Concentrations

Plants vary widely in their requirements for B, their tolerance

to high or excessive levels of the element, and their ability to absorb

the element from the media (Eaton, 1944; Berger, 1949). In general

with increases in the supply of B in the growing medium, the tissue

concentration of B increases. The critical levels depend on plant species

and on location (Rogers, 1947; Davis, 1949; Baker and Cook, 1956).
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Increasing the supply of B has an effect on the concentration of

other nutrients. P concentration was found to be significantly

decreased in macadamia when the B supply was increased (Hira~burana,

1974). The relationship between Band Ca has been described by Reeve

and Shive (1944) as a reciprocal one. Similarly, a reciprocal relation

ship was reported between Band Mn by Hernandez and Lugo-Lopes (1958).

By increasing the B content in the nutrient solution to 0.5 ppm, they

were able to reduce the Mn toxicity in soybeans.

Manganese Toxicity §ymptoms and Effect on Growth Parameters

!. saligna in contrast to some other Eucalyptii is considered

relatively tolerant to high levels (about 4000 ppm) of Mn (Stone,

1968). Other forest species have been reported to be affected by Mn

toxicity. !. gummifera (red blood wood) suffering from Mn toxicity

showed vigorous but unhealthy growth with small chlorotic leaves often

distorted in shape, dead terminal buds on leader and major laterals and

followed by abundant shoot growth from the basal lignotubar (Stone,

1968). High levels of Mn were found to be very toxic to silk oak

seedlings when they were transplanted in soil having high Mn. Child

and Smith (1960) reported that the silk oak seedlings died within 3

weeks, apparently too rapidly to display characteristic symptoms. These

seedlings had foliar Mn concentrations from 1900 to 3600 ppm. Madgwick

(1964) has reported significant inverse correlation between foliar Mn

concentration and total height or current leader length of individual

red pine trees.

Studies on toxic effects of ~m in forest trees are still limited.

However, extensive data are available showing adverse effects of high
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level of MIl on the growth of agricultural crops (Twyman, 1951; Ohki,

1974, 1975). Early stages of Mn toxicity in pineapple were observed to

have uneven distribution of chlorophyll (Sherman, 1957). Mn toxicity

in acid soils produced crinkled leaves in cotton (Adams and Wear,

1957). Damoto (1974) reported bark necrosis of apple due to high Mn

and Ca in a greenhouse solution culture experiment while studying

interaction of Ca, K and Mn. He found that high K concentration made

the tree more sensitive to Mn toxicity, while Ca responded as a

detoxifying agent. Vlamis and Williams (1967) working with barley and

rice in standard Hoagland solution containing increasing levels of Mn

observed Mn toxicity symptoms at its solution concentration above 0.5

ppm. At this concentration the tissue Mn concentrations were 1200 and

7000 ppm in barley and rice, respectively. In another study by Morris

and Pierre (1949) sweetclover was found to be much more sensitive to

Mn than either cowpeas or soybeans. Yield of sweetclover decreased

66% compared to control plants when Mn concentration was raised from

0.1 ppm to 1 ppm. Cowpeas and soybeans were affected at Mn concentra

tions above 2.5 ppm.

Effect of Manganese Toxicity on the Internal Nutrient Concentrations

Mn is a relatively abundant element in the foliage of many tropical

forest trees. Ample but not excessive level of Mn falls in the range of

20 - 500 ppm but when the amounts are more than 1000 ppm crop growth

may be adversely affected (Chapman, 1966). Labnaskas (1966) also

suggested that growth of horticultural species is likely to suffer when

foliage concentration of Mn exceeds 1000 ppm. This probably will apply
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to same susceptible forest species, yet numerous species of oak, birch,

beeches and conifers frequently contain 1000 to 5000 ppm Mn in the

mature foliage with no visible evidence of toxicity. In a nutrient

culture study with jackpine and black spruce seedlings, Morrison and

Armson (1966) noted that Mn concentrations in these species reached

4200 - 4400 ppm at which range growth was reduced to 60% of the

maximum.

Excess Mn may induce Fe deficiency in addition to producing direct

toxic effect (Erkama, 1950). Several authors (Wallace and Hewitt,

1946; Somers and Shive, 1942; Wallace, 1961) have considered excess

Mn to be antagonistic to Fe. In same agricultural crops Twyman (1951)

and Bait and Ragland (1963) found an inverse Mn:Fe relationshipo As the

concentration of Mn in the medium was increased, the absorption of Fe

decreased. Ohki (1975) has also reported a reciprocal Mn:Zn relationship

in sorghum. Among the forest species safford (1975) found a highly

significant negative relationship between Mn supplied in the nutrient

solution and Mg content of Pinus radiata seedlings. When no Mn was

supplied both needles and roots had a significantly higher concentration

of Mg.

Effect of Nitrogen, Phosphorus and Potassium Fertilization on Growth

Response of Forest Crops

There is a little Goubt that with increasing interest in a more

intensive silvicultural program the potential benefits of fertilizer

amendments are receiving more serious considerations. Substantial

increases in the growth of forest species following applications of

mineral fertilizers have been reported fram numerous countries. In
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some cases, fertilization has proved essential for the successful

establishment of forest crops (Leyton, 1957). Pires and Da Silva

(1962 - 1963) reported increased growth of E. citriodora seedlings in

"earthbrick" soils in Brazil when fertilized with N, P and K. They

found that additions of large amounts of N negated P effects. Thus

they suggested that N should be added in small successive doses.

Dumbroff (1964) tested the effects of N, P and Mg on growth and ionic

interactions in slash pine in a 3x3x4 factorial experiment. He observed

that growth response was controlled primarily by NxP interaction. The

nutrient variables affected the mineral composition of needles more

than was indicated by the growth of seedlings. With each increment

of an element in the nutrient solution he found a concomitant increase

in the concentration of that element in the foliage. Tamimi (1966)

has reported results of several fertilization experiments on forest

species grown in Hawaiian soils. Highly significant response of

Toona ciliata to N-P-K application was obtained on a Histoso1 in

Hawaii. The maximum height measurement (14.4 ft.) was recorded by him

with N-P-K rate of 200-400-200 lbs/A/yr as against a height of 6.4 ft.

in the control treatment. The effect on the DBH (diameter at breast

height) of trees was also highly significant. In the same soil one

year old ~. saligna did not give significant height differences, yet

the beneficial trend of NPK was observed. DBH of the.E. saligna trees

was, however, significantly increased with N~300, P-400 and K-200

treatment. His results of N-P-K fertilization on slash pine also

showed a very highly significant increase in growth rate. In upland red

lateritic clay soils of Minus Gerais (Brazil), !. saligna seedlings

were given a significant growth stimulus when supplied with N, P, B
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and Zn. Ca alone did not increase growth in the first year but its

effect on growth was observed later (Yahner and Knudson, 1967: Knudson

et al., 1970). The same authors observed a negative effect on gr~h

when combining dolomite with N+prK on an adjoining soil. However,

NPK along with micronutrients gave promising results. Sinha (1970)

reported significant differences in the height and diameter growth when

Eucalyptus plantations of Latehar Division (India) were supplied with

various combinations of Nand P in the form of ammonium sulfate and

superphosphate. In Florida, application of fertilizer tablets (contain

ing N, P, K, S, Fe and Zn) to Eucalyptus camaldulensis seedlings planted

in P deficient soils increased the height by 50% and diameter by

83% over the control six months after application. Even after four

years, the trees were 30% taller and 64% thicker than non-treated trees

OMeskimen, 1971).

The response to a particular nutrient depends, among other factors,

on the site and nature of species. Cromer (1971) reported that young

plantations of Eucalyptus species grown in Gipsland (Victoria) were

very responsive to N application but not to P alone unless P was given

in combination with N. Tamimi (1974) in a PXS experiment on Acacia koa

grown in a Hawaii soil found a significantly increasing seedling growth

with increasing P rates to as high as 900 ppm. The dry matter production

of shoot~ and roots a~ well as length of roots increased with increasing

rates of P. On the other hand, S application was not effective. Heilman

(1975) reported 33% gross growth volume increase of 37 year old

Douglas fir stand in Pierce County, Washington when this glacial outwash

soil was supplied with urea at the rate of 240 Kg N/ha. Earlier, Gessel

and Shareeff (1957) reported similar responses due to N applications.
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Significant growth in height of Pinus caribaea seedlings in Punjang

Malaysian Forest Reserve was obtained with application of either P

alone or in combination of !trP and N+P+B (Sundralingan, 1975). Similarly,

a significant linear correlation between height of loblolly pine and

available P in the soil and between tree height and concentration of

P in the pine needles was reported by MacCarthy and Davey (1976).

Application of N at the rates of 0, 24, 168, 336, 504 Kg N/ha/yr along

with basal application of 21 Kg P/ha and 130 Kg K/ha gave a marked

response to height and basal area of Corsican pine over a three

year growth period. The number of needles was increased. The consider

able increase in stem growth was attributed to an increase in photo

synthetic area and net assimilation rate (Miller and Miller, 1976).

Both shoot and root growth of sitka spruce was stimulated when N, P

and K were supplied. Fertilization caused the trees to flush twice.

This was accompanied by an increase in the concentration of these

elements in the shoot and root tissues (Coutts and Philipson, 1976).

Groves and Keraitis (1976) in a greenhouse experiment supplied four

levels of P (0, 5, 50 and 100 ppm) and three levels of N (0, 25, 250

ppm) to Eucalyptus pilularis, Acacia suaveolens and Banksia serrata

for 3 to 4 months. N deficient seedlings (NO PI OO) were small and

leaves were chlorotic with reddening of margins and tips. They observed

P deficiency symptoms on eight week old Eucalyptus in.the Pc N25 treat

ment. The older leaves were purple, leading to senescence and fall of

cotyledons. Sixteen weeks old seedlings had highly significant growth

response to P, Nand PxN interaction. Highest dry matter weight of

Eucalyptus seedlings was from P50 N250 treatment. All species did not

survive at the highest rates of these elements. In a genotype x fertilizer
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study with slash pine Jahromi et al. (1976) observed effects of NO Po

and NO PSO on growth. Highest value of dry matter was obtained with

NIOO PSO treatment while height growth was maximum in NO PSO combi~ation.

Effect of N-P-KApplication on The Internal Tissue Concentrations and

Soil Composition

A greenhouse study (Kaul et al., 1966) with!. "hybrid" supplied

with five rates each of N, P and K in all combinations revealed that K

supply had a synergistic effect on the accumulation of N but the reverse

was not true. They observed that supply of Nand K did not affect the

uptake of P. Fornes et al. (1970) reported that when K was applied at

the rate of 110 Kg/ha to Picea abies on a K deficient site, total

uptake of N and y~ was twice as high as in the control while K concen

tration increased the least. Whereas when the same rates were applied

to Pinus resinosa the total uptake of K was more than doubled and total

uptake of Cu and Mg increased the least.

Tamimi (197S) in a 4x4, N x P experiment on a ratoon crop of

Araucaria excelsa found that growth in height, diameter and area of

whorls were greatly enhanced by N fertilization. He reported that

increasing N rate significantly increased uptake of N, Mg, Cu, Fe, Zn

and Mn and lowered K uptake. Increasing P fertilizer rate increased

uptake of P and Mg and lowered uptake of K. In an earlier pot test on

this species (Tamimi, 1971) involving application of N, K and Mg

rates he found that height was increased by all three elements but root

production was enhanced at the higher N rates. Tissue N, P and K

increased with increasing rates of these elements. Increasing rates of

N decreased tissue K,increasing P decreased leaf Mg, and the higher rates
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of K decreased tissue Cu and Mg. Jahromi et a1. (1976) reported that

application of P alone to slash pine caused low concentration of N in

the needles. They explained it in terms of a dilution effect due to

increase in growth associated with P application. When N was applied

alone or no fertilizer was utilized, the concentration of N in the

needles remained relatively high. These authors observed the effect of

Nand P trea~ents on the soils. They showed that when no N was added

the extractable N in the soil was reduced. Application of monoca1cium

phosphate as a source of P slightly increased Ca, pH and P content of

the soil. Other nutrients did not change consdstently , In another

study (Groves and Keraitis, 1976) involving N and P application to three

sc1erophy11 species, it was found that P and N concentration of shoots

increased with the respective application of these elements in all

species. N did not influence P concentration of shoots while N

concentration of the shoots of Eucalyptus pi1u1aris was influenced more

by substrate N than by P application.

Quadratic yield equations were computed for bluegrass (Poa pratensis)

and bromegrass (Bromus inermis) as a function of their chemical composi

tion and of applied N, P and K conforming to a SxSxS and 7x7x7 composite

design by Walker (1961). He found that the most important element in

accounting for variation in yield was N and the next most important was

P. Applied N increased the percent N in both species. and a positive

P x K interaction affected the percent N in each of the grasses.

Applied K decreased the percent N in bromegrass and increased the percent

N in bluegrass. The P terms in the equations accounted for the largest

part of the variation in the percent P in both grasses and the N x P

interaction had a positive effect upon the percent P in bromegrass.



CHAPTER III

DIAGNOSIS OF MINERAL DEFICIENCIES OF MACRONUTRIENTS IN
EUCALYPTUS SALIGNA SEEDLINGS

MA.TERIALS AND METHODS

This study deals with deficiencies of N, P, K, Ca, Mg and S in

nutrient culture solutions supplied to E. sa1igna seedlings grown in

1-ga11on plastic pots having a height of 17 em and a diameter of 15

em and containing quartz sand as growing medium. Quartz sand was sieved

through a coarse screen (10 mesh) to remove foreign material. The

sand was then soaked overnight in 5% HC1 solution and later washed with

tapwater and then wi.th distilled water. This was done to remove soluble

constituents. The absence of C1- ions was tested with AgN03 solution.

After washing, the sand was air dried and 4 kg was placed in each pot

lined with a perforated polyethylene bag. The holes at the bottom of

the pots were plugged with wire screen and glass wool to allow free

drainage without sand being .1ost.

Preparation of Nutrient Solutions

The concentrations and sources of elements in the nutrient solu-

tions were based on Hacskay10 et a1. (1969) except that Sequestrene

330 Fe was used as a source of Fe supply. Fe concentration was first

used at the rate of 5 ppm after Hewitt (1952) but plants showed some

symptoms of Fe deficiency and thus after one month Fe concentration

was raised to 10 ppm. Table 1 gives the composition of nutrient

solutions including the complete as well as those deficient in N, P,

K, Ca, Mg or S. Nutrient solutions were prepared from stock solutions

made separately from each nutrient source. The nutrient solutions were

adjusted to a pH of 5.5 using 0.1% NaOH.



TABLE 1. COMPOSITION OF NUTRIENT SOLUTIONS FOR
MACRONUTRIENT DEFICIENCIES
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Compound Complete -N -p -K -Ca -Mg -S

parts per million of compound

mo 202.2 ° 202.2 0 202.2 202.2 202.23

KH2
P04 272.2 272.2 ° ° 272.2 272.2 272.2

Ca(N03) 2· 4Hz° 708.5 0 708.5 708.5 0 708.5 708.5

MgS04·7Hz° 493.0 493.0 493.0 493.0 0 0 0

KC1 0 149.1 149.1 0 0 0 0

CaC12 0 333.0 0 0 0 0 0

Na2S04 0 0 0 0 284.1 284.1 0

Na~P04 0 0 0 240.0 0 0 0

NaN03 0 0 0 170.0 0 0 0

Mg (N03) 2· 2Hz° 0 O. 0 0 553.1 0 0

MgC1
2

0 0 0 0 0 0 190.5

Sequesterene 100.0 100.0 100.0 100.0 100.0 100.0 100.0
330 Fe

H BO 2.288 2.288 2.288 2.288 2.288 2.288 2.288
3 3

MnC1
2

04H

2O
1.385 1.385 1.385 1.385 1.385 1.385 1.385

ZnC12 0.104 0.104 0.104 0.104 0.104 0.104 0.104

CuC12·2liz° 0.053 0.053 0.053 0.053 0.053 0.053 0.053

Mo0
3 0.045 0.045 0.045 0.045 0.045 0.045 0.045
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Planting Stock

Seedlings of Eucalyptus saligna were obtained from the Central

Tree Nursery, State Division of Forestry, Kamuela, Hawaii. Their

heights and weights were recorded and seedlings were classified into

uniform size classes. Only uniform seedlings were transplunted at the

rate of one in each pot on July 1, 1975.

Experimental Design and Setting Up of Experiment

There were seven treatments (complete, -N, -P, -K, -Ca, -Mg and

-S) and each treatment was replicated four times in a randomized block

design. All pots were given a complete nutrient solution for one month

from July 1 to August 1, 1975. This was done to bring internal con

centration levels in all seedlings to a comparable level. However, a

one-fifth concentration of the complete treatment was used at the

beginning, and the concentration was raised to full strength in one

month. This step was taken to avoid any possible injury to small

seedlings from full concentration of solution at the start. All pots

were flushed wit.h distilled water before various treatments were given.

Application of treatments started on August 2, 1975 after grouping

the pots into seven groups. Nutrient solutions were applied to the

seedlings on alternate days and additional requirement of evapotranspira

tion was met with application of distilled water. Pots were also flushed

once a month with distilled water to avoid accumulation of salts. The

experiment was terminated on October 25, 1975.

Data Collection and Harvesting Procedures

During the course of this study, development of deficiency symptoms

on plant parts was recorded periodically. Color pictures were taken
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at intervals to observe successive changes in appearance of symptoms.

Height and diameter measurements were recorded 2 em above sand level in"

the pot at harvest.

When deficiency symptoms of each of the elements were fully

expressed, the plants were harvested and separated into their components

which included the old leaves (those alxeady present when differential

treatments were started), the young leaves (those tbat appeared after

the start of the treatments), the stems and the roots. The plant tops

were ashed with distilled water before harvest and roots were freed

of sand by a strong jet of water, then washed with distilled water

several times to remove any contamination. Young leaves, old leaves,

the stpms and the roots were then dried in a draft oven at 67°C,

cooled in a desiccator and weighed to determine dry matter yield.

Statistical Analysis

The analysis of variance was carried out as randomized block design.

Duncan Multiple Range Test was used for comparing the treatment means

with the complete nutrient treatment.

Chemical Analysis of Plant Tissues

Young leaves, old leaves, the stems and the roots were separately

ground in a stainless steel Wiley Mill before chemical analysis.

Total Nitrogen

To 0.25 g of tissue sample in a digestion test tube were added two

glass beads, 2 g Na2S04 and 7 ml of H2S04 (containing 65 g salicylic

acid and 5 g of selenium dioxide per 2.2 liters of HzS04). Tne mixture

was equi~ibrated then five drops of saturated sodium thiosulfate were

added to reduce nitrate, and the mixture was allowed to stand for an
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hour after mixing. Then 4 ml of 30% H202 was added to accelerate the

digestion process which was carried out for 45 minutes on a digestion

block at 4l00C. The digest was made to 25 ml with distilled water in

Follin Wo tubes and nitrogen was determined colorimetrically with

Technicon Autoanalyzer using the Bortholo Color Reaction method

as described by Russel (1944).

Total Sulfur

Samples were analyzed for sulfur with an X-ray Quantometer after

they were ground further in a carbide ball mill.

Other Elements

Analysis of plant tissues for P, K, Ca, Mg, Fe, B, Zn, Cu and Al

was carried out by the International Minerals and Chemical Corporation,

Libe~~yville, Illinois, by emission spectrographic techniques.

RESULTS AND DISCUSSION

The main objectives of this experiment on Eucalyptus saligna

were to:

1. Establish the visual deficiency symptoms for N, P, K, Ca,

Mg and S.

2. Determine the effect of these deficiencies on growth parameters.

3. Determine the internal concentration of plant nutrient elements

associated with the symptoms.

The results are presented in Tables 2-6, Figures 1-16 and are discussed

below.

NITROGEN

Nitrogen Deficiency Symptoms and Effect on Growth Parameters

Visual nitrogen deficiency symptoms were the first to appear, since

N is a highly mobile plant nutrient. The initial deficiency symptoms
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were a slight, pale green chlorosis on older leaves followed by the

development of numerous small purplish spots.

Eventually, the whole laminae of older leaves turned purple,

margins curled inward, and leaves abscissed. The successive development

of N deficiency symptoms is shown in Figure 1. Younger leaves initially

remained green but with the persistence of the deficiency they also

became pale green and later purple at advanced stage of deficiency.

Leaf petioles ~nd branches turned purple. The main stem which became

slightly purple had large brown spots near the base (Figure 2).

N deficient plants were stunted, weak, and their stems were thin

(Figure 3). Leaf size was much smaller than the control and lateral

branching was minimal. As the severity of the deficiency increased,

abscission of older leaves and death of the terminal growing points

occurred. The root systems of N deficient plants were poorly developed

and pale in color compared to those of the control. These symptoms are

similar to those reported by Kaul et ale (1966) in.§.. "hybrid" seedlings.

Similar symptoms have been observed by Hussain and Theagrajan (1966)

in!. ''hybrid'' and by Kaul et ale (1970a) in!. globulus.

When compared to ther plants with nutrient deficiencies in this

study, N deficient plants were the shortest, had weak root proliferation

and the lowest dry matter production (Table 2). These results correspond

to those reported by Kaul et al. (1970) with!. citriodora. In another

study by Hac8k~ylo et al. (1969), omission of N from the nutrient solution

led to a reduction in size of leaves and number of leaflets in several

species. The color of the leaves varied from greenish yellow for

sweetgum (Liquidambar styraciflua L.) to yellow for black locust



Figure 1- Successive development of nitrogen
deficiency symptoms.

,

Figure 2- Nitrogen deficient stem showing brown spots.
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Figure 3- Growth stunting due to nitrogen deficiency.
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TABLE 2. EFFECT OF MACRONUTRIENT DEFICIENCIES ON THE GROWTH
PARAMETERS OF EUCALYPTUS SA.LIGNA SEEDLINGS
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Treatment Height Diameter Leaf Wt Stem Wt Root Wt Total
Dry Matter

-------- em ------ -------------- g/pot ------------------

Complete 75.4 0.91 25.8 15.9 15.7 57.4

-N 51.6** 0.66** 7.2** 4.6** 5.0** 16.8**

-P 69.7 0.92 22.8 15.5 11. 7** 50.0*

-K 69.5 0.79* 20.5** 12.0** 7.2** 39.7**

-Ca 66.7* 0.84 20.7* 12.7** 6.6** 40.0**

-Mg 72.4 0.84 21.4* 13.2* 9.5** 44.1**

-8 67.5 0.88 . 16.4** 12.7** 9.6** 38.7**

*Treatment means significantly different from those of the complete
treatment according to Duncan's Multiple Range Test atp = 0.05

**Treatment means significantly different from those of the complete
treatment according to Duncan's Multiple Range Test at p = 0.01
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(Robinia psuedocacia L.). Petioles of black walnut (Juglans nigra L.)

were yellow while sweetgum petioles were red. Roots of Scots pine

(Pinus sylvestris) were brown to almost black and were fibrous.

Effect of Nitrogen Deficiency on the Internal Nutrient Concentrations

of Plant Tissues

Total N concentration of young leaves of N deficient plants was

0.78% compared to 2.64% in those of the complete treatment.

N levels in all other plant parts were also significantly reduced.

Young leaves of N deficient plants when compared with young leaves of

plants raised in complete nutrient solution had lower concentrations of

K, S, Cu and Zn but had higher P and Mn (Table 3). The older leaves of

N deficient plants had lower concentrations of K, Ca, S, Fe, Cu, and

Zn and had higher P and Mn levels than those in the complete treatment

(Table 4). In the N deficient plants the stem analysis showed a

decrease in concentrations of K, Ca, Mg, S and Fe and an increase in

Mn, Cu and Zn concentrations compared to the complete treatment (Table 5).

Similarly, roots of N deficient plants were lower in Ca, Fe, Mg, and S

concentrations but higher in K and Zn concentrations compared with the

complete treatment (Table 6).

It has been reported that in some other species of Eucalyptus

concentrations of P, Ca and Mg were higher in the foliage of plants

deficient in N as compared to N sufficient plants (Kaul et al., 1968,

1970, 1970a). Hacskaylo et ale (1969) reported that Scots pine plants

grown in N deficient solution had lower concentrations of Fe, Cu, and B

but higher concentrations of Ca, Mg, Mn and Zn when compared with plants

supplied with N.



TABLE 3. EFFECT OF Mt\CRONUrRIENT DEFICIENCIES ON THE AVERAGE NUTRIENT COMPOSITION
OF YOUNG LEAVES OF EUCALYPTUS SALIGNA SEEDLINGS

Treatment N P K Ca Mg S Mn Fe Cu Zn B

------------------------- % ---------------------------- -------------- ppm ---------------

Complete 2.64 0.27 2.71 0.56 0.45 0.50 85 313 16 35 84

-N 0.78** 0.46** 1.58** 0.44 0.33 0.17** 170** 159 5** 18** 96

-p 2.55 0.08** 3.36 0.75** 0.46 0.41 125 234 11* 28* 94

-K 2.87 0.33 0.30** 0.73** 0.57 0.49 126 226 12 29 127

-Ca 2.69 0.23 2.97 0.16** 0.54 0.22* 111 3eO 9** 27* 86

-Mg 2.39 0.29 3.07 0.51 0.08** 0.37* 131* 473 16 32 152

-8 2.49 0.30 3.83** 0.75** 0.56 0.24** 125 344 11* 31 135

*Treatment means significantly different from those of the complete treatment according
to Duncan's Multiple Range Test at p = 0.05

**Treatment means significantly different from those of the complete treatment according
to Duncan's Multiple Range Test at p = 0.01

.po
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TABLE 4. EFFECT OF MACRONUrRIENT DEFICIENCIES ON THE AVERAGE NUTRIENT COMPOSITION
OF OLD LEAVES OF EUCALYPTUS SALIGNA SEEDLINGS

Treatment N P K Ca Mg S Mn Fe Cu Zn B

-------------------------- % --------------------------- -------------- ppm ----------------

Complete 2.53 0.25 2.74 0.69 0.50 0.60 113 404 14 40 122

-N 0.78** 0.46** 1.58** 0.44* 0.33 0.17** 170* 183* 5** 20** 96

-p 2.58 0.06'1(* 3.28 1.06* 0.60 0.52 165* 363 12 34 156

-K 2.87* 0.30 0.28** 0.81 0.59 0.52 136 234 11 29** 139

-Ca 2.84* 0.18 2.32 0.28* 0.62 0.25** 134 354 10* 30** 108

-Mg 2.66 0.31 3.08 0.57 0.12** 0.38** 146 487 16 32* 143

-S 2.64 0.27 3.54* 1.09* 0.71 0.25** 148 356 10* 29** 173*

*Treatment means significantly different from those of the complete treatment according to
Duncan's Multiple .Range Test at p = 0.05

**Treatme~t means significantly different from those of the complete tredtment according to
Duncan's Multiple Range Test at p = 0.01

.p
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TABLE 5. EFFECT OF MACRONUTRIENr DEFICIENCIES ON THE AVERAGE NUTRIENT COMPOSITION
OF STEMS OF EUCALYPTUS SALIGNA SEEDLINGS

Treatment N P K Ca Mg S Mn Fe Cu Zn B

-------------------------- %--------------------------- -------------- ppm ---------------

Complete 1.06 0.49 1.66 1.10 0.52 0.08 8 63 6 7 22

-N 0.26** 0.55 1.15** 0.69** 0.13** 0.02** 131** 23** 9* 24* 19

-P 0.89 0.05** 1.60 1.55** 0.49 0.07 46* 26** 6 7 26

-K 0.94 0.36 0.14** 1.54** 0.57 0.06 43* 44* 6 7 21

-Ca 1,32 0.41 1,25* 0.23** 1,33** 0.06 48* 49 7 8 24

-Mg 1.28 0.61 1.56 1.34 0.06** 0.05* 30* 47* 8 7 28

-S 1.50** 0.45 1.80 1.47** 0.70 0.04** 36* 53 9* 9 27

*Treatment means significantly different from those of the complete treatment according to
Duncan's Multiple .Range Test at p = 0.05

**Treatment means significantly different from those of the complete treatment according to Duncan's
Multiple Range Test at p = 0.01

~
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TABLE 6. EFFECT OF MACRONUTRIENr DEFICIENCIES ON THE AVERAGE Nl1rRIENT COMPOSITION
OF ROOTS OF EUCALYPTUS SALIGNA SEEDLINGS

Treatment N P K Ca Mg S Mn Fe Cu Zn B

-----------------~------- % --------------------------- --------------- ppm --------------

Complete 1.53 0.73 0.65 1.39 0.48 0.16 35 1499 44 30 61

-N 0.62** 0.56 0.97** 0.44** 0.17** 0.12* 46 565** 31 61** 51

-p 1.39 0.16** 0.92* 1.19 0.56 0.28** 34 1076* 35 34 80

-K. 1.67 0.99 0.09** 2.15** 0.41 0.15 53 1287 35 27 65

-Ca 2.05** 0.36* 0.23** 0.20** 1.22** 0.23** 23 1394 57 22 72

-Mg 1. 93** 0.76 0.58 1.58 0.08** 0.16 38 1217 35 27 56

-8 1.80* 0.58 0.57 1.54 0.45 0.09** 28 1054* 69* 28 55

*Treatment means s:lgnificant1y different from those of the complete treatment according to
Duncan's Multiple Range Test at p = 0.05

**Treatment means significantly different from those of the complete treatment according to
Duncan's Multiple Range Test at p = 0.01

.j:'
00
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PHOSPHORUS

Phosphorus Deficiency Symptoms and Effect on Growth Parameters

Obvious visual symptoms of P deficiency did not appear until five

weeks after treatment commenced. Leaves were darker green than those

in the control (Figure 4). These symptoms are in agreement with those

described by Salisbury and Ross (1969). As the severity of the

deficiency increased, Some chlorotic areas developed at the tips of the

old leaves. Pale brown spots along the leaf margins were also observed

on these same leaves. Eventually tips of leaves became necrotic and

curled upwards and inwards. The progressive development of symptoms

is shown in Figure 5. Similar symptoms were also observed for P

deficiency by Mello et al. (1960) with ~. alba grown under controlled

conditions. In the presert study the size of the leaves in the P

deficient treatment was approximately the same as those grown in complete

nutrient solution. However, Kaul et al. (1966) reported that leaves of

~. "hybrid" were thin and small in P deficient plants, while no marked

P deficiency symptoms except for a few necrotic spots were observed

with!. citriodora (Kaul et al., 1970).

In the present study plant height in P deficient plants was not

significantly lower compared to those of the control plants although

there was lateral branching of shoots (Table 2). This was similar to

observations made by Theagrajan (1966) with!. "hybrid" seedlings.

Branching was very restricted in~. globulus (Kaul et al., 1970a)

while it was completely absent in!. "hybrid" (Kaul et al., 1966) and

in some other species of Eucalyptus (Will, 1961).

P deficiency did not appreciably affect the dry matter production

of E. saligna seedlings (Table 2) probably because the plants did not



Figure 4- Phosphorus deficient seedling showing dark
green leaves.
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Figure 5- Successive development of phosphorus deficiency
symptoms.
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remain under P stress for a long enough time.

Effect of Phosphorus Deficiency on the Internal Nutrient Concentrations

of Plant Tissues

A reduction in P concentration from 0.27% in the control to

0.08% in the young leaves of P deficient plants was observed as shown

in Table 3. However, concentration of ca was increased while Zn

and Cu concentrations were significantly lower. In the P deficient old

leaves P concentration decreased to 0.06% compared to 0.25% in the

old leaves of complete treatment plants. Here concentrations of Ca and

Mn increased due to P deficiency (Table 4). In stems of P deficient

plants, the concentration of P was only 0.05% compared to 0.49% in the

stems of plants in the complete treatment.

Ca and Mn concentrations in the stems increased while Fe concentra

tion decreased due to P deficiency (Table 5). In P deficient plant

roots the concentration of P was 0.16% compared to 0.73% in roots of

plants in the complete treatment. There were higher concentrations of

K and S and a lower concentration of Fe in P deficient roots (Table 6).

Kaul et al. (1966) also showed an increase in ca concentration due

to P deficiency with~. "hybrid." In!. citriodora, N uptake was

increased with deficiency of P (Kaul et al., 1970). Similar results

in other species of eucalyptus have been reported (Kaul et al., 1968,

1970a). Other forest species have given different results when P was

deficient. Hacskaylo et al. (1969) observed an increase in concentrations

of K, Fe, Zn and Cu and a decrease in Mn with seedlings of Scots pine

when P was eliminated. They found that P deficiency of cottonwood

and black locust resulted in increased concentrations of Fe, Mn and
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Zn. In black walnut N and B concentrations were also increased.

POTASSIUM

Potassium Deficiency Symptoms and Effect on Growth Parameters

Initial symptoms of K deficiency were chlorosis (Figure 6),

followed by brown mottling at the leaf margin which spread into the

midrib and was followed by necrosis (Figure 1). Affected leaves which

were not fully expanded became cup shaped. Young developing leaves

were small and narrow in more advanced stages of the deficiency.

Eventually the terminal apices died (Figure 8) and older leaves

abscissed. Premature defoliation in !. citriodora (Kaul et al., 1970)

and the cup shaped appearance of leaves of E. globulus (Kaul et a1.,

1970a) were observed with K deficiency.

In this study, the height, the diameter growth and the dry matter

production of the leaves, the stems and the roots from K deficient plants

were significantly lower than the control (Table 2).

Effect of Potassium Deficiency on the Internal Nutrient Concentrations

of Plant Tissues

The concentration of K decreased from 2.71% in the control to

0.30% in K deficient young leaves while in the old leaves the decrease

was from 2.74 to 0.28% (Tables 3 and 4). The Ca concentration was

significantly higher in the K deficient young leaves while in the old

leaves N concentration was higher and Zn concentration was lower when

compared with the control. These results are somewhat similar to

those fOllild with black locust (Hacskaylo et al., 1969) and!.

citriodora (Kaul et al., 1970).
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Figure 6- Chlorosis in the initial stages of potassium
deficiency.

Figure 7- Necrotic areas on a potassium deficient leaf.



Figure 8- A branch showing cup shaped lea~es

and death of terminal apex in extreme case
of potassium deficiency.
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The results of this study also show that Ca concentrations in the

K deficient stems and roots were significantly higher than those in the

control and the same was true for the Mn concentration in the stems.

However, concentration of Fe was lower in the stems of K deficient

plants compared to that of the treatment control (Tables 5 and 6).

CALCIUM

Calcium Deficiency Symptoms and Effect on Growth Parameters

Ca deficiency symptoms in this study were first observed in the

young leaves in the form of small, light yellow spots (Figure 9)

which eventually became completely necrotic. The new leaves were very

small resulting in a rosette appearance of the terminal apex. There

was heavy lateral branching. In the advanced stages of the deficiency,

there was necrosis of the leaf margins and very small leaf size.

Successive development of deficiency symptoms is shown in Figure 10.

These symptoms were different from those described by Hussain and

Theagrajan (1966) for!. "hybrid" seedlings. In their case, the Ca

deficient plants were apparently healthy and comparable to those of

the control, and terminal growth continued without any branching. Leaves

were well formed with slightly tinted petioles and some of the older

leaves were dark green with scorched tips. Younger leaves were

slightly pale but not chlorotic. Their plants continued to grow during

the period of the experiment without any symptoms. However, Kaul

et al. (1966) observed chlorosis of the older leaves (mottled condition)

along the margins and on the tips. They found no lateral branching

but shoots were growing from the base of the stems and growth of the Ca



Figure 9- Young leaf showing light yellow spots at initial
stages of calcium deficiency•
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Figure 10- Successive development of calcium deficiency
symptoms.
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deficient seedlings of~. '~ybrid" was slightly less than the control

plants.

In this study, death of terndnal growing points in some plants

due to Ca deficiency was observed (Figure 11). Ca deficient roots were

restricted in growth and were lighter in color than those of the control.

Abnormal root systems are frequently observed with Ca deficient plants

(Wallace, 1961).

As seen in Table 2, all growth parameters with the exception of

stem diameter were significantly lower in the Ca deficient plants than

in the control.

Effect of Calcium Deficiency on the Internal Nutrient Concentrations

of Plant Tissues

The concentration of Ca was significantly lower in all tissues

when Ca was deleted from the nutrient solution (Tables 3, 4, 5 and 6).

Concentrati0n of Ca was lower in the young leaves than in the old

leaves because of the low mobility of Ca in the plant system. In

young leaves the Ca concentration decreased from 0.56% to 0.16%

when the Ca supply was withheld. Ca deficiency in these leaves led

to a decrease in S, Cu and Zn concentrations. In the old leaves Ca

concentration decreased from 0.69% to 0.28% with a decrease in S,

Zn, and Cu concentrations and an increase in N concentration. The

stems had only 0.23% Ca in Ca deficient plants compared to 1.1%

Ca in the normal stems supplied with complete solution. In Ca

deficient stems, K concentration decreased while the Mg and Mn con

centrations increased. Significant reduction in root Ca concentration

occurred from 1.39 to 0.20% with Ca deficiency. N, Mg and S concentra

tions increased, while P and K concentrations decreased in Ca deficient

roots.
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Figure 11
rosettes
portions

Calcium deficient plant showing
of apices and death of terminal
of branches.
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An apparent excess of K, Mg or B may be caused by Ca deficiency

(Scarseth and Salter, 1941). Similarly, Kaul et al. (1970) reported

increased uptake of N, P, K, Mg and S in E. citriodora when Ca was

deficient.

MAGNESIUM

Magnesium Deficiency Symptoms and Effects on Growth Parameters

Starting with interveinal chlorosis (Figure 12) symptoms of Mg

deficiency were obvious at later stages of growth of !. saligna seedlings.

Brown colored spots starting from the base and margins of leaves and

spreading toward the midribs were observed (Figure 13). Clusters of

small dark brown spots were also seen. The distinct symptoms were

observed on fully expanded leaves (Figure 14). Later lesions of

chlorophyll discoloration near the base of mature leaves were observed.

There was also leaf abscission at advanced stages of the deficiency.

Leaf defoliation as well as yellowish green interveinal spots

were observed by Kaul et al. (1966) in Mg deficient seedlings of

!. "hybrid." In!. alba, the old leaves of Mg deficient plants

showed an interveinal chlorosis localized along the midrib. The green

color of leaves changed gradually to brown at which stage necrosis was

evident (Mello et al., 1960).

In this study, the height of seedlings was not affected by a

deficiency of Mg but dry matter yields of the leaves, the stems and the

roots were significantly lower than those of the control (Table 2).

Several authors have noted that Mg deficiency did not drastically affect

growth; however, in severe cases of deficiency reduced plant growth



Figure 12- Interveinal chlorosis due to magnesium deficiency.
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Figure 13- Light brown spots on leaf base due to magnesium
deficiency.

Figure 14- Pronounced symptoms of magnesium deficiency
on a fully expanded leaf.
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may occur (Leaf, 1968).

Effect of Magnesium Deficiency on the Internal Nutrient Concentrations

of Plant Tissues

The concentration of Mg in the Mg deficient young leaves of E.

saligna was 0.08% compared to 0.45% for the control. Significant

reduction in Mg concentration of zhe old leaves, the stems and the

roots also occurred when Mg was omitted (Tables 3, 4, 5, and 6).

Mg deficiency decreased the concentration of S in young leaves,

old leaves and the stems. Zn concentration decreased in old leaves,

Fe in stems and Mg in the roots. Slightly increased concentrations

of Mn in the stems and N in the roots were found.

SULFUR

Sulfur Deficiency Symptoms and Effect on Growth Parameters

Symptoms of S deficiency started with development of small pinkish

spots on young leaves, which became whitish yellow while old leaves were

still green (Figure 15). Chlorosis on the young leaves was uniformly

distributed. With advancement of the deficiency the color of the

young leaves became bronze (Figure 16).

These leaves also became necrotic and the leaves of the younger

shoots curled inwards. Eventually the old leaves developed marginal

necrosis and there was heavy leaf fall. Plants were bushy in shape.

In certain cases death of terminal apices of branches was also observed.

Observations made by Mello et al. (1960) of S deficient ~. alba

plants were similar to those described above. In their case young

leaves first showed a uniform chlorosis followed by bronze-like



Figure 15- Initial stages of sulfur deficiency•

..~.~

Figure 16- Distinct symptoms of sulfur deficiency
showing bronzing of young leaves.
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coloration, while branches showed a purplish tinge.

In this study, S deficiency significantly reduced the height and

the dry matter production of the leaves, the stems and the roots

(Table 2).

Effect of Sulfur Deficiency on the Internal Nutrient Concentrations of

Plant Tissues

Sulfur deficiency resulted in a marked decrease in S concentration

of all parts of the plant (Tables 3 to 6). Concentration of S decreased

from 0.50 to 0.24%; 0.60 to 0.25%; 0.08 to 0.04% and from 0.16% to

0.09% respectively in young leaves, old leaves, stems and roots when

S was deleted from the nutrient solutions. Due to S deficiency con

centrations of K and Ca increased in the young and the old leaves,

while Cu concentration decreased in the young leaves and Cu and Zn

concentrations decreased in the old leaves. In the stems concentrations

of N, Ca, Mn, and Cu increased while in roots Nand Cu concentrations

increased and Fe concentration decreased.

The increase in Ca concentration in S deficient tissues of ~.

"hybrid" has been reported by Kaul et ale (1966). The tendency of N

concentration to increase in stem and root tissues in S deficient

plants of ~. saligna in this study is in agreement with some other

studies for other eucalyptus species (Kaul et al., 1970, 1970a).

SUMMARY AND CONCLUSIONS

This study was conducted to diagnose symptoms of deficiencies of

macronutrients including N, P, K, Ca, Mg, and S and to determine the

effect of each deficiency on the growth and chemical composition of
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E. saligna seedlings. The experiment was conducted in sand culture

using a slight modification of nutrient solution of Hacskaylo et al.

(1969) under greenhouse conditions. The experiment was replicated four

times. Symptoms for N deficiency were the first to appear and were

most conspicuous, followed by Ca, S, K, Mg and P deficiencies. P

deficiency symptoms were not easily reproduced as indicated by the

fact that they were the last to appear in this study. Very distinct

and prominent symptoms appeared inS deficiency which suggest that

symptoms can be a good guide to availability of S to !. Saligna. It

was somewhat hard to distinguish between deficiency symptoms of K and

Mg because they looked very similar, especially at advanced stages. How

ever, distinctions can be made by careful observations. K is somewhat

more mobile than Mg and thus symptoms for K deficiency appeared on the

lowest (oldest) leaves whereas for Mg deficiency they were more

pronounced in leaves midway between young and old leaves. Moreover,

necrosis due to K deficiency appeared in the mid portion of the laminae

while in the case of Mg deficiency, it appeared in basal parts of the

leaves.

Symptoms for N, P, K and to some extent for Mg deficiency appeared

first on the lower leaves whereas Ca and S deficiency symptoms appeared

in the young developing tissues. This seemS to be in agreement with

the mobility of these elements in the plant system.

In general, height growth of!. saligna seedlings was affected

most by N deficiency, followed by Ca, S, K, P and the least by Mg

deficiency. Total dry matter production of plants was drastically

reduced by N omission followed in order by S, K, Ca, Mg and P

deficiencies.



CHAPTER IV

DIAGNOSIS OF MINERAL DEFICIENCIES OF MICRONUTRIENTS IN
EUCALYPTUS SALIGNA SEEDLINGS

MATERIALS AND METHODS

This study deals with deficiencies of Fe, Cu, Zn, Mn and B in

nutrient culture solutions applied to ~. saligna seedlings grown in a

greenhouse in I-gallon plastic pots containing perlite as growing

medium. Perlite was washed with dilute HCI (O.IN) and distilled water

to remove soluble impurities and 450 g of washed perlite was used in

each pot lined with perforated polyethylene bags which allowed for free

drainage. Total chemical analysis of perlite is presented in Table 7

as below:

TABLE 7. TOTAL CHEMICAL ANALYSIS OF PERLITE*

Element % Element %

P 0.004 Al 3.580

K 1.850 Si 35.570

Ca 0.410 Mn 0.085

Mg 0.230 Fe 0.430

Na 2.320

*Chemical analysis of perlite was carried out by
X-ray Quantometer Facilities at the University of
Hawaii Department of Agronomy and Soil Science.

Preparation of Nutrient Solutions

Solution used by Hacskaylo et ale (1969) was slightly modified by

using Sequesterene-330-Fe as a source of iron and the concentration
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of Fe was kept at 10 ppm. Treatments included complete and those

without Fe, Cu, Zn, Mn or B as presented in Table 8. Preparation of

solutions was similar to procedures adopted for macroe1ement deficiency

experiment. Nutrient solutions were adjusted to a pH of 5.0 using

0.10% NaOH, prior to application to plants.

Raising of Seedlings and Experimental Set Up

Young seedlings of~. sa1igna were raised in flats in perlite

culture from seeds collected on the Island of Hawaii. When seedlings

heights reached 40-60 em, they were sorted into uniform size classes on

July 24, 1976 and one seedling per pot was transplanted. All plants

were given complete nutrient solution until August 8, 1976 to recover

them from transplanting shock. The pots were then grouped into four

blocks, each containing one pot to be treated with complete solution

and those to be treated with nutrient solutions deficient in Fe, Zn,

Cu, B or Mn. Deficiencies of Band Mn were studied in other experiments

which dealt with various levels of these two nutrients.

Experimental Design

For deficiencies of Fe, Zn and Cu, a randomized block design with

four treatments (complete, -Fe, -Zn and -Cu) and four replications was

used with a total of sixteen pots. For Mn and B deficiencies, three

replications were used.

Nutrient solutions were supplied on alternate days with supplemental

irrigation given in between with distilled water. Pots were also

flushed with distilled water each month to avoid accumulation of salts.

During the conduct of this study, prog4essive development of deficiency

symptoms was observed and recorded. Color pictures were taken at



TABLE 8. COMPOSITION OF NUTRIENT SOLUTIONS FOR
MICRONUTRIENT DEFICIENCIES

68

Compounds Complete -Fe -Cu -Zn -Mn -B

parts per million of compound

KN0
3

202.2 202.2 202.2 202.2 202.2 202.2

~P04 272.2 272.2 272.2 272.2 272.2 272.2

Ca(N03)2·
4H20 708.5 708.5 708.5 708.5 708.5 708.5

MgS04. 7~0
493.0 493.0 493.0 493.0 493.0 493.0

Sequesterene
330 Fe 100.0 0 100.0 100.0 100.0 100.0

~B03 2.288 2.288 2.288 2.288 2.288 0

MnC1 .4H ° 1.385 1.385 1.385 1.385 0 1.385
2 2

ZnC12 0.104 0.104 0.104 0 0.104 0.104

CUC12.2~0
0.053 0.053 0 0.053 0.053 0.053

Mo0
3

0.045 0.045 0.045 0.045 0.045 0.045
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intervals to document successive changes in the appearance of symptoms.

Periodic height growth was taken and diameter at pot height was recorded

at harvest time on September 16, 1976.

Harvesting Procedure

Plants were divided into four portions; i.e., young leaves

(developed after treatment), old leaves (present before treatment),

the stems and the roots. In the case of Zn and Cu treatments, young

branches were mixed with young leaves as the vegetative growth of young

leaves alone was insufficient to provide an adequate sample for analysis.

However, the main stalks were kept separate and denoted as stems. In

-Fe treatment, chlorotic leaves were harvested separately from those

which were non-chlorotic. In -Mn, -B and complete treatments, young

leaves, old leaves, the stems and the roots were all taken separately.

The branches formed part of the stems. careful separation of roots

was done in all cases from perlite and these were washed thoroughly

with distilled water before drying.

The plant material was dried in a draft oven at 67oC, cooled in a

desiccator and weighed to determine dry matter as reported in Tables 9,

12 and 14.

Chemical Analysis of Plant Tissues

The dried plant material was finely ground in a stainless steel

Wiley mill before proceeding for chemical analysis. As the samples of

some treatments after grinding were too small in quantity to be analyzed

separately for each replication, the four replications in -Fe, -Cu, -Zn

and complete treatments of this study were combined and chemical
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analysis was carried out separately for young leaves, old leaves, the

stems and the roots on a composite sample of two grams, by weighing

half gram of tissue from each of the four replications, separately for

each deficiency. In -Mn and -B treatments, replications I and II were

combined but replication III was analyzed separately.

Nitrogen Analysis

The same procedure as described under macronutrient deficiency

experiment was used for the determination of total nitrogen in all

plant materials.

Other Elements

Samples were analyzed for P, K, Ca, Mg, Zn, Fe, B, Cu and Mn by

the International Minerals and Chemicals Corporation, Libertyville,

Illinois, using emission spectrographic procedures.

Statistical Analysis

For physical parameters, analysis of .variance was carried out as

randomized block design and Duncan's Multiple Range Test was used to

compare treatment means. For tissue chemical analysis, as there was a

single sample after combining the replications, the standard error for

each element was assumed to be the same as in Macronutrient Deficiency

Experiment and Duncan's Multiple Range Test was used to compare treatment

means with the complete nutrient treatment.

RESULTS AND DISCUSSION

The objectives of this study were to:

1. Establish visual symptoms of deficiencies of Fe, Cu, Zn, B

and Mn on plant parts.

2. Determine effect of these deficiencies on the growth

characteristics of seedlings.
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3. Determine internal concentrations of these elements in tissues

associated with these deficiencies.

The results of this study are presented below.

IRON

Iron Deficiency Symptoms and Its Effect on Growth of Seedlings

Fe is a good example of an immobile element in the plant tissues,

thus, its visual deficiency symptoms were pronounced in young leaves.

Among micronutrients, symptoms of deficiency of Fe were the first to

show up in young leaves of !. saligna seedlings. Distinct interveinal

chlorosis was observed on both young and recently mature leaves. On

such leaves, color was pale to golden yellow with distinct green

midrib and veins. While younger and upper leaves were chlorotic, older

and lower leaves had normal green color (Figure 17). In some Fe

deficient plants uniform pinkish coloration was intermingled with iron

chlorosis. Fe deficiency also reduced the leaf size slightly.

These results are similar to some other studies. The characteristic

yellowing of blade of young leaves while veins remaining green was also

observed in ~. tereticornis (Accorsi et a1., 1961) when Fe deficiency

was induced in nutrient cultures. Yellow green to almost white leaves

with veins outlined in dark green color characterized Fe deficiencies

in black walnut: eastern cottonwood: black locust and- sweetgum. Leaves

of Fe deficient pink oak ranged from yellow green to cream color. There

was some reduction in leaf size in these species as well (Hacskaylo et

aL, 1969).

Present study showed a trend in reduction of growth due to Fe

deficiency (Table 9). Height of ~lants was 59.8 cm as against 64.3 em



Figure 17- Interveina1 chlorosis due to
iron deficiency.
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TABLE 9. EFFECT OF IRON, ZINC AND COPPER DEFICIENCIES ON THE caowra
PARAMETERS OF EUCALYPTUS SALIGNA SEEDLINGS

73

Treatment Height Diameter Leaf Wt Stem Wt Root Wt Total
Dry Matter

------ em ------- ---------------- g/pot ----------------

Complete * 0.52a 5.00 2.84 2.21 10.0564.3a

-Fe 59.8ab 0.46ab 4.46 2.65 1.87 8.98

-Zn 57.3b 0.43ab 3.76 2.30 1. 76 7.82

-Cu 55.8b 0.45b 3.42 2.15 1. 75 7.32

*Means followed by the same letter or without letter within the
same column are not significantly different from each other by
the Duncan's modified (Bayesian) Least Significant Difference
Test at p = 0.05
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in the control. Diameter was reduced to 0.46 em as compared to 0.52 em

in the control plants and the total dry matter yield of Fe deficient

plants was 8.98 grams in comparison to 10.05 grams for plants supplied

with Fe.

Effect of Deficiency of Iron on the Tissue Nutrient Concentrations

A perusal of Tables 10 and 11 will reveal that there was a signifi

cant reduction in the internal concentration of Fe in the stems and the

robts of Fe deficient plants but the decrease in concentrations of Fe

in the young and old leaves was not significant due to treatment.

However, the Fe concentration in the old leaves was higher than in the

young leaves. This is due to the fact that Fe is a non-mobile element

in the plant tissues. The concentration of Fe in the Fe deficient roots

was 456 ppm as compared to 1091 ppm in the roots of Fe sufficient

plants. These concentrations are exceedlingly higher than what is found

in plan~ ~ops.

The deiiciency of Fe was accompanied by increased concentrations

of some other nutrients in the foliage (Tables 10 and 11). N, P, Ca,

Mg, Cu and Mn concentrations increased in the young leaves, while N, P,

Mn and B concentrations increased in the old leaves. Mn and Cu con

centrations increased and N concentration decreased in Fe deficient

stems. K concentration was higher in Fe deficient roots compared to

the roots supplied w~th Fe. These results correspond to those in

cottonwood and black walnut except that in black walnut N content

decreased ~nth Fe deficiency (Hacskaylo et al., 1969).

Bennett (1945) proposed an explanation that chlorosis might be

due to inactivation of Fe in the leaves which may be associated with
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TABLE 10. EFFECT OF IRON, ZINC AND COPPER DEFICIENCIES ON
THE AVERAGE NUTRIENT COMPOSITION OF YOUNG AND OLD LEAVES

OF EUCA.LYPTUS SALIGNA SEEDLINGS t

Young Leaves

Treatments
OIa Leaves

Treatments

%

Complete -Fe -Zn -Cu Complete -Fe -Zn -Cu

N

P

2.26

0.42

3.18** 2.41

0.65** 0.46

2.49

0.56*

2.15

0.42

2.45* 2.35 2.36

0.74* 0.70* 0.71*

0.73** 0.56

0.75** 0.52

K

Ca

Mg

1. 70

0.46

0.48

2.02 1.29 1.19

0.61*

0.54

0.80

0.74

0.43

1.06

0.97

0.60

0.77

0.88

0.52

0.83

0.90

0.51

Mn

Fe

Cu

Zn

B

53

65

7

12

130

136** 127**

38 75

13* 8

16 7

122 100

86

87

10

10

111

61

83

11

39

143

150** 130**

76 139

14 11

38 22**

183* 151

79

110

11

28**

139

tComputations of significance test were based on the standard errors
for each element from macronutrient deficiency experiment.

*Treatment means significantly different from those .of the complete
treatment according to Duncan's Multiple Range Test at p = 0.05

oI-l.

~~Treatment meanS significantly different from those of the complete
treatment according to Duncan's Multiple Range Test at p = 0,01



76

TABLE 11. EFFECT OF IRON, ZINC AND COPPER DEFICIENCIES ON
THE AVERAGE NUTRIENT COMPOSITION OF STEMS AND ROOTS

OF EUCALYPTUS SALIGNA SEEDLINGSt

Stems Roots
Element

Treatments Treatments
Complete -Fe -Zn -Cu Complete -Fe -Zn -Cu

%

N 1.18 0.87* 1.05 1.17 1.06 1.13 0.97 1.08

P 0.53 0.58 0.64 0.76* 0.61 0.46 0.63 0.58

K 0.88 1.20 0.83 0.77 0.60 1.20** 0.82* 0.90*

Ca 0.56 0.56 0.62 0.59 0.85 0.87 0.86 0.74

Mg 0.26 0.32 0.28 0.32 0.67 0.67 0.61 0.59

.E.E!!!

Mn 8 52* 44 23 34 50 50 34

Fe 47 18** 41 53 1091 456** 805 791

Cu 7 11** 8 8 11 18 9 10

Zn 7 11 7 8 13 19 9 10

B 26 28 23 25 53 58 49 44

tComputations of significance test were based on the stand~rd errors
for each element from macronutrient deficiency experiment.

*Treatment mean~ significantly different frew these 'of the complete
treatment according to Duncan's Multiple Range Test at p = 0.05

**Treatment means significantly different from those of the complete
treatment according to Duncan's Multiple Range Test at p = 0.01
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excess uptake of P (Olson, 1935), K (Lindner and Hartley, 1944) or Mn

(Sommers and Shive, 1942).

ZINC

Zinc Deficiency Symptoms and Its Effect on Growth of Seedlings

In~. saligna seedlings raised in nutrient solution deficient in

Zn, the young and recently matured leaves had interveinal areas turning

to light green and whitish in color (Figure 18). These leaves also

tended to be cup sfu~ped appearance with margin of leaves raised upwards.

The leaves were smaller than those of the control. Branching was also

less in Zn deficient plants and the size of the plant was smaller than

those of the control (Figure 19).

Symptoms of Zn deficiency in ~. saligna seedlings such as reduced

leaf size, scant foliage and shortened internodes seemed to be similar

to other plants reported by Camp (1945) and Stone (1968) who described

common symptoms of Zn deficiency in woody plants to be marked chlorosis

or bronzing of young leaves, loss of old leaves from leading shoots,

rosette and die-back of affected shoots. In Eucalyptus tereticornis

grown in nutrient solution deficient in Zn, the upper leaf blade surface

had purplish areas distributed between numerous discolored spots. The

lamina as a whole was pale green and veins were dark in color. There

was also a marked shortening of internodes leading to. the formation of

rosette of small narrow yellowish leaves (Accorsi et al., 1961).

Zn deficiency reduced the growth of the plants under the present

study but the results were not significantly different from the control,

possibly due to the short period of exposure to Zn deficient media.

However, the average height of Zn deficient plants was 57.3 em compared



Figure 18- Chlorosis due to zinc deficiency.

78



COMPLETE -Zn

Figure 19- Growth reduction due to zinc deficiency.
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to 64.3 em in the control treatment. The dry matter yield of plants

also decreased from 10.04 gm to 7.82 gm due to Zn deficiency (Table 9).

Effect of Zinc Deficiency on Tissue Nutrient Concentrations

The concentrations of Zn in all types of tissues decreased when

Zn was omitted from nutrient culture solution, although significant

reduction was only in the case of old leaves (Tables 10 and 11). Zn

concentration in the young leaves of Zn deficient plants was 7 ppm as

compared to 12 ppm in the control plants. In old leaves Zn concentration

was 22 ppm in Zn deficient plants compared to 39 ppm in normal plants.

There was no change in the Zn concentration of the stems. In roots the

concentration of Zn decreased from 13 to 9 ppm. Zn contents of olde::

leaves was much higher than in younger leaves (3 times) as Zn is a lESS

mobile element in plant tissues. Hacsk?y.10 et a1. (1969) however,

could not obtain lower concentration of Zn in the foliage of plants

raised in Zn deficient solution compared to the ones raised in solutions

containing Zn probably because of Zn contaminations. Tables 10 and 11

show the effect of omissions of Zn on the concentrations of other

nutrients in the tissues. Mn concentration was higher in the young

leaves. P and Mn concentrations were higher in the old leaves, while

K concentration was higher in the roots of Zn deficient plants.

Similar results were obtained in other species, N and,Mn increased in

cottonwood while Mn was higher in black walnut and N concentration

increased in the foliage of black locust (Hacsk?Y.lo et al., 1969).

However, certain species showed an opposite trend. N, P and Ca decreased

in black walnut while Mn, Fe and K contents increased in Scots pine

(Hacs~ylo et al., 1969).
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COPPER

Copper Deficiency Symptoms and Its Effects on Growth of Seedlings

Young leaves with Cu deficiency were light green in color and

showed a slight interveinal chlorosis. Their size was smaller and

shape elongated as compared to the leaves of plants grown in the complete

nutrient solution.

The size of plants was also reduced (Figure 20). The ~ptoms of

this deficiency were not, however, very pronounced as the plants

remained under Cu stress for only a short period. Brenchley (1927),

however, found no growth reduction due to Cu omission in the nutrient

solution. The satisfactory growth of plants in his experiment was due

to minute traces of this element as an impurity in the salts and

distilled water used.

Symptoms obtained in the present study for copper deficiency are

somewhat in agreement with the findings of Accorsi et al. (1961), on

~. tereticornis. They reported interveina1 chlorosis in young leaves

accompanied by deformation of the blades. The leaf margins showed an

irregular appearance while sections of leaf tissues showed an abnormal

shape. In case of Cu deficiency leaves of black walnut were only

slightly less green than the normal leaves, while sweetgum leaves

varied from a bluish green to a greenish grey chlorosis with yellow

veins (Hacskay10 et a1., 1969).

Height and diameter growth of~. sa1igna seedlings in the present

study were reduced with Cu deficiency. Average height of Cu deficient

plants was 55.8 em compared to 64.3 em when supplied with Cu (Table 9).

The dry matter production of the leaves, the stems and the roots was

also less, although not significantly different from the control plants.



Figure 20- Copper deficient plant showing reduced
growth.
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Total dry matter produced was 7.32 g with Cu deficiency as compared

with 10.05 g for the control plants.

Effect of Cu deficiency on Tissue Nutrient Concentrations

Concentration of Cu in plants grown in Cu deficient nutrient

solution was not appreciably different from those of control plants

(Tables 10 and 11). This may be due to the possibility that all

plants were grown in complete nutrient solution before inducing

deficiency treatment, so that sufficient Cu was available to meet the

demand of the plants even when eu supply was cut off. Moreover, the

quantity of Cu needed in the plant is so small that stress of Cu for

the period when seedlings were placed in Cu deficient solutions was

not enough to reduce its concentration significantly. Also Cu may

have been available to the plants as impurities from salts and distilled

water.

Deficiency of Cu led to increased concentrations of P and Ca in

the young leaves, P in the old leaves and the stems and K in the roots.

The Zn concentration was lower in Cu deficient old leaves compared

to the control. Increased concentration of Fe was reported by Tisdale

and Nelson (1969) in Cu deficient corn leaves and increase in concentra

tion of Fe and Mn in black walnut was reported by Hacs~ylo et al. (1969).

They also found increased absorption of N in foliage of black locust.

BORON

Boron Deficiency Symptoms and Effects of This Deficiency on the Growth

of Seedlings

The symptoms of B deficiency started with small pale brown spots.

The leaf color in young leaves turned light green and interveinal
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chlorosis was observed in which the midrib and the veins were distinctly

green with light green areas in between the veins (Figure 21). The new

leaves were small and plants were dwarfed with very few branching

(Figure 22). These ~ptoms are in agreement with those reported by

Accorsi et ale (1961) for B deficient E. tereticornis. In some other

species of Eucalyptus grown under field conditions, symptoms for an

advanced stage of deficiency were crinkling and discoloration of

unfolded buds and falling of mature leaves (Savory, 1962). Dark brown

spots between veins were observed in Juglans regia (Chapman, 1966)

and dwarfing of plants was noted in Populus deltoides (Hacs~y10 and

Vimmersted~,1967), when there was B deficiency.

The growth of B deficient plants was restricted. This may be

because B is not readily translocated from older to meristematic regions

and thus cessation of growth of terminal buds occurs. Results reported

in Table 12 reveal that height and diameter of plants were reduced

with deficiency of B. Reduction of leaf weight from 7.83 gram to

6.11 gram, stem weight from 4.05 gram to 2.51 gram and root weight from

2.29 to 1.52 gram occurred when B was omitted from the nutrient solution.

Growth reduction in the absence of B was also reported by Stone (1968).

Effect of Boron Deficiency on Tissue Nutrient Concentrations

Table 13 shows a drop in B concentration in all plant tissues

when B was omitted in nutrient culture solutions. The concentration of

B in young leaves of B deficient plants was 74 ppm as compared to

121.0 ppm in the young leaves of plants grown in complete nutrient

solution. In old leaves, the contents were 83 and 161 ppm respectively

while in roots there were 16 ppm when B was omitted compared to 44.0 ppm



Figure 21- Interveinal chlorosis on young leaves
of boron deficient plant.
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Figure 22- Boron deficient plant showing dwarfing.

86



87

TABLE 12. EFFECT OF BORON DEFICIENCY ON THE GROWTH PARAMETERS
OF EUCA.LYPrUS SALIGNA. SEEDLINGS

Treatment Height Diameter Leaf Wt Stem Wt Root Wt Total
Dry Matter

------ em ------- ---------------- g/pot -----------~------

**Complete 48.3

-B 42.0

0.58

0.40*

7.83

6.11

4.05

2.51

2.29

1.52*

14.17

10.15

*
Treatment means significantly different from those of the complete
treatment according to Duncan's Modified (Bayesian) Least Significant
Difference Test at p = 0.05

**
Complete treatment refers to 0.4 ppm B concentration in the nutrient
solution.

TABLE 13. EFFECT OF BORON DEFICIENCY ON THE AVERAGE NUTRIENl'
COMPOSITION OF EUCALYPTUS SALIGNA SEEDLINGS

Young Leaves Old Leaves Stems Roots
Element

Complete -B Complete -B Complete -B Complete -B

%

N 2.55 2.55 2.24 2.39* 1.41 1.58 1.45 1.39

p 0.40 0.44 0.63 0.83 0.79 0.12* 0.12 0.69

K 1. 88 2.07 1.17 1,48 1.24 1.36* 0.83 0.86

Ca 0.54 0.62 0.87 1,03* 0.81 0.85 1.03 1.22

Mg 0.57 0.58 0.46 0.61 0.39 0.33 0.59 0.71

EE!!!

Mn 63 12 105 137 12 26 325 251

Fe 62 86 98 107 49 45 811 596

Cu 10 11 12 15 9 10 11 15

Zn 6 9 18 20 6 4 9 8

B 121 74 161 83 30 24 44 16
*Treatment means significantly different from those of the complete
treatment according to Duncan's Modified (Bayesian) Least Significant
Difference Test at p = 0.05
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in plants supplied with B. These differences were not significant

because the plants did not remain for sufficient time under B stress.

Despite this, omission of B produced symptoms and reduced growth.

B in leaves is immobile and interruption of external supply soon

affects meristems or the developing tissues, although B contents may

still be high. These results are in agreement for Betula verrucosa

and Juglans regia grown in nutrient culture solutions (Stone, 1968).

The deficiency of B had limited effects on the concentrations of

other nutrient elements (Table 13). These results are similar to that

of Hiranburana (1974) for papaya and macadamia. However, as shown in

Table 13, a significant increase in Nand Ca occurred in the old leaves

and a reduction in P but an increase in K were observed in the stems due

to omission of B. The possibility that a" deficiency of carbohydrates

in B deficient leaves may have led to an accumulation of N as suggested

by Gauch (1972).

B seems to be closely related to some function that Ca performs

in the plant (Scarseth and Salter, 1941). Whenever the proportion of

Ca to B ions in the plant becomes unbalanced because of the lack of

B, the terminal parts of the plant failed to develop properly. Thus

when B was deficient, the concentration of Ca in the leaves was found

to increase and when an ample amount of B accumulated in the tissues

(on supply from complete nutrient solution), Ca absorption decreased

significantly (Table 13).

MANG\NESE

Manganese Deficiency Symptoms and Its Effects on Growth of Seedlings

Ma~ganese deficient plants were restricted in growth and branching while

their leaves were smaller than normal (Figure 23). Interveinal chlorosis



Figure 23- Growth reduction due to manganese
deficiency.
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developed on the leaves which later became yellow green to bronze.

Tip-burn was noticed on young and old leaves, (Figure 24), but old

leaves retained their green color. Mn deficiency symptoms reported

here are similar to those developed on!. tereticornis (Accorsi et al.,

1961), where at advanced stages tips and margins of leaves began to

wither and exhibited a sandy color which eventually spread to the entire

leaf blade. In contrast, other species such as black walnut, eastern

cottonwood and black locust had yellowish green leaves (Hacsk~y.lo et

al.,1969). However, lower leaflets of black locust were rolled or

cupped while in black walnut and cottonwood leaves appeared wrinkled.

(Hacskaylo et al., 1969).

As Gain and Shear (1964) point out, the pattern of Mn chlorosis

is often intermediate between that caused by Mg deficiency and that

due to Fe deficiency. Symptoms of Mn deficiency are distinguishable

from Fe deficiency in that the finer veins do not remain green in

chlorotic areas. Broad bands of normal green color occur next to major

veins. Usually, there is no· general gradient in severity of symptoms

from the basal to near terminal leaves on a shoot as would occur for

Fe or Mg deficiency (Stone, 1968).

Significant reduction occurred in the growth indices vmen Mn was

omitted from the nutrient solution (Table 14). Plant height was

reduced to 37.7 em in Mn deficient plants as compared to 44 em obtained

with a supply of 0.5 ppm Mn. The reduction in diameter was from 0.55 em

in the control plants to 0.36 em in the Mn deficient plants. There was

a significant lowering of leaf yield from 6.74 grams in case of the

complete treatment to only 2.73 grams from the plants grown in nutrient

solution not containing Mn. Similarly total dry matter yield was only
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Figure 24- Manganese deficient young leaves
showing chlorosis.
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TABLE 14. EFFECT OF MANGA.NESE DEFICIENCY ON THE GROWTH PARAMETERS
OF EUCALYPTUS SALIGNA SEEDLINGS

Treatment Height Diameter Leaf Wt Stem Wt Root Wt Total
Dry Matter

------ em ------ -------------- g/pot -------------~---

Complete**

-Mn

44.0

37.7*

0.55

0.36*

6.74

2.73*

3.65 2.43

1.14* 1.53

12.8

5.40*

*Treatment means significantly different from those of the complete
treatment according to Duncan's Modified (Bayesian) Least Significant
Difference Test at p = 0.05

**Complete treatment refers to 0.5 ppm Mn concentration in the nutrient
solution.

TABLE 15. EFFECT OF MANGANESE DEFICIENCY ON THE AVERAGE NUTRIENT
COMPOSITION OF EUCALYPTUS SALIGNA SEEDLINGS

Young Leaves Old Leaves Stems Roots
Element

Complete -Mn Complete -Mn Complete -Mn Complete -Mn
%
N 2.49 2.07* 2.46 2.75 1. 71 1.26* 1.49 1.37*

p 0.40 0.49 0.63 0.73* 0.79 0.89 0.72 0.87*

K 1.88 1.34* 1..17 0.90 1.24 0.85* 0.83 0.67

ca 0.54 0.67 0.87 0.94 0.81 0.73 1.03 1.22

Mg 0.51 0.57 0.46 0.52 0.39 0.29 0.59 0.54

£E!!!
Mn 63 48 105 93 12 4 83 43

Fe 62 44 98 90 49 34 811 1539*

eu 10 14 12 14* 9 14' 11 14

Zn 6 4 18 19 6 4 9 9

B 121 98 161 132 30 24 44 39

*Treatment means significantly different from those of the complete
treatment according to Duncan's Modified (Bayesian) Least Significant
Difference Test at p = 0.05
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5.4 grams from Mn deficient plants as compared to 12.82 grams when Mn

was supplied at 0.5 ppm rate. These results are in agreement with the

findings of Safford (1975) for Pinus radiata seedlings.

Effect of Manganese Deficiency on Nutrient Concentration of Tissues

When Mn was withheld from the nutrient solution, concentration of

Mn dropped from 63 ppm to 48 ppm in the young leaves, from 105 ppm to

93 ppm in the old leaves, from 12 ppm to 4 ppm in the stems and from 83

ppm to 43 ppm in the roots (Table 15).

Mn deficiency affected the concentrations of other nutrients in

the tissues. Concentration of N decreased significantly in the young

leaves, the stems and the roots. The concentration of K also decreased

in the young leaves and the stems. On the other hand P concentration

increased in the old leaves and the roots. Cu concentration increased

in the old leaves while Fe concentration increased in the roots.

S~Y AND CONCLUSIONS

This study was conducted to diagnose symptoms of deficiencies of

micronutrients including Fe, Zn, Cu, Band Mn and to determine the

effect of these deficiencies on the growth and chemical composition of

!. saligna seedlings. The experiment was conducted in perlite culture

using a slightly modified nutrient solution of Hacskay10 et aJft (1969)

under greenhouse conditions.

Symptoms of Fe deficiency were the first to appear and were most

pronounced followed by Mn, B, Zn and Cu. Chlorosis, with veins usually

remaining green and the interveina1 areas developing a tint for each

nutrient was observed. These nutrients have low mobility in the plant
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system, thus effects of deficiencies were observed on the young and

recently matured leaves in all these cases. The color of leaves

deficient in these elements were: pale to golden yellow for Fe, yellow

green to bronze fro Mn, light green for B, whitish for Zn and light green

for Cu. Size of plants was significantly reduced in the Mn and B

deficiencies only. Foliar expression of deficiency symptoms for Cu,

Zn and B by!. saligna seedlings was not fully pronounced, perhaps because

the nutrient deficiency stress period was not long enough so as severe

conditions may prevail. Concentration of Fe was reduced in the roots

and the stems and concentrations of N, P, Mg and B were increased in the

foliage of Fe deficient plants. In Mn deficient plants N concentration

decreased in young leaves, stems and roots, P increased in old leaves and

stems, K decreased in young leaves and stems, Fe nearly doubled in roots,

and Cu increased in old leaves. B deficiency did not appreciably affect

the concentrations of other nutrients. Mn concentration increased in

the foliage of Zn deficient plants and P concentration increased in the

foliage of Cu deficient plants. It is difficult to diagnose deficiencies

of micronutrients based on symptoms alone, especially when multiple

deficiencies may occur. Thus such diagnosis should be done in conjunc

tion with foliar analysis.



CHAPTER V

DIAGNOSIS OF TOXICITY OF BORON, MANGANESE AND ALUMINUM IN
EUCALYPTUS SALI~ SEEDLINGS

MATERIALS AND METHODS

This study deals with ranges of AI, Band Mn in solutions for

symptoms of higher doses of these elements as well as growth responses

of E. saligna seedlings grown in I-gallon plastic pots containing

perlite as growing medium. The experiments were conducted under

greenhouse conditions. Procedure for cleaning and use of perlite in

these experiments was the same as described under micronutrient deficiencies

section. A randomized block design with three replications was used in

these experiments.

Ranges of AI. Band Mn in Nutrient Culture Solutions

Complete nutrient solution of Hacsk~y10 et a1. (1969) was modified

by using Sequesterene 330 Fe as a source of iron and its concentration

was kept at 10 ppm Fe. Variable levels of B, Mn and Al as shown in

Table 16 were used. These solut ions were prepared in a similar manner

as described in Table 8. Solution pH was adjusted to 5.0 in the case of

boron and manganese experiments, whereas a pH of 4.5 was kept in aluminum

experiment. Nutrient solutions containing these variable elements were

applied every other day with once a fortnight leaching with distilled

water to avoid accumulation of salts.

Experimental Set-Up

Seedling~ of!. saligna were raised from seed in a perlite peat

mixture in conical plastic tube~ which were given complete nutrient
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TABLE 16. LEVELS OF ALUMINUM, BORON AND MA.NGANESE APPLIED TO
EUCA.LYPTUS SA.LIGNA. SEEDLINGS

B* (ppm) ** (ppm) *** (ppm)Mn Al

0 0 0

0.2 0.5 0.5

0.4 2.0 1.0

Z.o 4.0 Z.o

4.0 40.0 4.0

80.0 8.0

*B as ~B03

**Mn as MnC1
2.4HZO

***Al as AlC1
3.6HZO

solution periodically, along with distilled water to meet additional

plant water requirements. When the seedlings were 35-45 em in height,

they were taken out of the tubes and the roots were washed thoroughly to

remove any peat sticking to the roots. Seedlings were classified into

uniform size classes. Seedlings of 30-32 em in height were assigned to

the boron experiment, 32-38 em to the manganese experiment and 38-44 em

to the aluminum experiment. Seedlings were transplanted to round plastic

pots of I-gallon capacity filled with 450 g of washed perlite on

July 17, 1976. To restore the seedlings from transplanting shock, they

were given complete nutrient solution for an additional three weeks.

The variable treatments in each case were started on August 8, 1976

after flushing the pots with distilled water. The experiments were

terminated on September 16, 1976.
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Aluminum Experiment

Six levels of aluminum (0, 0.5, 1.0, 2.0, 4.0 and 8.0 ppm), using

AlC13.6H20 as a source of AI, were supplied in the complete nutrient

solution. Observations on height, diameter, growth and appearance of

symptoms were recorded and colored pictures were taken periodically.

During the progress of this exper~ent, some plants showed a deep blue

color on tips of their leaves and drying of tips, irrespective of

treatment. It was suspected that these burns were due to salt injury,

thus the pots were flushed with distilled water to remove excess salt.

At the time of harvest, it was noted that there was little vegetative

growth in the treatment of high level of AI, therefore younger branches

were mixed with young leaves so as to obtain adequate samples for

chemical analysis. The old leaves, main stems and the roots were

harvested separately. Roots were washed carefully to remove perlite.

All tissues were dried in a draft oven at 670C and weighed to record dry

matter production in each case.

Boron Experiment

Five levels of boron (0, 0.2, 0.4, 2.0 and 4.0 ppm), using H3B03,

were applied to seedlings of~. sa1igna in the nutrient culture solution

slightly modified from Hacs~ylo et al. (1969). Periodic developments

in growth and appearance of symptoms were noted and colored pictures

were taken. At the time of harvest, young leaves, old leaves, stems and

roots were taken separately. Roots were washed thoroughly to remove

perlite. All tissues were oven-dried in a draft oven at 67°C and weighed

to dry matter production.
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Manganese EXperiment

Six levels of the manganese (0, 0.5, 2.0, 4.0, 40.0 and 80.0 ppm),

using MnC12.4H20 as source of Mn were applied. Record of observations

and harvesting procedures were carried out as described above.

Chemical Analysis of Plant Tissues

The dried plant material was ground fine in a stainless steel

Wiley mill. Since certain samples were small in quantity to be analyzed

separately, replications number I and II were combined by taking equal

amounts of tissues and mixing them thoroughly for each category of

plant parts before being subjected to chemical analysis. Replication

number III was analyzed separately.

The same procedure was adopted for chemical analysis of tissues

of young leaves, old leaves, stems and roots for N, P, K, Ca, Mg, Fe,

B, Cu, Zn, Mn and Al as described under micronutrient deficiencies

experiment.

RESULTS AND DISCUSSION

The objectives of this study were to:

1. Establish the visual symptoms of toxicities of AI, Band Mn

in!. saligna seedlings.

2. Determine the effect of these toxicities on the growth

characteristics of the seedlings.

3. Determine the internal concentrations of nutrient elements

in the seedlings associated with these toxicities.

ALUMINUM

Visual Symptoms of Aluminum Toxicity

Symptoms of Al toxicity were reduction in size of young leaves,



99

brownish spots and a general lightening in color. With further

advancement of toxicity, growth was stunted where reduction in height

and very little branching occurred. Figure 25 illustrates the effect

of various levels of Al on growth of seedlings. Young leaves were

longer and narrower in shape than normal. Tips of the young leaves

dried when Al rate was increased beyond 2 ppm. When Al was supplied at

4 ppm, the green chlorophyll was confined to midrib and leaf margins

only and the portions of laminae between midrib and leaf margins were

light green. When 8 ppm of Al were applied, necrotic spots on the

old leaves appeared, (Figure 26) while seedling growth was severely

restricted (Figure 27). Old leaves remained green while new growth

produced small clustered leaves which gave the plant a rosette type of

appearance. These symptoms are somewhat similar to those of alfalfa

as described by Ovelletee and Dessureaux (1958).

Relationship Between Aluminum Supply and Growth Response of Seedlings

Effect of levels of Al application on growth parameters of E.

saligna seedlings is shown in Table 17. Lower levels {up to 1 ppm)

stimulated growth in height, diameter and top y;reight. of seedlings.

Application of 0.5 ppm Al had the most stimulating effect. Enhancement

of growth at low levels of Al has been demonstrated for various plant

species by several authors (Coville, 1923; McClean and Gilbert, 1928;

Chenery, 1955; Nortenstine and Fiskell, 1961). The results of this

study are also similar to the growth response of ~. gummifera seedlings

to Al as reported by MUllette (1975). However, higher concentration of

this element is toxic to plants and has a detrimental effect on growth

(Wallace, 1961). Higher levels of Al (4 and 8 ppm) in the present study



Figure 25- Effect of various levels of aluminum on E.
sa ligna seedlings.
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Figure 26- ~. sa1igna leaves showing brown
necrotic spots due to aluminum toxicity.
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Figure 27- Stunting of!. sa1igna seedlings
due to aluminum toxicity.
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TABLE 17. EFFECT OF ALUMINUM APPLICATION ON THE GROWTH PARAMETERS
OF EUCALYPTUS SALIGNA. SEEDLINGS

103

Al Level Height Diameter Leaf Wt Stem Wt Root Wt Total
ppm Dry Matter

------ em ------- ---------------- g/pot ------------------
*0 45.6 0.48ab 6.63 2.41 2.20ab 11.24

0.5 49.3 0.52a 6.78 2.44 2.23a 11.45

1.0 48.3 0.50a 6.62 2.40 2.l6ab 11.18

2~0 48.3 0.46ab 6.13 2.39 2.09ab 10.61

4.0 45.3 0.40b 4.57 1.82 2.04ab 8.43

8.0 45.0 0.40b 3.35 1.58 1.l4b 6.07

*Treatment means followed by the same letter or without letter
within the same column are not significantly different from each
other according to Duncan's Modified Least Significant Difference
Test at p = 0.05
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led to a slight reduction of height and diameter growth and dry matter

production of leaves, stems and roots. Root growth in 8 ppm Al

treatment was reduced to nearly one half that of the control (Table 17).

This severe reduction in root growth is in agreement with findings of

Magistad, 1925; McClean and Gilbert, 1927; Wright, 1937; Kliewer, 1961

and Rees and Sidrak, 1961, who showed that the greatest form of damage

done by Al to most plants is the inhibition of root development.

Depression in growth due to high Al has been described by several authors

(Barnette, 1923; Ligon and Pierre, 1933; Clarkson, 1969; Grime and

Hodgson, 1969).

In this study reduction of dry matter yield at high levels of Al

was statistically non-significant, which is possibly due to high degree

of variability within the experUnent, and the limited time where seed

lings were exposed to Al treatments. Application of 8 ppm Al did the

most damage where total dry matter production was nearly half that of

the control (6.07 grams vs 11.24 grams). This decrease in dry matter

production was in all plant parts including leaves, stems and roots.

Effect of Increasing Aluminum Levels on the Elemental Concentrations

of Tissues

With increasing doses of Al in the nutrient solution there was a

general trend of an increase in the tissue Al of young leaves (63 to

80 ppm), old leaves (78 to 378 ppm), stems (43 to 72 ppm) and roots

(111 to 163 ppm) as seen in Tables 18 to 21. However, these increasing

levels of Al did not produce a consistent increasing tissue AI. The

inconsistency of this trend may have been due to experimental errors.

When Al concentration in different tissue is compared, it becomes clear



TABLE 18. EFFECT OF ALUMINUM APPLICATION ON THE AVERAGE NUTRIENT COMPOSITION OF YOUNG
LFAVES OF EUCALYPTUS SALIGNA SEEDLINGS

A1 level N P K Ca Mg Mn Fe Cu Zn B A1
ppm --------------------- %------------------_. ----------------- ppm ------------------

0 1. 98d~\' 0.40c 1.88 0.54 0.51 63 62 10 6 121 63

0.5 2.51a 0.33c 1. 70 0.64 0.57 72 65 12 11 120 74

1 2.60a 0.43bc 1.71 0.75 0.58 73 69 12 9 129 76

2 2.36b 0.45bc 1. 70 0.56 0.50 63 78 11 10 114 66

4 2.19c 0.58ab 1.58 0.77 0.61 128 50 15 8 109 83

8 2.16c 0.67a 1. 74 0.92 0.60 116 55 14 7 140 80

* Means followed by the same letter or without letter within the same column are not
significantly different from each other by Duncan's Modified (Bayesian) Least
Significant Difference Test at p = 0.05
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TABLE 19. EFFECT OF ALUMINUM APPLICATION ON THE AVERAGE NUTRIENT COMPOSITION OF OLD
LEAVES OF EUCALYPTUS SALIGNA SEEDLINGS

Al level N P K Ca Mg Mn Fe Cu Zn B Al
ppm -------------------- % --------------------- ----------------- ppm ------------------

0 1.90c* 0.63bc 1.17 0.87 0.46 105 98 12 18 161 78

0.5 2.54a 0.44c 1.48 0.81 0.49 101 86 14 18 173 193

1 2.66a 0.65bc 1.19 0.91 0.51 101 118 11 19 187 121

2 2.20bc 0.8lb 1.48 0.86 0.54 140 131 23 25 165 601

4 2.41ab 0.84b L12 0.90 0.48 103 95 16 19 178 378

8 2.41ab 1.16a 1.41 0.97 0.55 96 83 25 20 183 362

*Means followed by the same letter or without any letter within the same colum are not
significantly different from each other by Duncan's Modified (Bayesian) Least
Significant Difference Test at p = 0.05
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TABLE 20. EFFECT OF ALUMINUM APPLICATION ON THE AVERAGE NUI'RIENT COMPOSITION OF STEMS
OF EUCALYPTUS SALIGNA SEEDLINGS

Al Level N P K Ca Mg Mn Fe Cu Zn B A1
ppm ----_ .. _-------------- %------------------- ----------------- ppm ------------------

0 * 0.79 1.24 0.81 0.39 12 49 9 6 30 431. 47ab

0.5 1.57a 0.71 1.18 0.70 0.36 11 46 9 4 29 48

1 1.29bc 0.82 1.04 0.79 0.37 20 54 11 7 29 53

2 1.28c 0.67 1.13 0.81 0.37 5 46 10 5 25 48

4 1.60a 0.95 0.90 0.96 0.32 39 64 20 10 29 72

8 1. 45abc 0.92 0.94 0.89 0.28 13 33 12 5 20 51

*Means followed by the same letter or without letter within the same column are not significantly
different from each other by Duncan's Modified (Bayesian) Least Significant Difference Test
at p = 0.05
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TABLE 21. EFFECT OF ALUMINUM APPLICATION ON THE AVERAGE NUrRIENT COMPOSITION OF ROOTS
OF EUCALYPTUS SALIGNA SEEDLINGS

A1 Level N P K Ca Mg Mn Fe Cu Zn B A1
ppm --------------------- % -------------------- ----------------- ppm ------------------

0 1.26* 0.72 0.83 1.03 0.59 83 811 11 9 44 111

0.5 1.38 0.69 0.91 0.99 0.69 54 670 12 8 49 113

1 1.30 0.69 0.90 0.98 0.64 24 835 13 8 45 141

2 1.34 0.67 0.95 0.99 0.68 20 699 12 7 50 112

4 1.52 0.71 0.84 1.00 0.46 18 842 13 6 30 130

8 1.39 0.73 0.66 0.99 0.48 27 885 20 8 37 163

*Means followed by the same letter or without letter within the same column are not
significantly different from each other by Duncan's Modified (Bayesian) Least Significant
Difference Test at p = 0.05
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o
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that old leaves contained the highest level. This is possibly due to

precipitation and accumulation of Al in older tissues.

Effect of Al application on the tissue concentrations of other

elements is shown in Tables 18 to 21. Concentration of N in the foliage

increased significantly with application of AI, while N levels in the

stem were inconsistent, and there was no significant differences between

treatments in the roots. P levels in young and old leaves increased

due to applications of AI, while this had no significant effect on P

levels in stems and roots (Tables 18 to 21). These results are similar

to those reported by Haas (1936) where P content of leaves, shoots and

roots of citrus plants grown in pots were found to be greatly increased

by A1(N03)3.9H20 application. There is a good evidence that Al accumu

lates in or on the roots and increases the phosphate absorption

(Ragland and Coleman, 1959; Paterson, 1964; Munns, 1965). Whether

precipitation in roots as Al P04, adsorption on exchange sites, or some

other kind ~f rp~ction occurs is not clear.

The concentrations of other nutrient elements were not affected

significantly by the Al levels applied in the nutrient solution.

BORON

Visual Symptoms of Boron Toxicity

Symptoms of B toxicity were marked in the highest level of B

application (4 ppm). Young leaves showed interveinal chlorosis. Whitish

spots were observed on dark green leaves. At an advanced stage of

toxicity the tips of older leaves had a brownish burnt coloration and

purplish spots along margins of the leaves (Figure 28).



Figure 28- Leaf tips of ~. saligna showing
symptoms of boron toxicity.
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It has been noted that symptoms of excess B start at leaf margins

and apices leading to marginal yellowing and burning (Eaton, 1944;

Oertili and Kohl, 1961; Shorrocks, 1964). In pines slightly affected

by B toxicity, the needle tips become brown with darker bands, marking

the successive boundaries between dead and live tissues (Stone and Baird,

1956).

The symptoms of B excess beginning at the tip and margins, along

with interveinal chlorosis and progressive necrosis of leaves as

observed in the present study are in agreement with the general symptoms

of B toxicity as described by Bradford (1966).

Relationship Between Boron Supply and Growth Response of E. sa1igna

Seedlings

When the concentration of B in the nutrient solution exceeded 0.4

ppm, there was a reduction in height and diameter growth of seedlings.

Figure 29 shows a general growth pattern of E. sa1igna seedlings at

various levels of B supply•. At 4 ppm B application the average plant

height was 45.7 em compared to 48.3 em in the control (the control

treatment was at 0.4 ppm B application) and the diameter was reduced to

an average of 0.47 em as compared to 0.58 em for the control. (Table 22).

Although there was a nonsignificant decrease in dry matter production of

leaves, the stems and the roots, probably because the plants remained

in high doses of B only for a short period, the trend towards a decline

of growth due to B excess is evident. In general, growth of seedlings

was reduced when B concentration in solution was increased beyond

0.4 ppm (Table 22) at which concentration the internal B contents were

121, 161, 30 and 44 ppm,respectively, for young leaves, old leaves,

stems and roots (Tables 23 to 26).



Figure 29- Effect of various levels of boron on the
growth of E. saligna seedlings.
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TABLE 22. EFFECT OF BORON APPLlCA.TION ON THE GROWTH PARAMETERS
OF EUCALYPTUS SALIGNA SEEDLINGS

B Level Height Diameter Leaf Wt Stem Wt Root Wt Total
ppm Dry Matter

------ em ------- ---------------- g/pot ------------------

0 42.0b* 0.40c 6.12 2.51 1.52b 10.15

0.2 50.3a 0.50b 7.54 3.41 2.07ab 13.02

0.4 48.3ab 0.58a 7.83 4.06 2.29a 14.18

2.0 45.7ab 0.49b 7.68 3.90 2.23a 13.81

4.0 45.7ab 0.47b 6.97 3.50 1. 77ab 12.24

*Means followed by the same letter or without letter within the
same column are not signifi~ntly different from each other by
Duncan's Modified (Bayesian) Least Significant Difference Test
at p = 0.05
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In papaya, plant growth decreased when B in the', external supply

was increased beyond 0.3 ppm, whereas 0.4 ppm B did not depress the

growth of macadamia (Hiranburana, 1974).

Effect of Increasing Boron Supply on the Nutrient Composition of Seedlings

The concentration of B in plant tissues increased significantly

when external supply of B was increased from zero to 4 ppm (Tables

23 to 26). B supply raised the internal B concentration from 74 to

799 ppm (a tenfold increase) in young leaves, 83 to 1148 ppm in old

leaves (a thirteenfold increase), 24 to 156 ppm in stems (a sixfold

increase) and 16 to 398 ppm (a twenty-four fold increse) in roots. Old

leaves accumulated higher concentration of B both under its deficiency

and excess supply than the young leaves due to low mobility of this

element.

The effects of raising B levels on the absorption of other plant

nutrients are shown in Tables 23 to 26. At B levels above the control

(0.4 ppm) tissue % N increased significantly in young and old leaves

only. On the other hand high boron levels decreased P level in stems

but this effect was not consistent in young leaves, and was not signifi

cant in old leaves or roots. Tissue K was found to increase in stems

only, while tissue Ca decreased in old leaves. No significant effect

was noted on tissue Mg, Cu, Zn, or Al, while Fe and Mn concentrations

were significantly reduced in the stems only. Reeve and Shive (1944)

reported B deficiency to be induced by increasing application rates of

Ca, while Hernandez and Lugo-Lopez (1958) alleviated ~~ toxicity

(in soybeans) by applying B at a 0.5 ppm rate in nutrient solution.



TABLE 23. EFFECT OF BORON APPLICATION ON THE AVERAGE NUTRIENT COMPOSITION OF YOUNG
LEAVES OF EUCALYPTUS SALIGNA SEEDLINGS

B Level N P K Ca Mg Mn Fe Cu Zn B A1
ppm --------------------- %-------------------- ----------------- Pl~ ------------------

0 2.55b* 0.44a 2.07 0.62 0.58 72 86 11 9 74c 65

0.2 2.56b 0.41a 1.94 0.58 0.55 81 91 13 12 86c 68

0.4 2.55b 0.40a 1.88 0.54 0.51 63 62 10 6 121c 63

2.0 2.58b 0.31b 1.96 0.53 0.59 80 90 12 12 383b 69

4.0 2.72a 0.47a 1.80 0.53 0.59 79 104 13 12 799a 69

*Means followed by the same letter or without letter within the same column are net
significantly different from each other by Duncan's Modified (Bayesian) Least
Significant Difference Test at p = 0.05
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TABLE 24. EFFECT OF BORON APPLICATION ON THE AVERAGE NtJrRIENT COMPOSITION OF OLD LEAVES
OF EUCALYPTUS SALIGNA SEEDLINGS

B Level N P K Ca Mg Mn Fe Cu Zn B A1
ppm -----~-------------- % --------------------- ----------------- ppm -----------------

-
0 'I:

1.48 0.61 137 107 152.39b 0.83 1.03a 20 .83c 88

0.2 2.37b 0.75 1.39 0.95b 0.57 157 110 13 21 142c 85

0.4 2.24c 0.63 1.17 0.87c 0.46 105 98 12 18 161c 78

2.0 2.66a 0.50 1.62 0.73d 0.53 125 112 12 20 713b 86

4.0 2.40b 0.77 1.66 0.73d 0.52 139 125 16 22 114& 90

*Means followed by the same letter or without letter within the same column are not
significantly different from each other by Duncan's Modified (Bayesian) Least
Significant Test at p = 0.05

........
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TABLE 25. EFFECT OF BORON APPLICATION ON THE AVERAGE NUTRIENT COMPOSITION OF STEMS
OF EUCALYPTUS SALIGNA SEii:DLINGS

B Level N P K Ca Mg Mn Fe Cu Zn B Al
ppm --------------------- %-------------------- ------------------ ppm -----------------

0 1.28 O.72b* 1.36b 0.85 0.33 26 45ab 10 4 24e 49

0.2 1.34 0.76ab 1.33b . 0.73 0.41 17 41be 11 5 23e 78

0.4 1.41 - O.79a 1.24e 0.81 0.39 12 49a 9 6 30e 43

2.0 1.28 0.5ge 1.46a 0.62 0.33 7 33d 10 3 92b 60

4.0 1.16 0.5ge 1.47a 0.69 0.30 10 38cd 10 4 156a 51

*Means followed by the same letter or without letter within the same column are not
significantly different from each other by Duncan's Modified (Bayesian) Least
Significant Test at p = 0.05

...............



TABLE 26. EFFECT OF BORON APPLICATION ON THE AVERAGE NUTRIENT COMPOSITION OF ROOTS
OF EUCALYPTUS SA.LIGNA SEEDLINGS

B Level N P K Ca Mg Mn Fe Cu Zn B Al
ppm ---------------------- % ------------------- ----------------- ppm ------------------

0 1.39 0.69 0.86 1.22 0.71 251 596 15 8 16c* 149

0.2 1.48 0.64 0.80 1.17 0.67 250 822 15 7 33c 182

0.4 1.45 0.72 0.83 1.03 0.59 325 811 11 9 44c 111

2.0 1.44 0.70 0.95 1.13 0.67 240 811 11 5 215b 169

4.0 1.37 0.67 1.02 1.17 0.68 210 784 15 7 398a 157

*Means followed by the same letter or without letter within the same column are not
significantly different from each other by Duncan's Modified (Bayesian) Least
Significant Difference Test at p c 0.05

I-'
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MA.NG\NESE

Visual Symptoms of Manganese Toxicity

Mn toxicity symptoms appeared in !. saligna seedlings after about

a month. It took a longer time of exposure for Mn to develop toxicity

symptoms as compared to B and AI. Only higher levels (40 and 80 ppm)

of Mn produced an interveinal chlorosis in the young leaves (Figure 30).

It later spread to old leaves to some extent. The veins and midribs

were green, while the interveinal areas showed light yellow coloration.

The contrast in color of young and old leaves on the same plant was

quite distinct (Figure 31), which showed that high Mn levels affected

new foliage quicker, though Mn is relatively an immobile element.

The intermediate Mn levels (2 and 4 ppm) produced pinkish dots

on the younger leaves. The plants, however, were similar to the control

(0.5 ppm Mn). Even at 40 and 80 ppm of Mn supply, !. saligna seedlings

were still vigorous and looked healthy. Whereas!. gummiferra (red

bloodwood) apparently suffering from Mn toxicity showed vigorous but

unhealthy growth with small chlorotic, distorted leaves and dead

terminal buds on leader. Major laterals developed and were followed

by abundant shoot growth from the basal lignotuber (Stone, 1968). Child

and Smith (1960) found high levels of Mn to be very toxic to silk oak

seedlings when transplanted in soil having a high quantity of manganese.

The seedlings died within 3 weeks, apparently too rapidly to display

characteristic symptoms. These seedlings had foliar Mn concentrations

from 1900 to 3600 ppm. In the present study, even 40 and 80 ppm of

applied level of Mn did not drastically affect sa1igna seedlings,

possibly because this species has been considered to be tolerant up to
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Figure 30- Effect of various levels of manganese on the
growth of~. saligna seedlings.
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Figure 31- Symptoms of manganese toxicity on
!. sa1igna seedling.
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very high internal Mn concentration (around 4000 ppm, as reported by

Stone, 1968) and secondly periodic flushing of pots with distilled

water perhaps did not allow Mn accumulation to excessive levels.

Relationship Between Manganese Supply and Growth Response of Eucalyptus

saligna Seedlings

Seedling growth in general did not seem to be adversely affected by

an increasing level of Mn (Table 27). On the contrary, height was

significantly increased with increasing Mn level. However, diameter of

seedlings was reduced to an average of 0.42 em with 80 ppm Mn application

as compared to 0.55 em in the control plants (0.5 ppm Mn). There was a

slight nonsignificant decrease in the total dry matter production of

seedlings with increasing Mn supply (Table 27). This may be because

plants remained in high Mn levels for only a short time and that the

pots were flushed with distilled water once a month. This did not

allow Mn to become toxic.

Not much has been studied on Mn toxicity in forest trees. However,

extensive data are available which show adverse effects of high Mn on

agricultural crops (Twyman, 1951; Ohki, 1974, 1975).

Effect of Increasing Manganese Levels on the Nutrient Concentrations of

Seedlings

The concentration of Mn in plant tissues significantly increased

as concentrations of Mn in the nutrient solution was increased from

zero to 80 ppm (Tables 28 to 31). The accompanied increases in Mn

content of tissues were from 48 to 1441 ppm in the young leaves, 93 to

1544 ppm in the old leaves, 4 to 1167 ppm in the stems and 43 to 1211

ppm in the roots. High levels of Mn were accumulated in the older



TABLE 27. EFFECT OF MANGA.NESE APPLICATION ON THE GROWTH .PARAMETERS
OF EUCALYPTUS SALIGNA. SEEDLINGS
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Mn Level Height Diameter Leaf Wt Stem Wt Root Wt Total
ppm

g/pot
Dry Matter

------ em ------- ----------------- -----------------
0 37.7d* 0.36c 2.73b 1.14b 1.53 5.40b

0.5 44.0c 0.55a 6.74a 3.65a 2.43 12.82a

2.0 49.3ab 0.52a 6.77a 3.49a 2.34 12.60a

4.0 45.7bc 0.50ab 6.73a 3.38a 2.26 12.37a

40.0 50.0a 0.47ab 6.80a 3.34a 2.17 12.31a

80.0 50.7a 0.42bc 6.95a 3.37a 1.87 12.19a

*Means followed by the same .1etter or without any letter within the
same column are not significantly different from each other by
Duncan's Modified Least Significant Difference Test at p = 0.05



TABLE 28. EFFECT OF MANG\NESE APPLICATION ON THE AVERAGE NUTRIENT COMPOSITIUN OF YOUNG
LEAVES OF EUCALYPTUS SALIGNA SEEDLINGS

Mn Level N P K Ca Mg Mn Fe eu Zn B A1
ppm ------------------- % ---------------------- ----------------- ppm -----------------

0 * 0.49bc 1.34c 0.67bc 0.57cd 48c 44d 14 4d 98 752.07c

0.5 2.49c 0.40c l.88b 0.54c 0.51d 63c 62cd 10 6cd 121 63

2 a.ro« 0.48bc l. 94ab 0.69bc 0.62bc 256bc lOla 13 13b 115 67

4 2.84b 0.64a 1.92b 0.74b 0.64abc 455b 79bc 13 lObc 121 69

40 3.16a 0.57ab 2.23a 0.93a 0.73a 1403a 97ab 15 29a 132 76

80 3.23a 0.46c 2.00ab 0.93a 0.70ab 1441a 96ab 15 3Sa 133 73

*Means followed by the satne letter or without letter within the same column are not
significantly different from each other by Duncan's Modified (Bayesian) Least
Significance Test at p c 0.05

.....
N
.p.



TABLE 29. EFFECT OF MANGA.NESE APPLICATION ON THE AVERAGE NlITRIENT COMPOSITION OF OLD
LEAVES OF EUCALYPTUS SALIGNA SEEDLINGS

Mn Level N P K Ca Mg Mn Fe Cu Zn B Al
ppm ------------------- 70 ------------------- ------------------- p~ -------------------

0 2.75 0.73b* 0.90d 0.94 0.52 93b 90 14bc 19d 132 86b

0.5 2.46 0.63c 1. 17cd 0.87 0.46 105b 98 12d 18d 161 78b

2 2.85 0.76b 1. 56abc 1.10 0.67 354·b III 18a 24c 193 96a

4 2.73 1.03a 1.40bc 1.11 0.61 423b 106 Bcd 19d 210 86b

40 2.77 0.68bc 1. 80ab 1.04 0.72 1544a 108 19a 43a 179 107a

80 2.94 0.34d 1.93a 1.06 0.65 1172a 73 16b 32b 149 86b

-
*Means followed by the same letter or without letter within the same column are not
significantly different from each other by Duncan's Modified (Bayesian) Least
Significant Difference Test at p=0.05

l-'
N
VI



TABLE 30. EFFECT OF MA.NGANESE APPLICATION ON THE AVERAGE NUTRIENT COMPOSITION
OF STEMS OF EUCALYPTUS SALIGNA SEEDLINGS

Mn Level N P K Ca Mg Mn Fe Cu Zl1 B A1
ppm -------------------- %---------------------- ----------------- ppm -----------------

0 1.26b 0.89a 0.85e 0.73b 0.29 4d 34 14 4 24 65

0.5 1.71a 0.79a 1.24d 0.81b 0.39 12d 49 9 6 30 43

2 1.25b 0.46b 1.48bc 0.78b 0.36 42d 31 12 3 34 53

4 1.59a 0.86a 1. 28cd 0.97a 0.48 136c 44 10 6 33 62

40 0.93c 0.50b 1.64ab 1.05a 0.48 1061b 35 12 7 35 51

80 0.97c 0.44b 1. 73a 1.08a 0.46 1167a 31 12 9 36 49

*Means followed by the same letter or without letter within the same column are not
significantly different from each other by Duncan's Modified (Bayesian)Least
Significant Difference Test at p = 0.05

....
N
0'\



TABLE 31. EFFECT OF MANGANESE APPLICATION ON THE AVERAGE NUTRIENT COMPOSITION OF ROOTS OF
EUCALirTUS SALIGNA SEEDLINGS

Mn Level N P K Ca Mg Mn Fe Cu Zn B Al
ppm --------------.----- %--------------------- -------------------- ppm --------------------

0 l.37b 0.87a 0.67d l.22bc 0.54d 43b 1539a 14bc 9c 3ge 255

0.5 L49a O.72b 0.83cd 1.03c 0.59cd 83b 811bc 11c 9c 44de 110

2 1.51a 0.63c L27ab L15bc 0.82b 104b 688bcd 18ab 13abc 65bc 169

4 1.50a 0.75b 1.C9bc 1.32b 0.66c 219b 919b 15abc 12bc 55cd 188

40 L20c 0.76b l.52a 1.42ab 0.96a 1387a 406d 18a 15ab 75ab 138

80 L17c 0.83a l.43ab L62a 0.89ab l211a 479cd l7ab 17a 80a 161

*Means followed by the same letter or without letter within the same column are not
significantly different from each other by Duncan's Modified (Bayesian) Least
Significant Difference Test at p = 0.05

.....
N
-.oJ
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tissues as compared to younger tissues. This is expected because of

relatively low mobility of Mn.

Tables 28 to 31 show effect of levels of Mn application on the

concentrations of other nutrients in the tissues. With increasing Mn

levels in the external solution, N concentration increased in the young

leaves but decreased in the stems and in the roots, perhaps because of

N translocation. P concentration also increased in the leaves and the

stems up to 4 ppm and then decreased, whereas P concentration in the

roots decreased. K and Ca concentrations increased in all tissues.

Mg concentration increased in the young leaves and the roots. Zn

concentration increased in the leaves and the roots. B concentration

increased in the roots. Fe concentration, however, decreased considerably

in the roots and the stems. This may be explained in terms of antagonis

tic effect of excess Mn to Fe (Wallace and Hewitt, 1946; Somers and

Shive, 1942; Wallace, 1961). Similar reciprocal Mn to Fe relationship

found in this study has also been reported in several agricultural

crops (Twyman, 1951; Hait and Ragland, 1963).

A Mn-Mg interaction was reported for pines (Safford, 1975) and

a reciprocal Mn-Zn relationship was obtained in sorghum (Obki, 1975).

However, these relationships did not hold true for !. sa1igna in this

study.

SqMMARY AND CONCLUSIONS

This study was conducted to determine tolerance of!. sa1igna

seedlings to toxic levels of A1, Mn and B which often prevail under

forest soil conditions. Three separate experiments were conducted, one

for each of these elements using perlite as the growing medium in a
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greenhouse. Six levels of Al (0,0.5, 1,2,4 and 8 ppm), five levels of

B (0, 0.2, 0.4, 2 and 4 ppm) and six levels of Mn (0, 0.5, 2, 4, 40 and

80 ppm) were supplied to the seedlings in a nutrient solution.

Symptoms were first observed due to toxicity of Al followed by B

and Mn. It appeared that Eucalyptus sali~ seedlings were susceptible

to 4 and 8 ppm Al level. Application of low levels of Al were, however,

found to enhance growth but high Al levels produced small rosette types

of leaves and brown necrotic spots. The plants were stunted and had

few branches. The symptoms of brown necrotic spots in Al excess are

s~ilar to the symptoms of P deficiency as has also been reported in

some other crops (Chapman, 1966). It thus appears that excess Al in

the plant increased the concentration of P by its precipitation which

caused P deficiency in the plant tissues.

B toxicity did not produce conspicuous symptoms except that at its

high level (4 ppm B) young leaves showed interveinal chlorosis and

tips of old leaves turned brown. Growth was not adversely affected,

perhaps B levels in the experiment were not high enough to become toxic

in the limited duration the experiment was run. However, tissue

concentrations of B were significantly higher than in the control. B

toxicity was accompanied by n decrease in the internal concentrations of

Ca and P resulting in smaller leaf size and brown necrotic spots which

may probably be due to deficiencies of these elements.

Mn toxicity produced interveinal chlorosis in the young leaves

which may be due to Fe deficiency, as excess Mn is antagonistic to Fe.

The tissue concentrations of Fe decreased significantly in the stems

and the roots of the seedlings. However, plant growth was not affected

significantly, showing that this species can tolerate high levels of Mn



without being adversely affected. This also supports the earlier

findings of Stone (1968).
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CHAPl'ER VI

RESPONSE OF EUCALYPTUS SA.LIGNA SEEDLINGS TO NITROGEN, PHOSPHORUS
AND POTASSIUM APPLICATIONS IN FOREST SOILS

MA.TERIALS AND METHODS

Soils
•

This study was conducted at the Beaumont Agricultural research

Center, Hi10, Island of Hawaii, under greenhouse conditions using two

forest soils namely, Maile Silty Clay Loam, Thixotropic Isomesic Hydric

Dystrandept (Latoso1ic Brown Forest) and Hi10 Silty Clay Loam, Thixotropic

Isobyperthermic Typic Hydrandept (HYdro1 Humic Latoso1). General

descriptions of soil profiles of these series are given in Appendix A

(USDA, Soil Conservation Service, 1973).

Maile Soil

The sampling site for this soil was the Hamakua Experimental Farm

located 55 kc ~rthwest of Hi10. The site is located at an elevation

of 850 meters and has a mean .annua1 rainfall of 2300 millimeters. The

mean maximum and minimum temperatures are 21.40C and 14.00C, respectively.

The overstory consists mainly of Ohia and broadleaved mixed forest. For

this study subsoil between depths of 20 to 76 em was collected, sieved

through a quarter-inch sieve, mixed thoroughly and fumigated overnight

with methyl bromide. Initial chemical analysis of-the soil is given in

Table 32.

Hi10 Soil

This soil was taken from Field 33 of the Waikea Experimental Farm

~

near Hilo. The elevation of this site is 250 meters with a mean annual

rainfall of 4300 millimeters. Sample site was under forest of ohia



TABLE 32. CHEMICAL ANALYSIS OF MAILE AND HILO SOILS

Soil Organic Moisture pH P K ca Mg
Series Matter %

% -------------- ppm ------------------

Maile 20.0 181.0 4.81 9.3 23 193 35

Hilo 17.0 179.2 5.32 6.6 151 1560 198

....
U)

N
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which had been cleared and ploughed a year ago. Soil contained rocky

material, litter, nuts and tree roots. While collecting the soil, the

upper 5 em of the ploughed layer which was irreversibly dehydrated was

scraped off. The soil was obtained to a depth of 30 em. Like the Maile

soil it was sieved, mixed and fumigated with methyl bromide. Chemical

analysis of the original soil is shown in Table 32.

Pretreatment of Soils

The exp~riment was conducted in I-gallon plastic pots each filled

with 600 g of soil (oven-dry basis). A basal application of lime,

magnesium, copper, zinc and boron was given to the soil at the rates

shown below in Table 33:

TABLE 33. BA.stU. APPLICATION OF AMENDMENTS AND FERTILIZERS TO
MAILE AND HILO SOILS BEFORE PlAmING

Element Rate (ppm) Source

Lime 16000 CaCo3

Magnesium 200 MgO

Copper 30 CUS04·5~0

Zinc 30 ZnS04·7H:20

Boron 30 H
3B03

N-P-K Treatment Application.

The treatments consist of 21 combinations of 5 levels of nitrogen

(0, 60, 120, 180 ~nd 240 ppm), 5 levels of phosphorus (0, 80, 160, 240

and 320 ppm), and 5 levels of potassium (0, 60, 120, 180 and 240 ppm) in

an incomplete factorial arrangement as seen in ~able 34. The total
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TABLE 34. TREATMENr COMBINATIONS OF NITROGEN, PHOSPHORUS AND
PO'l'...ASSIUM RATES APPLIED TO!. SALIGNA. SEEDLINGS

parts per million
Treatment N P K

l. NlPlKl 0 0 0 (replicated 2 times)

2. Nl P1K:3 0 0 120

3. N1P3~ 0 160 0

4. N1P3K:3 0 160 120

5. ~P2~ 60 80 60

6. ~P2~ 60 80 180

7. N2P4~ 60 240 60

8. N2P4K4 60 240 180

9. N3P1~ 120 0 0

10. N3P1K:3 120 0 120

11. ~P3~ 120 160 0

12. N3P3K:3 120 160 120 (replicated 4 times)

13. N3P3~ 120 160 240

14. ~PsK:3 120 320 120

15. N4P2~ 180 80 60

16. N4P2~ 180 80 180

17. N4P4~ 180 240 60

18. N4P4I~ 180 240 180

19. NsP3K:3 240 160 120

20. NsP4 K:3 240 240 120

2l. NsPsl's 240 320 240
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required amount of phosphorus was applied to the soil in each pot prior

to planting. Potassium levels were applied in two equal doses at plant

ing time and after one month. In case of nitrogen, each rate was

divided into three equal doses and applied at monthly intervals. The

first application was at the time of planting. Reagent grade NH4N03,

Ca(~P04)2' and KC1 were the sources of N, P, K, respectively. Phosphorus

was applied in solid form and was thoroughly mixed with the soil while

nitrogen and potassium were applied in the form of solutions.

Seedling Procurement and Transplanting

Seedlings of E. sa1igna were obtained from the State Division of

Forestry Nursery, Kamuela, Hawaii. The seedlings were washed to remove

soil from their roots, and only uniform seedlings, having a single

leader, and in the central weight class of 0.5 to 1.5 g were picked and

transplanted at random singly in each pot.

Experimental Design

The experimental design for this study was the Composite Design

with three variables which is one of the Box designs with 21 treatment

combinations as shown in Table 34. Step wise regression analysis was

carried out to calculate Rand R2 values using BMD 02R Program of the

Health Sciences Computing Facility, UCLA and in accordance with the

procedure as described by Draper and Smith (1966) in 9rder to determine

the significance of response to N, P and K applications and similar to

that used by Baird and Mason (1959).

Harvesting Procedure

This study was started on July 24, 1974 and plants were harvested

on October 12, 1974. Leaves, stems and roots were taken separately.
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They were washed with distilled water to remove any soil sticking to

them. The roots were washed several times to remove soil from them.

The tissue samples of leaves, stems and roots were dried in a

draft oven at 65°C overnight and their dry matter weight were recorded.

Chemical Analysis of Plant Tissue

Dried tissue samples of leaves, stems and roots were fine ground

in a carbide mill for analysis.

Nitrogen

The micro-Kjeldahl digestion procedure of Young (1975) was used.

To 0.1 g tissue sample 0.8 g potassium sulfate (containing 1% selenium

powder) was added to a micro-Kje1dahl digestion flask. Four ml of

sulfuric acid (containing 0.05 g of salicilic acid/ml) was added and

allowed to stand for 20 minutes. Two glass beads and 0.5 g sodium

thiosulfate were added. The contents were digested for 1 pour (30

minutes after the solution became clear), cooled, made to 100 m1 volume,

mixed well and 1 ml pipetted to a matched Evelyn colorimeter tube. To

it 4 ml of water, 3 ml of Nessler's solution and 2 rol of 2 N sodium

hydroxide were added and mixed. Absorbance of color was read at 490 m

against a blank prepared by substituting 1 m1 water for the sample.

Standards were prepared and a curve was drawn from which readings were

calculated in percentage of nitrogen.

Other Elements

Samples of sufficient size were analyzed by the X-ray Quantometer

for P, K, Ca, Mg, Na, S, Fe, Cu and Mn. However, samples that were

too small to be analyzed by the quantometer were analyzed for P, K, Ca

and Mg by the dry ashing technique as described by Chapman and Pratt (1961).



137

In order to convert the values of the elements analyzed by the

dry ashing procedure to values equivalent to those of samples analyzed

on the quantometer 14 samples of the leaves, stems and roots of.!.

saligna were run both on. the quantometer and by the dry ashing procedure.

The two methods gave a high correlation and a regression equation was

established for each element. Fram the regression equation all values

from the dry ashing method were converted to equivalent quantometer

values. samples analyzed by dry ashing procedure are shown with

asterisks in Appendix Tables 37 to 40.

Root samples were analyzed separately. However, samples of leaves

and stems were mixed based upon the weighted ratio of their yield from

each pot to obtain analysis of shoots of plants as reported in Appendix

Tables 37 and 38. This was done because many stem samples were too

small to be analyzed with the quantometer.

Soil Chemical Analysis

After harvesting and.separating roots from soil in each pot, the

soil was mixed thoroughly. The soil samples were obtained from each

treatment and seived through a l2-mesh (1.4 rom) seive and stored. A

moisture determination was made each time soil was taken from these

samples to determine chemical constituents. The results were expressed

on the dry weight basis.

Soil pH

pH of the soil was determined on a saturated paste with distilled

water after 30 minutes of equilibration, using a Beckman Digital pH

meter model p~~-I with glass electrode.
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Extractable P

The modified Truog extraction procedure of Ayres and Hagihara

(1952) was used for extractable soil phosphorus. P determination in

the extract was carried out. with a Technicon Autoanalyzer by developing

color with SnC12•

Exchangeable K. Ca and Mg

Ten grams of soil (oven dry basis) were shaken for one hour with

200 ml of 1 ! NH4~c adjusted to the pH of the soil and filtered on a

Buchner funnel using Whatman filter paper #42. Four subsequent washings

with 50 ml of 1 ! ~OAc increments were given and a final volume of

500 ml was made. The determinations of exchangeable K, Ca and Mg were

made on a Perkin Elmer Atomic Absorption Spectrophotometer Model 303

after making suitable dilutions of the soil extract. Dilutions for Ca

and Mg contained 0.5% lanthenum (aslanthenum chloride) to eliminate

possible interference from silicon, aluminum, phosphate or sulfate ions.

RESULTS AND DISCUSSION

Response of Eucalyptus saligna seedlings to inputs of N, P and K

was evaluated by using a Response Surface Design (Baird and Mason, 1959)

with 21 treatment combinations as outlined in Table 34. Regression

analysis was carried out based on the following two models for each of

the two soils:

(1) Y = bo + bl N + b2 P + b3 K + bn ~ + b22 p2 + b33 r + b12 NP +

013 NK + b23 PK + b123 NPK

(2) Y = bo + bl N + b2 P + b3 K + b n N~ + b22 P~ + b33 K~ + b12 N~

P~ + b13 112 K~ + b23 P~ K~ + b
123

N~ P~ K~
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Where Y is the estimated response and N, P and K are expressed as

rates of fertilizer application. b's are the regression coefficients.

The values of correlation coefficients (r), multiple Rand R2 were

obtained and are reported in the text.

The two above models were compared for all physical growth

parameters and chemical analysis of plant tissues and soil composition

for each of the soils based upon values of R, R2 and the number of

terms in the equation. The model giving higher values of R and R2

and fewer terms in the regression equation was considered preferable.

Based upon this criterion as well as for maintaining consistency, it

was felt that the quadratic model would give better response prediction

compared to the square root model. Thus the following discussion will

be based upon regression equations derived from the quadratic model.

However, the response equations do not include all terms of the model,

but only those terms Which contribute more than 1% to the coefficient

of determination (R2 x 100) have been retained in the equations to keep

these prediction equations simple and practical.

Effect on NPK Application on the Growth Response of Eucalyptus saligna

The following discussion deals with the effect of various treatment

combinations of N, P and K levels (Table 34) on the physical growth

parameters of E. saligna seedlings grown in the Maile and the Hilo soils.

In the Hilo soil three treatment combinations (#4~ 5 & 6) were fo~~d to

have unusual values of height, diameter and dry matter, probably due to

genetic variability of plants. Thus, these cases were not included

while computing prediction equations for these parameters in this soil.
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Height

P levels were highly correlated with height of the seedlings in the

Maile soil (r = 0.625**) as seen in Appendix Table 41. Increasing N

rates did not give a significant increase in the height of seedlings

(r = 0.355). Response to K, however, was significant (r = 0.416*).

In the Maile soil the height of seedlings ranged from 15 em to 48.5 em.

The upper limit was obtained at the N4P4K4 treatment application

(Appendix Table 35). P seemed to yield the best results followed by

N x K, N x P, P x K and N x P x K interactions (Appendix Table 36). The

maximum contribution to the coefficient of determination, R2 x 100 was

associated with P(R2 = 0.39). The quadratic equation obtained for

predicting height growth in the Maile soil is as below:

Height (em) = 25.44806 + 0.070958 P + 0.000838 NK - 0.000346 p2

- 0.000599 ~ + 0.000592 NP - 0.000448 K2 + 0.000532 PK

- 0.000002 NPK (R2 = 0.56)

In the Hi10 soil height was found tobesignificantly correlated

with increasing levels of N, P and K. Phosphorus gave the highest

correlation value (r = 0.630**) followed by N(r = 0.540**) and K(r = 0.434*).

The range of height obtained in this soil was 9.8 em for the N
1Pl R1 and

50.5 em for the N2P2Kz treatment combinations (Appendix Table 35). The

quadratic regression equation and the factors affecting height show

that maximum contribution to R2 was 0.42 associate~ with P x K interaction

as seen in Appendix Table 36.

Height (em) = 22.74396 + 0.0013672 PK+ 0.0011050 N2 + 0.0000283 NK

- 0.00000513 NPK - 0.127112 N - 0.074395 K

(R2 = 0.68)
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Results reported by Sundralingan (1975) and Jahromi et ale (1976)

showed maximum contribution to height growth of Pinus caribaea and slash

pine, respectively by P alone. In the Hilo soil the second most

important element for height growth was N alone or in combination with P.

This corresponds to the results of several authors (Tamimi, 1966;

Sinha, 1970; Miller and Miller, 1976).

Diameter

Increasing rates of N, P and K increased the stem diameter of

seedlings significantly in the Maile soil. P gave the highest correlation

(r = 0.654**) with the diameter (Table 41). Diameter of the seedlings

in this soil ranged from 0.10 em when treatment combination N3PlK3

was applied to a maximum of 0.60 em when N5P4K:3 was the treatment

combination (Appendix Table 35). The multiple regression equation

predicting diameter growth in the Maile soil was as follows with P

contributing 43% to coefficient of determination.

Diameter (em) = 0.19606 + 0.001507 P + 0.00012 NK - 0.000004 p2

- 0.000003 K2 - 0.000006 N2 + 0.000006 NP

(R2 = 0.62)

On ~ other hand in the Hilo soil only rates of P and N correlated

significantly with diameter with r values of 0.611** and 0.594**"

respectively (Appendix Table 41). The range of diameter measurements

in this soil was from 0.18 em obtained at N1P1Kl treatment combination

to a maximum value of 0.60 em with N5P4IS treatment (Appendix Table 35).

2Here N x P contribution to R was 0.46. The contributions of the other
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factors which affected diameter growth as given in the regression

equation below are presented in Appendix Table 36.

Diameter (em) = 0.18491 + 0.0000032 NP - 0.00000003 NPK + 0.0000063 PK

+ 0.0000049' ~ - 0.0000042 NK (R2 = 0.57)

In the present study on!. saligna, P and N were the most important

elements associated with the diameter growth. Sinha (1970) and Tamimi

(1966) reported maximum increase in diameter growth of Eucalyptus and

Norfolk Island pine, respectively by N x P interaction. However,

Miller and Miller (1976) obtained considerable increase in the stem

growth of Corsican pine as a result of supplying N alone.

Total Dry Matter Production

The effect of various treatment combinations of N, P and K on the

total dry matter production of E. saligna seedlings are presented in

Appendix Table 35 for both the Maile and the Hi10 soils. In the Maile

soil N2PZK2 treatment gave the lowest dry matter producticn (1.04 g),

whereas N5P5K5 treatment combination yielded the highest (14.77 g).

Increasing rates of N, P and K gave significant positive correlations

with both the shoot and the root dry matter production. The highest

correlation (r = 0.694**) obtained was with P x K interaction followed

**by Palone (r = 0.684 ) as seen in Appendix Table 41. The maximum

contribution to R2 was from P x K interaction (R2 = 0.48).

Total Dry Matter (g/pot) = 1.73481 - 0.0000255 PK + 0.015336 P

+ 0.000382 NK - 0.000187 N2 - 0.00000089 NPK

(R2 = 0.67)



143

Prediction curves for dry matter production of ~. saligna seedlings

are presented in Figure 32. It is apparent that application of N to

Maile soil, with no P applied, increased dry matter production when K

rate was 120 ppm or more. In addition, effectiveness of N rates in

production of dry matter was enhanced greatly when P rate was increased.

Thus, it can be concluded that N, P, and K are limiting factors for

growth of ~. sa1igna in the Maile soil.

In the Hilo soil treatment N2P2K4 gave the lowest dry matter

(0.76 g) and treatment N5P4K3 yielded the highest quantity (20.68 g),

as seen in Appendix Table 35. Increasing rates of Nand P gave

significant positive correlations with the shoot and root dry matter

production. The high~st correlation (r = 0.711**) obtained was with

N x P iIlteraction followed by Palone (r = 0.652**) as seen in Appendix

Table 41. The maximum contribution to R2 was also with N x P interaction

(R2
= 0.51). The regression equation predicting the dry matter yield

in Hi10 soil is as follows:

Total Dry Matter (gjpot) = 1.56286 + 0.000222 NP - 0.000002 NPK

+ 0.000328 PK+ 0.000312 N2 - 0.048582 N

(R2 = 0.65)

Prediction curves for dry matter production of ~. sa1igna seedlings

in the Hilo soil are presented in Figure 33. At 60 ppm K application

there was a progressive increase in the dry matter with increasing

rates of Nand P. But when higher rate of K (180 ppm) was applied, N
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application decreased the dry matter production, perhaps because of

negative effect of N x K interaction. It may also be noted that K

application gave the lowest correlation (r = 0.424) with total dry

matter. This may be due to· the high initial K present in the soil, thus

not responding to additional K fertilization. From Figure 33 it appears

that the Hilo soil which was cleared from forest only one year prior

to collection of soil samples, have a substantial nitrogen mineralization

capacity. This mineralization may also have been enhanced by liming

and fumigation of the soil.

In general, P seems to be the most limiting factor for the growth

of ~. saligna seedlings in the Maile and Hi10 soils. This conclusion

is similar to the findings of Tamimi (1974) in which P was found

responsible for maximum growth of Acacia koa in a similar Hawaiian soil.

Effect of NPK Application on the Internal Nutrient Concentration of

Sho0ta~d Root Tissues

Shoots

The correlation between levels of N applied and N concentration of

plant shoots both in the Maile and the Hilo soil was not significant

(Appendix Tables 42 and 43). The N concentration in the shoot tissues

ranged from 0.97% to 2.09% (Appendix Tables 37 and 38). A significant

correlation between N rate and shoot P was found in the Maile soil

only. Tissue concentration of Ca was increased significantly with

increasing rates of applied N in both soils, with correlation coefficients

of 0.299** and 0.371** respectively for the Maile and the Hilo soils

(Appendix Tables 42 and 43).
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Increasing rates of P were found to decrease shoot N significantly

(r = - 0.383** and - 0.442** in the Maile and the Hilo Shoot tissues

respectively), but had no significant effect on shoot P (Appendix

Tables 42 and 43). Internal tissue concentration of P ranged from

0.04% to 0.13% in the shoots of plants grown in the Maile soil and

from 0.04% to 0.16% in the shoots of plants grown in the Hilo soil

(Appendix Tables 37 and 38). In the Maile soil Ca concentration in the

shoots was significantly increased due to P application.

The correlation between levels of K applied and tissue K in the

shoots of plants from both soils was nonsignificant. The concentration

of K in the shoots of !. saligna for the Maile soil ranged from 0.58%

to 1.25% while the range was from 0.7% to 1.1% in the Hilo soil

(Appendix Tables 37 and 38). Increasing K rates caused a significant

reduction in shoot N (r = - 0.543**) and Mg (r = - 0.462**) in the

Maile soil while K application significantly enhanced shoot? (r = 0.528**)

in the Hilo soil as seen in Appendix Tables 42 and 43.

Roots

Root tissue N was found to decrease significantly with increasing

rates of N in the Hilo soil but had no significant effect in the Maile

soil (Appendix Tables 42 and 43). The range of N concentration in the

root tissues was from 0.50% to 1.91% in the Maile soil and from 0.75%

to 2.08% in the Hilo soil (Appendi:~ Tables 39 and 40). There were

significant increases in K (r = 0.320**) and Ca (r = 0.358**) concentra

tions of roots in the Maile soil whereas concentrations of P (r = 0.473*)

and Ca (r = 0.356*) increased in the Hilo soil as the level of applied

N was raised (Appendix Tables 42 and 43).
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Increasing P rates increased root P concentration in the Hi10 soil

(r = 0.553**) whereas no effect was observed on P concentration of

roots of plants grown in the Maile soil (Appendix Tables 42 and 43).

P concentration ranged from 0.05% to 0.21% in the Maile soil and from

0.05% to 0.12% in the Hilo soil (Appendix Tables 39 and 40). Increasing

P application significantly increased K and Ca concentrations, but

decreased Mg concentration of roots of plants in the Maile soil.

Increasing level of P increased root Ca, but decreased N concentration

of roots in the Hi10 soil.

K concentration of roots of plants grown in the Maile soil

increased significantly as level of K application increased, whereas K

concentration in roots was not affected by K application to Hilo soil.

The range of concentrations of K in roots of plants grown in the Maile

soil and the Hi10 soil were 0.14% to 0.74% and from 0.17% to 0.80%,

respectively (Appendix Tables 39 and 40). Increasing levels of K

significantly enhanced P concentration (r = 0.482**) in roots of E.

sa1igna seedlings in the Hilo soil, but decreased Mg concentration

(r = - 0.324*) in the Maile soil (Appendix Tables 42 and 43). The

decrease in N concentration of shoots due to P application in this

study is similar to the results of Jahromi et al. (1976) for slash

pine. Application of N increased concentration of P in the roots of

g,. saligna. seedlings in the Hilo soi 1. This however, .is dissimilar to

the results of Kau1 et a1. (1966) for §.. "hybrid." Increasing rates of

K significantly increased K conceut.iatidon in seedlings grown in Maile

soil. Fornes et a1. (1970) also found similar results in their study

with Pinus resinosa. Application of K decreased tissue N in the shoots
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of E. saligna in the Maile soil. This corresponds to the results of

Walker (1961) for Bromus inermis.

Effect of NPK App1ic-.ation on the Post Harvest Soil Analysis

The chemical analyses of soils after harvest of seedlings of

E. saligna are reported in Appendix Tables 44 and 45 respectively for

the Maile and the Hilo soils. Acid extractable P varied from 6.2 ppm

to 15.1 ppm in. the Maile soil and from 3.2 ppm to 13.3 ppm in the Hi10

soil, whereas the range of K concentration was from 7 ppm to 190 ppm in

the Maile soil and from 47 ppm to 325 ppm in the Hilo soil.

Correlations were computed between applied N, P and K and the

composition of the two soils separately and combined. A highly

**significant correlation (r = 0.544 ) between rates of P applied and

the available P in the soils was obtained, showing an increase in soil

P with increasing P supply. Similarly a significant correlation

(r = 0.306*) existed between K applied and the exchangeable soil K

after the harvest of the seedlings. Application of Nand P decreased

the exchangeable Mg in the soils (r = - 0.330*), but had no appreciable

effect on the other elements. K application did not affect the concen-

trations of other elements.

Somewhat similar results were obtained by Jahromi et al. (1976)

who reported the effect of.applied Nand P on the composition of soils

after harvest of slash pine. They found decreased extractable N when

no N was added to the soil. Supp~y of P as mono-calcium phosphate in

their experiment increased P and Ca concentrations in the soil but other

nutrients did not change significantly.
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S~Y AND CONCLUSIONS

The effects of several rates of N, P, and K on growth and chemical

composition of Eucalyptus saligna seedlings in two forest soils of

Hawaii were investigated in a pot experiment. Nitrogen rates were 0 to

240 ppm at 60 ppm increments, while P rates were 0 to 320 ppm at 80 ppm

increments and K rates were 0 to 240 at 60 ppm increments. Treatment

combinations were arranged in a composite design and regression analysis

was conducted on the results. Seedling height was significantly

increased by P application. Response to N was observed in the Hilo soil

only while K did not affect the height in either soil. Diameter increased

in both soils with P application whereas Nand K increased diameter in the

Maile soil only. N, P and K applications gave significant positive

correlations with dry matter production of both shoots and roots in the

Maile soil. However, rates of N higher than 180 ppm decreased the dry

matter yield. The maximum dry matter production was with 180 ppm N +

320 ppm P + 180 ppm K. The most important element in accounting for

increase in growth parameters was P followed by K and N. Results of NPK

fertilization in the Hilo soil showed that at 60 ppm K supply, there was

a progressive increase in dry matter with increasing rates of Nand P.

At higher K levels, application of N up to 120 ppm decreased the total

dry matter. An NPK combination of 240 ppm N + 320 ppm P + 60 ppm K

resulted in maximum growth of !. saligna seedlings in the Hilo soi1 0



GENERAL SUMMARY AND CONCLUSIONS

This study was conducted to establish diagnostic features of

nutritional disorders in Eucalyptus sa1igna seedlings and to determine

their responses to fertilization with N, P and K in two forest soils of

Hawaii. The study was divided into four main parts.

Part I dealt with diagnosis of symptoms of deficiencies of major

elements including N, P, K, Ca, Mg and S and effect of these deficiencies

on the growth and internal concentrations of nutrients in~. sa1igna

seedlings. The experiment was conducted in sand culture by using a

slightly modified nutrient solution of Hacskay10 et al. (1969) under

greenhouse conditions. The experiment was replicated four times.

Deficiency symptoms of N were the first to appear and were most

conspicuous fo Hawed by Ca, S, K, Mg and P. Symptoms for N, P, K and

to some extent Mg deficiency appeared first on the lower leaves whereas

Ca and S deficiency symptoms appeared in the young developing tissues.

This pattern of appearance of symptoms reflects the mobility of these

elements in the plant system. N deficient plants developed chlorosis

on old leaves followed by small purplish spots and at advanced stages

the leaves, petioles and the stems turned purplish. When P was

deficient leaves had a dark green color followed by pale brown spots

along the margins and eventually tips became necrotic and curled

upwards and inwards. Chlorosis followed by mottling was observed

starting from leaf margins and spreading towards the midribs in K

deficiency. Later necrosis developed on K deficient leaves. New

leaves were small and narrow, terminal apices died and older leaves

abscissed. Ca deficiency was expressed by younger leaves having light
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yellow spots which became necrotic. New leaves were small and developed

rosette appearance and development of heavy lateral branching occurred.

Mg deficiency symptoms started with interveinal chlorosis on leaves

with light brown spots starting from the base and margins of the leaves

and spreading towards the midrib. Lesions and discoloration of leaves

near the base and abscission of leaves occurred. S deficiency symptoms

started on young leaves where small pinkish spots which became whitish

to yellowish developed while old leaves remained green. Chlorosis on

young leaves was uniformly distributed. Young leaves became bronze and

later necrotic and curled inwards. Eventually old leaves developed

marginal necrosis and heavy leaf fall was observed. Plants were bushy

and death of terminal apices of branches occurred. Height growth was

most affected by N deficiency followed by Ca, S, K, P and Mg deficiencies.

Total dry matter was drastically reduced by N deletion followed in order

by S, K, Ca, Mg and P deficiencies. A highly significant reduction in

tissue concentrations of each of these elements was noticed with their

respective deficiencies. These deficiencies exhibited interactions with

other nutrients.

Part II of the study dealt with diagnosis of symptoms of deficiencies

of micronutrients including Fe, Zn, eu, Band Mn and the effect of these

deficiencies on the growth and internal concentrations of nutrients in

the seedlings. This experiment was conducted in the same manner as the

macroelement experiment using perlite as the growth medium and was also

replicated four times. Symptoms of Fe deficiency were the first to

appear and were most pronounced followed by Mn, B, Zn,·-a-nd Cu deficiencies.

A common symptom was the chlorosis of young leaves as these micronutrients
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have low mobility in the plant. The color of affected leaves was

pale to golden yellow in Fe deficient plants, yellow-green to bronze in

Mn deficient plants, light green in B deficient plants, whitish in Zn

deficient plants and light green in Cu deficient plants. Zn deficient

plants were stunted with cup-shaped leaves and less branching. B

deficiency resulted in small leaves and restricted plant growth. Height,

diameter and dry matter production were significantly lower in Band

Mn deficient plants. Concentration of Fe was reduced in the roots and

the stems and concentrations of N, P, Mg and B were increased in the

foliage of Fe deficient plants. Nand K concentrations decreased in

the young leaves and the stems of Mn deficient plants. B deficiency

did not appreciably affect the concentrations of other nutrients. Mn

concentration increased in the foliage of Zn deficient plants and P

concentration increased in the foliage of Cu deficient plants. It is

difficult to diagnose defici=ncies of micronutrients based on symptoms

alone, especially when multiple deficiencies may occur. Thus such

diagnosis should be done in conjunction with foliar analysis.

Part III of this study dealt with the diagnosis of toxicity

symptoms and determination of toxic levels of A1, Mn and B and their

effects on the growth and internal tissue concentrations of ~. sa1igna

seedlings. These toxicities were induced in three separate experiments

using six levels of A1 (0= 0.5, 1,2,4 and 8 ppm), five levels of

B (0, 0.2, 0.4, 2 and 4 ppm) and six levels of Mn (0, 0.5, 2, 4, 40,

and 80 ppm). Each experiment was replicated three times. A1 toxicity

produced brown spots, reduced size of the leaves and stunted growth at

4 and 8 ppm level at which the internal A1 concentrations of tissues
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were 83 and 80 ppm in the young leaves, 387 and 362 ppm in the old

leaves, 72 and 51 ppm in the stems and 130 and 163 ppm in the roots

respectively for the two levels of applied AI. Application of low

levels of Al were found to. enhance growth of!. saligna seedlings.

~ toxicity symptoms appeared at 2 ppm level of applied B at which the

internal concentrations of B were 383, 713, 92 and 215 ppm in the young

leaves, the old leaves, the stems and the roots respectively. However,

the most pronounced symptoms were at 4 ppm applied B which produced

burnt brown tips and margins of old leaves. The tissue concentrations

of B at this level were 799, 1148, 156 and 398 ppm in the young leaves,

old leaves, stems and roots, respectively. Mn toxicity produced

interveinal chlorosis in the young leaves at 40 and 80 ppm of applied

Mn. At these levels the internal concentrations ofMn were 1403 and

1441 ppm in the young leaves, 1544 and 1172 ppm in the old leaves,

1061 and 1167 ppm in the stems and 1387 and 1211 ppm in the roots of

E. saligna seedlings, respectively for 40 and 80 ppm applied Mn. However,

growth was not adversely affected even with 80 ppm Mn application con

forming to some previous studies. From this it appears that !. saligna

can tolerate high Mn levels and thus may be suitable in areas where

high concentrations of soil 11n occur.

Furthermore, studies to determine the growth response of !. saligna

seedlings to fertilization with N: P and K were conducted in two'forest

soils, namely Maile Silty Clay Loam Thixotropic Isomesic Hydric

Dystrandept and Hilo Silty Clay Loam Thixotropic Isohyperthermic Typic

Hydrandept, using a Composite Design. Five levels of N (0, 60, 120,

180 and 240 ppm), five levels of P (0, 80, 160, 240 and 320 ppm) and
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five levels of K (0, 60, 120, 180 and 240 ppm) were applied in various

treatment combinations. Growth response was measured as height,

diameter and dry matter production of shoots and roots. Soil samples

collected prior to fertilization and at the end of the study were

analyzed for pH, available P and exchangeable K, Ca and Mg. Tissue

samples of shoots and root~ were analyzed for total N, P, K, Ca and Mg.

Quadratic and polynomial equations were computed in order to

predict the relationships between application rates of N, P, and K and

plant height, diameter, total dry matter production and tissue mineral

composition. The most important element which affected all growth

parameters was P, followed by K and N. Height of the seedlings was

significantly increased in both soils by P application whereas response

to N was observed in the Hi10 soil only and response to K was not

obtained in both soils. Diameter of seedlings in both soils was

increased with P application whereas Nand K application increased

diameter in the Maile soil only. N, P, and K app1ic~tions gave signi

ficant positive correlations with dry matter production of both shoots

and roots in the Maile soil. However, rates of N higher than 180 ppm

decreased the dry matter in the Maile soil. The maximum dry matter

production in Maile soil was with 180 ppm N+ 320 ppm P + 180 ppm K.

In the Hi10 soil results indicated that at SO ppm K application there was

a progressive increase in dry matter production with.increasing rates

of Nand P. But at higher K levels, application of N up to 120 ppm

decreased the total dry matter. An NPK com~ination of 240 ppm N + 320

ppm P + 60 ppm K is recommended in order to obtain optimum growth of

E. sa1igna seedlings in the Hi10 soil.
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I. A MODEL PROFILE OF MAILE SOIL*

All--O to 5 em (0 to 2 inches), dark reddish brown (5YR 2/2) silt

l~~; black (2.5YR 2/1) when dry; moderate, fine, subangu1ar

blocky structure; hard, friable, nonsticky and slightly

plastic; many roots; many fine pores; medium acid; abrupt,

smooth boundary. (5-7.5 em thick)

A12--5 to 10 em (2 to 4 inches), dark reddish brown (4YR. a/2) cindery

sandy loam; dark brown (lOYR 3/3) when dry; moderate, fine,

subangular blocky structure; hard, friable, nonsticky and

nonplastic; many roots; common, fine, black cinders and

charcoal; medium acid; abrupt, smooth boundaryr (5 to 10 em

thick)

A13--10 to 35 em (4 to 14 inches), very dark brown (10YR 2/2) silty

clay loam; dark brown (lOYR 3/3) when dry; strong, fine,

subangular blocky structure; extremely hard, friable, slightly

sticky, plastic and weakly smeary; many roots; many fine pores;

slightly acid; clear, waV)? boundary. (20 to 30 ems. thick)

B2l--35 to 42.5 ems (14 to 17 inches), dark yellowish brown (lOYR

3/4) silty clay loam; dark brown (7. 5YR 3/3) when dry; weak,

course, prismatic structure that breaks to moderate, fine

subangular blocky structure; very hard, friable, slightly
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sticky, plastic and weakly smeary; many roots; many fine pores;

slightly acid; clear, smooth boundary. (7.5 to 12.5 ems thick)

*US~. 1973. Soil Survey of Island of Hawaii. State of Hawaii. Soil
Conservation Service and University of Hawaii Agricultural Experiment
Station, p. 35-37.
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B22--42,5 to 50 ems (17 to 20 inches), dark brown (lOYR 3/3) silty

clay loam; very dark brown (lOYR 2/2) when dry; weak, coarse,

prismatic, structure that breaks to moderate, fine subangular

blocky structure;, very hard, friable, sticky, plastic and

weakly smeary; canmon roots; many fine pores; slightly acid;

clear, smooth boundary. (7.5 to 12.5 ems thick)

B23--50 to 60 ems (20 to 24 inches), dark yellowish brown (10YR 2/2)

when weak, coarse, prismatic structure that breaks to moderate,

dry, fine, subangular blocky structure; very hard, friable,

sticky, plastic, and weakly smeary; few roots, slightly acid;

clear, smooth boundary, (7.5 to 12.5 em thick)

IIC--60 to 72.5 ems (24 to 29 inches), dark brown (10YR 3/3) silty

clay loam; very dark brown (10YR 2/2) when dry; massive; hard,

firm, slightly sticky, slightly plastic and weakly smeary;

tuff band; few roots; many fine pores, slightly acid, abrupt,

smooth boundary. (7.5 to 17.5 em thick)

IIIB24b--72.5 to 90 ems (29 to 36 inches), dark brown (7.5YR 3/9)

silty clay loam; very dark brown (lOYR 2/2) when dry; weak,

medium and fine, subangular blocky structure; very hard,

friable, sticky, plastic and moderately smeary; common patchy

glaze on peds; few roots; many fine pores; neutral; abrupt,

smooth boundary. (7.5 to 17.5 cmS thick)

IIIB25b--90 to 120 ems (36 to 48 inches), very dark brown (10YR 2/2)

wi1ty clay loam; very dark brown (10YR 2/2) when dry; weak,

coarse and medium, prismatic structure that breaks to moderate,

medium and fine, subangular blocky structure; very hard,
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friable, sticky, plastic, and moderately smeary; common, patchy,

gelatin like coatings on peds; tuff band about 5 ems thick;

few roots; many fine pores, neutral; abrupt, smooth boundary.

(25 to 30 ems thick).

IIIB26b--120 to 150 ems (48 to 60 inches), very dark brown (lOYR 2/2)

silty clay loam, very dark grayish brown (10YR 3/2) when dry;

weak, medium, subangular blocky structure; friable, sticky,

plastic and moderately smeary; few roots; many fine pores;

neutral.

II. A MODEL PROFILE OF InLO SOIL*

Ap--O to 30 ems (0 to 12 inches) dark brown (lOYR 3/3) silty clay

loam; strong, fine, subangular blocky structure; friable,

slightly sticky and plastic; many roots; many medium and fine

pores; very strongly acid; abrupt, smooth boundary. (25 to 32.5

ems thick)

B2l--30 to 55 cms (12 to 22 inches) dark brown (7.5YR 3/2) silty clay

loam; moderate, medium, prismatic structure that breaks to

moderate, medium and fine, subangular blocky structure; hard,

friable, slightly sticky, plastic and moderately smeary; many

roots; many fine and very fine pores; many, fine sugar1ike

coatings; strongly acid; clear, smooth boundary, (25 to 30 ems

thick)

*USDA. 1973. Soil Survey of Island of Hawaii, State of Hawaii. Soil
Conservation Service and University of Hawaii Agricultural Experiment
Station, p. 17-18.
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B22--55 to 77.5 ems (22 to 31 inches) dark reddish brown (5YR 3/4)

silty clay loam; moderate, medium, prismatic structure that

breaks to strong, medium and fine, subangular blocky structure;

extremely hard, friable, slightly sticky, plastic and moderately

smeary; many roots; many medium and fine pores; many, fine,

sugarlike coatings; medium acid; abrupt, smooth boundary.

(17.5 to 25 ems thick)

B23--77.5 to 85 ems (31 to 39 inches) very dark grayish-brown (lOYR 3/2)

silty clay loam; strong, medium, prismatic structure that breaks

to strong, medium, subangular blocky structure; extremely hard,

firm, slightly sticky, plastic and moderately smeary; common

roots; many medium and fine pores; few hard ash nodules; medium

acid; abrupt, smooth boundary. (5 to 7 ems thick)

B24--85 to 105 ems (34 to 42 inches) dark brown (7.5YR 3/4) and dark

reddish brown (5YR 3/4) silty clay loam; moderate, medium,

prismatic structure that breaks to strong, medium and fine

subangular blocky structure; extremely hard, friable, slightly

stick;, plastic, and strongly smeary; few roots; many medium

and fine pores; medium acid; abrupt, smooth boundary.

(20 to 27.5 ems thick)

B25--l05 to 115 ems (42 to 46 inches) dark brown (7.5YR 3/4) silty

clay loam; moderate, medium, prismatic structure that breaks

to strong, fine, subangular blocky structure extremely hard,

friable, sticky, plastic and smeary; few roots; many coarse to

very fine pores; medium acid; abrupt, smooth boundary.

(10 to 27.5 ems thick)



B26--ll5 to 150 ems (46 to 60 inches) dark brown (7.5YR 3/4) silty

clay loam; moderate, fine, prismatic structure that breaks to

strong, fine, subangular blocky structure; extreme~y hard,

friable, sticky, plastic, and smeary; few roots; many fine and

medium pores; medium acid. The depth to bed rock is more than

5 feet. The B horizon, when moist, ranges from 5YR to 10YR

in hue and from 2 to 4 in chroma.
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APPENDIX TABLE 36. COEFFICIENT OF DETERMINATION (R2) FOR FACTORS AFFECTING GROWTH PARAMETERS
OF !. SALIGNA SEEDLINGS IN TWO FOREST SOILS

--
Maile Soil Hilo Soil

Height Diametpr Total Dry Matter Height Diameter Total Dry Matter
Factor R2 Factor R2 Factor R2 Factor R2 Factor R2 Factor R2

P 0.391 P 0.428 PI< 0.481 PK 0.421 NP 0.457 NP 0.506

NK 0.421 NK 0.495 P 0.539 N2 0.499 NPK 0.499 NPK 0.529

p2 0.450 p2 0.560 NK 0.598 NK 0.583 PK 0.530 PK 0.595

N2 0.477 K2 0.569 N2 0.635 NPK 0.631 N2 0.557 N2 0.615

NP 0.506 N2 0.590 NPK 0.641 N 0.663 NK 0.573 N 0.647

PK 0.536 NP 0.604 NP 0.668 K 0.680

NPK 0.563 NPK 0.620

.....
0\
+'



APPENDIX TABLE 37. EFFECT OF NPK TREATMENT COMBINATIONS
ON THE CHEMICAL CQ1POSITION OF SHOOTS OF
EUCALYPTUS SALIGNA SEEDLINGS Il~ MA.lLE SOIL

Treatment N P K Ca Mg

---------------------- % -------------------------

1. N1P1K1 1.50 0.04 0.73 1.33 0.23

2. N1P1~ 1.13 0.04 0.82 1.54 0.25

3. N1P3K1 1.17 0.10 0.58 3.06 0.38

* 1.01 0.10 1.25 1.72 0.394. N1P3K:3

* 1.28 0.08 1.14 1.38 0.365. N2P2~

* 1.56 0.07 0.94 1. 95 0.366. N2P2K4

7. N
2P4K2

1.42 0.04 0.75 1.77 0.26

8. N2
P4K4 0.97 0.08 0.82 1.62 0.18

9. N
3P1K1

1.97 0.10 0.77 1. 78 0.37

* 1.60 0.08 0.79 1.21 0.3510. N
3P1K3

11. N
3P3K1

2.09 0.13 0.63 2.52 0.33

12. N3P3IS 1.13 0.09 0.72 2.10 0.22

13. N3P3KS 1.02 0.05 0.84 1.72 0.18

14. N3PsIS 1.20 0.07 0.74 2.55 0.24

15. N
4P2K2

2.03 0.11 0.82 2.21 0.23

16. N4P2K4 1.23 0.06 0.74 1.88 0.20

17. N4P4~ 1.42 0.10 0.62 2.64 0.29

18. N4P4K4 1.28 0.11 0.81 . 1.94 0.23

* 1.44 0.06 1.11 1. 94 0.3619. NSP3IS
20. NSP4IS 1.20 0.09 0.68 2.47 0.25

21. N
SP5KS

1.25 0.07 0.80 1.81 0.16

*Analyzed by dry ashing procedure, and value converted to
quantometer equivalent.
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APPENDIX TABLE 38. EFFECT OF NPK TREATMENT COMBINATIONS
ON THE CHEMICAL COMPOSITION OF SHOOTS OF
EUCALYPTUS SALIGNA SEEDLINGS IN HILO SOIL

Treatment N P K Ca Mg

---------------------- % -------------------------

* 1. 71 0.05 0.96 1.05 0.29L N1P1~

2. N1P1IS 2.00 0.14 0.98 1.85 0.21

3. N1P3~ 1.60 0.04 0.94 1.27 0.21

4. N
1P3K3

1.38 0.09 0.81 2.30 0.25

5. N2P2~ 1.98 0.10 0.70 2.67 0.29

* 1.86 0.08 0.84 1.01 0.366. N2P2K4

7. N2P4~ 1. 70 0.09 0.04 1.62 0.26

* 1.60 0.09 1.08 1.50 0.208. N2P4K4

9. N3PlKl 1. 75 0.05 0.89 1.63 0.29

* 1. 97 0.14 0.75 1.14 0.3010. N3P1~

11. N3P3Kl 1.55 0.05 1.06 1.64 0.25

12. N3P3R3 1.46 0.07 0.94 1. 76 0.24

13. N3P3K5 1.95 0.16 0.96 2.19 0.22

14. N3P5IS 1.20 0.10 0.78 1.63 0.19

15. N4P2Kz 1.88 0.12 0.79 2 7/. 0.26. ,.,.

16. N4P2K4 1• .!~O 0.04 1.10 1.55 0.17

*17. N4P4~ 1.68 0.10 0.83 1. 79 0.34

18. N
4P4K4

1.67 0.14 0.89 ·2.12 0.23

19. N5P3IS 1.27 0.11 0.89 2.38 0.28

20. N5P4~ 1.31 0.09 0.72 1. 72 0.19

21. N5P5K5 1. 76 0.11 0.96 1. 90 0.24

* . and value converted toAnalyzed by dry ash~ng procedure,
quantometer equivalent.
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APPENDIX TABLE 39. EFFECT OF NPK TREATMENT COMBINATIONS ON
THE CHEMICAL COMPOSITION OF ROOTS OF EUCALYPTUS

SALIGNA SEEDLINGS IN MAILE SOIL

Treatment N P K Ca Mg

--------------------- % ------------------------
* 0.83 0.07 0.14 0.91 0.331. N1P1K1
* 0.90 0.21 0.352. NIP1~ 0.81 0.29

3. N1P3K1 0.50 0.07 0.54 2.18 0.26

4. N1F3~ 0.71 0.07 0.71 1.35 0.21

* 1.17 0.07 0.31s. N 'P v 0.99 0.372 ~ 2·"2
* 1.37 0.07 0.32 1.17 0.406. N2P2K4

7. N2P4~ 0.78 0.05 0.61 1.36 0.19

8. N
2P4K4

0.90 0.07 0.71 1.46 0.18

* 0.82 0.09 0.239. N
3P1K1 1.43 0.56

* 0.69 0.05 0.23 1.06 0.4010. N3P1~

11. N3P3~ 1.32 0.08 0.55 1. 79 0.20

12. N3P3K:3 0.86 0.08 0.63 1.68 0.30

13. N3P3KS 0.68 0.07 0.74 1.58 0.25

14. N
3PsK3

0.86 0.08 0.60 2.27 0.22

* 1.32 0.19 0.25 1.03 0.3415. N4P2~

16. N4PZK4 1.04 0.07 0.64 1. 77 0.20

17. N4P4~ 1.42 0.10 0.56 1.92 0.21

18. N
4F4K4 1.91 0.10 0.69 1.59 0.25

* 0.82 0.07 0.46 1.02 0.3919. NsP3K3

20. NsP4K:3 0.48 0.09 0.23 1.43 0.56

21. NSPSKS 0.54 0.08 0.66 1. 76 0.18

*Ana1yzed by dry ashing procedure, and value converted to
quantometer equivalent.



APPENDIX TABLE 40. EFFECT OF NPK TREATMENT COMBINATIONS ON
THE CHEMICAL COMPOSITION OF ROOTS OF EUCALYPTUS

SALIGNA SEEDLINGS IN HILO SOIL

Treatment N P K ca Mg

--------------------- % -------------------------

*1. N1P1~ 1.36 0.06 0.21 1.10 0.35

* 2.08 0.05 0.80 1.232. N1P1~ 0.45

* 1.10 0.06 0.50 1.90 0.473. N1P3~

4. N
1P3K3

0.90 0.09 0.68 1.43 0.22

5. N2P2~ 0.85 0~09 0.55 1.50 0.20

* 1. 75 0.08 0.42 1.46 0.426.', N
2P2K4

* 1.25 0.09 0.17 1.49 0.687. N2P4~

8. N2P4K4 0.90 0.09 0.70 1.45 0.25

* 0.94 0.06 0.08 1.689. N3Pl~ 0 028

* 1.45 0.06 0.31 1.1110. N3P1~ 0.36

* 1.20 0.07 0.45 2.11 0.37H. N3P3K1
* 1.0612. N3P3K:3 0.08 0.37 1.56 0.41

13. N3P3K5 0.90 0.12 0.76 1. 92 0.25

14. N3P5K:3 0.75 0.10 0.66 1.86 0.21

15. N
4P2K2 0.90 0.10 0.67 1.78 0.22

* 0.92 0.08 0.18 1.14 0.3316. N
4P2K4

* 1.22 0.09 0.49 1.5117. N
4P4K2

0.32

18. N4P4K4 0.95 0.11 0.68 1.55 0.22

19. N5P3~ 1.45 0.11 0.68 1. 70 0.29

* 0.84 0.09 0.20 1.73 0.3320. N5P4IS
*21. N5P5K5 0.90 0.09 0.32 1.88 0.48

*Ana1yzed by dry ashing procedure, and value converted to
quantometer equivalent.

168



APPENDIX TABLE 41- CORREIATION COEFFICIENTS FOR NPK AND THEIR INTERACTIONS WITH THE GROWTH
PARAMETERS OF EUCALYPrUS SALIGNA SEEDLINGS IN MAILE AND HILO SOILS

Maile Soil Hilo Soil
Total Total

Shoot Root Dry Shoot Root Dry
Variable Height Diameter Weight Weight Matter Height Diameter Weight Weight Matter

(em) (em) (g) (g) (g) (em) (em) (g) (g) (g)
--

N 0.355 0.501* 0.519** 0.417* 0.500* 0.540** 0.594** 0.543** 0.626** 0.566**

P 0.625** 0.654** 0.668** 0.715** 0.684** 0.630** 0.611** 0.656** 0.631** 0.652**

K 0.416* 0.417* 0.575** 0"516** 0.566** 0.434* 0.350 0.422 0.415 0.424*

N2 0.296 0.455* 0.473* 0.365 0.453* 0.567** 0.589** 0.552** 0.662** 0.581**

p2 0.540** 0.543** 0.613** 0.655** 0.628** 0.599** 0.592** 0.637** 0.630** 0.640**

K2 0.386 0.375 0.560** 0.496* 0.550"':* 0.392 0.287 0.340 0.339 0.343

NP 0.531** 0.617** 0.671** 0.620** 0.665** 0.647** 0.676** 0.689** 0.764** 0.711**

NK 0.468* 0.556** 0.672** 0.585** 0.658** 0.543** 0.471* 0.495* 0.564*'* 0.515*

PK 0.590**' 0.559** 0.692** 0.674** 0.694** 0.649** 0.523* 0.603** 0.613** 0.611**

NPK 0.479* 0.515** 0.634** 0.589** 0.629** 0.576** 0.500* 0.538** 0.606** 0.558**

*signifieant at p = 0.05

**signifieant at p = 0.01

t-'
0\
\0
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APPENDIX TABLE 44. EFFECT OF NPK TREATMENT ON THE CHEMICAL
COMPOSITION OF MAILE SOIL

Treatment pH P K Ca Mg

------------ ppm ---------------------

l. N1P1K1 6.'l 8.4 18 5542 206

2. N1P1IS 6.1 6.3 7 5907 208

3. N1P3K1 6.2 10.9 27 5037 190

4. N1P3IS 6.0 11.0 61 4207 215

5. N2P2~ 6.0 11.0 61 4207 215

6. N2P2K4 6.0 11.3 190 3868 203

7. N2P4~ 6.1 15.1 44 3940 193

8. N2P4K4 6.1 11.5 44 4170 196

9. N3P1K1 6.1 8.5 19 5210 213

10. N3P1IS 6.1 9.8 79 4427 214

11. N3P3K1 6.0 10.5 13 6062 210

12. N3P3~ 6.1 8.9 36 5414 187

13. N3P3K5 6.1 9.8 69 5751 171

14. N3P5~ 6.0 12.3 29 4070 175

15. N4P2Kz 6.0 8.7 35 4286 209

16. N4P2K4 6.0 6.2 25 3624 171

17. N4P4Kz 6.1 8.8 39 4024 170

18. N4P4K4 6.0 10.4 44 3525 164

19. N5P3~ 6.0 12.2 133 4552 224

20. N5P4IS 6.1 10.9 105 4185 159

21. N5PSK5 6.1 13.3 56 5112 172
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APPENDIX TABLE 45. EFFECT OF NPK TREATMENT ON THE CHEMICAL
COMPOSITION OF HILO SOIL

Treatment pH P K Ca Mg
---------------- ppm ----------------

1. N1P1K1 6.1 5.0 105 5334 317

2. N1P1K3 6.1 6.6 203 5335 304

3. N1P3Kl 6.1 8.3 71 6168 352

4. N1P3K3 6.2 5.0 56 5070 291

5. N2P2K2 6.2 3.2 49 5143 292

6. N2P2K4 6.3 6.8 325 5866 351

7. N2P4~ 6.1 10.0 169 6245 357

8. N2P4K4 6.2 6.4 153 5997 342

9. N3P1Kl 6.1 6.7 100 5197 306

10. N3P1~ 6.9 4.8 230 5706 335

11. N3P3~ 6.1 8.6 78 5293 313

12. N3P3~ 6.1 . 9.4 154 5929 327

13. N3P3K5 6.9 4.8 133 5890 332

14. N3P5~ 6.1 9.3 66 5801 334

15. N4P2Kz 6.3 3.2 70 5680 327

16. N4P2K4 6.3 5.7 313 6440 356

17. N4P4Kz 6.2 9.7 121 6087 329

18. N4P4K4 6.2 8.0 112 5525 324

19. N5P3~ 6.2 5.5 58 5440 311

20. N5P4~ 6.1 9.0 47 4940 276

21. N5P5K5 6.1 13.3 103 5413 286
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