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ABSTRACT

Unpublished studies in the files of the Pineapple Research

Institute of Hawaii indicate that under present cultural conditions the

.pineapp1e plant displays superior performance with a foliar applied

combination of ammonium and nitrate nitrogen than with either form of

nitrogen alone. The studies presented here were undertaken to evaluate

ammonium nitrate as a nitrogen source under different soil pH levels

and fumigation regimes, using soil application of the carrier rather

than foliar sprays. The studies compared ammonium ni.trate with the

all-ammonium fertilizer ammonium sulfate and the all-nitrate fertilizer

calcium nitrate at rates of 100, 200, and 300 1b/A, using soil pH values

of 4.5 and 5.5. Fumigation used in conjunction with the nitrogen

sources included no fumigation, fumigation with 1,2-dibromo-3­

ch10ropropane at 3 gal/A, and fumigation with a mixture of 1,3­

dich10ropropene and related hydrocarbons at 40 gal/A. A separate

experiment was set up using the high and low rates of nitrogen to

examine the effects of carriers and soil pH on reDiform nematode

numbers in the absence of ft~igation. All experiments were of

randomized complete block design with a factorial arrangement of

treatments. Plants supplied with ammonium nitrate exhibited a slightly

greater uptake of total nitrogen, no difference in protein nitrogen, a

soluble nitrogen fraction intermediate in size, and a medium to high

nitrate content compared to plants on all-ammonium and all-nitrate

nutrition. Leaf calcium remained high compared to plants supplied with

the other nitrogen carriers. The relative status of the nitrogen forms

supplied was not changed by soil fumigation, though soil nitrification
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was greatly inhibited, resulting in a greater soluble nitrogen content

in plants supplied with the ammonium carriers. The concentration of

available soil manganese was increased by fumigation. For reasons not

known, both liming and increased rates of ammonium sulfate tended to

decrease reniform nematode populations in the absence of soil

fumigation.
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CHAPTER I

INTRODUCTION

Ammonium sulfate was used as a nitrogen source for many years in

the Hawaiian pineapple industry. Initially, much of the ammonium

supplied was oxidized by nitrifying bacteria in the soil and taken up as

nitrate. The transformation of ammonium to nitrate decreased as the

residual acidic affects of ammonium sulfate lowered the soil pH. The

use of soil fumigants also served to inhibi~ nitrification, and

eventually the conversion by growers to foliar applications of urea

changed the nitrogen nutrition of the pineapple plant from a relatively

low ammonium to nitrate ratio to a relatively high one.

Unpublished studies in the files of the Pineapple Research

Institute of Hawaii indicate that under present cultural conditions the

pineapple plant displays superior performance with a foliar applied

combination of ammonium and nitrate nitrogen as ammonium nitrate than

with either form of nitrogen alone. The studies presented here were

undertaken in an attempt to evaluate ammonium nitrate as a nitrogen

source under different soil pH levels and fumigation regimes, using

soil application of the carrier rather than foliar sprays. The same

variables of pH and fumigation were used in combination with the

all-ammonium source of ammonium sulfate and the all-nitrate source of

calcium nitrate. The fumigant treatments were chosen in order to

impose nitrification inhibition in the soil ranging from none to very

strong. In order to obtain as much information as possible for

comparative purposes, the status of the carrier nitrogen in the soil was
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investigated and a separate experiment was installed to examine the

effects of the nitrogen sources and soil pH levels on reniform nematode

populations in the absence of fumigants.

The three pot experiments that were initiated to compare the

effects of different forms of nitrogen nutrition were of the randomized

complete block design with a factorial arrangement of treatments. The

results of both plant and soil analyses were subjected to standard

analysis of variance techniques programmed for computer. Following a

presentation in Chapter II of literature pertinent to the subject, the

results and brief discussion of the research findings from the three

experiments are presented in Chapters III, IV, and V. Chapter VI is

devoted to a discussion and summary of the results.



CHAPTER II

REVIEW OF LITERATURE

I. NITROGEN NUTRITION

A great deal of literature exists concerning the effects of

ammonium nutrition and of nitrate nutrition on plant growth and

composition, but comparatively little work has been r.eported on the

effect of both ions together.

The effects of either ion on growth and composition are well

known and have been published numerous times (Nightingale, 1948;

Webster, 1959; Viets, 1965; McKee, 1962) in book and revi.ew form. The

general mineral nutrition status of plants in relation to nitrogen

supply is well summarized in a recent paper by Kirkby and Mengel (1967),

who carried out an investigation to study the cation-anion balance in

different tissues of toma~o plants supplied with nitrate, urea, or

ammonium nitrogen in water culture.

Irrespective of the form of nutrition, a very close
balance was found in the tissues investigated between total
cations (Ca, Mg, K, Na) and total anions (nitrate, phosphate,
sulfate, chloride), total non-volatile organic aCids, oxalate,
and uronic acids. In comparison with the tissues of nitrate-fed
plants, the corresponding ammonium-tissues contained lower
concentrations of inorganic cations and a correspondingly higher
concentration of inorganic anions. These results were independent
of concentration, or dilution effects caused by growth.

Th~ effect of oxygen and carbohydrate status on uptake and

metabolism has been discussed by McKee (1962). He states that inasmuch

as a high oxygen supply seems to depress nitrate uptake, plants obtain

this gas as well as nitrogen from nitrate nutrition and need less oxygen

than plants supplied with ammonium. With respect to carbohydrate
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status, the assimilation of nitrogen is affected by the level of

carbohydrate available. The nitrogen elaborated appears mainly as

amino acids, whose carbon skeletons are derived from photosynthetic

products, which also provide energy for nitrate reduction. Ammonium

requires no intermediate reduction but unlike nitrate is toxic and must

be combined with non-nitrogen compounds for storage and later use in

protein synthesis.

Concerning the nature of nitrogen fractions resulting from

different nitrogen forms supplied to tomatoes, Margolis (1960) found

that leaves of nitrate-fed plants contained less soluble amino nitrogen,

less amide nitrogen, and more dicarboxylic amino acids than plants

supplied with ammonium. The roots of tomato plants supplied with

nitrate di.ffered from the leaves in containing less total soluble amino

nitrogen and a normal incidence of asparagine, lysine, and arginine.

Margolis correlated ammonium nutrition with a high mnide level and

litrate nutrition with high levels of dicarboxylic amino acids. The

::indings of these authors are applicable in general to a wide variety

(If green plants.

Much of the early work with the nitrogen nutrition of pineapple

"as done by Sideris and his coworkers over a number of years (1937,

1938, 1939, 1946, 1947, 1950 and 1951). They began by studying

assimilation and conversion of ammonium- and nitrate-nitrogen in both

solution and non-sterile soil cultures. In the main, their findings

were similar to those for other crops. They found that the ammonium

ion was absorbed faster from solution and was more rapidly assimilated

than was nitrate, though growth curves obtained from the two nitrogen
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solutions were nearly identical. They felt that the greater rate of

ammonium absorption was responsible for the greater quantities of total

nitrogen found in plants grown with ammonium nutrition and also for the

greater amounts of chlorophyll and tissue succulence. Numerous solution

culture experiments revealed the existence of cationic and anionic

antagonisms for the two types of nitrogen nutrition, with the

enhancement of phosphate uptake at high levels of ammonium nitrogen.

While there was a noticeable difference in chemical composition of

plants grown in ,:;(,lution culture depending upon their nitrogen nutrition

(either nitrate or .~nnnonium), such differences were slight when plants

wer.e grown under the identical nutrition regimes but in soil rather than

in solution culture. They concluded that this was probably due to the

rapid oxidation in the soil of ammonium to nitrate and subsequent

absorption of both ions by the plant.

When applied to the soil, ammonium nitrogen exerted a more

favorable effect on iron utilization within the pineapple plant than

nitrate, due to the greater amount of soluble iron in the soil solution

resulting from the residual acidity of the carrier. On the other hand,

application of the same carrier to the leaves as a foliar spray decreased

the utilization of iron. In this connection, it has been reported by

several workers (Clark, 1936 for tomato; Wadleigh and Shive, 1939 for

corn; V1adimirov, 1939 and 1945 for tobacco; and Wallace, 1966 for

citrus spp.) that more organic acids, especially malic and citric, are

produced when plants are supplied with nitrate nitrogen than when the

supply is restricted to ammonium or urea nitrogen. It would seem that

utilization of iron within the pineapple is retarded when urea or
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ammonium nitrogen is used.

Nightingale (1942a, 1942b) investigated nitrate and carbohydrate

reserves of pineapple in relation to nitrogen nutrition, and also

potassium nutrition in relation to the nitrogen and carbohydrate

reserves. He concluded that a low plant nitrate reserve was adequate

for the greatest possible fruit yield when carbohydrate reserves were

low, but that when these latter reserves were high, maximum yield was

not obtained unless the plant was essentially filled to capacity with

nitrate. Likewise, sufficient carbohydrate must be available for

oxidation as nitrate is chemically reduced. Further, the required

level of nitrate-nitrogen nutrition is closely associated with

potassium, since nitrate will not be absorbed hy the plant if available

potassium is low.

As mentioned above, there is relatively little in the literature

concerning the nutrition of plants supplied with ammonium and nitrate

simultaneously. Both McKee (1962) and Street and Sheat (1958) state

that many plants can apparently assimilate both ammonium and nitrate and

are frequently reported, undp.r experimental conditions, to develop most

vigorously when both ions were supplied at the same time. However, the

foregoing authors felt that the beneficial effect of ammonium nitrate

nutrition was indirect and probably due to the physiological stabiliza­

tion of pH and the associated maintenance of iron availability, rather

than to a directly beneficial effect of the two ions on metabo~ic

balance.

Fried, et a1. (1965), in investigating the kinetics of uptake of

ions from labelled ammonium nitrate by rice seedlings, found that the
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ammonium was taken up at a rate from five to twenty times as great as

nitrate~ depending on the pH. They also found that uptake of ammonium

was relatively independent of the presence of other cations~ with the

possible exception of high concentrations of potassium, rubidium, and

calcium, and was unaffected by the presence of nitrate in the medium.

Since both ammonium and sodium chlorides were found to inhibit nitrate

uptake from solution, they felt that this inhibition, the extent of

which was approximately 40%~ was not due to the ammonium ion.

Investigations concerning the growth of wheat seedlings as

influenced by the aooaonium:nitrate ratio and pH in solution culture

were carried out by Weissman (1950). As reported many times in the

past, he found that all-ammonium cultures increased in acidity with

time~ while all-nitrate cultures showed a decrease in acidity. However~

solution cultures containing both forms had a final pH intermediate

between that of all-ammonium and a11-nitrate~ but always on the acid

side of the initial pH. When both ions were present in the solution,

the absorption of each was less than when either was present alone.

Total absorption~ however~ was in excess of that which would have

occurred had either been available singly. Ammonium absorption increased

as the pH increased in solutions containing both ions. Addition of

ammonium to culture solutions containing nitrate markedly affected the

nature of nitrate absorption~ changing a process uninfluenced by pH

into one that increased with decreasing pH. Weissman felt that the

decreased absorption of ammonium and nitrate and the sensitivity of

nitrate absorption to pH under ammonium plus nitrate conditions might be

due to the competition between ammonium and nitrate ior.s for the
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available carbohydrate supply.

TIle effect of calcium nitrate and ammonium nitrate on growth of

petunia, chrysanthemum, and begonia was studied by Pawlowski (1967), who

found that higher concentrations of ammonium nitrate retarded petunia

blossoming, the retardation becoming greater widl lower levels of

potassium uutrition. The vegetative growth of chrysanthemum under short

day conditions was greater with ammonium nitrate than with calcium

nitrate but, as for petunia, blossom development was delayed at high

concentrations of ammonium nitrate. However, the influence of calcium

nitrate and ammonium nitrate on dry matter production of shoots and

blossoms of begonia was the same.

Subsequent to investigating the growth of wheat seedlings in

solutions of varying ammonium:nitrate ratios, Weissman (1951) studied

the nitrogen metabolism of wheat seedlings under the same conditions.

He found that when ammonium plus nitrate was supplied to the seedlings~

protein synthesis attained a maximum at an ammonium:nitrate ratio of

50:50 for pH values of 5.3 and 6.3. At pH 4.3, protein synthesis was

at a maximum at a ratio of 10:90. Hhen calculateJ in terms of the

ratio of protein nitrogen to total organic nitrogen, the efficiency of

nitrogen utilization was greater at an ammonium:nitrate ratio of 50:50

than at a ratio of 0:100 or 100:0. However, when calculated in terms

of the ratio of protein nitrogen to soluble organic nitrogen, efficiency

was greatest for all-nitrate solutions. Accompanying the increase in

protein as the ammonium:nitrate ratio was shifted from 0:100 to 50:50

was an increased content of alpha-amino acid, amide, and residual

nitrogen. From a ratio of 50:50 to 100:0, protein nitrogen decreased
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and was accompanied by an increased amide and amino acid content but a

relatively smaller residual nitrogen content. Weissman felt that the

increase in protein synthesis upon the addition of nitrate to culture

solutions containing ammonium may also be due to the extra energy

produced through the oxidation of carbohydrate by oxygen released in

the reduction of nitrate.

In a later experiment J Kirkby (1968) investigated the effects of

combined ammonium and nitrate nitrogen nutrition on white mustard plants

in very dilute nutrient solution maintained at pH 5.5. The poor growth

of white mustard in a11·-ammonium culture appears to have been

responsible for the inclusion of the nitrate form as 25% of the total

nitrogen supp1YJ to give an ammonium:nitrate ratio of 3:1. Kirkby

found that the presence of ammonium in the medium depressed growth and

decreased the concentration of inorganic cations and non-volatile

organic acids, particularly malate. The presence of ammonium also

increased the concentration of total nitrogen and free amino acids in

the leaf tissue. In particular, there was a high level of proline,

which appeared to Kirkby to act as a nitrogen reserve in white mustard.

There was also an increase in total and reducing sugars in the leaf and

stem.

In preliminary investigations of the effect of ammonium nitrate and

urea foliar sprays on nitrogen fractions in pineapple leaves, Young

(1965) reported generally higher levels of nitrogenous compounds with

applications of ammonium nitrate. However, when calculated as percent

of total nitrogen, the figures for protein nitrogen were higher for the

urea treatments. Young felt that this indicated the possibility of
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direct formation of proteins from urea without reduction to inorganic

nitrogen.

In summary, plants supplied with all-ammonium nitrogen nutrition

are characterized by a higher level of amides, a lower concentration of

cations, and a higher level of inorgan.ic anions than plants supplied

with all-nitrate nitrogen. Ammonium ion is absorbed faster than nitrate

and does not require inter.mediate reduction, but must be detoxified and

stored in the plant for amino acid and protein synthesis. Total

absorption of nitrogen from solutions containing both ammonium and

nitrate is greater than that which occurs should either ion be available

singly. The rate of protein synthesis changes as the proportion of

ammonium to nitrate varies, attaining a maximum at a ratio of 1:1 in

acid solution, leading to an expectation of higher levels of

nitrogenous constituents in plants supplied with ammonium nitrate.

II. FUMIGATION

Influence on Nitrogen Nutrition

Since the introduction of D-D mixture as a nematocide by Carter

(1943), there have been a number of reports published concerning the

effect of this and other more recently developed soil chemical fumigants

on nitrogen nutrition. A comprehensive review of pertinent literature

on the subject has been prepared by Davidson and Thiegs (1966).

A delay in soil nitrification is an invariable side-effect of

fumigation, with the magnitude of the delay being largely a function of

the fumigant used. McCants, et al. (1959), Wolcott, et al. (1960), and
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Koike (1961) found that fumigants containing dich1oropropane­

dich1oropropene mixtures (D-D and Te1one) exerted as great an inhibition

of nitrification as any fumigant tested. Koike also found 1,2-dibromo­

3-ch1oropropane (DBCP) to be less toxic than either Te10ne or ethylene

dibromide (EDB). Microbiological studies by Wens1ey (1953) showed that

while nitrifying and cellulose-decomposing bacteria were the most

sensitive to fumigation, the ammonifiers and denitrifiers showed greater

resistance, resulting in accumulation of ammonium nitrogen. Since

inhibition of nitrification leads to accumulation of ammonium, which

apparently moves little in the soil (Nelson, 1953), the problem of

ammonium toxicity may arise with some plants. According to Thiegs

(1955), the presence of nitrates seems to decrease ammonium toxicity,

and he recommended a combination of amnlonium and nitrate fertilizer for

crops sensitive to ammonium. Nettles and Hamdi (1953), Winfree, et a1.

(1958), and McCants, et a1. (1959) concluded that ammonium nitrogen was

not satisfactory for crops grown on recently fumigated soils. McCants,

et a1. further stated that tobacco yield and quality increased with

increasing percentage of the total nitrogen supplied in the nitrate

form. With regard to liming in conjunction with fumigation, Morris and

Giddens (1963) concluded that under normal conditions when the soil is

adequately limed and not fumigated, either source of nitrogen appeared

to be equally effective for crop growth. Felton (1951) has shown that

the application of lime increased the concentration of nitrate-nitrogen

in the leaves of the pineapple plant. Wolcott, et a1. (1960) summarized

the situation with regard to nitrification and nitrogen nutrition under

fumigation by stating that
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The significant effect of Te10ne fumigation is to alter the
seasonal distribution of ammonium and nitrate in the soil. The
response of crops to this altered pattern will vary with the
crop, soil, climate, and with management practices. The choice
of supplemental nitrogen carriers is critical and must take into
account the characteristic ammonium and nitrate nutrition and
metabolism of each specific crop.

Influence on Other Nutrient Elements

Another aspect of soil fumigation, that of its effect on the

availability of other plant nutrients, has been investigated by several

workers. Aldrich and Martin (1952) found that fumigation of soils with

D-D mixture increased the levels of available calcium, magnesiulll,

potassium, and manganese. Similar increases in available manganese were

noted by Sherman and Fujimoto (1946) and Smith (1963). Quaste1 (1963)

suggested that an increase in available manganese results from the

cessation of biological oxidation of manganous ion. However, both

Lingle, et a1. (1961) and Heiman (1967) claim a significant decrease in

available manganese as a result of D-D and Te10ne fumigation. Heiman

felt that since the soil microorganisms are also involved in reduction

of higher oxidation states of manganese to the divalent (available)

form, an interference with this process (as by fumigation) would result

in less available manganese.

Smith (1963) also noted frequent increases in available soil

phosphorus following the use of D-D and some other fumigants. However,

both Smith and Martin, et a1. (1963) have noted a temporary reduction

in growth in pineapple and citrus respectively, which they ascribe to

inhibition of p},osphorus uptake despite increased availability in the

soil.
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In summary, soil fumigation is used for control of plant-parasitic

nematodes but also has definite effects on plant nutrition. The effect

of fumigation on nitrogen nutrition is due to the temporary inhibition

of soil nitrification, resulting in accumulation of ammonium and

possible ammonium toxicity. These effects can often be minimized by

using a combination of ammonium and nitrate nitrogen fertilizers for

crops sensitive to ammonium. Some fumigants, such as Telone, increase

the levels of available calcium, magnesium, potassium, manganese, and

phosphorus in the soil. For reasons not known or not clear, the

manganese level within the plant may be increased and that of phosphorus

decreased due to direct effects of soil fumigation. Increased uptake

of calcium, magnesium, and potassium are due to the indirect role of

fumigation in improving root health.

III. RENIFORM NEMATODES

The reniform nematode, Rotylenchulus reniformis, was observed for

the first time by Linford and Oliveira (1940) in the roots of cowpeas

growing in the pineapple fields of Hawaii. Since then, the genus has

been reviewed and the generic diagnosis emended (Dasgupta, et ale 1968).

According to Christie (1959), reniform nematodes are similar in life

history and habits to the citrus nematodes. They infect the roots of

some 65 different crop plants distributed in 30 families, the females

feeding by establishing permanent feeding sites in the cortical

parenchyma. The egg masses are deposited by tne female over the

epidermis of the root, blocking off those areas from direct contact with

the soil solution. Renifonn populations can be controlled in both
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pineapple and papaya by application of suitable soil fumigants. A

significant contribution to unde.rstanding the mechanism of nematocides

has been made recently by Marks, et ale (1968) with the development of

penetration and release rate constants of chemicals in contact with the

microorganism. Marks and his coworkers consider the nematode to be

essentially in equilibrium with nematocides in the soil solution.

Literature concerning the effect of adding fertilizer materials to

the soil on any nematode population is scanty and somewhat contradictory.

Little of the literature reported here refers strictly to reniform

nematodes but is restricted in the main to a few species of root knot

nematodes. It is relevant only to whatever degree of similarity in

metabolic behavior may exist among reniform, citrus, and root knot

nematodes under similar environments.

Oostenbrink (1960) stated that present chemical fertilizers seem to

have little direct effect on the nematode populations in soil, but that

organic manures are known to promote the saprozoic nematodes in great

numbers and thus increase the total nematode population markedly.

Oostenbrink emphasized that investigation of the influence of

fertilizing on plant-parasitic nematodes is complicated by the need to

study both parasite and host. A comprehensive survey of the effect of

plant growth and nutrition on nematode populations has been published by

Kirkpatrick, et ale (1964).

With refere.nce to nitrogen nutrition, Feldman, et ale (1961)

reported no effect of nitrogen fertilization on a population of the

citrus nematode Radopholus similis. Similarly, neither Stemerding

(1960) nor Moriarty (1962) were able to find any clear-cut effects of
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nitrogen on levels of pea ee1worm. However, Oteifa (1955) found that

ammonium nitrogen inhibited more than nitrate the egg hatch and initial

penetration of larvae of root-knot nematodes into host roots. In

addition, both Tur1igina (1958) and 01thof and Estey (1969) imp1i.cated

ammonium nitrate in at least contributing to control of root knot

nematodes. The former author claimed that watering of cucumber plants

with 0.25% potassium thiocyanate or sodium salicylate and 1% ammonium

nitrate was effective against nematodps and substantially reduced the

fertility of females. 01tho£ and Estey, working with ammonium nitrate­

dextrose combinations added to sterile soil inoculated with both root

knot nematodes and nematode-trapping fungi, reported that the mixture

of carbohydrate and nitrogen had reduced the number of galls per gram of

tomato root tissue. They felt that the activity of the combined

amend@ents in reducing the number of galls might have been due to

stimulation of the nematode-trapping fungi by these compounds rather

than a direct effect on the nematodes.

Urea has been cited as having an effect on certain nematode

populations. Martinez, et a1. (1966) reported the carrier to be

outstanding both as a nematocide and as a fertilizer. The lethal effect

of urea at rates of 500 parts per million on typical soils of

southeastern Spain was reported against diverse citrus nematodes,

including Ty1enchu1us semipenetrans Cobb.

In the only study knovffi to relate nitrogen sources to reniform

populations, Birchfield and Parr (1969) reported that an ammonia­

potassium azide formulation gave more than 99% nematode control when

applied to soils in cans, using soybeans as the host plant. They further
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reported that urea was ineffective and that anhydrous ammonia was

effective as a control agent at only very short distances from the

point of application.

To summarize the conflicting views of the effects of nitrogen

nutrition on plant-parasitic nematode populations, a variety of

nitrogen sources have been implicated as control agents but under

widely divergent environmental conditions and often accompanied by an

assortment of amendments. Some of these amendments may have greater

effects on stimulating the natural enemies of the nematodes in the soil

than they have on the nematodes themselves.



CHAPTER III

EXPERIMENT 1 (SOIL pH 5.5)

1. METHODS AND MATERIALS

Experimental Layout

A pot experiment was laid out in the greenhouse utilizing a

randomized complete block design with a factorial arrangement of

treatments replicated three times. The treatments comprised a 3 x 3 x 3

factorial combination of nitrogen carriers, carrier rates, and fumigants

at a soil pH of 5.5.

The carriers used were calcium nitrate, ammonium sulfate, and

ammonium nitrate at rates of 100, 200, and 300 lb/A. Soil fumigation

treatments consisted of no fumigation, 1,2-dibromo-3··chloropropane

(DBCP) equivalent to three gallons/A, and a mixture of 1,3-dichlcro­

propene and related hydrocarbons (1,3-D) equivalent to 40 gallons/A.

All fertilizer and fumigant rates were calculated on the basis of

20,000 plants/A.

The soil used was a Wahiawa Typic Eutrustox with an initial pH of

5.0 selected from a fallow plot at the Pineapple Research Institute of

Hawaii field station. The soil was removed from the plot to a depth

not exceeding eight inches and allowed to air dry, after which 40 lb

portions (oven dry basis) were limed to a pH of 5.5 with calcium

hydroxide, thoroughly mixed with a blanket application of 26 lb/A of

phosphorus, 400 lb/A of p0tassium, and 150 lb/A of magnesium in a

cement IT~xer, and emptied into pots. Primary calcium phosphate

dihydrate, potassium sulfate, and magnesium sulfate heptahydrate were
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used as fertilizer sources for the blanket application. Plastic-lined

five gallon steel containers with a one inch hole drilled through the

bottom center of each were used as pots. After proper randomization

within each replicate, all pots were placed on steel landing mat strips

supported by cement blocks.

The soils to be fumigated were moistened~ the fumigant injected

into the center of the cylinder of soil with a glass hypodermic syringe~

more water applied to form a seal~ and the pot sealed with a securely

tied double layer of plastic film. The film was removed after eight

days and the soils allowed to aerate for five days. The 1~3-D was

used full strength but it was necessary to dilute the DBCP from 86% to

15% with diesel oil before application. Aeration of the soils was

followed by volumetric application of solutions of the nitrogen carriers

at the rates listed above.

Smooth Cayenne crowns were used as the planting material. The

crowns were stripped of lower leaves to improve root elongation~ allowed

to dry for several days~ and placed in crocks of tap water to root.

The rooted crowns were dipped in a solution of Diazinon just before

planting~ which took place on April 9~ 10~ and 11. Because of damage

from herbicide spray which drifted from an adjacent sprayed area~ the

crowns were discarded in early May and another planting of similarly

treated crowns made on May 20 and 22.

Statistical Methods

All data were stored on IBM punch cards and subjected to

appropriate statistical techniques at the University of Hawaii

Statistical and Computing Center. Analysis of variance and Duncan
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Multiple Range Tests were performed using programs developed by the

Pennsylvania State University Department of Agronomy. Multiple

regression analysis was performed using the BMD02R stepwise regression

program developed by the University of California Biomedical Center and

contained in the Statistical and Computing Center Library. All runs

were made on an IBM System 360 computer. Tests of significance were

made using Snedecor's F-test (Snedecor, 1956).

Soil Sampling and Analysis

The plants were removed from the pots on April 21 and the soils

allowed to dry in the greenhouse. Each pot of soil was passed through

a nine rom screen and mixed in a cement mixer. A grab sample of

approximately 500 gm was taken from the mixer and reduced to about 150

gm in a 10-channel sample splitter. This sample was ground to pass a

two rom screen and stored for analysis. Details of the analytical

methods used for the soil samples may be found in the appendix.

Plant Sampling and Analysis

The plant part used for analysis was the D-leaf, defined as the

most recently fully matured leaf on the plant. It is also usually the

longest leaf present. Chemical analysi.s of this leaf is considered by

the Pineapple Research Institute of Hawaii to afford the best index of

nutrient status during the vegetative stage of plant growth. The D-leaf

was washed in tap water, dried with paper toweling, weighed, and

subdivided for analysis. Details of the analytical methods used for the

plant samples may be found in the appendix.
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II. FIRST PLANT SAMPLING

The plants were sampled in early January 1969 at the age of six

months and again in early March at the age of eight months. Data from

the first sampling were handled as a 3 x 3 x 3 factorial with three

replications and subjected to analysis of variance. Differences among

means were determined by the Dunca~ Multiple Range Test.

Results and Discussion

Main Effects. Results for the main effects are summarized in

Tables I~ II~ and III. Statistical analysis of the data indicates the

existence of a significant carrier effect on soluble nitrogen~ nitrate

nitrogen~ su1fur~ ca1cium~ and magnesium levels within the plant. Since

soluble nitrogen~ ca1cium~ and magnesium were involved in significant

interactions~ they will be discussed in the next section.

Contrary to expectation~ the results of the nitrate analyses (Table

I) revealed a higher nitrate content in the basal white tissue of plants

on ammonium nitrate nutrition~ with levels significantly lower in plants

supplied with the other carriers. Although the bulk of the nitrate is

found in the basal white tissue of the pineapple 1eaf~ there is in fact

a nitrate gradient which decreases with increasing distance from the

basal portion (Sideris~ 1950). In addition~ Sideris indicated that

there may be accumulation of nitrate in the chlorophyllous leaf tissue

under conditions of very great nitrate supply. Thus~ leaves from plants

supplied with nitrate nitrogen and having a pronounced transitional

(low-chlorophyllous) zone could contain sizable concentrations of

nitrate which would go undetected~ since nitrate analysis was carried



TABLE I. EFFECT OF NITROGEN CARRIER ON NUTRIENT LEVEL
IN D-LEAF OF SIX-MONTH OLD PINEAPPLE PLANTS.

FIRST PLANT SAMPLING, FXPERIMENT 1. SOIL pH 5.5.

Means in a column followed by the same letter are not significantly
different.

**Significant at 0.01 level.
1 All analyses dry wt. basis except where noted.
2 Basal White Tissue.
3 Green Tissue.
4 Fresh weigh t •

21
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out on only thz basal white portion of the D-1eaf.

The presence of a higher sulfate content in plants supplied with

calcium nitrate could be due to enhancement of uptake in the presence of

the doubly charged calcium cation, even though the highest sulfate

content would be expected in plants on ammonium sulfate nutrition.

There was no significant effect of nitrogen carrier on total and

protein nitrogen, phosphorus, potassium, percent moisture in basal

white and green tissue, chlorophyll, or D-1eaf weight, though

chlorophyll concentrations were highest with ammonium nitrate and

lowest with ammonium sulfate.

Although total, protein, and nitrate nitrogen increased with

increasing rate of nitrogen application (Table II), the level of

phosphorus dropped, due to increasing anionic competition from applied

nitrate and sulfate. The levels of sulfur, potassium, and calcium, as

well as the D-1eaf weights, tissue moisture content, and chlorophyll

concentrations were not significantly affected by increasing rates of

nitrogen.

The largely indirect role of soil fumigation in improving plant

health and nutrition is clearly indicated by the data (Table III),

which show significant differences in total and protein nitrogen,

phosphorus, and potassium levels. The moisture contents of the basal

white and green portions of the D-1eaf are higher and the inhibition of

phosphorus uptake by treatment with 1,3-D (Smith, 1963; Martin, et a1.,

1963) can be clearly seen.
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TABLE II. EFFECT OF RATE ON NUTRIENT LEVEL IN D-LEAF OF
SIX-MONTH OLD PINEAPPLE PLANTS.

FIRST PLANT SAMPLING, EXPERIMENT 1. SOIL pH 5.5.

Nutrient Level (1)
% % % %

RATES lb/A Total N*1c Soluble N** Protein N*1: N03_N*1c

100 1.54 a 0.27 a 1.26 a 0.36 a
200 1.72b 0.37 b 1.35 a 0.56 b
300 1.92 c 0.45 c 1.50 b 0.55 b

% % % %
RATES lb/A S p~':1c K Ca

100 0.14 a 0.17 a 2.87 a 0.50 a
200 0.14 a 0.14 ab 3.10 a 0.49 a
300 0.13 a 0.12 b 3.06 a 0.49 a

% % H2O % H2O ppm
RATES lb/A Mg ** BWT (2) GT (3) Chlorophyll (4)

100 0.21 a 91.81 a 87.59 a 304.07 a
200 0.21 a 92.22 a 87.78 a 336.74 ab
300 0.19 b 91. 96 a 87.81 a 371.56 b

Means in a colunm followed by the same letter are not significantly
different.

*Significant at 0.05 level.
**Significant at 0.01 level.
1 All analyses dry wt. basis except where noted.
2 Basal White Tissue.
3 Green Tissue.
4 Fresh weigh t.
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TABLE III. EFFECT OF FUMIGANT ON NUTRIENT LEVEL IN D-LEAF OF
SIX-MONTH OLD PINEAPPLE PLANTS.

FIRST PLANT SAMPLING, EXPERIMENT 1. SOIL pH 5.5.

FUMIGANTS
%

Total N**

Nutrient Level (1)
% %

Soluble N** Protein N**

None
DBCP
1,3-D

FUMIGANTS

None
DBCP
1,3-D

1.51 a
1.84 b
1.82 b

%
S

0.13 a
0.14 b
0.13 a

0.31 a
0.36 b
0.42 c

0.15 a
0.18 b
0.10 c

1.23 a
1.48 b
1.41 b

2.55 a
3.33 b
3.15 b

0.47 ab
0.56 b
0.45 a

%
Ca**

0.44 a
0.55 b
0.50 c

FUMIGANTS
%H20 ppm
GT (3) Chlorophyll (4)

None
DBCP
1,3-D

0.19 a
0.21 b
0.22 b

91.41 a
92.59 b
92.00 c

86.96 a
88.22 b
88.00 b

292.67 a
360.30 b
359.41 b

Means in a column followed by the same letter are not significantly
different.

*Significant at 0.05 level.
**Significant at 0.01 level.
1 All analyses dry wt. basis except where noted.
2 Basal Hhite Tissue.
3 Green Tissue.
4 Fresh weight.
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Interactions. The influence of the carrier x rate interaction on

soluble nitrogen levels (Fig. 1) can be explained by the detoxication

and storage of ammonium nitrogen within the plant as asparagine and

glutamine, which account for the steady increase in soluble nitrogen as

the level of ammonium application increases. Since mrnmonium nitrate

contains less ammonium than ammonium sulfate, the increase in soluble

nitrogen in plants supplied with this carrier is not as great as for

ammonium sulfate.

The effects on plant calcium of the carrier x rate interaction

between calcium nitrate and ammonium sulfate (Fig. 2) at high rates are

what would be expected, while plants under ammonium nitrate nutrition

maintain a high and essentially constant level of calcium regardless of

rate of application. In the case of magnesium (Fig. 3), the relatively

greater decline at high rates of ammonium sulfate is probably due to

both cationic antagonism and greatly increased ammonium ion concentra­

tion, though at low and medium rates of amrllonium sulfate, magnesium is

considerably higher than in plants fertilized at the same rates with

calcium nitrate and ammonium nitrate. The latter fertilizers exert

essentially equal effects on magnesium uptake.

The differential response of D-leaf weights to carrier and rate

combinations (Fig. 4) may possibly be explained by some degree of

preference of the pineapple plant for ammonium over nitrate. The sharp

drop in D-leaf weights of plants on ammonium sulfate nutrition with

increase in rate could be due to a decreased rate of protein synthesis.

Although there is an increased uptake of nitrogen and storage of it as

amides, protein synthesis from the soluble nitrogen fraction is limited
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by carbohydrate and other nutrient supplies within the plant, and it is

likely that the rate of protein synthesis from this large supply of

precursors was decreased by some limiting factor other than nitrogen.

Conversely, plants supplied with calcium nitrate did not have an excess

of protein precursors and therefore did not experience a decrease in

synthesis rate. Ammonium nitrate behaved in the same manner as calcium

nitrate until application at higher rates, which resulted in greater

ammonium uptake, led to a decrease in D-leaf weights by the same

mechanism as suggested above for ammonium sulfate.

The differential response of soluble nitrogen to ammonium carrier

and fumigant combinations (Fig. 5) can be attributed to cessation of

nitrification, resulting in uptake of ammonium nitrogen and its storage

as asparagine and glutamine, increasing the level of soluble nitrogen.

As before, the accumulation of soluble nitrogen is greater from the

all-ammonium fertilizer than from ammonium nitrate. The level of

soluble nitrogen in the plant under calcium nitrate and no fumigation is

low due to the absence of ammonium stored as amides but increases under

DBCP and drops again under 1,3-D, a trend noted for many of the main

effects of fumigation (Table III).

The effect of rate and fumigant combinations on soluble nitrogen

(Fig. 6) is one of increasing soluble nitrogen with increase in nitrogen

application under each of the fumigant treatments, an improved root

health and decreased soil nitrification being responsible for the greater

accumulation in the plants treated with the fumigants.
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III. SECOND PLANT SAMPLING

Since passing of some of the plants from the vegetative to the

reproductive stage following the first sampling precluded their use in

the second sampling, the data obtained from the eight-month old plants

were handled as a completely randomized design with unequal numbers of

observations. Statistical analysis was limited to the performance of

overall tests of significance for full treatment combinations and to the

grouping of the treatment means by use of the Duncan Multiple Range Test.

Statistically significant F-tests were found for total, soluble,

and protein nitrogen, potassium, calcium, magnesium, and chlorophyll

content. Table IV presents the data for each of the above variables.

In general, responses were greatest for the ammonium carriers in

conjunction with fumigants.

The greatest yield of total nitrogen was obtained from medium and

high levels of ammonium sulfate and ammonium nitrate with DBCP and

1,3-D. Three of the four highest soluble nitrogen yields were obtained

from ammonium sulfate at 200 and 300 lb/A, with DBCP the fumigant in

two of the four combinations. The fourth highest level was from

ammonium nitrate. The situation was reversed for protein nitrogen,

with three out of the highest four being obtained from ammonium nitrate.

All four treatment combinations used DBCP fumigant.

Results for potassium were varied, with the highest level corning

from the lowest rate of calcium nitrate. Four of the five highest

calcium means were obtained from medium and high rates of ammonium

nitrate, the fifth coming from calcium nitrate nutrition. Four of the

five yields were obtained with DBCP and one with 1,3-D. The four
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TABLE IV. EFFECT OF TREATMENT COMBINATIONS ON NUTRIENT
LEVEL IN D-LEAF OF EIGHT-MONTH OLD PINEAPPLE PLANTS.

SECOND PLANT SAMPLING, EXPERIMENT 1. SOIL pH 5.5.

%
Total N

1.29 f
1.29 f
1.41 ef
1.42 ef
1.42 ef
1.47 ef
1.58 def
1.59 def
1.63 de
1.65 edef
1.66 edef
1.66 edef
1. 80 bedef
1.83 bede
1.98 abed
1.99 abed
2.03 abed
2.09 abed
2.11 abe
2.12 abe
2.14 abe
2.16 abe
2.21 ab
2.27 a

%
Protein N

1.03 e
1.08 e
1.10 e
1.11 e
1.12 e
1.14 d
1.15 ed
1.20 ed
1.21 bed
1.31 abed
1.32 abed
1.33 abed

Treatment
Combination

12
1D
4B
22
4D
7D
82
52
8D
62
2D
2B
3D
1B
7B
3B
92
5B
9B
5D
6B
8B
9D
6D

Treatment
Combination

12
1D
22
4B
82
62
4D
7D
52
2D
8D
2B

% Treatment
Soluble N Combination

0.21 d 1D
0.26 d 12
0.26 d 7D
0.27 d 4D
0.30 d 4B
0.31 d 8D
0.32 d 22
0.33 d 2B
0.35 d 2D
0.37 d 52
0.40 e 1B
0.42 e 3D
0.43 e 7B
0.43 e 3B
0.46 e 82
0.48 e 9B
0.49 e 92
0.50 e 5B
0.50 e 9D
0.51 e 62
0.54 be 8B
0.65 be 6B
0.73 ab 5D
0.93 a 6D

% Treatment
Protein N Combination

1.34 abed 6D
1.38 abed 3D
1.38 abed 5D
1.43 abed 1B
1.49 abed 6B
1.54 abed 92
1.55 abed 7B
1.56 abed 3B
1.59 abed 5B
1.62 abe 8B
1.63 ab 9B
1.71 a 9D

Means in a eo1umn followed by the same 1etter(s) are not signifieant1y
different. 2 - no fumigant; B - DBCP; D - 1,3-D; 1,2,3 - Ca(N03)2 at
100, 200, and 300 1b/A; 4,5,6 - (NH4)2S04 at 100, 200, and 300 1b/A;
7,8,9 - NH4N03 at 100~ 200, and 300 1b/A.
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TABLE IV. (Continued) EFFECT OF TREATMENT COMBINATIONS
ON NUTRIENT LEVEL IN D-LEAF OF EIGHT-MONTH OLD PINEAPPLE
PLANTS. SECOND PLANT SAMPLING, EXPERIMENT 1. SOIL pH 5.5.

% Treatment % Treatment
Potassium Combination Calcium Combination

1.86 d 52 0.23 f 6B
1. 86 d 82 0.28 e 62
1.94 e 12 0.30 de 5D
2.14 be 62 0.31 de 12
2.26 be 9D 0.32 de 6D
2.34 be 8D 0.32 de 52
2.38 abe 4D 0.35 ede 4B
2.40 abe 7D 0.41 bede 5B
2.40 abe 22 0.44 bede 2D
2.49 abe 3D 0.44 abede 22
2.52 abe 4B 0.45 abede 4D
2.59 abe 2B 0.46 abede 7D
2.66 abe 6D 0.47 abede 1D
2.69 abe 2D 0.48 abcde 82
2.82 abe 1D 0.50 abcde 92
2.84 abe 8B 0.51 abed 2B
2.90 abe 6B 0.59 abe 1B
3.04 abe 5B 0.62 ab 3D
3.07 abe 7B 0.63 ab 8D
3.09 abe 9B 0.64 ab 7B
3.19 ab 5D 0.67 a 3B
3.27 ab 3B 0.67 a 9B
3.38 ab 92 0.67 a 9D
3.59 a 1B 0.68 a 8B

% Treatment % Treatment
Magnesium Combination Magnesium Combination

0.17 d 92 0.21 be 2D
0.17 d 12 0.20 be 52
0.18 d 6B 0.21 be. 3D
0.18 d 4B 0.21 be 6D
0.19 e 82 0.21 be 7B
0.19 e 1D 0.21 be 8B
0.20 c 1B 0.22 be 7D
0.20 c 2B 2.23 be 9B
0.20 c 3B 0.24 abc 4D
0.20 e 62 0.26 abe 5B
0.20 e 22 0.27 ab 8D
0.20 e 5D 0.30 a 9D



TABLE IV. (Continued) EFFECT OF TREATMENT COMBINATIONS
ON NUTRIENT LEVEL IN D-LEAF OF EIGHT-MONTH OLD PINEAPPLE
PLANTS. SECOND PLANT SAMPLING, EXPERIMENT 1. SOIL pH 5.5.

36

ppm
Chlorophyll

251 b
268 b
270 b
277 b
290 b
303 b
314 b
317 b
334 b
347 b
348 b
349 b
369 b
371 b
385 b
399 b
406 b
407 b
413 b
427 b
441 b
443 b
444 b
583 a

Treatment
Combination

52
12
62
82
22
6D
lD
lB
4D
7D
5D
6B
4B
2D
2B
8D
7B
92
3B
5B
8B
3D
9B
9D
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highest magnesium concentrations were obtained from medium and high rates

of ammonium sulfate and ammonium nitrate. Of all treatment combinations,

only ammonium nitrate at 300 lb/A in conjunction with 1,3-D yielded a

significantly higher chlorophyll content.

Insofar as it is possible to analyze the overall effect of

treatment combinations, the data gathered from the second sampling appear

to support that gathered from the first sampling. It should be borne in

mind that some of the analytical results obtained may have come from

plants that had already begun to florally differentiate. This could

nullify even further the information gained from the second sampling.

More information might have been obtained from the sampling by

performing whole-plant analyses on all plants.

IV. SOIL SAMPLING

Data obtained from the soil samples taken at the end of the

experiment were handled as a 3 x 3 x 3 factorial with three replications.

The statistical techniques used were identical to those employed for the

first plant sampling. Soil nitrogen levels are those remaining at the

end of the experiment, since periodic sampling for examination of

nitrification during the growing period proved impractical.

Results and Discussion

Main Effects. Results for the main effects are summarized in

Table V. Since soil nitrate is involved in a significant carrier x

rate interaction, it will be discussed in the next section. However,

the characteristic inhibition of nitrification by soil fumigants is



TABLE V. EFFECT OF NITROGEN CARRIERS, RATES, AND
FUMIGANTS ON SOIL NITROGEN LEVELS.

EXPERIMENT 1. SOIL pH 5.5.
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CARRIER

CN
AS
AN

RATE

100 1b/A
200 1b/A
300 1b/A

FUMIGANT

None
DBCP
1,3-D

11.97
14.76
11.23

ppm
NH4-N

10.51
13.61
13.83

12.39
10.93
14.63

ppm
N03-N*~~

22.72 a
65.04 b
60.01 b

12.31 a
44.60 b
90.86 c

65.99 a
51.94 b
29.84 c

**Significant at 0.01 level.



There were no significant main effects
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clearly apparent and is much greater for 1,3-D than for DBCP, confirming

the earlier work of Tam (1945) and Koike (1961) for Hawaiian soils

treated with various fumigants.

for soil ammonium.

Interactions. The means involved in the only significant

interaction, that for the effects of carrier x rate on soil nitrate, are

presented graphically in Figure 7. The increase in soil nitrate levels

resulting from ammonium carrier and rate combinations can be accounted

for by the effects of higher moisture and temperature levels on soil

nitrification. In a study of the effect of moisture and biological

control chemicals on Hawaiian soils Chakravorty (1968) found that

nitrification in fumigated soils increased with an increase in moisture

content once the initial inhibition of nitrification had ended.

Studying the temperature aspect of the same control chemicals in

Hawaiian soils, Thiagalingam (1967) showed that soils formed in warm

environments displayed greater rates of nitrification with increasing

temperature following resumption of bacterial activity. The levelling

off of the calcium nitrate curve at higher rates may be due to a combina­

tion of plant uptake and leaching losses.
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CHAPTER IV

EXPERIMENT 2 (SOIL pH 4.5)

1. METHODS AND MATERIALS

The methods and materials used for this experiment were identical

to those for Experiment 1 except for the change in soil pH which was

brought about by the application of sulfuric acid, and a somewhat

larger amount of calcium sulfate to maintain the calcium balance.

II. PLANT SAMPLING

This experiment and Experiment 1 were originally started together

but extreme chlorosis of plants growing in the acidified soils despite

intensive application of iron chelate sprays necessitated their

replacement in January 1969 with new, similarly treated planting

materials. Severe chlorosis and poor growth of the replanted materials

led to their removal from the pots in April and subsequent whole-plant

analysis.

Results and Discussion

Main Effects. Results for the main effects are swnmarized in

Tables VI, VII, and VIII. Statistical analysis indicates the existence

of a significant carrier effect for nitrate nitrogen, potassium, calcium,

magnesium, and percent moisture in the green tissue.

As expected, nitrate and calcium concentrations within the plant

(Table VI) reflected the composition of the applied nitrogen sources.

Potassium content was lowered in plants supplied with the all-ammonium



TABLE VI. EFFECT OF NITROGEN CARRIER ON NUTRIENT LEVEL OF
THREE-MONTH OLD PINEAPPLE PLANTS.

WHOLE-PLANT ANALYSIS. EXPERL~ENT 2, SOIL pH 4.5.
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Nutrient Level (1)
% % % %

CARRIERS Total N Soluble N Protein N N03-N**

CN 1.14 a 0.30 a 0.84 a 0.72 a
AS L18 a 0.32 a 0.86 a 0.39 b
AN 1.20 a 0.35 a 0.86 a 0.64 a

% % % %
CARRIERS Sulfur Phosphorus Potassium** Calcium*~~

CN 0.17 a 0.09 a 3.64 a 0.26 a
AS 0.19 a 0.08 a 3.16 b 0.17 b
AN 0.17 a 0.09 a 3.47 a 0.21 b

% H2O % H2O
CARRIERS Magnesium** BWT (2) GT** (3)

eN 0.17 a 92.11 a 85.96 a
AS 0.14 b 91.67 a 84.93 b
AN 0.15 b 91.92 a 85.44 ab

ppm gm
CARRIERS Manganese D-leaf wt. (4)

fresh wt. basis

CN 13.14 a 39.95 a
AS 12.11 a 39.52 a
AN 12.27 a 40.34 a

Means in a column followed by the same letter are not significantly
different.

**Significant at 0.01 level.
1 All analyses dry wt. basis except where noted.
2 Basal White Tissue.
3 Green Tissue.
4 Fresh weight.
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carrier due to the ionic antagonism between the cations. A similar

antagonism exists between calcium and magnesium but does not account for

the statistically higher magnesium content in the leaves of plants

supplied with calcium nitrate, a situation essentially opposite to that

found for magnesium in Experiment 1. No explanation for the higher

moisture content of green tissue in plants under all-nitrate nutrition

is forthcoming at this time. However, this finding was also noted by

Connelly (1969) in pineapple plants supplied with sodium nitrate and

grown in sand culture. Connelly was unable to relate moisture level to

the sodium content of the plant. It is possible that the higher moisture

level is related in some way to nitrate uptake.

Although total and soluble nitrogen showed an expected increase with

increase in rate (Table VII), potassium showed a decline in plants

supplied with increasing rates of fertilizer due to cationic antagonism.

With respect to fumigation, total and protein nitrogen showed

greater yields with fumigants due to improved root health (Table VIII),

while the nitrate content of the plants reflected the ability of the

fumigants to inhibit soil nitrification. The increase in plant sulfur

with 1,3-D soil treatment may be linked to a change in bacterial

activity resulting from a combination of fumigant and low soil pH. The

increase in plant manganese can be related to an increase in soil

manganese brought about partly by fumigation and partly by the addition

of sulfuric acid to achieve a soil pH of 4.5. This high level of

manganese may have contributed to the chlorosis problem encountered with

the plants. Since foliar applications of iron chelate failed to

alleviate the chlorosis, it is probable that the manganese in the plant



TABLE VII. EFFECT OF RATE ON NUTRIENT LEVEL OF
THREE-MONTH OLD PINEAPPLE PLANTS.

WHOLE-PLANT ANALYSIS. EXPERIMENT 2, SOIL pH 4.5.
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Nutrient Level (1)
% % % %

RATES, lb/A Total N** Soluble N** Protein N N03-N

100 1.10 a 0.27 a 0.83 a 0.60 a
200 1.15 ab 0.33 b 0.84 a 0.57 a
300 1.26 b 0.38 b 0.88 a 0.59 a

RATES, lb/A Sulfur Phosphorus Potassium1< Calcium

100 0.19 a 0.09 a 3.62 a 0.23 a
200 0.17 a 0.09 a 3.32 b 0.21 a
300 0.16 a 0.09 a 3.34 b 0.20 a

% H2O % H~O ppm
RATES, lb/A Magnesium BWT (2) GT 3) Manganese

100 0.16 a 92.22 a 85.70 a 12.89 a
200 0.15 a 91. 78 a 85.33 a 12.49 a
300 0.14 a 91.70 a 85.30 a 12.14 a

gm
RATES, lb/A D-leaf Wt. (4~

Fresh wt. basis
100 39.32 a
200 40.53 a
300 39.95 a

Means in a column followed by the same letter are not significantly
different.

*Significant at 0.05 level.
**Significant at 0.01 level.
1 All analyses dry wt. basis except where noted.
2 Basal White Tissue.
3 Green Tissue.
4 Fresh weigh t.



TABLE VIII. EFFECT OF FUMIGANT ON NUTRIENT LEVEL OF
THREE-MONTH OLD PINEAPPLE PLANTS.

WHOLE-PLANT ANALYSIS. EXPERIMENT 2, SOIL pH 4.5.
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Nutrient Level (1)
% % % %

FUMIGAIIT Total N* Soluble N Protein N* N03-N*1~

None 1.12 a 0.31 a 0.81 a 0.78 a
DBCP 1.16 ab 0.31 a 0.85 ab 0.64 a
1,3-D 1.25 b 0.35 a 0.90 b 0.34 b

% % % %
FUMIGANT Sulfur*1~ Phosphorus Potassium Calcium

None 0.15 a 0.09 a 3.48 a 0.22 a
DBCP 0.15 a 0.09 a 3.40 a 0.22 a
1,3-D 0.23 b 0.09 a 3.40 a 0.20 a

% % H2O % H2O ppm
FUMIGANT Magnesium BWT (2) GT (3) Manganese1d~

None 0.15 a 91.89 a 85.52 a 10.73 a
DBCP 0.16 a 91.85 a 85.30 a 12.77 b
1,3-D 0.15 a 91.96 a 85.52 a 14.02 b

gm
FUMIGANT D-leaf wt. (4) Fresh wt. basis

None 40.36 a
DBCP 39.45 a
1,3-D 40.00 a

Means in a column followed by the same letter are not significantly
different.

*Significant at 0.05 level.
**Significant at 0.01 level.
1 All analyses dry wt. basis except where noted.
2 Basal White Tissue.
3 Green Tissue.
4 Fresh weigh t.
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had already occupi.ed the binding sites in the enzyme system normally

occupied by iron. Iron is a constituent of ferredoxin (Mahler and

Cordes, 1966), an enzyme implicated in the reduction of plant nitrate

and it should be noted that plant nitrate levels from the high-manganese

soils of this experiment were higher than those from Experiment 1.

Interactions. Means representing the only significant first-order

interaction are presented graphically in Figure 8.

The effects of carrier and rate combinations on plant sulfur are

somewhat mixed. Available sulfur was present in relatively large

amounts in the soils used for this study, since many of the fertilizer

elements were added as sulfates. Sulfur in plants under increasing

rates of calcium nitrate dropped steadily, reflecting the increased

anionic competition afforded by nitrate. The sulfur level in plants

supplied with increasing rates of ammonium sulfate increased and then

dropped off slightly at the highest rate, showing n~ plant need for

sulfur beyond that contained in the 200 1b/A application of ammonium

sulfate. The overall slight drop in sulfur levels in plants supplied

with increasing rates of ammonium uitrate can be explained on the same

basis as that used for the effects of calcium nitrate, though the

reason for the sharp drop at the intermediate rate of 200 1b/A is not

known.

III. SOIL SAMPLING

Results and Discussion

Main Effects. Results for the main effects are contained in Table

IX. Since soil an~onium and nitrate are involved in significant
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FIGURE 8. EFFECT OF NITROGEN CARRIER AND RATE COMBINATIONS ON
SULFUR IN D-LEAF OF THREE-MONTH OLD PINEAPPLE PLANTS.

EXPERIMENT 2. SOIL pH 4.5.



TABLE IX. EFFECT OF NITROGEN CARRIERS, RATES, AND FUMIGANTS
ON SOIL NITROGEN AND MANGANESE LEVELS.

EXPERIMENT 2, SOIL pH 4.5.

ppm ppm
CARRIER Soil NH4 ~'d~ Soil N031~*

CN 28.78 a 101.26 a
AS 86.02 b 99.10 a
AN 55.12 c 125.53 b

ppm ppm
RATES, 1b/A Soil NH41d~ Soil N03**

100 36.27 a 62.35 a
200 51. 76 b 112.38 b
300 81. 90 c 151.16 c

ppm ppm ppm
FUMIGANT Soil NH4** Soil N03** Soil Mn**

None 16.56 a 135.40 a 2538 a
DBCP 31. 80 b 135.74 a 3251 b
1,3-D 121.57 c 55.74 b 3298 b

Means in a column followed by the same letter are not
significantly different.

**Significant at 0.01 level.
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interactions, they will be discussed in the following section.

The use of fumigation resulted in greater levels of available

manganese (Table IX) in agreement with the observations of Sherman and

Fujimoto (1946), Aldrich and Martin (1952), and Smith (1963). Quaste1

(1963) has suggested that the increase in available soil manganese

following fumigation may be due to cessation of biological oxidation of

the manganous ion.

Interactions. The effect of carrier and rate combinations on soil

ammonium levels (Fig. 9) was a function of the ammonium content of the

carriers. The level of ammonium in soils fertilized with calcium

nitrate remained low and constant regardless of rate, while that due to

ammonium sulfate rose sharply with increase in rate. Ammonium nitrate,

the carrier of intermediate ammonium content, yielded intermediate soil

ammonium values.

Figure 10 depicts the accumulation of soil ammonium resulting from

the interaction of the carrier and fumigant combinations. The high

levels of ammonium displayed by all nitrogen sources in the soils

treated with 1,3-D can be attributed to ammonification of organic

nitrogen compounds. The status of soil nitrate with respect to the same

combinations of carriers and fumigants (Fig. 11) is essentially the

inverse of that for soil ammonium.

The effect of rate and fumigant combinations on soil ammonium (Fig.

12) is that of 8. change-in-rate, with an increase in application

producing a differential increase in soil ammonium. The accumulation of

ammonium is a function of the inhibition of nitrification and is greatest

for 1,3-D, less for DBep, and least for no fumigation. In the case of
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nitrate (Fig. 13), the accumulations are reversed, being greatest with

no fumigation and least with 1,3-D as rates of nitrogen increase from

100 to 300 lb/A.
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CHAPTER V

EXPERIMENT 3. RENIFORM NEMATODES

I. METHODS AND MATERIALS

Experimental Layout

A pot experiment, similar to Experiments 1 and 2, was laid out in

December 1968 utilizing a randomized complete block design with a

factorial arrangement of treatments replicated four times. The

treatments comprised a 3 x 2 x 2 factorial combination of nitrogen

carriers, carrier rates, and pH levels.

The carriers used were calcium nitrate, ammonium sulfate, and

ammonium nitrate at rates of 100 and 300 lb/A in conjunction with soil

pH values of 4.5 and 5.5.

The Wahiawa Typic Eutrustox used for this investigation was closely

adjacent to the source of soil for the other experiments and was chosen

for its high reniform nematode population. The soil was not allowed to

dry'out and was prepared as previously detailed in Chapters III and IV,

after which it was placed in plastic-lined, bottom-pierced one gallon

steel containers. After proper randomization within each replicate, all

pots were placed outside the greenhouse on steel landing mat strips

supported by cement blocks. After an initial wetting with tap water the

pots received only naturally available moisture.

Smooth Cayenne pineapple crowns, treated as previously described,

were used as the planting material. Spraying with Diazinon and with

iron chelates was carried out at suitable intervals, and the pots were

periodically shifted within each replicate.



57

Soil Analysis

The plant was removed from the soil and carefully cleaned to return

to the pot as much of the adhering soil as possible. The soil was

transferred from the pot to a plastic bag and mixed thoroughly, after

which a 50 ml volume was taken for reniform nematode counts using a

modified Baermann technique employed by the Pineapple Research Institute

of Hawaii.

A glass collection vial was fitted to a 12 cm metal funnel by a

six cm length of rubber tubing, after which the apparatus was filled

nearly to the brim with aerated tap water. The soil was spread evenly

over a disposable paper tissue placed on a 1.6 mm screen. The screen

was placed in the funnel, the water level adjusted so as to just wet the

soil, and the entire assembly allowed to sit for 72 hours. At the end

of that time, the nematode migration was assumed to be complete. The

vial was removed from the tubing, corked, and the contents used for

nematode counts. In cases where large numbers of nematodes were present,

one m1 of the extract was made up to 10 ml and one ml of the diluted

extract used for counting.

Statistical Methods

The data from each sampling were handled as a 3 x 2 x 2 factorial

with two replications and subjected to analysis of variance, with

differences among the means being determined by the Duncan Multiple

Range Test. All reniform nematode counts were subjected to square root

transformation prior to statistical analysis and reconverted after

analysis for inferences concerning significant F-values.
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II. SAMPLING

Two of the four replicates making up the experiment were sampled

in March 1969 and the remaining two sampled in June.

Results and Discussion

Main Effects. The results for the main effects are given in Table

X but are not extensively discussed here due to the presence of signi­

ficant interactions of treatment combinations on nematode populations.

However, it should be noted that both sets of replicates exhibited a

significant effect of soil pH on reniform nematode populations, with

numbers decreasing with an increase in pH. Although no explanation is

offered for this effect, the results are in accord with those obtained

by Sanford, et a1. (1965) on Hawaiian pineapple soils. However, the

findings of the above authors and those from this experiment for

reniform nematodes are not in agreement with those of Bird (1959), who

found root knot species unresponsive to a pH gradient.

Interactions. A significant carrier x rate interaction was found

to exist for both sampling periods (Figs. 14 and 15) in which reniform

nematode numbers showed a drastic decrease with increase in rate of

ammonium sulfate application. This finding does not seem to have been

noted before in Hawaii (W.J. Apt, PRI of Hawaii Nematologist, private

comm.).

Inspection of the non-significant carrier x pH and rate x pH

interactions and the pH main effects reveal a consistent trend toward

lower nematode counts at the higher pH level. Examination of the soil

acidity data taken at the end of sampling (Table XI) showed a tendency



TABLE X. RENIFORM NEMATODE COUNTS AFTER THREE AND
SIX MONTHS IN SOILS TREATED WITH DIFFERENT

RATES OF NITROGEN AT TWO pH LEVELS.
EXPERIMENT 3.

3 months 6 months
CARRIER Nematodes/pint Nematodes/Pint*

AN 85.34 93.52 a
AS 98.50 116.64 b
AN 87.45 101.54 ab

RATES. 1b/A Nematodes/pint Nematodes/pint

100 95.84 107.39
300 85.01 100.41

SOIL pH Nematodes/pint** Nematodes/pint*

4.5 103.68 a 109.98 a
5.5 77.18 b 97.82 b

Means in a column followed by the same letter are not
significantly different.

*Significant at 0.05 level.
**Significant at 0.01 level.
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TABLE XI. pH VALUES AFTER THREE AND SIX MONTHS IN SOILS
TREATED WITH DIFFERENT RATES OF AMMONIUM SULFATE.

EXPERIMENT 3.

Initial pH 5.5 Initial pH 4.5
100 1b/A 300 1b/A 100 1b/A 300 1b/A

I 5.7 5.4 4.7 4.9
3 months

II 5.4 5.4 4.6 4.8

I 5.5 4.9 4.5 4.5
6 months

II 5.3 5.1 4.7 4.7
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for the high rate of ammonium sulfate to slightly lower the pH in the

limed pots. Soil acidity values were essentially constant in the un1imed

soils. In view of the tendency of ammonium sulfate to lower soil pH

rather than raise it, the decrease in nematode nlli~bers due to increased

soil pH and the decrease due to high rates of ammonium sulfate appear

to arise from different sources. Oteifa's findings (1955) that ammonium

nitrogen retarded egg hatch of root knot nematodes to a greater degree

than nitrate may have some relevance to the above situation. Another

possibility is the stimulation of nematode-trapping fungi by the

ammonium sulfate carrier (Olthof and Estey, 1969) rather than a direct

effect on the nematodes, though the extent to which such naturally

occurring control agents may exist in these soils is not known.



CHAPTER VI

DISCUSSION AND SUMMARY

Two greenhouse experiments were set up to compare the nutritional

status of pineapple plants when supplied with a11-nitrate~ a11-ammonium~

and a combination of ammonium- and nitrate-nitrogen under different soil

pH values and soil fumigation regimes. The status of the nitrogen forms

remaining in the soil was also investigated. Another experiment was

performed to determine the effects of the same nitrogen forms and soil

pH values on reniform nematode populations in the absence of fumigation.

Under the conditions of these experiments~ there were significant

differences in the nutritional status of pineapple plants and in

reniform nematode populations.

I. DISCUSSION

Plants

Though not statistically significant~ total nitrogen uptake by the

plants was greater for ammonfum nitrate nutrition at both soil pH va1ues~

in agreement with the findings of Weissman (1950). Total nitrogen

yields were slightly less from ammonium sulfate and smallest from

calcium nitrate. As expected~ the total nitrogen content of the plants

was related to the rate of nitrogen application.

Sollw1e nitrogen was significantly affected by nitrogen source at

pH 5.5~ the highest values coming from plants supplied with ammonium

sulfate and the lowest from plants supplied with calcium nitrate. This

is in keeping with the characterization of ammonium-supplied plants as
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high in amides (Sideris, et a1., 1938; Margolis, 1960). The lack of a

significant carrier effect on soluble nitrogen at pH 4.5 is surprising

since soluble nitrogen is usually closely related to the form of

nitrogen in the soil. A pH of 4.5 would inhibit soil nitrification to a

greater extent than a pH of 5.5~ resulting in a greater accumulation of

ammonium nitrogen from ammonium sources and consequently a greater

amount of soluble nitrogen in the plant. However, since the pH of 4.5

was obtained by the addition of sulfuric acid to the soil, there may

have been direct effects of acidification on the root system. lfuen

soluble nitrogen was calculated as a percentage of the total nitrogen,

the amount of soluble nitrogen was directly related to the ammonium

content of the nitrogen source. Since total nitrogen is the sum of

soluble and protein nitrogen, protein nitrogen in the plants supplied

with ammonium carriers was somewhat less than in plants supplied with

all-nitrate nitrogen.

Contrary to the results reported by Weissman (1951), protein

nitrogen was not significantly affected by nitrogen source. Weissman,

whose results were obtained from solution culture, found that maximum

protein synthesis occurred at a 1:1 ratio of the ammonium and nitrate

forms (Le., ammonium nitrate) at pH values of 5.3 and 6.3. The close

relationship between protein nitrogen and chlorophyll content in

pineapple (Sideris, 1947) partly accounts for the lack of a carrier

effect on the chlorophyll content of the plants, though variable light

intensity within the greenhouse was probably a contributing factor as

well. Nitrate nitrogen in the plants grown at pH 4.5 was related to the

nitrate content of the carriers due to pH-induced inhibition of soil

nitrification. The situation was not as simple in the pH 5.5 experiment,
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where ammonium nitrate gave significantly higher nitrate yields in accord

with the findings of Sanford and Fo (1965).

Comparing the nitrogen status of plants supplied with a combination

of ammonium and nitrate to those given all-ammonium or all-nitrate, the

former exhibited a slightly greater total nitrogen uptake, no difference

in protein nitrogen, a soluble nitrogen fraction intermediate in size,

and a medium to high nitrate content in the basal white tissue. If the

figures for chlorophyll concentration are considered, the plants

supplied with a combination of nitrogen forms should display a somewhat

greater rate of protein synthesis in the absence of limiting factors.

The growth potential of such plants should be at least as great as those

supplied with all-ammonium nitrogen, provided that the demands of the

complex relationships involving the uptake and utilization of nitrate

can be met. These include a carbohydrate reserve somewhat higher than

that for a comparable ammonium-supplied plant, since carbohydrate will

be needed for nitrate reduction (Nightingale, 1942a) as well as for

formation of organic nitrogen from the reduced nitrogen substrate.

Carbohydrate reserves in turn are a product of radiation- and

chlorophyll'-dependent photosynthetic processes. In addition, a high

level of potassium is needed since potassium is apparently involved in

both nitrate absorption (Nightingale, 1942b) and carbohydrate

utilization.

With respect to the effect of nitrogen source on uptake of other

macronutrients 5 the behavior of ammonium nitrate with respect to calcium

is of interest. The carrier x rate interaction (Fig. 2) revealed that

leaf calcium levels remained high and constant regardless of increase in
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rate of ammonium nitrate t while. rate increases of ammonium sulfate

depressed calcium uptake considerably. Since the same trend for the

behavior of calcium can be discerned from the data obtained from

Experiment 2 t this could be of some importance in unlimed soils low in

available calcium. Magnesium levels were likewise relatively unaffected

by different rates of ammonium nitrate at both soil pH values t and it

appears that the cationic competitions typical of ammonium sulfate with

respect to pineapple are considerably diminished in the case of ammonium

nitrate.

It should be emphasized that the above discussion has been limited

to the effect of soil-applied nitrogen carriers on the nutritional

status of the plant. A more comprehensive study and one closer to field

practices would have included as well the foliRr application of the

carriers.

The pattern established for carriers in relation to nitrogen

status is slightly different in the case of fumigants. As expected t

inhibition of nitrification led to an increase in the soluble nitrogen

fraction in plants supplied with ammonium carriers but resulted also in

an increase in protein nitrogen. However, the effect of carrier and

fumigant combinations on nitrogen status followed the pattern of

carriers. Total nitrogen uptake was somewhat greater t and soluble

nitrogen as a percentage of total nitrogen was intermediate in plants

supplied with the combination of nitrogen forms. In effect, relative

status of the nitrogen sources was not changed by the use of soil

fumigation. The chief nutritional benefit of fumigation was realized

from improved root health and consequent nutrient uptake.
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Soils

Physical conditions in the acidified soil (pH 4.5) were largely

unfavorable for plant growth. The soil dried quickly and formed a very

hard surface crust difficult to break up. Both of these effects were

ascribed to the dehydrating properties of sulfuric acid. Root

development was very poor both in number and length of roots, though it

was not clear whether mechanical impedance, acidity, or a combination of

the two was responsible. Plants in the limed pots developed vigorous

root systems, particularly those treated with 1,3-D.

Periodic soil sampling for ammonium and nitrate was begun shortly

after initiation of the experiment but was discontinued after analysis

of the second set of samples due to lack of trends and the possibility

of damage to the developing root system. The decision precluded the

possibility of nitrification rate studies.

Carriers, rates, and fumigants exerted predictable effects on soil

ammonium and nitrate with the exception of an apparent leaching loss of

nitrogen from the all-nitrate treatments. Nitrogen remaining in the

soil was generally related to the rate of application. Fumigation

markedly inhibited nitrification of ammonium carriers and resulted in

ammonium accumulation. The plants were not in the acidified soils long

enough to deplete them of nitrogen, which accounts for the higher level

of ammonium and nitrate found in them compared to those from Experiment

1.

Average pH values in the limed soils (initial pH 5.5) at the end of

the experiment were 4.7 for calcium nitrate treatments, 4.4 for ammonium

sulfate, and 4.6 for ammonium nitrate, reflecting the relative acidifying
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effects of the nitrogen sources. The drop in pH in the acidified soils

relative to their initial pH of 4.5 was less than that in the limed

soils, due possibly to the shorter growing period. Each nitrogen source

gave the soil a final pH of 4.2.

In spite of increased manganese levels caused by soil acidification

in Experiment 2 there was a further increase in available manganese

following fwuigation. Uptake of this element by the plants growing in

the acidified soils probably played a part in the poor growth displayed

in the experiment by creating an imbalance in the iron/manganese ratio.

Such an imbalance could reduce the supply of iron needed for photo­

synthetic processes (Sideris and Young, 1956) and could also inhibit the

reduction of plant nitrate by limiting the synthesis of enzymes required

in the reduction process.

Reniform Nematode Populations

The decrease in reniform nematodes with the addition of lime agrees

with the findings of the Pineapple Research Institute of Hawaii from

more microbiologically oriented studies. Of at least equal importance

is the decline in reniform population with increasing rates of ammonium

sulfate, though the tendency of this carrier toward lowering soil pH

compared to the pH effects of lime would seem to rule out soil acidity

per ~ as a common control factor.

The emergence of ammonium sulfate as at least a partial control

agent under the conditions of the experiment does nothing to clarify

the rather confused situation regarding the effects of host nutrition on

nematode populations. If the effects of ammonium sulfate and lime are

real, a great deal of very carefully designed and controlled
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microbiological work would have to be done to detel~ine the nature of

their influence. Clarification of the role of the many soil amendments

reported to affect populations may eventually lead to the incorporation

of some of them in a program of at least partial biological, rather than

chemical, nematode control.

II. SUMMARY

Pineapple plants grown in greenhouse pot tests with combinations

of all-amnlonium, all-nitrate, and ammonium-plus nitrate-nitrogen carriers,

soil pH levels, and fumigation regimes exhibited significant differences

in nutritional status. There were also significant differences in the

reniform nematode populations in soils treated with the same

combinations of nitrogen carriers and pH levels in the absence of

fumigation.

With regard to nitrogen status, plants supplied with ammonium plus

nitrate exhibited a slightly greater total nitrogen uptake, no

difference in protein nitrogen, a soluble nitrogen fraction intermediate

in size, and a medium to high nitrate concentration in the basal white

tissue compared to plants on all-ammonium and all-nitrate nutrition.

Leaf calcium also remained high compared to plants supplied with all­

ammonium nitrogen.

The relative status of the nitrogen forms supplied was not changed

by soil fumigation. However, fumigation greatly inhibited soil

nitrification, resulting in a greater soluble nitrogen content in plants

supplied with the ammonium carriers. The concentration of soil

manganese was also increased by fumigation.
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For reasons not known, both liming and increased rates of ammonium

sulfate tended to decrease reniform nematode populations in the absence

of soil fumigants. \

\
\

\
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ANALYTICAL METHODS

Soil Sampling and Analysis

Soil Nitrogen. The plants were removed from the soils and the

soils allowed to air dry in the greenhouse. Each pot of soil was passed

through a nine mm screen and mixed in a cement mixer. A grab sample of

approximately 500 gm was taken from the mixer and reduced to about 150

gm in a 10-channel sample splitter. This sample was ground to pass a

two mm screen, after which five gm were taken for ammonium and nitrate

nitrogen analysis by direct steam distillation (Keeney and Bremner,

1966). The five gm sample was combined with 0.1 gm of ignited magnesium

oxide and 10 ml of 2 N potassium chloride in a 500 ml Kjeldahl flask

and subjected to steam distillation for five minutes to liberate

ammonium nitrogen, the distillate being caught in five ml of boric

acid - mixed indicator solution. After changing receiving flasks, 0.2

gm of finely powdered Devarda alloy was added to the cooled flask and

steam distillation continued for another five minutes to reduce and

liberate nitrate nitrogen. The distillates were titrated with standard

sulfuric acid.

Manganese. Ten gm samples of the soil screened for nitrogen

analyses in the preceding section were placed in 250 ml Erlenmeyer

flasks with 100 ml of 3 N ammonium dihydrogen phosphate solution,

corked, and shaken for one hour to extract available manganese (Chapman

and Pratt, 1961). About 50 ml of each extract was stored in a plastic

vial following filtration through Whatman No. 32 filter paper.

Manganese concentrations were determined at a wavelength of 560 m~ on a
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Perkin-Elmer Model 303 atomic absorption spectrophotometer equipped with

automatic digital printout. A set of manganese standards in ammonium

~i2ydrogen phosphate was prepared from manganous sulfate.

Plant Sampling and Analysis

The plant part used for analysis was the D-1eaf, defined as the

most recently fully matured leaf on the plant. It is also usually the

longest leaf present. The D-leaf was washed in tap water, dried with

paper towelling, and weighed. The basal white tissue was then cut off,

chopped, weighed, and bagged for drying. Transitional tissue between

the green and basal white tissue was discarded. The green tissue was

chopped and mixed, after which five gm were taken for chlorophyll

analysis, 25 gm were placed in 95% ethanol and preserved by heating to

boiling, and the remainder weighed and bagged for drying and subsequent

elemental analysis. Analytical methods developed for pineapple tissues

by the Pineapple Research Institute of Hawaii are identified as such.

Chlorophyll (PRI Method 17.2C6). The fresh green tissue was

placed in a pint Waring B1endor container with 97 ml of commercial grade

acetone and blended for about 50 seconds, after which the contents were

filtered through a Whatman No. 12 folded filter paper into a 125 m1

Erlenmeyer receiving flask. The optical density of the acetone extract

was read in a Klett photoelectric colorimeter equipped with a B-60 filter

(600 m~) and compared with a standard curve prepared from aliquots of an

aqueous solution of sodium-potassium chlorophy11in (obtainable from

Nutritional Biochemicals Corp., Cleveland, Ohio).
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Soluble Nitrogen (PRI }fethod 14-6.1). The green tissue preserved in

ethanol was transferred quantitatively to a quart Waring B1endor

container, blended for about one minute, and filtered through a

previously weighed Whatman No. 12 folded filter paper into a 250 ml

volumetric flask. The macerated tissue was washed with 80% ethanol to

make the filtrate to volume. Fifty m1 of the filtrate, equivalent to

five gm of fresh tissue, were transferred to an 800 m1 Kje1dah1 flask

and subjected to standard Kje1dah1 digestion and distillation. The

liberated ammonia was taken up in boric acid - methyl red-bromcresol

green solution which was then titrated against standard sulfuric acid.

Protein Nitrogen. The macerated residue from the previous step,

together with the tared filter paper, was dried in a forced draft oven

at 70°C and weighed. The residue was removed from the filter paper and

ground in a Wiley mill equipped with a 20-mesh screen. A 0.5 gm sample

of the thoroughly mixed ground residue was placed in an 800 m1 Kje1dahl

flask and subjected to standard Kjeldllill digestion and distillation as

before.

Total Nitrogen. Total nitrogen in the green tissue was taken as

the sum of soluble plus protein nitrogen.

Nit~ate Nitrogen (PRI Method l7.l.CO). Nitrate nitrogen was

determined in the dried basal white tissue by the phenoldisulfonic acid

method (Harper, 1924) adapted for use with pineapple tissue. A 0.5 gm

sample of the tissue was placed in a beaker with calcium hydroxide and

a solution of copper and silver sulfates, mixed, and allowed to stand

for 30 minutes. The contents of the beaker were filtered through

Whatman No. 12 folded filter paper into a 125 ml Erlenmeyer receiving
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flask. A five m1 aliquot of the clear filtrate was pipetted into a

porcelain evaporating dish~ evaporated to dryness over a steam bath~

treated with two m1 of pheno1disu1fonic acid~ and allowed to stand for

10 minutes. The contents of the evaporating dish were washed into a

50 m1 volumetric flask and enough 6 M ammonium hydroxide added to

develop the yellow color characteristic of the method. The flask was

made to volume with distilled water~ allowed to cool to room temperature~

and the contents read in an Evelyn colorimeter at 440 row. The percent

transmission of the sample was compared with a standard curve (plotted

on semi10g paper) prepared from a1iquots of potassium nitrate solution.

Green tissue digestion for elemental analysis. Dried green tissue

was s~mjected to wet ashing by the nitric acid-perch1oric acid method

(Kacar~ 1962) and the resulting extract used for the determination of

potassium~ ca1cium~ magnesium~ manganese~ phosphorus~ and sulfur. A

0.5 gm sample of tissue was placed in a 100 m1 Kje1dah1 flask and allowed

to predigest overnight at room temperature with 15 m1 of a two-to-one

concentrated nitric acid-perch1oric acid mixture. Pre-digestion was

followed by digestion at temperatures sufficient to boil off the nitric

acid~ leaving an essentially perch10ric acid extract. The extract was

quantitatively transferred to a 50 m1 volumetric f1ask~ made to volume

with distilled water and stored in a plastic vial for analysis.

Potassium, Calcium, Magnesium, and Manganese. The potassium~

ca1cium~ maguesium~ and manganese concentrations of the perch10ric acid

extract were determined on a Perkin-Elmer Model 303 atomic absorption

spectrophotometer equipped with automatic digital printout. Potassium

was determined without dilution at a wavelength of 404.4 mw~ while five
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ml a1iquots of the extract were diluted to 50 m1 for the determination

of calcium, magnesium, and manganese at wavelengths of 422.8, 285.0 and

560.0 m~ respectively. The diluted samples also contained five m1 of

5% lanthanum oxide solution to minimize interferences. Sets of

standards for the cation determinations were prepared from potassium

sulfate, calcium nitrate, magnesium sulfate heptahydrate, and manganous

sulfate.

Phosphorus. Phosphorus was determined by the use of Barton's

reagent. A five m1 aliquot of the perch10ric acid digest was diluted

to 50 m1 after the addition of three ml of Barton's reagent. After

allowing 30 minutes for color development to take place, the optical

density of the solution was read in a Coleman Junior Model 6A

spectrophotometer at a wavelength of 430 m~ and compared to a standard

curve prepared from a1iquots of a 50 ppm phosphorus solution.

Sulfur. Sulfur was determined turbidimetrically as sulfate by

precipitation with barium chloride (Chesnin and Yien, 1950). A 10 m1

aliquot of the perch10ric acid extract was placed in a 25 ml volumetric

flask along with five ml of 1 N sodium acetate solution and one gm of

sized (20-30 mesh) barium chloride dihydrate crystals. After shaking

for one minute to effect precipitation of barium sulfate, one m1 of

0.25% gum acacia was added as a protective. colloid, and the contents of

the flask were made to volume with distilled water and shaken again.

The turbidity of the suspension was read in a Coleman Junior Model 6A

spectrophotometer at a wavelength of 450 m~ and compared to a standard

curve prepared from aliquots of a 50 ppm sulfur solution.



APPENDIX TABLE I. FIRST ORDER INTERACTION MEANS.
EXPERIMENT 1, FIRST PLANT SAMPLING.

% % % % % % % ppm ppm
Carriers Rates Fumigants Total Sol. Prot. Nitrate Soil Soil

(A) (B) (C) N N N N P Ca Mg NH4 N03

1 1 1.55 0.30 1.25 0.37 0.16 0.53 0.20 11.17 9.84
1 2 1.61 0.29 1.32 0.50 0.16 0.51 0.19 15.48 29.18
1 3 1.81 0.34 1.47 0.55 0.14 0.62 0.19 9.26 29.14
2 1 1.41 0.22 1.18 0.29 0.18 0.43 0.22 9.84 13.28
2 2 1.79 0.44 1.35 0.56 0.13 0.43 0.24 16.60 58.86
2 3 2.00 0.59 1.49 0.41 0.09 0.32 0.19 17.82 122.98
3 1 1.66 0.30 1.35 0.43 0.16 0.53 0.21 10.52 13.80
3 2 1.77 0.38 1.39 0.62 0.14 0.54 0.20 8.76 45.77
3 3 1.96 0.42 1.54 0.68 0.14 0.52 0.20 14.42 120.47
1 1 1.47 0.26 1.21 0.35 0.16 0.47 0.18 10.42 29.39
1 2 1.82 0.36 1.46 0.60 0.17 0.64 0.20 15.84 23.82
1 3 1.67 0.30 1.37 0.48 0.13 0.56 0.20 9.63 14.96
2 1 1.45 0.32 1.20 0.49 0.14 0.37 0.20 13.73 79.49
2 2 1.83 0.39 1.43 0.43 0.19 0.42 0.23 8.44 65.94
2 3 1.92 0.54 1.38 0.34 0.08 0.41 0.23 22.09 49.68
3 1 1.62 0.35 1.27 0.55 0.16 0.47 0.18 13.02 89.09
3 2 1.88 0.33 1.55 0.65 0.20 0.60 0.20 8.50 66.04
3 3 1.89 0.42 1.47 0.53 0.09 0.52 0.22 12.18 24.90

1 , 1.31 0.22 1.08 0.31 0.18 0.41 0.20 11.01 18.44.J..

1 2 1. 73 0.32 1.41 0.50 0.22 0.57 0.22 8.96 12.88
1 3 1.57 0.28 1.29 0.28 0.10 0.52 0.22 11.57 5.60
2 1 1.56 0.34 1.22 0.52 0.14 0.47 0.20 11.31 59.79
2 2 1.78 0.34 1.44 0.64 0.19 0.54 0.22 15.79 45.01
2 3 1.83 0.43 1.40 0.54 0.10 0.47 0.22 13.73 29.00
3 1 1.66 0.37 1.38 0.57 0.14 0.43 0.18 14.86 119.73
3 2 2.03 0.43 1.60 0.54 0.15 0.54 0.19 8.04 97.92
3 3 2.07 0.55 1.52 0.53 0.09 0.50 0.21 18.60 54.93 -...J

co



APPENDIX TABLE I. (Continued) FIRST ORDER INTERACTION MEANS.
EXPERIMENT 1, FIRST PLANT SAMPLING.

Carriers Rates, 1b/A Fumigants

1 - Ca(N03)2 1 - 100 1 - :~one

2 - (NH4)2S04 2 - 200 2 - DBCP
3 - NH4N03 3 - 300 3 - 1,3-D

-....J
1.0



APPENDIX TABLE II. FIRST ORDER INTERACTION MEANS. EXPERIMENT 2.

% % % % % % % ppm ppm
Carriers Rates Fumigants Total Sol. Prot. N03 Soil Soil

(A) (B) (C) N N N N P Ca Mg NH4 N03

1 1 1.11 0.26 0.85 0.70 0.09 0.28 0.18 27.23 54.28
1 2 1.14 0.33 0.81 0.72 0.09 0.26 0.17 29.63 99.72
1 3 1.18 0.33 0.86 0.75 0.09 0.23 0.16 29.49 149.78
2 1 1.03 0.23 0.80 0.42 0.08 0.18 0.14 45.22 58.22
2 2 1.24 0.35 0.90 0.38 0.08 0.18 0.14 73.67 111.16
2 3 1.26 0.40 0.86 0.38 0.09 0.17 0.14 139.17 127.93
3 1 1.15 0.31 '0.84 0.67 0.09 0.22 0.16 36.36 74.54
3 2 1.14 0.31 0.83 0.62 0.09 0.20 0.15 51.97 126.28
3 3 1.32 0.41 0.91 0.64 0.09 0.20 0.14 77.03 175.77
1 1 1.11 0.29 0.82 0.95 0.09 0.28 0.18 12.71 109.27
1 2 1.18 0.32 0.85 0.74 0.10 0.28 0.18 12.83 128.00
1 3 1.14 0.30 0.84 0.48 0.09 0.22 0.15 60.81 66.51
2 1 1.09 0.31 0.78 0.58 0.09 0.18 0.14 23.88 137.78
2 2 1.12 0.27 0.84 0.54 0.08 0.18 0.14 60.62 124.41
2 3 1.33 0.38 0.94 0.06 0.09 0.1£ 0.14 173,56 35.12
3 1 1.16 0.34 0.82 0.82 0.09 0.20 0.14 13.09 159.16
3 2 1.18 0.32 0.85 0.64 0.10 0.22 0.16 21.93 151.82
3 3 1.28 0.37 0.90 0.48 0.08 0.20 0.15 130.33 65.61

1 1 1.10 0.30 0.81 0.89 0.09 0.23 0.16 12.80 70.82
1 2 1.05 0.24 0.82 0.60 0.09 0.24 0.16 12.18 90.47
1 3 1.13 0.26 0.87 0.30 0.09 0.21 0.16 83.83 25.76
2 1 1.13 0.33 0.81 0.75 0.09 0.22 0.15 11.94 145.49
2 2 1.10 0.28 0.82 0.68 0.09 0.22 0.16 22.14 135.99
2 3 1.29 0.38 0.90 0.29 0.08 0.20 0.15 121.18 55.68
3 1 1.13 0.32 0.81 0.71 0.09 0.21 0.15 24.93 189.89
3 2 1.31 0.40 0.91 0.63 0.09 0.22 0.16 61.07 177.78
3 3 1.33 0.41 0.91 0.43 0.08 0.17 0.13 159.69 85.81

00
0



APPENDIX TABLE II. (Continued) FIRST ORDER INTERACTION MEANS. EXPERIMENT 2.

Carriers

1 - Ca(N03)2
2 - (NH4)2S04
3 - NH4N03

Rates ~ Ib/A

1 - 100
2 - 200
3 - 300

Fumigants

1 - None
2 - DBCP
3 - 1~3-D

co
......



APPENDIX TABLE III. FIRST ORDER INTERACTION MEANS.
EXPERIMENT 3.

Nematode Counts*
Carriers Rates Soil pH First Second

(A) (B) (C) Sampling Sampling

1 1 72 .62 92.24
1 2 98.06 94.79
2 1 123.32 132.19
2 2 73.66 101.09
3 1 91.59 97.74
3 2 83.30 105.34
1 1 92.66 95.68
1 2 78.02 91.35
2 1 116.74 126.02
2 2 80.25 107.26
3 1 101.64 108.24
3 2 73!25 94.84

1 1 103.38 119.19
1 2 88.30 95.59
2 1 103.97 100.77
2 2 66.04 100.05

*All data in this table have been subjected to square root
transfonnation.
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Carriers

1 - Ca(N03)z
2 - (NH4)2S04
3 - NH4N03

Rates, 1b/A

1 - 100
2 - 200
3 - 300

Soil pH

1 - 4.5
2 - 5.5
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APPENDIX TABLE IV. SOIL pH VALUES AT END OF GROWING PERIOD.
EXPERIMENTS 1 AND 2. 1:1 Soil: Water Ratio.

Experiment 1 Experiment 2
Carrier Rate Fumigant Rep. Rep. Rep. Rep. Rep. Rep.

1 2 3 1 2 3

1 1 1 4.5 4.9 5.1 4.1 4.3 4.3
2 1 1 4.4 4.7 4.8 4.2 4.3 4.2
3 1 1 4.6 4.8 5.0 4.2 4.3 4.2
1 2 1 4.8 4.9 5.1 4.2 4.3 4.2
2 2 1 4.2 4.3 4.5 4.3 4.4 4.2
3 2 1 4.7 4.7 4.8 4.2 4.3 4.3
1 3 1 4.8 5.1 5.4 4.3 4.4 4.4
2 3 1 4.1 4.3 4.5 4.2 4.3 4.3
3 3 1 4.6 4.5 4.6 4.2 4.3 4.4
1 1 2 4.8 4.9 5.0 4.4 4.4 4.4
2 1 2 4.6 4.6 4.7 4.3 4.5 4.3
3 1 2 4.9 4.7 4.9 4.3 4.4 4.3
1 2 2 5.2 4.8 5.1 4.4 4.4 4.4
2 2 2 4.5 4.6 4.6 4.3 4.4 4.3
3 2 2 4.7 4.7 4.9 4.3 4.5 4.3
1 3 2 5.0 5.0 5.2 L•• 4 4.6 4.4
2 3 2 4.1 4.4 4.4 4.2 4.4 4.3
3 3 2 4.7 4.7 4.7 4.3 4.5 4.3
1 1 3 4.8 5.0 5.0 4.6 4.6 4.6
2 1 3 4.6 4.7 4.8 4.5 4.5 4.5
3 1 3 4.7 4.9 4.9 4.3 4.5 4.6
1 2 3 4.9 5.0 5.1 4.5 4.5 4.6
2 2 3 4.4 4.6 4.7 4.6 4.4 4.5
3 2 3 4.7 4.8 5.0 4.5 4.4 4.5
1 3 3 5.0 5.2 5.2 4.6 4.5 4.6
2 3 3 4.2 4.6 4.5 4.5 4.5 4.4
3 3 3 4.7 4.7 4.8 4.5 4.5 4.5

Carriers

1 - Ca(N03)2
2 - (NH4)2S04
3 - NH4N03

Rates, lb/A

1 - 100
2 - 200
3 - 300

Fumigants

1 - None
2 - DBCP
3 - 1,3-D



BIBLIOGRAPHY

Aldrich~ D.G. t and J.P. Martin. 1952. Effect of fumigation on some
chemical properties of soils. Soil Sci. 73:149-159.

Birchfie1d t W. t and J.F. Parr. 1969. Nematicidal and fungicidal
effects of some soil-applied nitrogen compounds. Phytopath. 59: 1018
(Ann. Abstr.)

Bird t A.F. 1959. The attractiveness of roots to the plffi1t parasitic
nematodes Meloidogyne javanica and M. hapla. Nematologica 4:322-335.

Carter, W. 1943. A promising new soil amendment and disinfectant.
Science 97:383-384.

Chakravorty, A.K. 1968. Effect of moisture and biological control
chemicals on nitrogen transformation in Hawaiian soils. M.S. Thesis t

Univ. of Hawaii.

Chapman, H.D. t and P.F. Pratt. 1961. Methods of analysis for soils,
plants, and waters. Univ. of California, Div. of Agric. Sciences.

Chesnin t L. t and C.H. Yien. 1950. Turbidimetric determination of
available sulfate. Soil Sci. Soc. Amer. Proc. 15:149-151.

Christie t J.R. 1959. Plant Nematodes: Their Bionomics and Control.
Univ. of Florida, Agric. Expt. Stations.

Clark, H.E. 1936. Effect of ammonium and of nitrate nitrogen on the
composition of the tomato plant. Plant Physiol. 11:5-24.

Connelly, P.R. 1969. The relative response of the pineapple plant,
Ananas comosus (L.) Merr. t under varying nitrogen rates and carriers
under different levels of light intensity. M.S. Thesis, Univ. of
Hawaii.

Dasgupta, D.R., D.J. Raski, and S.A. Shere 1968. A reV1Slon of the
genus Rotylcnchulus Linford and Oliveira 1940 (Nematoda: Tylenchidae).
Proc. Helm. Soc. Wash. 35:169-192.

Davidson, J.H., and B.J. Thiegs. 1966.
on nitrogen nutrition and crop response.

The effect of soil fumigation
Down to Earth 22:7-12.

Feldman, A.W., E.P. DuCharme, and R.F. Suit. 1961. N, P t and K in
leaves of citrus trees infected with Radopholus similis. Pl. Dis.
Reptr. 45:564-568.

Felton, G. 1951. In the files of the Pineapple Research Institute of
Hawaii.



85

Fried~ M., F. Zsoldos~ P.B. Vase~ and I.C. Shatokhin. 1965.
Chara.cterizing the nitrate and ammonium uptake process of rice roots
by use of l5-N labelled ammonium nitrate. Physiol. P1anta. 18:313-320.

Harper, H.V. 1924. The determination of nitrate in soils. Ind. and
Eng. Chern. 16:180-183.

Heiman, P.E. 1967. Manganese deficiency in cauliflower and broccoli
induced by soil fumigation with dichloropropenes. Soil Sci. 106:
401-403.

Kacar, B. 1962. Plant and soil analysis (mimeo.). University of
Nebraska.

Keeney, D.R., and J.M. Bremner. 1966. Determination and isotope-ratio
analysis of different forms of nitrogen in soils: 4. Exchangeable
ammonium, nitrate, and nitrite by direct-distillation methods. Soil
Sci. Soc. Amer. Proc. 30:583-587.

Kirkby, E.A., and K. Mengel. 1967. Ionic balance in different tissues
of the tomato plant in relation to nitrate, urea, or ammonium nutrition.
Plant Physiol. 42:6-14.

Kirkby, E.A. 1968.
cation-anion balance
mustard plants grown
133-141.

Influence of ammonium and nitrate nutrition on the
and nitrogen and carbohydrate metabolism of white
in dilute nutrient solutions. Soil Sci. 105:

Kirkpatrick, J.D., S.D. Van Gundy, and W.F. Mai. 1964.
relationshins of plant nutrition, growth, and parasitic
Bould, P. Prevot, and J.R. Magness (eds. Plant Analysis
Problems IV. Amer. Soc. Hort. Sci.

Inter­
nematodes i!l C.
and Fertilizer

Koike, H. 1961.
soil. Soil Sci.

The effects of fumigants on nitrate production in
Soc. Amer. Proc. 25:204-206.

Linford, M.B., and J.M. Oliveira. 1940. Rotylenchulus reniformis,
nov. gen., n. sp., .a nematode parasite of roots. Proc. Helm. Soc.
Wash. 7: 42-44.

Lingle, J.C., R.H. Sciaroni, B. Lear, and J.R. Wright. 1961. The
effect of soil liming and fumigation on the manganese content of
brussels sprout leaves. Proc. Amer. Soc. Hort. Sci. 78:310-318.

Mahler, R.A., and E.H. Cordes. 1966. Biological Chemistry. Harper
and Row, New York.

Margolis, D. 1960. The range of free amino acids and amides in tomato
plants and the effect of nitrate or ammonium as nutrients. Contrib.
Boyce Thompson Inst. 20:425-436.



86

Marks~ C.F.~ I.J. Thomason~ and C.E. Castro. 1968. Dynamics of the
permeation of nematodes by water~ nematocides~ and other substances.
Exp. Parasitol. 22:321-337.

Martin~ J.P.~ R.C. Barnes~ and A.L. Page. 1963. Observations on the
occasional temporary growth inhibition of citrus seedlings following
heat or fumigation treatment of soil. Soil Sci. 95:175-185.

Martinez~ A.O.~ J. Gomez Gomez t and F.C. Cande1. 1966. Accion
nematicida de 1a urea contra Ty1enchu1us semipenentrans Cobb. An.
Edaf. Agrobio1. 25:737-743.

McCants~ C.B.~ E.O. Skog1ey~ and W.G. Woltz. 1959. Influence of
certdin soil fumigation treatments on the response of tobacco to
ammonium and nitrate forms of nitrogen. Soil Sci. Soc. Amer. Proc.
23:466-469.

McKee~ H.S. 1962. Nitrogen Metabolism in Plants. Oxford Univ. Press~

London.

Moriarty~ F. 1963. The effects of sowing time and of nitrogen on
peas and on pea root ee1worm. Nemato10gica 8:169-175.

Morris~ H.D.~ and J. Giddens. 1963. Response of several crops to
ammonium and nitrate forms of nitrogen as influenced by soil fumigation
and liming. Agron. Jour. 55:372-374.

Nelson, C.E. 1953. Methods of applying ammonium nitrate fertilizer on
field corn and a study of the movement of ammonium and nitrate nitrogen
in the soil under irrigation. Agron. Jour. 45:154-157.

Nettles, V.F.~ and S. Hamdi. 1953. Influence of soil fumigants on
total Nt K~ Mg~ and Ca content of tomato leaves. Proc. Amer. Soc.
Hort. Sci. 61:343-345.

Nig~tinga1e, G.T. 1942a. Nitrate and carbohydrate reserves in relation
to nitrogen nutrition of pineapple. Bot. Gaz. 103:409-456.

Nightingale, G.T. 1942b. Potassium and phosphate nutrition of
pineapple in relation to nitrate and carbohydrate reserves. Bot. Gaz.
104:191-223.

Nightingale, G.T. 1948. The nitrogen nutrition of green plants II.
Bot. Rev. 14:185-221.

01thof, Th. H.A.) and R.H. Estey. 1969. Reduction of root knot of
tomatoes in d8xtrose- and ammonium nitrate-amended soil infested with
the nematophagous fungus Arthrobotr~ o~igosporea. Nemato10gica 15:
157-159.



87

Oostenbrink~ M. 1960. Population dynamics in relation to cropping,
manuring and soil disinfection in J.N. Sasser and W.R. Jenkins (eds.)
Nematology. Univ. of North Carolina, Chapel Hill.

Oteifa, B.A. 1955. Nitrogen source of the host nutrition in relation
to infection by a root-knot nematode~ Me1oidogyne incognita. Pl. Dis.
Reptr. 39:902-903.

Pawlowski, H.E. 1967. Die wir'kung von ca1cium- und annnonium-nitrat auf
das wachstrum von petunien, chrysanthemen, und begonien: I.
Ertragsbildung. Gartenbauwissenschaft 32: 193-211.

Quaste1, J.H. 1963. Microbial activities of soil as they affect plant
nutrition in F.C. Steward (ed.) Plant Physiology 111:671-756.

Sanford, W.G., D.H. Smith, and H.W. Klemmer. 1965. In the files of
the Pineapple Research Institute of Hawaii.

Sanford, W.G., and J. Fo. 1965. In the files of the Pineapple Research
Institute of Hawaii.

Sherman, G.D., and C.K. Fujimoto. 1946. The use of lime, soil
fumigants, and mulch on the solubility of manganese in Hawaiian soils.
Soil Sci. Soc. Amer. Proc. 11:206-210.

Sideris, C.P., and B.H. Krauss. 1937. The growth of pineapple plants
in water cultures wi.th either ammonium or nitrate salts. Growth 1:
204-210.

__________~, , and H.Y. Young. 1938. Assimilation of
annnonium and nitrate by pineapple plants grown in nutrient solutions
and its effect on nitrogenous and carbohydrate constituents. Plant
Physio1. 13:489-527.

_________, , and _---:'_~- 1939. Distribution of
different nitrogen fractions~ sugar~ and other su1stances in various
sections of the pineapple plant grown in soil cultures and receiving
either ammonium or nitrate salts. Plant Physio1. 14:227-254.

, and H.Y. Young. 1946. Effects of nitrogen on grmvth---------and ash constituents of Ananas comosus (L.) Merr. Plant Physio1. 21:
247-270.

, , and H.H.Q. Chun. 1947. Effects of
------~nitrogen on the nitrogenous fractions of Ananas comosus (L.) Merr.
Plant Physio1. 22:127-148.

1950. Growth of Ananas comosus (L.) Merr., at different
levels of mineral nutrition under greenhouse and field conditions. I.
Plant and fruit weights and absorption of nitrate and potassium at
different growth intervals. Plant Physio1. 25:594-616.



88

_____________, and H.Y. Young. 1951. Growth of Ananas comosus (L.)
Merr., at different levels of mineral nutrition under greenhouse and
field conditions. II. Chemical composition of the tissues at
different growth intervals. Plant Physiol. 26:456-474.

__~ ~_, and 1956. Pineapple chlorosis in relation
to iron and nitrogen. Plant Physiol. 31:211-222.

Smith, D.H. 1963. Effect of fumigants on the soil status and plant
uptake of certain elements. Soil Sci. Soc. Amer. Proc. 27:538-541.

Snedecor, G.W. 1956. Statistical Methods, 5th ed. Iowa State Univ.,
Ames.

Stemerding, S. 1960. The influence of different rotations on a
population of pea cys~ eelworm, Heterodera goettingiana Liebscher.
Nematologica (Suppl. 11:97-100).

Street, H.E., and E.G. Sheat. 1958. The absorption and availability of
nitrate and ammonia. Encycl. of Plant Physiol. 8:150-165.

Tam, R.K. 1945. The comparative effects of a 50-50 mixture of 1,3­
dichloropropene and 1,2-dichloropropane (D-D mixture) and of
chloropicrin on nitrification in soil and on the growth of the pineapple
plant. Soil Sci. 59:191-205.

Thiagalingam, K. 1967. Effect of temperature and biological control
chemicals on nitrogen transformation in Hawaiian soils. M.S. Thesis,
Univ. of Hawaii.

Thiegs, B.J. 1955. Effect of soil fum~igation on nitrification. Down
to Earth 11:14-15.

Turligina, E.S. 1958. A new method of gall nematode control.
Priroda 47:95-9~.

Viets, F.G. 1965. The plant's need for and use of nitrogen in W.V.
Bartholomew and F.E. Clark (eds.) Agronomy 10.

Vladimirov, A.V. 1939. Variations in the citric acid and nicotine
contents of Hakhorka leaves in relation to the ammonium and nitrate
nutrition of plants. Chemisation Socialistic Agric., USSR, 8:35-42.

1945. Influence of nitrogen sources in the formation
of oxidized and reduced organic compounds in plants. Soil Sci. 60:
265-276.

Wadleigh, C.H., and J.W. Shive. 1939. Base content of corn plants as
influenced by pH of substrate and form of nitrogen supply. Soil Sci.
47:273-284.



89

Wallace, A. 1966. Current topics in plant nutrition. Geigy
Agricultural Chemicals, Ardsley, N.Y.

Webster, G.C. 1959. Nitrogen Metabolism in Plants. Row, Peterson and
Company, Evanston, Ill.

Weissman, G.R. 1950. Growth and nitrogen absorption of wheat seedlings
as influenced by the ammonium:nitrate ratio and the hydrogen-ion
concentration. Amer. Jour. Bot. 37:725-738.

1951. Nitrogen metabolism of wheat seedlings as
influenced by the arnmonium:nitrate ratio and the hydrogen-ion
concentration. Amer. Jour. Bot. 38:162-174.

Wens ley , R.N. 1953. Microbiological studies of the action of
selected soil fumigants. Can. Jour. Bot. 31:277-308.

Winfree, J.P., R.S. Cox, and D.S. Harrison. 1958. Influence of
bacterial soft rot, depth of water table, source of nitrogen, and soil
fumigation on production of lettuce in the Everglades. Phytopath.
48:311-316.

Wolcott, A.R., F. Maciak, L.N. Shepard, and R.E. Lucas. 1960. Effect
of Telone on nitrogen transformations and on growth of celery in an
organic soil. Down to Earth 16:10-14.

Young, H.Y. 1965. In the files of the Pineapple Research Institute
of Hawaii.


