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Introduction
In a former paper (12) data were presented on the effects of iron on

growth, certain physiochemical properties, and ash constituents of Ananas
comosus (L.) Merr. The present paper is concerned with data from the
same plants pertaining to the amounts and distribution of chlorophyll,
carotenoid pigments, titrable acidity, ascorbic acid, dextrose, levulose,
sucrose, starch, the pentosan and hexosan fractions of hemicellulose, cellulose
and lignins in different sections of the leaves, stem, and roots.

Methods
Sixteen plants were grown for 12 months in constantly aerated solution

cultures supplied with equal amounts of nitrate- or ammonium-nitrogen
and either with or without iron (5 mg. per liter of solution). At the end of
this period 8 were harvested, weighed, sectioned, and analyzed following the
technique reported in a former paper (10). Methods employed for the
chemical analyses of the substances mentioned in this paper were as follows.

The chlorophyllous pigments were determined according to SCHERTZ'S
methods (8, 9). The titrable acidity of the tissues, expressed as percentage
of citric acid, was determined with a 0.1 N solution of sodium hydroxide
on a 10-ml. aliquot representing 2 grams of fresh tissue. Ascorbic acid was
determined with 2, 6-dichlorophenolindophenol in acetic acid according to
the method of BESSEY and KING (3). Sugars in the aqueous extracts of fresh
tissues were determined by the method of QUISUMBING and THOMAS (7)
after treatment with lead acetate and deleading with disodium phosphate.
Dextrose was determined by the hypoiodite method of WIDDOWSON (14), and
levulose was calculated from the difference between the values of reducing
sugars and dextrose. The colorimetric method of PucHER and VICKERY (6)
was employed for the determination of starch. Hemicelluloses were deter-
mined after hydrolysis with 0.75 N hydrochloric acid for 2.5 hours on the
residue of the sample employed for the analysis of starch following the
removal of all dissolved substances. The sugars in the above hydrolysate,
reported as total hemicelluloses, contained mixtures of pentose and hexose
sugars. The furfural content of the total hemicellulose sugars was made the
basis for the separation of the pentose from the hexose sugars. The residue

1 Published with the approval of the Acting Director as Technical Paper no. 149 of
the Pineapple Research Institute, University of Hawaii.
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of the sample of tissues from the hemicellulose determination was employed
for determining lignin and cellulose. Lignin was determined by the method
of PETERSON, WALDE and HIXON (5). Cellulose was calculated as the differ-
ence between the weights of the dried residue (after the extraction of
hemicelluloses) and lignmn.

The significance of the differences between the amounts of the various
items of the different cultures was calculated, as reported in a former publi-
cation (12), from CONRAD'S modification of BESSEL'S formula, and the values
of z were obtained from Student's Table as modified by LoVE. Table VII
reports the statistical significance of the difference of the amounts of the
various items mentioned.

Results
Synoptic expressions have been introduced in the presentation of the

results and in the discussion to replace the longer ones for the appellation of
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FIG. 1. Chlorophyll in pineapple tissues of plants grown with and without iron, and
with nitrate or ammonium as source of nitrogen.

the various treatments. The series Ammonium-nitrogen will be designated
by A-n and Nitrate-nitrogen by N-n. Also, the cultures "Plus-iron" by F
and Minus-iron" by 0.

CHLOROPHYLLOUS PIGMENTS

Chlorophyll was separated from the carotenoid pigments but no attempt
was made to separate either chlorophyll alpha from chlorophyll beta or
carotene from xanthophyll. The data in table I and in figure 1, show
that the plants of the F cultures contained amounts of chlorophyll consider-
ably in excess of those of the 0 cultures regardless of the source of nutrient
nitrogen. They show, also, that the plants of the A-n series contained
greater quantities of chlorophyll than those of the N-n series. This rela-
tionship has already been discussed (10).

Carotenoids were higher in the plants of the F than 0 cultures of both
series. They ranged from 10 to 30 per cent. in the A-n and from 70 to 180
per cent. in the N-n series., Such comparisons show that the distribution of
carotenoids paralleled that of chlorophylls. Since the amounts of both types
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FIG. 2. Carotenoid content of pineapple tissues of plants grown with and without

iron, and with nitrate or ammoniuim nitrogen.

of pigments present in a given section were not proportional to the amounts
of iron supplied in the nutrient solution, it is probable that the degree of
availability rather than the total amounts of iron within the plants were the
determinant factors for the concentrations of chlorophyll and carotenoids.
Iron availability was greater in the A-n than N-n series because of more fa-
vorable H-ion concentrations in the solution cultures of the former series as
shown in an earlier publication (12).

ACIDITY
Titrable acidity is reported as milligrams of citric acid per gram of fresh

tissue in tables I and II, and in figure 3. The values differed in different
sections and also varied to some extent in comparable sections of the plants
of the different cultures. They were generally greater in the chlorophyllous
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FIG. 3. Citric acid content of pineapple tissues of plants grown with and without
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FIG. 4. Active acidity (pH) of sap of pineapple tissues of plants grown with and
without iron, and with nitrate or ammonium nitrogen.

than non-chlorophyllous sections of the leaves, a fact also reported in a
previous publication (10). The values of titrable acidity fluctuated con-
siderably between comparable sections in the plants of the different cultures.
They were not consistent with respect to either the amounts of iron or the
source of nitrogen. In the N-n series, however, the cholorphyllous sections
of the leaves of the F cultures contained significantly greater amounts
of titrable acidity than those of the 0 cultures, yet in the A-n the differences
in acidity between the F and 0 plants were not statistically significant.

The pH values of the sap, reported in tables I and II and figure 4, were
in relative agreement with those of the acidity for corresponding sections
although the great amounts of buffer substances in certain sections made
perfect agreement between titrable acidity and pH values impossible.

ASCORBIC ACID

The ascorbic acid content of the sap, reported in tables I and II, and in
figure 5, was higher in the chlorophyllous than in the non-chlorophyllous
sections, thus approximately paralleling the distribution of citric acid.
The stem and roots either completely lacked ascorbic acid or the amounts
were very small and insignificant.
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FIG. 5. Ascorbic. acid content of pineapple tissues from plants grown with and

without iron, with nitrate or ammonium nitrogen.
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Ascorbic acid values were considerably greater in the leaves of the 0 than
F eultures of the N-ni series, the differences beingy highly significant, as
reported in table VII. In the planits of the A-ii series ascorbic acid was
apparently higher in the "old" (B) and "mature" (C) groups of leaves
of the 0 than F cultures, but not in the "active" (D) anid "young" (E)
groups. Ascorbic acid showed in many sectionis of the N-n series an inverse
relationship to citric acid whereas in the A-n series the relationship was
direct.

TOTAL SUGARS

The amounts of total sugars, reported in tables III and IV, and in figure
6, were, with few exceptions, hieher for the plants of the F than 0 cultures

L4J MI~~~/,V/US IRO//3QO
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O/AR FEP R0 / a
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NI/TRATrE AMMONIUMf
FIG. 6. Total sugars in pineapple tissues from plaiits grown witlh or without iron,

anid wvith niitrate or ailmonium nitrogen.

of both series. They were higher in the basal and apical sections of the stem
than in the medial sections. The amounts were greater in the N-n than A-n
series. Contrasts between the amounts of sugars anid chlorophyll in the
"mature" (C) and "active" (D) leaves of the F aind 0 cultures of the N-n
series show that mean chlorophyll values were 212 per cent. (F = 0.572 and
0 = 0.183) and sugars 16.6 per cenit. (F = 27.5 and 0 = 23.5) higher in the F
than 0 cultures. Variability in the chlorophyll values was 30.8 per cent.

(cv=w.2) whereas in the sugars it was 57.4 CV=

Accordinoly, sugar values were 1.86 times (57.4 . 30.8 = 1.86) more variable,
oni the basis of these calculations, than chlorophyll values. The results sug-
gest, therefore, that sugar accumulations in the leaves had been influenced
by other factors intimately associated with the metabolic and photosynthetic
activities of the plant besides chlorophyll concentrations.
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5EAl LEA VES
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FIG. 7. Reducing sugars in pineapple

iron, and wvithl nitrate or ammonium nitrogen

,srrm LEAVES

A,AMMON/Z/M
tissues from plants grown witlh or without

REDUCING SUGARS

Data for reduciing sugars are presented in figyure 7 anid for dextrose and
levulose in figures 8 and 9, ancd in tables III an-d IV. Dextrose occurred in
much greater amounts in practieallv all the sections of the leaves, stem, and
roots than did lev-ulose. In the stem, levulose was either absent or present
in verv small amouints wvhile dextrose imade uip the biilk of the amounts of

17f

.75.

1,

0

a

AMINAUZS IRON
PLUS

NIv TRA TE AMMOA/AUAf

FIG. 8. Dextrose in pineapple tissues from plants grown with or witlhout iron, and
with nitrate or ainmonium nitrogen.
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FIG. 9. Levulose in pineapple tissues from plants grown with or without iron,
and with nitrate or ammonium nitrogen.

reducing sugars. Dextrose accumulated mostly in the basal and terminal
sections of the leaves of the "old" (B), "mature" (C), and "active" (D)
groups, whereas levulose accumulations were highest in the basal sections.
In the leaves of the "young" (E) group the differences between the amounts
of either dextrose or levulose of the basal and terminal sections were not as
great as in the other groups of leaves. Dextrose occurred in greater amounts
in the chlorophyllous (2, 3, 4, 5), while levulose was more abundant in the
basal (1), non-chlorophyllous sections of the leaves. The low amounts of
levulose in the chlorophyllous and the high in the non-chlorophyllous sec-
tions might indicate that either the rate of levulose synthesis was consider-
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FIG. 10. Sucrose in pineapple tissues from plants grown with or without iron,

and with nitrate or ammonium nitrogen.
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ably lower than that of dextrose or that it was utilized more in the syntheses
of various types of substances.

SUCROSE

The data in tables III and IV, anld in figure 10 show that sucrose was
more abundant in the plants of the F than 0 cultures of the N-n series. In the
A-n series sucrose did not accumulate in the F cultures and in many sections
the 0 cultures had slightly higher sucrose values. There can be no doubt,
however, that the greater amounts of sucrose in the plants of the F than 0
cultures of the N-ni series resulted from different rates of carbohydrate syln-
thesis due to appreciable differences in chlorophyll contenit. The lack of
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FIG. 11. Starch in pineapple tissues from plants grown with or without iroa, anid

with nitrate or ammonium nitrogen.

appreciable difference in the sucrose content of the F and 0 cultures in the
A-n series may be attributed to the small differences in the chlorophyll con-
tent and possibly to different rates of utilization of sucrose.

STARCH

Iron availability and the source of nitrogen had affected the amounts of
starch more than anv other carbohydrates, as reported in tables III and IV,
and in figure 11. The plants of the F cultures of both series contained, with
few minor exceptions, more starch than those of the 0 cultures. Also, starch
accumulations were enhaneed more by nitrate- than ammonium-nitrogen
under the same concentrationis of iron.
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Starch accumulations were restricted mostly to the tissues of the stem
and were appreciably greater in the N-n than in the A-n series, whereas
reducing sugars and sucrose accumulated mostly in the leaves although
some stem sections contained as high amounts of sugars as did leaf sections.
The "mature" (C) and "active" (D) leaves contained greater amounts of
starch than did those of the "old" (B) and "young" (E) groups. The
small amounts of starch in the leaves of the "young" (E) group can be ex-
plained on the basis of a relatively rapid utilization of carbohydrates for the
synthesis of new tissues, while those in, the leaves of the "old" (B) group
may be explained by a decreased rate of photosynthetic activity or by a
possible hydrolysis of starch resulting from tissue senility.

'C .

MMUSIEWI

OLDrchvaluesfACt/VS b OP DinAhe wr An

MIE1ACELLUOS

-STMFA LEAVE STEM Z AFAVES
NITrRATrE A*MbONI41I

FIG. 12. Total hemicellulose sugars in pineapple tissues from plants grown with or

without iron, and with nitrate or ammonium nitrogen.

A synoptic analysis of the effects of iron and nitrogen sources on starch
shows that nitrate-nitrogen versus ammonium-nitrogen increased the average
starch values in the stem 161.6 per cent. for the plus-iron and 295.0 per cent.
for the minus-iron cultures. The gains of starch in the stem of the plus-
iron versus minus-iron cultures were 33.2 per cent. for the nitrate series and
101.3 per cent. for the ammonium series.

HEMICELLULOSES

The amounts of total hemicellulose sugars, reported in tables V and VI,
and in figures 12, 13 and 14, were slightly greater in the F than 0 cultures.
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Peitose sugoars, constitutii ioiiore than three-fourths the amounts of total

hemiieellulose suyars, wsere ogenerallv hioher in most leaf sections of the F
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FIG. 15. Cellulose in pineapple tissues from plants grown with or without iron, and

with nitrate or ammonium nitrogen.

were reversed. The results indicate that hexosans were more susceptible
to variations by the difference in the amounts of iron anid sources of in-
organic nitrogen than pentosans.

CELLULOSE

The amounts of cellulose, reported in tables V and VI, and in figure 15,
were affected very little by iron concentrations. The effects of the source of
nitrogen in the solution culture on the amounts of cellulose in the plants of

TABLE VII
CALCULATED STATISTICAL SIGNIFICANCE* OF THE DIFFERENCE OF THE MEANS OF THE

SUBSTANCES LISTED BELOW OF COMPARABLE SECTIONS OF THE LEAVES AND

STEM OF PLANTS GROWN EITHER IN PLUS-IRON OR IN MINUS-IRON
CULTURES AND SUPPLIED WITH NITRATE OR AMMONIUM

SALTS AS SOURCES OF NITROGEN

NITRATE-N AMMONIUM-N

LEAVES STEM LEAVES STEM

SUBSTANCES IN IN IN IN
SIGNIFI- FAVOR SIGNIFI- FAVOR SIGNIFI- FAVOR SIGNIFI- FAVOR
CANCE OF CUL- CANCE OF CUL- CANCE OF CUL- CANCE OF CUL-

TURE TURE TURE TURE

Chlorophyll ... 9999: 1 +Fe .................. 9999: 1 +Fe
Carotenoids ... 9999: 1 +Fe .................. 9999: 1 +Fe
Acidity + Fe.................. None
Ascorbic acid 9999: 1 - Fe ................. . None
Total sugars 9999: 1 + Fe None 9999: 1 + Fe None
Reducing " None None 9999: 1 + Fe None
Sucrose.. 9999: 1 + Fe None None None.
Starch .. 4000: 1 +Fe 9999: 1 +Fe 9999: 1 +Fe 29: 1 +Fe
Pentosans 9999: 1 + Fe None ........... 9999: 1 + Fe None
Hexosans 9999: 1 -Fe 45: 1 -Fe None 43: 1 +Fe
Celluloses None None None None
Lignin.. None None None NoneI ............

* By CONRAD'S formula and from LOVE 'S table.
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the different treatments were small and lacked statistical significance. These
small differences were in favor of the plants of the N-n series. It is suspected
that they resulted from differences in the water content of the tissues, as
shown in former publications (10, 11). The high cellulose content of the
transitional subehlorophyllous (2) sections of the leaves of the "mature"
(C) and "active" (D) groups is of great interest because it conforms with
their structural requirements. The leaves of these groups require, on
account of their great length and weight and their outwardly inclined
position on the stem, greater structural reinforcement than do the leaves
of the other groups in order to prevent their downward collapse.

Cellulose, being a structural and not a food or energy-yielding poly-
saccharide, did not undergo appreciable changes as a result of changes in the
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FIG. 16. Lignin in pineapple tissues from plants grown with or without iron, and
with nitrate or ammonium nitrogen.

carbohydrate metabolism of the plants induced by the respective amounts
of iron of the F and 0 cultures. Except for the smaller weights of the plants
of the 0 than F cultures of the N-n series, no other changes could be observed
appreciably affecting the values of cellulose.

LIGNIN

The lignin content of the plants of the different treatments recorded in
tables V and VI, and in figure 16, ranged from one-half to one-tenth and
averaged about one-fourth that of cellulose. Lignin, like cellulose, being a
structural and not a food or energy-yielding substance was affected very
little by the different amounts of iron in the 0 and F cultures. The data
gathered so far indicate that the amounts of lignin, celluloses, and hemicellu-
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loses were directly related to the quantities of the fibrovascular tissues of the
respective plant sections.

Discussion
The traces of iron contained as impurities in the C. P. nutrient salts were

not sufficient to promote good growth in the plants of the 0 cultures of the
N-n series where the initial pH of the solution culture changed in a two-week
period from 4.4 to 6.8. Such traces of iron were very effective, however, for
promoting plant growth in the 0 cultures of the A-n series because the order
of pH changes in the solution culture was reversed, shifting in the course of
two weeks from an initial pH value of 6.6 to a final one of 4.3. Such changes
affected the degree of iron solubility and its availability to plants (12).
Where iron was available, as in the F cultures, chlorophyll was produced in
ample amounts.

The minimum amounts of iron required by A. comosus for optimum
chlorophyll development and growth are relatively small. Amounts ranging
from 0.3 to 0.5 micrograms of iron per gram of fresh tissue have been found
in many green tissues and may be considered adequate provided the rate of
flow which maintains such iron concentrations within the plant tissues does
not diminish appreciably (12).

The most obvious physiological function of iron is its influence on the
formation of chlorophyll or more probably of protochlorophyll (4) and other
related metalloporphyrins such as cytochrome-c, (2). Following the for-
mation of chlorophyll the entire metabolic tempo of the plant is accelerated
with respect to carbohydrate synthesis, nitrogen assimilation, and nutrient
mineral requirements. This indicates that the physiological effects of iron
on the general metabolism of the plant are very intimately related to the
chlorophyll status of the plant. Hence it will be utterly misleading to place
too much emphasis on the amounts of iron found in plant tissues or on those
supplied externally to plants through solution cultures, and too little empha-
sis on the chlorophyll content of the leaves inasmuch as experience has shown
that amounts of chlorophyll in the leaves do not always correlate with those
of iron.

Certain interesting phenomena associated with the distribution of ascorbic
acid are the gradients of concentrations of this substance in different sections
of the leaves of different groups which in most cases were highest in the
termninal and lowest in the basal sections. These gradients might have
resulted from differences in the physiological functions of the different sec-
tions. The data also show that ascorbic acid had reached maximum values
in the leaves of the "active" (D) and minimum values either in the "old"
(B) or "young" (E) groups. The differences in the amounts of ascorbic
acid between groups of leaves may be explained by the assumption that
ascorbic acid, being a by-product of metabolic activity (possibly resulting,
like many other acids, from the incomplete oxidation of sugars during respi-
ration), is produced in greater amounts in leaves of great vigor and maxi-
mum synthetic activity such as the "active" (D) group than in immature
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leaves such as the "young" (E) group. The relatively small amounts of
ascorbic acid in the leaves of the "old" (B), and to a lesser extent of the
"mature" (C) group, resulted possibly from catabolic processes caused by
tissue senility. The lower values of ascorbic acid in the F than 0 cultures
suggest possible oxidation of ascorbic acid by the iron of F cultures in all
the groups of leaves of the N-n series [where average total Fe values, re-
ported elsewhere (12), were 19.4 and 47.3 y per gram of fresh leaf tissue for
the 0 and F cultures, respectively]. In the "old" (B) and "mature" (C)
leaf groups of the A-n series reduction in ascorbic acid values might have
also been caused by oxidation since iron was 3.14 times more abundant in the
F than 0 plants (F =98.5, and 0=31.4 y per gram of tissue). The only
exceptions were certain sections of the leaves of the "active" (D) and
"young" (E) groups of the A-n series, where the amounts of both ascorbic
acid and iron were higher in the F than 0 cultures.

The values of titrable acidity, pH, and ascorbic acid indicate that the
conditions in the chlorophyllous sections of the leaves were highly favorable
for the solubility and reduction of iron, whereas in the basal sections of the
leaves and in the stem they were not as satisfactory. However, chemical
analyses for iron, reported previously (12), have shown no accumulations of
iron either in the stem or in the basal sections of the leaves.

The plants of the N-n series, although including smaller amounts of
chlorophyll than those of the A-n series of comparable iron cultures, con-
tained greater amounts of sugars, suggesting that the conditions which had
affected the metabolism of nitrogen rather than the amounts of chlorophyll
were responsible for these differences.

The distribution of sugars varied considerably in the different groups of
leaves. Such variations were caused by differences in the physiological func-
tions of the sections and by the relative degree of vigor of the different
groups of leaves. An analysis of such functions shows that the basal sec-
tions (1), lacking in chlorophyll, play no part in the photosynthetic proc-
esses of the plant in contrast to the chlorophyllous sections (2, 3, 4, 5) which
are intimately associated with this mechanism. Also, the terminal sections
(5) become senile and lose a great deal of their vigor and photosynthetic
efficiency sooner than the immediately adjoining sections (2, 3, 4). Losses
of vigor and photosynthetic activity are greater in the leaves of the "old"
(B) and "mature" (C) than of the "active" (D) and "young" (E)
groups. Therefore, accumulations of sugars in any section of the leaves
should be associated either with a decreased rate of utilization as in cases of
retarded growth, with highly favorable conditions for photosynthetic activ-
ity, or with a decreased rate of translocation from the leaves to the other
organs. Low sugar values should be associated with conditions quite oppo-
site those favoring accumulation. Thus, the lower values of sugars in the
basal (1) sections of the leaves of the "young" (E) than of the "active"
(D) or "mature" (C) groups suggest, on the basis of the above postulations,
that a greater rate of sugar utilization for the building of new tissues was in
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effect in the "young" (E) than in the "active" (D) or "mature" (C) and
"old" (B) groups of leaves. Also, the accumulation of sugars in the termi-
nal sections (5) of the leaves of all such groups may be attributed, on the
basis of the same postulations, to a retarded rate of translocation or to the
synthesis of much greater amounts than required for the energy-consuming
processes of the cells and for the synthesis of various substances. However,
certain exceptions to the above postulations as, for example, the slightly
greater amounts of sugars in the basal sections of the leaves of the "old"
(B) group of the 0 than F cultures of the N-n series cannot be satisfactorily
interpreted. It is possible, however, that the higher values of sugars in the
basal sections may be attributed either to cessation of the enzymic processes
responsible for starch synthesis or to opposite effects such as hydrolysis of
reserve starches resulting from tissue senility. The low sugar values in
the medial section of the stem may be attributed to the rapid conversion of
sugars into starch by very active enzymatic processes. The preponderance
of dextrose and the relative absence of levulose in the stem might have re-
sulted from hydrolyzed maltose which probably could have been released
from starch by hydrolysis.

The amounts of sucrose increased gradually from the basal to the apical
sections of the leaves and stem except in the transitional subehlorophyllous
sections (2) of the leaves of the "young" (E) group where they decreased
because of a high rate of metabolic activity tending to prevent the accumu-
lation of this or other sugars in appreciable amounts.

Starch, although a reserve product like sucrose, accumulated in greater
quantities in the stem than in the leaves. The stems of the N-n series con-
tained almost twice as much starch as those of the A-n series. It is possible
that this condition resulted either from differences in the rate of the photo-
synthetic activity of the leaves of the two series, or from the energy relations
involved in the assimilation of the two forms of nutrient nitrogen. There
is at present some suspicion, based on evidence from studies on the toxicity
of chlorides to A. comosus (13), that chlorides supplied as CaCl2 to nutrient
solutions of the A-n series interfered with the polymerization of sugars into
starches in the stem.

The small differences between the amounts of hemicelluloses in the plants
of the F and 0 cultures indicate that they play a relatively minor role as
energy-yielding substances in the carbohydrate economy of A. comosus. The
data show that the hemicellulose content of the tissues was increased more
by nitrate-nitrogen than by the amounts of iron in the F and 0 cultures.

The association of high values of hemicellulose sugars with plant organs
containing great amounts of fibrovascular materials [such as the roots and
to some extent the basal and terminal sections of the leaves of the "old" (B)
and "mature" (C) groups] suggests the possible participation of these sub-
stances in the structural formation or cementation processes of fibers.

The amounts of celluloses and lignins were affected very little by the
differences in the amounts of iron and by the forms of nitrogen. Both cellu-
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lose and lignin, representing structural units in the plant body, remained
in a static condition and were not susceptible to changes which had affected
such energy-yielding carbohydrates as sugars and starches. The effects of
the different treatments on cellulose and lignin were about the same as those
on heinicelluloses, but differed considerably from those on starches or sugars.

Summary
The effects of plus- or minus-iron cultures in association with nitrate- or

ammonium-nitrogen were studied in connection with the distribution of
chlorophyll, carotenoids, ascorbic acid, sugars, starches, hemicelluloses, cellu-
loses, and lignin in different sections of the leaves, stem, and roots of A.
contosuts and are summarized as follows.

1. Chlorophyll and carotenoid pigments were higher in the leaves of the
plus-iron than minus-iron cultures. The plants of the ammoniumii-nitrogen
series contained more pigments than the nitrate-nitrogen series for compara-
ble iron cultures which possibly resulted from a greater availability of iron
in the former than in the latter series.

2. Titrable acidity gradients reported as citric acid, inereased from the
basal to the terminal sections of the leaves of the plants of all cultures. The
pH values of the sap were approximately inversely proportional to those of
titrable acidity. The stem and roots had low values of titrable acidity and
showed either little or no changes in the different treatments. The high
acidity values of the sap from the chlorophyllous sections of the leaves and
the exceedingly small amounts of iron present in the same tissues preclude
the possibility of iron precipitation in these tissues of this organ.

3. Ascorbic acid was almost limited to the chlorophyllous sections of the
leaves although the amounts present were not directly proportional to those
of chlorophyll in the plants of the different cultures. The non-chlorophyl-
lous sections of the plant, including the basal leaf, the stem, and the roots,
contained either none or only mere traces of ascorbic acid. The gradients
of distribution of ascorbic acid in the chlorophyllous sections of the leaves
suggest that certain phases of metabolism rather than amounts of chloro-
phyll in these tissues were responsible for their ascorbic acid content. Re-
duction of the ascorbic acid values in old and senile leaves of plus-iron cul-
tures suggests its possible oxidation by iron.

4. Sugars were found in greater amounts in the leaves of the "old,"
"mature," and "active" groups of the plus-iron than minus-iron cultures.
They were higher in the plants of the nitrate- than of the ammonium-nitrogen
series. The source of nitrogen in the nutrient solutions had influenced the
amounts of sugars more than the amounts of chlorophyll in the leaves.
Accumnulations of sugars were greater in the basal sections of leaves of the
"miature" thaii "yvoung" gcroups because the rate of their utilization for new
tissue-building processes had decreased in the former. Sugar values in the
basal, medial, and apical sections of the stem were in most cases indirectly
proportional to those of starches, suggesting that the rate of withdrawal of
sugars from the stem is directly proportional to that of starch synthesis.
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5. The amounts of levulose were slightly higher in the leaves of the
minus-iron than plus-iron cultures of the nitrate-nitrogen series. Levulose
was almost absent in the stem. Dextrose, occurring in amounts twice as
great or more than levulose, was distributed in all organs of the plant.
Sucrose was higher in the leaves of the plus-iron than minus-iron plants of
the nitrate series, but in the ammonium series it was as high or slightly
higher in the minus-iron than in the plus-iron cultures.

6. Starch was consistently higher in the stem of the plus- than minus-
iron cultures, the former containing 101.3 per cent. more starch for the
ammonium series and 33.2 per cent. more for the nitrate series. The plants
of the nitrate-nitrogen series contained 161.6 per cent. more starch for the
plus-iron and 295.0 per cent. for the minus-iron cultures than of the ammo-
nium-nitrogen series.

7. The differences in total hemicellulose sugars between the plants of the
plus- and minus-iron cultures were slight, with the plants of the former cul-
tures containing, in most sections, greater amounts than the latter. The
plants of the nitrate-nitrogen series contained greater amounts of hemicellu-
lose sugars than those of the ammonium-nitrogen series. The differences
between the amounts of hemicelluloses in the plants of the nitrate- versus the
ammonium-nitrogen series were greater than those between the plus- versus
the minus-iron cultures. The pentosan fractions of hemicelluloses of the
nitrate series were higher in the plus- than in the minus-iron cultures, while
the hexosan fractions were reversed. In the ammonium series the distribu-
tion of hexosans throughout the plant was irregular.

8. The amounts of cellulose were higher in the transitional sections which
bear the strain for the erect position of the young leaves and reclined posi-
tion of the mature leaves.

9. Lignin was generally high in those parts of the plant containing great
amounts of fibrovascular tissues such as the roots, basal sections of the stem,
and terminal sections of the leaves.

10. The amounts of both celluloses and lignin were affected only slightly
by the different treatments and behaved in this respect like the hemicellu-
loses.
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UNIVERSITY OF HAWAII
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