Effects of Harvest Date on the Contents of Sugar,
Inorganic Phosphate and Vitamin C in Amaranthus dubius’

ABSTRACT

A study of the accumulation of inorganic phosphate,
vitamin C and total free sugar by the leaves and stems or in
the entire shoot of the leafy vegetable Amaranthus dubius
during its mature stages was carried oul. Maximum levels of
inorganic phosphate were observed at the early stage of
maturity of the plant in both leaves and stems, whereas the
highest amount of total free sugar and vitamin C occurred in
these orpans at later stapes. The stems tended to aceamulate
the nutrients investigated to a greater extent than the leaves,

INTRODUCTION

N arbohydrate intake by many Africans has often
been described as improportionately high com-
-~ pared with other nutrients and hence inimical.
The two principal crops, found in most African
countries, cassava and yam, are used as subsistence
staples; they are starch-rich sources with disappointing-
ly low contents of protein, sugar, vitamin C and
minerals (10). There is thus a need to supplement the
food product derived from these sources. This require-
ment appears to be met by many leafy vepetables used
for making soups for cating the cassava- and yam-
derived meals, Bassir {2) has demonstrated that several
leafy vegetables contain significant amounts of
minerals, vitamins and proteins; and many edible plants
are potential sources of sugar (8) and dictary fibre (14).

The genus Amaranthus provides examples of leafy
vegetables which are used for making various soups,
particularly in West Alrican countries. Amaranthus
comprises about 800 species (9), many of which are
cosmopolitan and widely-grown throughout the tropics
and subtropics where one of the species, A. hybridusL.,
has been shown to have enhanced germination under
water stress conditions (1),

In many cases leafy vegetables are harvested when
they appear mature 1o the farmer, usually around the
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COMPENDIO

Se estudié la acumutacion de fosfato inorgdnico, vitamina
C y amicares libres totales en 1as hejas y tallos de plantas de
amaranto {4 maranthus dubinsy durante diferentes etapas de
maduracién. Los niveles mas altos de fosfato inorgénico se
encontraron durante las primeras etapas de maduracion de
fa planta, tanto en las hojas como en los talios; mientras gque
fos niveles mas altos de azdeares libres y de vitamina C se
dieron, en cambio, en las etapas mis tardias de Ia
maduracién. Hubo mayor acumuplacién de los nntrimentos
investigades cn los tallos gque en las hojas.

fifth week, which may or may nol coincide with the
time when they are most nutritive. In addition, many
cultures show preferences for the leaves as opposed to
the stem.

The aim of the prescent study was to determine the
relative distribution of sugar, inorganic phosphate and
vitamin C between the leaves and stems of A, dubius
during its mature stages and hence identify the op-
timum time of harvest, and show whether or not there
could be any scientific justification for descriminating
against use of the stem.

MATERIALS AND METHODS

Secds of A. dubius, locally obtained in the main
market of Ile-Ife, in Southern Nigeria, were sown in
washed sand in 15 cm-diameter plastic bowls per-
forated at the bottom lo allow drainage. The bowls
were then placed in a greenhouse, with temperatures
between 22-28°C, and approximately 8 h of sunlight
daily during the dry season when average sunlight
intensity is about 9500 ux (6).

The bowls were irrigated with 50 ml water twice
daily, first at 6 am and later at 6 pm prior 10 the
germination of the seeds and at the early stage of
germination. The secdlings were thinned at the fourth
true-leaf stage to seven healthy uniform plants per bowl
and were fed with 200 ml full-nutrient solution and
water daily in the morning and evening respectively.
The composition of the solution is based on the Long
Ashton formula as modified by Hewitt {7).
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Starting with 28-day-old plants, they were harvested
atfive-day intervals fora total of five harvests. On each
occasion, 5 g [resh stem, leaf and entire shoot samples
were obtained from three randomly-harvested plants,
one per bowl. Each sample was chopped into pieces
with a razor blade and then homogenized in distilled
water (5 ml/g) with a mortar and pestle. The resulting
extracts wete then filtered through Whatman’s No. 1
filter paper, and each filtrate, having been divided into
two aliquots, was used for analyses of inorganic phos-
phate and free sugars. The method of Chen et al. (4)
was adopted for the quantitative estimation of inorganic
phosphate, while total free sugar was measured using
the anthrone colorimetric procedure (5).

Vitamic C was also extracted from 5 g samples each
of leaves stems and shoots obtained as previously
described using 5% trichloro-acetic acid (TCA), 5ml/g.
The exiwracts were then filiered through Whatman's
No. 1 filter paper and the resulting filtrates were used
for the assay of vitamin C according to Plummer (12)
with a slight modification. Five milliliters filtrate were
mixed with 5 mi freshly prepared 0.1% dichlorophenol-
indo-phenol {DCPIP) in a test tube and the mixture was
incubated at room temperature for 30 minutes. Afer
centrifugation at 600 rpm for 15 min, the OD of the
resulting supernatant was read at 620 nm on a CE
single-sample spectrophotometer. A standard curve
was obtained with pure vitamin C solutions, using a
mixture of TCA and DCPIP as blank.

Each of the assays was replicated three times and the
results obtained were subjected to analyses of variance.

RESULTS

The analyses of inorganic phosphate (Fig. 1) showed
that the stems of 28 and 33-day-old plants accumulated
significantly higher amounts of the nutrient than the
corresponding leaves. This difference, however, disap-
peared completely by 43 days after sowing since a more
rapid decline in the level of inorganic phosphates was
observed in the stems than in the leaves.

In contrast to the accumulation of inorganic phos-
phate, the levels of vitamin C (Fig. 2) was low in both
the stem and leaf tissues of 28-day-old plants and
remained so in both organs until 38 days afler sowing.
Thereafier, the concentrations of vitamin C rose 1o
maximum levels of 78.5 and 80.9 nmoles/m! in the
leaves and stems respectively before falling sharply in
the parts of older plants.

No significant difference was found between the
leaves and stems with respect (o the levels of free
sugars, except for the 28-day-old plants, throughout
the experimental period, and the sugar distribution pat-
tern in both plant organs consequently showed very
close resemblance (Fig. 3).
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Fig. 1. Time-course of accurnulation of inorganic phosphate in
the leaves { J-~{1} and stems {0 ) of Amaranthus
dubius during its mature stages of developpnent.
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Fig. 2. Time-course of accumulation of vitamin C in the leaves
{3—13) and stems ()—0Q) of A. dubiur during its mature
stages of development.



LAWANSON ET AL.: EFFECTS OF HARVEST DATE IN AMARANTHUS 323

250

206G |,

1501

sugars {nmoles / mb
&
()

in
(=]

¢ . . . "
28 33 38 43 48 53
days afler sowing

Fig 3. Time-cowse of accomulation of free sugars in the leaves
(o0 )andstems (O0—O Yof A dubius during its
mature stages of development

Fig. 4 shows the time course of accumulation of
incrganic phosphate, vitamin C and total free sugar in
the entire shoot during the mature stages. Examination
of the results showed that the level of inorganic phos-
phate in the shoot was highest in 28-day-old plants
whereas maximal accumalation of vitamin C and [ree
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Fig. 4. Time-course of accumulation of inorganic phosphate
{ A2}, free sugars (O-0 ), and vitamin C {(1—1)

in the shoois of A. dubius during its mature stages of
devciopment.
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sugars occurred at later development stages, 43 and 38
days after sowing respectively.

DISCUSSION

At the early maturily stage, distribution of sugar in
the leaves and stems was similar, rising in each case to
a peak belore declining at later phases of development.
This observation is consistent with the general notion
that the exient 1o which plant organs are supplied with
assimilate relates to their rate of growth or storage
capacity.

Thus, at the carly mature stages the levels of sugar
in the leaves and sterns were high as growth was sull
1aking place; whereas the period of decline in sugar
contents of these same parts could be a reflection of a
diversion of a major percentage of the assimilates away
from them at floral evocation (3) and during subsequent
development. The significanty low levels of sugar in
the leaves of 28-day-old plamts compared with the
stems could be due to the fact that this stage of develop-
ment, marked by newly fully-cxpanded leaves with
well-differentiated vasculature, is also the period of
maximum cxporiation of sugar by the leaves. The
stems, however, at this period, which were still growing
required more assimilate or constituted stronger sinks,

Phlocm translocation of miror components such as
mineral ions is controfled by sugar, the principal
phloem solute (11). The observation in this study that
maximum levels of vitamin C occurred in the stem and
lcaf parts within the period of high levels of distribution
of sugars in these organs supports this thesis. The
situation is not quite the same, however, as regards the
accumulation of inorganic phosphate in the stem and
leal parts of A dubins, where high concentrations were
recorded al the carly mature stage of the vegetable and
thercfore additionat factors are to be considered. The
most likely cxplanation is that at the plant’s carly
maturity phase, the roots are relatively young and active
so maxinwm absorption of nutrients from the cubure
medium occurs, In A. viridis and some other lealy
vegelables, murient uptake was found negligible in the
first threc weeks of growth whereas over 70% ook
place in the two weeks before harvest (13).

This investigation has demonstraled that there i$ 1o
scientific justification foreither harvesting A. dubins 35
days (5 weeks) after planting, or preferring the leaves
to the stems. Timing of the harvest and the choice of
lcaves or slems must therefore be a question of con-
venience in both casces. The optimum date of harvest
should be determined by the nutritive value and the
harvestable parl desired. For the purpose ol sup-
plementing carbohydrate-rich diets, consumption of
leaves as well as stems, harvesied at different times,
should be encouraged.
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