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DETERMINING THE AMOUNT OF PHOSPHORUS (P) ABSORBED BY
ROOTS, AND THE REST OF THE SUNFLOWER (HELIANTHUS
ANNUUS) SEEDLINGS IN THE FIRST DAYS OF GERMINATION,
FROM KNOPP NUTRIENT SOLUTION
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ABSTRACT. In this research, seedlings introduced in the absorption medium were not immersed in the
solution used as substrate as a whole but separately the roots and in other flasks the part of the seedling
above the hypocotyl that is from the basis of the radicle upwards, comprising the shoot. The determinations
of the absorption of P in the seedling was done assessing the amount of P, respectively of phosphate
remaining in the solution after the plant material was kept in the solution for 1 hour and the amount of P that
penetrated the organs and eventually extracted from tissues or organs of seedlings was not determined. The
method for determining the P from the Knopp medium, remaining after seedling organ removal was done by
standard procedure EN ISO 6878 which came into effect in August 2008, imposed by current law in our

country, for assessments of phosphorus in water.
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INTRODUCTION

After the end of the Second World War there was a
socio-economic growth in the belligerent countries,
even in Romania. After the war, higher education was
restructured and since 1950 scientific research has
taken off. The Romanian Academy received funding
and has built a number of research institutes such as the
Institute of Atomic Physics in Magurele and one in
Cluj, as well as the Chemistry Institutes in Bucharest
and Cluj were founded, actions which continued with
the establishment of research teams in universities.

In 1967, a multidisciplinary team led by
Academician Emil Pop, director - at the time he
published in a professional journal dedicated to the
work of biology, an article on the determination of the
absorption capacity of epigeal cotyledons and
accumulation in these embryo organs of 32P.

It is interesting to mention in this respect the
researches done by Cache et al (1969) who studied
issues related to the use of phosphorus in the reserve
tissue of the seeds, according to the same type of
radionuclide, but in which 32P uptake was examined in
the hypogeal cotyledons. But, the authors established,
using radioactive isotopes, the absorption of
phosphorus from the external environment also begins
with seed germination. As the embryo develops,
absorption intensity increases significantly.

Since vital dyes are not compounds for nurturing
living things, including plants, we have considered it
opportune to organize an experiment that uses as
experimental model an absorption substrate formed of
nutritive solution that is currently used in the nutrition
studies within researches concerned with vitro-culture,
or hydroponics done in greenhouses with vegetable or
floricultural profile. For this, of the multitude of
recipes of existing culture media we chose Knopp

liquid nutritive medium, consisting of a balanced
mixture of four inorganic salts. Therefore, according to
the Knopp medium recipe, in its composition — of the
four salts used for its preparation — KH2PO4 is found,
in a concentration of 0.25g/l. Thus, the seedlings used
in the experiment had phosphorus in a concentration of
0.25g/1 available in the nutritive substrate.

Knopp nutritive solution has the following chemical
composition in g/l: Ca(NO3)2 0.25 g, KH2PO4 0.25 g,
MgS04 0.25 g, KC1 0.25 g, and traces of FeSO4.

MATERIALS AND METHODS

In this research, seedlings introduced in the
absorption medium were not immersed in the solution
used as substrate as a whole but separately the roots
and in other flasks the part of the seedling above the
hypocotyl, that is from the basis of the radicle upwards,
comprising the shoot — an extra-radicular part — that
generally is not responsible with nutrition, but which
during germination and seedlings development can
supplement the radicular absorption, respectively
seedlings with eater and some mineral salts found in
the water from the soil, until the epigeal cotyledons
elevate (together with the epicotyl and shoot) above the
soil.

From this, it was clear that, the determinations of
the absorption of P in the seedling was done assessing
the amount of P, respectively of phosphate remaining
in the solution after the plant material was kept in the
solution for 1 hour and the amount of P that penetrated
the organs and eventually extracted from tissues or
organs of seedlings was not determined. The method
for determining the P from the Knopp medium,
remaining after seedling organ removal was done by
standard procedure EN ISO 6878 which came into
effect in August 2008, imposed by current law in our
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country, for assessments of phosphorus in water
(running water, stagnant water, industrial waste water
or soil water).

However, we believe that the experimental data
obtained by performing such research can be very
helpful in terms of documentation for plant
physiologists in the absorption area performed in
organs of seedlings and, in particular, the P element.

Next, we elaborate on some key issues regarding
the organization of the experiment. First, note that the
experiment was organized on 50 seedlings for each
plant species, the 50 specimens were divided into 10
groups of 5 roots each or of 5 seedling fragments
consisting of organs located above each hypocotyl; the
5 samples of plant material were immersed for 1 h in
200 ml Knopp solution, which was placed in beakers.
After the passing of this time duration the plant
material was removed from the solution containing the
Knopp culture medium and was kept for 15 minutes
suspended by plastic rods, rigidly, to seep into the
beakers the remaining solution from seedlings organs;
then the volume collected in the beaker was measured,
after which the amount of phosphate was determined,
respectively of P remained in the containers.
Measurements  were  processed  mathematically
calculating the arithmetic mean per plant organ of the
five, which were immersed in the solution bottle. The
plant material was weighed after retaining it at 105°C
for three days in the oven, placed on aluminum foil; the
absorption data are reported to dry weight of plant
material having absorbed nutrient solution. Pressured
for time, some of the experiments performed to
determine the absorption of P were done earlier if
seedlings were big enough.

The average data results, in absolute values or as a
percentage (%), were shown in Figures 1-4. We will
present and discuss these results below.

RESULTS AND DICUSSIONS

In the graphs from Figures 1-4 are represented by
histograms the results obtained when analyzing P
absorption from the Knopp nutrient solution in the first
four days of germination.

As shown in Figure 1 which represents the
absorption analysis of P in the embryonic stem
sunflower seedlings radicle, P enters from the very first
day of germination — and was absorbed more intensely
by the radicle, compared to the rest of the seedling,
which has resulted also from the data showing the total
absorption in percentage values (Fig. 3).

CONCLUSIONS

Regarding the specific absorption (Fig. 4), resulted
in the reporting of the total absorption to the dry weight
of the organs concerned, in sunflower it reveals the
same aspects. The phenomenon of the absorption of P
is clearly stronger in the root than in the rest of the
seedling, which, as is known, contains high amounts of
saturated fat (extracted by crushing them and thus
obtaining the sunflower oil).
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Fig. 1. Data regarding the total absorption of P (in mg/h
x 10-4) in the organs of sunflower (Helianthus annuus)
seedlings during the first 4 days of germination, from
Knopp nutritive solution (abbreviations: P — phosphorus;
cot — cotyledons; hipo — hypocotyl).
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Fig. 2. Data regarding the specific absorption of P (in
mg/g x 10-2) in the organs of sunflower (Helianthus
annuus) seedlings in the first 4 days of germination,
reported to dry weight, from Knopp nutritive solution
(abbreviations: P — phosphorus; cot — cotyledons; hipo
— hypocotyl).
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Fig. 3. Expressing in percentage values of the total
absorption capacity of P in the organs of sunflower
(Helianthus annuus) seedlings, found in the first 4 days
of germination, related to the respective parameter
recorded for the entire seedling; reference data
considered 100% (abbreviations: P — phosphorus; cot —
cotyledons; hipo — hypocotyl).
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Determining the amount of phosphorus (P) absorbed by roots,
and the rest of the sunflower (Helianthus annuus) seedlings
in the first days of germination, from Knopp nutrient solution
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Fig. 4. Expressing in percentage values of the specific
absorption capacity of P in the organs of sunflower
(Helianthus annuus) seedlings found in the first 4 days
of germination, related to dry weight, compared to the
respective parameter per the entire seedling; reference
data considered 100% (abbreviations: P — phosphorus;
cot — cotyledons; hipo — hypocotyl).
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