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Abstract: Studies were made to elucidate the effect
of varying N/P ratiocs in the culture media on growth,
uptake and accumulation of, nutrient ions, and assimila-
tion of nitrate. Increasing nitrate or phosphate ion
Concentration and Xkeeping the concentration of other
ions constant in the culture med%a, resulted in increased
growth accompanied by increased uptake and accumulaticn
of nutrient ions in the seedlings except Ca and NOj3
ions. The assimilation of nitrate ions also increased.
The stimulation of all these processes wWere more
- enhanced with nitrate than with phosphate concentra-
tions although the concentration of POj ion was much

higher than that of NDO3 ion in the culture media.
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Introduction

"he effect of different concentrations of N and
P in the nutritive media on growth and metabalism of
several plants'have been studied by many workers. Thus

Cole et al.(1963), studying the effects of N on P uptake

L]
1
1
]

fq and metabolism of corn seedlings, suggested a connection
: between P uptake and N metbolism, and they wWere of the
1
i opinion that the increase in P uptake rates may reflect
1 . . . S
i higher levels on N-intermediates. Nosseir and Spiridinov

(1965} found that the progressive increase of N over

.,

THEL

P concentration in the nutritive media of Phaseolus

e
P

seedlings stimulated the uptake of P3 as well as N-
metabolism of seedlings. Alsc Nosseir and Hathout (1370)
found that increases in M concentration in the culture
media of s5weet potate tuber discs stimulated the rate
of P uptake. Dumbroff and Michel (1967} found that
increasing of P in the nutritive media of pine seedlings
stimulated the wuptake of N and other ions with
simultaneous increases in growth and development and
that such increases were dependent on the increases

of N and P levels in the nutritive media.

Truog et al. (1947} and Wosseir (1972) found a

positive correlation batween P and Mg contents of pea

seedlings under different nputritional conditions, cthus
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supporting the theory that Mg serves as carrier of P
within the plant. In contrast, Dumbroff and Michel
(1967) found no relationship between Mg and P uptake

and accumulation in pine seedlings.

The purpose of the present study was to determine
the effect of different levels of M and P irn the nutritive
media on some physiological activities, wviz., growth,

uptake and accumulatien of nutrient elements.

Materials and Methods

S5eeds of beet ( Beta vulgaris cultivar "Bettrave")

were provided by the Ministry of Agriculture, Egypt.
Seven lets of beet seed bachee were used, each of which
were washed in running water for 8 hr, rinsed in 70%
ethyl al¢ochel for surface sterilization (Hatataet al.
1978) washed several times with sterile distilled water
and then distributed in 1large sterilised Petri-dish
containing two filter papers pre-meoistened with 20 ml
S5terile distilled water. The dishes were transferred
to a 1lightened, thermostatically controlled incubator
at a constant temperature (25°C) and light intensity
(6000 Lux) (Nosseir, 1968). At the 10th day of the
coemmencement of the experiment 12 samples each composed

of 50 beet seedlings were transferred to 12 sterilised
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glass vessel~) eagp,ﬁsitted with sintercd glass bubbler

and cgg;rlning 54Y ml water or different culture solutions
[

L}

4 /H/fﬁf a} Wormal Hoagland designated as NjsP) solution.

fr' b} Normal Hoagland + 0.002 M MNaNO3 designated as
i{ N17P] solution.

ﬁ ¢) Normal Hoagland + 0.005 M HNaNO3 designated as
4 N2gP] solution.

g d} Normal Hoagland + 0.002 M NaHpP04 designated as
g N15P3 solution.

4

S e) Normal Hoagland + 0.004 M NaH;PO4 designated as

N15P5 solutiomn.

. samples were distributed in their culturad media as follows:
jj Sample Mo Treatment

i

i

4 1:2 500 ml of distilled water

o _
=4 3: 4 500 ml of NjgP) solution

j 5: 6 500 ml of Nj7Py solution
i 7:8 500 ml of NzgP; sclution
g 9 : 10 500 ml of NyjgP3 solution
ﬂ 1l - 12 500 ml of NjgPs solution
]
A

-361-



Women's Coll. Ann. Rev,
Vol 15 (1890}

At the end of the experiment which lasted 7 days,
the seedlings of each sample were taken out, washed
with distilled water, drxied gently with blotting paper
then laid on squared paper For estimation of their linear
growth; The samples were then air dried and weighed.
aAfter that, the samples were ground to a fine powder
from which weights were taken and used to esrimate their
nutrient elements. Also the media were suampled at the
end of the experiment and used for the anmalysis of their
mineral compesition. Phosphate ion was determined
calerimetrically using molybdinum reagent together with
SnCly solution (MNosseir, 1968). For nitrate determinaticon
a known weight of Ethe powdered dry matter (100 mgm)
is dissolved in 20 ml of 2% acetic acid solutien. The
mixture is then [Eiltered and the filtrate is completed
to 40 ml frem which samples were determined
calorimetrically using disulphophenolic acid

{Peterburgski, 1954).

Potassium ion was determined by means o©of the flame
photometer .

Ca and Mg were determined by titration against trilon
according to the method adopted by Verugina (1956).
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- . Results

Growth and development of beet seedlings aerated in

culture media having different levels of Np3j and POgiens.

The total dry weight and the mean length of 50
beet seedlings cultured for 7 days in distilled watex
or Hoagland solution alone and in combination with
different NO3 and PO4 levels are shown in Fig.{l). It
is clear from this figure that beet seedlings cultured
in Hoagland solution alone and in combination with
different levels of NC3 or POy, ions have aguired much
greater dry weights or linear growth rates over those
of control seedlings and that the increase Idue to the
presence of excess NO3 ions was much higﬁer than that
due to the presence of excess POy ions in the external
culture media. In seedlings cultured in control solution
{NjgP7) the total dry weight recorded for 50 beet
seed.lings was 288.7 mgm as a mean value of 4 replicate
samples while the mean length of these 50 beet seedlings
was 5.8 om. Increasing the concentration of nitrate
ions in the culture media by 13% and 26% and keeping
the concentrations of all other ions caused increased
of 28.4% and 35.2% in the <total dry weight of the
seedlings respectively over that of control seedlings

and this was accompained by highly significant increases
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Fig.{(l): Total dry weight (in mgps ) and mean length

{in ecm) of 50 beet seedlings cultured for
7 days in 500 ml distilled water or Hoagland
solution alone and in combination with different
Noj & PO4 levels.
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of 19.0% and 29.3% in the linear growth of the seedlings.
Also increasing the concentration of phosphate 1ions
in the culture media by 200% and 400% and keeping the
concentration of all other ions remaining constant,
caused increases of 7.5% and 17.9% in the total dry
weight of the seedlings respectively over that of control

samples and this was accompanied by significant increases

of 6.9% and 13.8% in the linear growth of the seedlings.

Thus with both nitrate and phosphate increments
in the culture media, the total growth rates of beet
seedlings were increased. Such increases were enhanced
by further increase in concentration of either of these
ions in the nutritive media and that the increases due
to increments of nitrate ions were more pronounced than
those due to PC4 ion increments in spite of the presence
of much higher concentrations of the latter ions over

those of the former ions in the culture media.

Uptake and accumulation of nutrient elements and assimila-

tion of nitrate as affected by different levels of NCj

and POy ions _n the nutritive media.

Fig. (2} shows the relation between the relative
concentration of NO3 or P04 ions in the culture media

ard the element uptake per total dry weight of 50 beet
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seedlings. It is clear that increasing the concenkration
of NO03 ioms in the nutritive media by 13% and keeping
the_cpncentratio‘_n aof all other ions remaining constant,
resul‘Eed Ain inc:rl_eases in uptake of K, Mg, PO4q and NO3
ioné by £2.8% 34.4%, 39.9% and 34.7% respectively over
those of contrq;l seedlings cultured in NjgP; solutieon
with .a Ez.imultaneous reduction in Ca uptake by 37.4%
below thél: oE. controls. By further increase in NOj
ian conce'ntratio;n in the culture media by 26%, further
increase in uptakes of K, Mg, PO4 and NOj ions reaching
126.7%, 54.1% 62.5% and 75.6% respectively over those
of cantrols wefe obtained with simultaneous Eurther
reduction- in Ca upl:'ake.by 63.6% below that of control
seédlingsl. On. the other hand, increasing the
concentration of phosphate ions in the nutritive media
py 200% resulted in increases in uptakes of K, Mg, P04
and HOq ions by 26.7%, 27.8%, 153.7% and 3.4% respectively
over those of cont_rol in MH1gP} solution with a
simultancous reduction in Ca uptake by 3% below that
of controls. By further increase in PO4q ion concentration
in the culture media by 400% further increases in uptakes
or K, Mg. _PO‘;_ and HO3 ions reaching amounts of 36.2%,
28.6%, 160.8% nd B8.3% respectiyrely over those of control
in NjgPj, solution with a simultaneous further reduction
in Ca uptake by 7.8% belaw that of controls were obtained.

From the above results, it can be concluded chat cthe
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increases in uptake of nutrient elements and the
simultaneous decrease in Ca uptake were proportional
to the concentration of either nitrate or phosphate
ions in the culture media and that the ircreases due
to presence of KO3 ions were greater than those due
to the presence of PO4 ions in spite of the muchk higher
concentration of the latter over those of tre former

ions in the culture media.

As regards the interrelationship among nutrient
ions as being occurred in beet seedlings consequent
to their feeding with culture media having different
concentrations ¢f NO3 and PO4 ions and hence different
N/P rations, Fig.(3) was designated to show the mineral
compositionand changes in mgms per total dry weight of
50 seedlings as compared with controls cultured in NjsPp
soluticn. From Pig. (3), it 1is clear that increasing
nitrate or phosphate ion concentration in cthe culture
media, the accumulation resulting f£from absorption of
all nutrient elements by beet seedlings were increased
except Ca and nitrate ions which were decreased. Such
changes were shown to be proportional to the concentra-
tion of KO3y and PO4q ions in the culture media. Fig.

' {4) represents the relation between N/P ratios in beet
seedlings and the same ratio in the corresponding
nutritive media. It is clear that N/P ratio found in

control seedlings was 9.9 corresponding to ratio of
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Relation between N/P ratios in the oulture media of 50 beet seedlings

aerated for 7 days in Hoaglend =solution alone or in comblnatlon with

different NO3 or HOh levels in the culture media and corresponding

ratics found in the tissues, (Means of 4 replicate samples), :
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15/1 Found in the respuctive media. Increasing the
concentration of NC3 ion in the external solution and
keeping the concentration of all other ions remaining
constant led to high N/P ratio in the media but to low
N/P ratios in the respective beet seedlings. On the
other hand increasing the PD4 ion concentration in the
culture madia under similar conditions, led to low N/P
ratio in the nputritive media accompanied by parallel
ratios in the respective media indicating that the
accumulation of NO3 or PQ4 ions in beet seedlings was
dependent on the concentration of these iens in their
culture media. However, the divergent relationship
between N/P ratios in beet ssedlings and their respective
culture media having progressive increases in NOj ions
might be due to the variations that took place in nitrate
assimilation under such nutritional conditions. The
nitrate assimilated by beet seedlings cultured in nedia
having different N/P ratios is represented by Fig. (51}
in mgms per total dry weight of 50 beet seedlings. It
also shows the increéses in the assimilated nitrate
ions due to the presence of different concentrations
of nitrate or phosphate ions in the culture media. It
is clear that control beet seedlings assimilated 31.9
mgms nitrate per total dry weight of 50 seedlings.
Increasing the concentration of nitrate ien in the culture

media by 13% and 26% and keeping the concentration of

all other ions remaining constant resnlted in increases
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of 274% and 632% respectively in nitrate assimilation

R L

[

over that of control seedlings leading to low accumulation
of nitrate ions in the tissues and hence the low N/P
ratios in the tissues in spite of high N/P ratios in

the culture media.

In such case, it seems that the rate of nitrate
assimilation goes Faster than the rate of its
accumulation. Alsc increasing the concentration of
P04 ions by 200% and 400%‘)under similar conditions,
causes 78% and 99% inecreases in nitrate assimilations
over that of c¢ontrol seedlings. Here the rate of nitrate

assimilation goes parallel to the amount absorbed.

Discussion

Growth and development of beet seedlings aerated in

culture media having differenkt levels of P04 _and NODj

The close relationship that existed between total
growth and nitrate or phosphate as well as other nutrient
elements can be seen by comparing the total growth of
the seedlings cultured in different levels of NO3 or
P04 with those of control seedlings cultufed in normal
nutrient solution (NjgP;). For both nitrate and phosphate
ions, the increases in total growth of the seedlings

4
were sktimulated by the increase of concentrations of
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either of these ions in the nutritive media., Here growth
was observed to be related to the uptake and accumulation
of nutrient ions expect Ca and nitrate. Ca is not shown,
in the present work, to be related to growth, since
increases in growth rates were accompanied by low
accumulation ¢f Ca in the tissues. Also nitrate
accumulation was low in spite of its high uptake from
the nutrient solution. The low _accumulation of nitrate
ion in the tissues is actually due to its assimilation
and its incorporation in the synthesis of .organic
nitrogenous compounds. The above results were found

concordant with the results of many workers.

Cole et al.(1963) found that N or P increments
in the nutritive media caused significant increases
in the growth of corn seedligs auggesting - a connection
between N and P metabolism and that increases in P levels
in the tissues may reflect higher levals of
N-intermediates. Nosseir and Hathout (1970) Ffound that
increases in the N concentration of the culture media
stimulated the uptake and accumulation of P in sweet-
potato tuber discs. However, Dumbroff and Michel (1967)
found that increments ©f P in the nutrient solution
of pine seedlings stimulated growth and development
of these seedlings with simultaneous accumulation "of

N and other ions especially Mg and K. Also growth of
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these seedlings was dependent on the increases of N

& P levels in the pnutritive media.

Uptake and accumulation of nutrient elements and nitrate

agsimilation as affected by different levels of NOj

and P04 in the nutritive media.

It is clear from Fig. (2) that increasing the
concentration of NC3 ions in the nutritive media by
13% and 33% over controls and keeping the concentration
of other ions remaining constant, resulted in progressive
increases in uwptakes of K, Poy, Mg and NO3 ions, and
in preogressive decreases in Ca uptake. The increases
in wptake of nutrient ions and simultaneous decrease
in Ca uptake were proportional to the ccncentratiqn
of the NO3 ions in the nutritive media. These results
not only indicate that the absorption of nitrate was
dependent on its concentration in the nutritive media,
but also indicate the connection between N uptake and

uptake of other ions.

On the other hand, increasing the concentration
of PO4 ion in the nutritive media by 200% and 400% over
controls resulted ‘én progressive increases in K, Mg,
PO4 and NOj uptakes ard in progressive decrease in Ca
uptake. All these processes were fournd dependent on

the concentration of POg ions in the nutritive media.

-
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These results indicate the connection between POg4 uptake
and the uptake of other jons sharing in the metabolism
of beet seedlings. From Fig. (3} it is clear that the
accumulation of all dions was increased oOver controls
except Ca and nitrate jons which were decreased. But
the changes due to the presence of excess NO3 ions were
more pronounced than due to the presence of excess POy
and that these changes Wwere proportional to the
concentration of POg or KO3 ions in the nutritive media.
The decrease in nitrate accumulation in spite of the
associated increase in its absorption is presumably
due to its assimilation and disappearance from the tissue
consequent te its incorporation in the synthesis of
nitrogenous compounds. These results might receive
emphasis from the work of vichery et al. (1936} who
found that the NO3-N supply to beet plants resuited
in the formation of organic nitrogencus compounds mainly
proteins. Alse Said & E1 Shishiny {1549) found that
Nitrate-N plays the major role in the synthesis of protein
in radish recot tissues. Nosseir (1972) came to the
same conclusion using Ppea seedlings. The positive
correlation between uptake and accumulation of N and
those of P by beet seediings clearly show the connection
between the uptake and metabolism of N and P. Such
correlation was also. shown by HNossiex and Spiridinov

(1965) using Phaseolus seedlings, MNosseir & Hathout
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{1970) using sweet potato and Nosseir (1972} using

pea seedlings.

From Fig. {4) it is clear that N/P ratio found
in control seedlings is 9.9 corresponding to 15/1 found
in the respective culture media. Increasing the
concentration of NO3-N in the external media and keeping
the concentration of the other ions remaining constant
led to high N/P ratic in the media but to low N/P ratios
in the respective beet seedlings. On the other handf
increasing the P04 ion concentration in the nutritive
media under similar conditions led to low N/P ratios
in the nutritive media accompanied by parallel ratios

in the respective seedlings.

In this respect, beet seedlings behaved like pine
seedlings since Dumbroff and Michel (1967) found parallel
correlation between N/P ratios in the pine seedlings

and their culture media.
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