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through the breakdown of calcium absorption rate, as it
was mentioned before that Ca have a protective :.effects
against the toxicity of heavy metals { True,l1914;Nicholes,
1963 and Chester,1965), and when calcium sbsorption 1is
limited by the heavy metals itself, the greatest the
toxicity of such heavy element is appeared.

¢) Total calcium content per one frond :

Tt couldbesummarized the conclusion which may be

resulted from the examination of Table (33) as follows:

1) The highést accumulation of calcium in the frond was
gained when Azolla plants were subjected to the grow-
ing medium containing the normel level of Ca and free

from any heavy metals.

2) Heavy metals depressed the content of Ca per one
frond, thus the rate of Ca accumulaticn as related
to the starting sample was allways negative. The
highest depressive effect on the accumulation of Ca
per one frond was clearly showed under the treatments

with 40 ppm Pb and 100 ppb Hg.
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7) Magnesgium contlents :

tebles (34, 35 and 36 ) répresents tha data of
magnesium contents in terms of concantration, total

amounts per vessel and per one frond respectively.

a) Magnesium concantrations :

It may be concluded from the concentration of
magnesium in plant tissues that the highest amounts was
gained when Ca was absent from the growing media and free
from heavy metalsjﬁguch concentration was decreased with
increasing tﬁe level of Ca. Thus, it may be conclud&%
that the presence of Ca retarded the absorption of Mg, as
it was suggested that Ca regulate the absorption of other

ions .

It was suggested elso that different heavy metals
seemed to have a depressive effedt on ﬁé concentration,
and that explain partially their tfoxic effect on plant
growth, Such depressive effect is regulated by the

presence of Ca at different rates in the growing media.

b) Totel magnesium content in Azolla blomass per

vessel :

It could be revealed the following conclusions from

the data of Table (35):
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Table (34): Magnes ium concentration in Azolla plant
tissues after seven days of growth period
as affected by 2 ppm Cd,40 ppm Pb or 50
and 100 ppb Hg in the presence of variable
Ca levels in the growing media.

Mg.ca/Ilo mg Mgo/ g« dry matter

Control CA4 Pb 'Hg Average

2 ppm 40 ppm 50 ppb 100 ppdb

0.000 10.0 8.9 6.0 T.0 6.0 Te6
44.396 8.0 6.0 645 . T«5 T.0 T.0
88.792 T2 6.4 6.6 7.9 T.0 T.02

133.188 T.0 6.0 5¢3 T«8 Tel 6.6
Average 8.1 6.8 6.1 T.6 7.8

Starting sample 6.0




- 139 -

[ At 4 gdues Pully
€501 6°9¥T (*90T L*oTT ¥*goz 9°2 s'C 9°2 82 0*s 0°s 6°% 0'S 2'¢ $*,  e%8x
CrCct €'(el L*16 0*GZT 6291 2*'¢ Py 2T o°C 6't L'S 9's g'9 9 LAd1 £°9 @g1°*(
L*9TT €*86T 2*62I 2°621 G* 181 8*2 -8 1*€ Tt ar 6°6 2'q 2'9 65 §'s 6'9 26L°8
AN S LT 0521 0*00T Le1¥e L2 £c o*c b A 8°5 8*4 ) 41 LG | Al a'r 28 96('#H
629 €80T 2°6L 21T Le1he ST 92 6°1 ire g8°*s €S 6°¢ o's €*d T'6 2'8 0000

add ot add 0§ wdd of wdd 2 add oot  add o wdd o wdd 2 add 001 add o wdd of udd 2
8H ad Py ToX3uOD 2H ad PO T0I3u0)  eBwraAy oy ad PO T10a3u0D
apdwes FuljIwls ay3 0% a1dwes Fuyrrvie ey}
TesEeA / X ‘3w /e

paswlex 5% 3 JO 68UIIDAP IO BEVIIVUT 4

03 pelRTAI E® FBAI0ApP IO eEwAIOUT BN *Bu

g10A8] U) 9TQUTIWA Jo eoueuosad eyy uy FH qdd 00T pue of 1o qd wdd gy ‘PO

eydwes Fuyrgauqn 8yl O3 PejuTOX F¥ BIUL ©EVEIVEP IO SBVEIIUT sfvjusdiad B3| Puv Tescea tod gOUWOTq V{10ZY¥ uT

*erpom Fuimoa® eyy ug

wdd 2 £q pesreyIe wu poryad yYimoxd Jo efep UBARD 1833V JUIIU0D
uogauUNUMOOV wunygoeudun (e300l $(SC) (W




- 140 -
1) The highest absorption rate oriﬂg%waa occurred when
Azolle biomass was subjected to the lower level of
Ca or at the complete absence of such element,while

the application of higher levels of Ca to the growing

media reduced such absorption rate.

2) Different treatments with heavy metals depressed
| greatly the absorption rate of Hg}and the most depress-
ive effect was gained when Ca was absent from the

growing media,

3) Pb or 100 ppb Hg had the highest depressive effect on
the absorption rate of Mg.

c) Total:magnesium content per one frond

" It could be revealed from data of Table (36) that
the ﬁame trend could be noticed concenrning the total Mg
per one frond as discussed gefore in the case of total Mg
~ in the biomass per vessel. However, the accumulation rate
per one frond was lower than that which found in the
beginning sample and that related to the negative rate
of accumulation. This resuit give more support to the
various results which dealing with the concentration,
the absorption and accumulation of different studied
nutrient élementa, as both heavy metasls and the level

of Ca affected guch parameters.
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It could be concluded that heavy metgls exerted
thelr toxic effect on plant growth through the retarding
effects on the absorption and accumulétion of different
nutrient elements, beéide their adverse effect on differ-

ent plant metabolis processes.

8) Total amounts of macro-nutrients in Azolla biomass

per vessel and thelr proportion percentage distribution

as related to the total amounts :

The study of proportion distribution of macro-
nutrients may provide us with some information about the

mode of action of the presenf treatments.

It could be revealed the following couclusions from

the data of Table ( 37,a,b,and c):

1) The highest amount of total accumulated macro-nutrients
was gained when Ca wasapplied as 2/5 level of Hoagland
solution., Omission of Ca or the higher rate of Ca over
the normal level decreased such accumulation. These
results agree with those obtained in growth parameters
especially dry weight accumulation of biomass per
vesgel . Accordingly,we consider such treatment as
the stander of proportion balance between different

nutrient,elements to compare different treatments.

2) In this standard treatment more than three quarters




3)

4)
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of macro-nutrients are found as N and K, while the

other macro-nutrients nearly'equal one quarter.

Plants which omitted from Ca possessed lower propor=-
tion of N,Ce and higher proportion of P,K and Mg
comparing to the standard treatment. This lead to

the assumption that the depressive effect of Ca

absence on growth parameters may be resulted partially
from the disturbance in the balance between the absorp-
tion of mecro-nutrients; beside its essential role in

plant metabolism .

Increasing the level of Ca over the standard one
(44.396 mg .Ca/L.) seemed to disturbe the balance
between the proportion accumulaetion within plant
tissues and the absorption of macro-nutrients and
that take a part in the depressive effect on plant
growth.

5) All of the teated heavy metals depressed greatly the

6)

accumilation and the absorption of macro-nutrients.
This lead to the desterbance in the proportion
accumulation balance between the macro-nutrients . in
biomass tissues and that lead to the depresaive effect

on plant growth.

The presence of Ca at different levels in the media
may regulate the mechanism of toxic effect of heavy




7)

8)
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meteals on the absorption and accumulation balance of

macro-nuirients. However such regulation not reached

~ the standard balance which observed by standard trea-

tments and that lead to the depressive effect on

growth.

The differences between the proportion of macro-
nutrients which resulted from different treatments
with heavy metals, may indicate that the mechanism
of toxic action are completely diftferent between the
tested heavy metals, and that lead to the variable

differences on plant grdwth.

The above mentioned results may provide us with the
conclusion esbout the mode of action of heavy metals
as toxic substances both plant growth and its
chemical composition.
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