RESULTS AND DISGUSSION




4. RESULTS AND DIscls

SION

The present study included threele
with iron deficiency phenomenon as affe
tions of Fe, in different forms and rgt
combined treatménts of different rateq
(Experiment II), and rates of phosphoru
of what was found to be about optimum |1

ment IITI).

In all treatments, Sorghum bicolof

cultures was utilized as an indicator p
ing indices were considered; dry weigh}
plants, concentration and uptake of Fel
and Mn as well as soluble iron that wa$

precipitated in different forms in the

4.1. Experiment I: Iron chlorosis as af

xperiments dealing
cted by the applica-
es (Experiment I),

of CaCO3 and Fe

s applied in presence

evel of Fe (Experi-

grown on sand

lant and the follow-
yields of sorghum
P, Ca, Mg, K, N
leached or that

sand culture.

fected by Fe

applications (source and rate):

In this experiment as mentioned be

grown on sand culture were subjected td

fore,sorghum plants -

Fe application in

two sources (Fe-EDTA and FeSO,) at 6 rgtes of each, namely;

O, 5, 10, 20, 40 and 60 ppm Fe.

4.1.1. Dry matter vield of sorghum as a

ffected by Fe

applications:

Data obtained on the dry matter yi

(roots and shoots) as affected by appli

$1ld of sorghum_plants_

gation of Fe-EDTA




and FeSO4 at different rates is preseft

and depicted in Fig. (1).

Plant roots:

Results indicate that, the low agp
either as chelated or mineral Fe, incde
yield of sorghum plant rQots up to a dge
where a maximum yield was produced, afft

ing tendency was revealed.

In this regard Fe-EDTA seemed to b
as the application of 5 ppm Fe as Fe-£p
the dry matter yield of plant roots by

fold in comparison with the control trg

It is obvious that the maximum ing

plant roots was achieved at a relative]

ed in table (2)

lications of iron
ased the dry matter
rtain concentration

er which a diminish-

€ more effective
TA or FeSO4,‘increésed
about 2.1 and 1.9

atment, respectively.

rease in yield of

ty low rate (5 ppm Fe)

in case of chelated Fe but at a compar tively higher rate

of FeSO4 (10-20 ppm), The effect of [Fe-EDTA at most rateS-

tended to be less effective compared t

rates of FeSO This is specially tru

4°
levels of the latter which would indic

of the chelated form at such higher r

Plant shoots:

As with roots, applications of ir
weight of the aboveground plant parts,

progressive response along a wider rang

the correspondlng
with the higher
e an adverse effect

€s.

increased the
ut exhibited g3

of Fe application,
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(up to 20 ppm Fe as Fe-EDTA, and up th 40 ppm as FeSO4),
where the maximum dry matter of shooth was produced. At
higher rates, however, a slight reduckion occurred in the

dry matter yield of plant shoots.

As cbmpared with Fe in the chelafed form,almost at all
rates, the FeSO4 tended to be slightly superior. Such
trend is,in general, in agreement with that noticed with -

the root.,

Whole plants:

Regarding both iron source and rate of application the
pattern of response of sorghum plants,] as whole, to Fe
application resembled materially that bf the shoots, which

comprise more than two-thirds of the plant dry weight.

It is worthy mentioning that sevefe tipical iron
deficiency symptoms, chlorosis and stufited plant growth,

was observed with the control treatmenf plate (1).

These results are in harmony with{those reported by
Mathers (1970) that the minergl forms ¢f FeSO4 were effec-
tive in rectifying Fe chlorosis in sordhum. Dahiya and
Singh (1982) reported that the increasq in dry matter yield
of oats was also recorded with increasf§ng the rate of Fe
applied és Fe804. However, Mortvedt ( 82) showed that
FeSO4 gave lower forage yields of Sudar§ grass as compared

with Fe-EDTA.




50 -

P

4.1.2. Nutrient elements in sorghum ds affected by iron

application:
Status of some nutrient element1; that are believed
to be involved either directly or indfiirectly in the

phenomenon of iron chlorosis was detelmined and the results

were discussed with respect to the copcentration and up take

of each element. The data obtained, fre given in tables

(3 through 12) and illustrated in Figf. (2 te 11).

The results of the imposed treatfents showed significant

variations only with respect to Fe, Pl Ca, Mg and Mn, but

not with N and K. Accordingly, the significant relations

of the former group of nutrients only lare presented and

discussed in the following part of text.

4.1.2.1. Iron concentration and uptakd by sorghum:

Iron concentration in sorghum roots ga shoots :

The results of iron concentration in sorghum plant
Parts are shown in table (3) and graphfcally illustrated

in Fig. (2).

Plant roots:

Both forms of applied iron (chela
significantly incre;seg the Fe concent
roots, Fe-EDTA showed higher effect as
sulfate particulafly when applied at 1
maximum increase in Fe concentration w

the 5 ppm Fe rate in Case of Fe-EDTA 3

fed and mineral)
gation in sorghum

compared with Fe

rates. The
observed with

at the 20 ppm Fe
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in case of FeSO4-Such maximum,
higher with the use of the latter conm
concentration in roots tended to decr

rates of either sources.

Plant shoots:

Significant and gradual responses

bhound .

howevef, was slightly

The iron

Fase with further

due to increasing

the rate of applied Fe occurred with ghe chelated fornm.

With iron sulfate however,
ctoncentration with the first two rates,
Sllghtly thenafter it remained almost
trend could be referred to the dilutio
hand, and the limited translocation of

FeSO4 on the other. The low values of

Fonstant.

h effect,

in sorghum plants of the control treat
chlorosis symptoms observed,at the sam
plants (platesl, 2), evidenced that su

to Fe deficiency.

Application of iron at the rate of

a slight reduction in iren

increased very
Such

on one

Fe when applied as
Fe concentration

ent and the cute
time, on these

h symptoms are due

S5 ppm Fe as Fe-

EDTA,

or 20 ppm as FeSO4 clearly raised| to the Fe concen-

tration in sorghum plants and rectified| the iron chloroéié,

Symptoms. However,

with control,

it can be noticed t at,

as compared

iron concentration in Plagt shoots was

increased by 1.1, 1.2, 1.37, 2.11 and 2|3 times with

increasing the application rate to 5, 1

» 20, 40 and 60 ppm
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Growth and color ofﬁsorghum plants

as affected by added iron, as Fe-EDTA.
It is noticable thaﬁ the degree of
yellowish in plant c%lqr is severely
developed in case of the control
treatment.



Plate (2): Growth and color of sorghum plants as
affected by iron added as FeSO4. The

gradual development in the yellow color
of plants could be noticed in the low
Fe supply treatments.
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Fe as Fe-EDTA, respectively. With iron sulfate, however,
only a very slight increase was noticed. Such results are
in good agreement with those obtained by Somers and Shive

(1942), Weinstein and Robbins (1955} and Twyman (1951).

lron uptake by sorghum .

The data obtained for Fe uptake and contained in
sorghum roots and shoots are tabulated in table (4) and

shown in Fig, (3).

-Iron uptake by plant roots:

The results show that iron uptake by roots was signi-
ficantly increased with the application of either Fe-EDTA
or FeSO4. It may be profitable to observe that the maximum
increase in Fe uptake in sorghum roots was producéd with the
application of FeSO4 at rate of 20 ppm Fe, or FeEDTA at g3
rate of 5 ppm Fe. However, the maximum value was signifi-
cantly higher with FeSO4 as a source of iron supply. Further-
rates resulted in very sharp reduction in root iron content
which was more obwvious with Fe-EDTA (the higher soluble

form).

Iron uptake in shoots:

The values of He uptake by plant shoots were much
lower than those of the rocts and increased by 1.53, 1. 59,

1.94, 2.77 and 2.86 times with Fe-EDTA applied at the
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rates of 5, 10, 20, 40, and 60 ppm, respectively.

Increasing applications of Fe up to 40 ppm Fe in the

mineral form also enhanced the Fe concentration, but the
magnitude of increase was always léss than the correspon-
ding rates of Fe-EDTA and slightly higher than the untreated

control plants.

The results elucidate the importance of maintaining
adequate supply of iron to plants in order to produce
healthy plant growth of both roots and shoots, As previously
mentioned, a rate of Fe application as low as S ppm Fe gas
chelated form (Plate 1) or as higher as 20 as FeSO (Plate 2)
could be enough for maintaining adequate growth of sorghum
plants under the conditions prevalent in sandy cultures.
Chlorotic appearance was still okserved on plants supplled

with iron up to the rate of 5 ppm as FeSO4 (plate 3),

Immediately fcllowing Fe absorption by roots, it should
be easily translocated to plant stems and leaves where it
stays, Tiffin (1972). It may even be further mobile from old
leaves to young ones, Kannan and Pondy (1982). 1In spite of
that phosphates may render iron inactive and precipitgte
it inside plant tissues, besides, ads:rption of iron
Cations would certainly occur on the ot surface of plants

grown in FeS0, treatments, Chaney and i oulombe (1982) .




Plate (3): The superiority of Fe-EDTA -
in correcting the chlorosis
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was reported over the last three decades by many inves-
tigators such as Leonard and Stwart (1953), Mortvedt (1982)

and Lindsay and Schwab (1982).

Accordingly and in view of these concepts, the
relatively high values of both concentration and total Fe
contained in sorghum roots together with their relatively
low values in the shoots when FeSO4 Was the source of iron.
supply. This behaviour could be referred to a low mobility
of Fe when absorbed in the mineral form as compared With_
the chelated one, or to adsorption and precipitation of Fe
in the free space or on the sites of adsorption on the root
surfaces, Chaney and Coulombe (1982). Accordingly the
values of Fe content in plant roots may be considered as
apparent figures rather than realy indicator for the

status of iron in plant.

On this basis, it may be concluded that FeSO4 as a
source of_iron coﬁld be effective in supplying Fe to
plants, but at higher rates than those of chelated iron,
to compensate the various mechanisms altering its availa-

bility and mobility to the shoots of ‘the plant.

4.1.2.2, Phosphorus concentration and uptake by sorghum:

The values of P concentration and total P uptake by
sorghum plants are shown in tables (5 & 6) and graphically

illustrated in Figs (4 & 5).
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The results showed no significant differences be tween
the iron sources. . Compared to the control, the P
concentration in plant roots tended to be decreased with Fe
application, with its minimum being at 10 and 20 ppm Fe for
Fe-chelate and FeSO4, respectively, after which slight
increases with both sources were observed. Such trend

could be due to the dilution effect as these two rates are

quite close to those which gave the highest root growth.

Generally, FeSO4 treatments tended to yield plants
containing higher P levels in roots and shoots than did

Fe-EDTA treatments.

In plant shoots, P concentration was clearly decreased
with increasing the rate of added iron of both sources,
which could be again due to the dilution effect brought

about by the better growth specially at lower rates of Fe.

Concerning the P uptake by sorghum roots, no significant
differences due to the different rates of applied iron were
found,  but significant differences occurred between sources.
The FeSO g~treated plants, at any rate, tended to show higher
P uptake than with Fe-EDTA-treatments, where P uptake
remained constant with the 5 ppm Fe rate, above which g3
decreasing tendency was obvious. However, all of these

differences were not silgnificant.




ReQardi”Q Phosphorus uptake by sorghum shoots, plant

shoots  contained much more P than the roots -with

no significant differences existing

Tegarding P uptake contained by shoots as a result to the
different sources or rates of applied iron. However,

FeSO 4-treated plants tended to show slightly high content
of P in their shoots at almost all rates compared to those

supplied with Fe-EDTA,

Concerning the total P uptake by sorghum plants
(whole plants) no significant variations due to the

different rates on p uptake could be observed.

With respect to the Fe sources, the mineral source
(FeSO,) yielded plants of significantly higher values of

P uptake, particularly when applied at high rates.

The results of P concentration presented in table (5)
and Fig. (4) show significant increase in the P concentra- .
tion in the chlorotic plants. However, such trend was not

51gn1f1cant with respect to the total P uptake.

Such results are in good agreement with Dekock (1955),
who suggested that the high P content of chlorotic plant
tissue may result from a decrease in the content of
oxidizing enzymés. It was also observed by Jodice et al.

(1982) that the chlorotic leaves of control plants contalned




higher P than the green iron treated leaves.

In contrast, these results are opposed by Shata
(1982) who obtained 3 highly signiticant increase in
phosphorus concentration in Spinach plants with increments

of Fe-EDTA.

The P/Fe ratio of the control treatment in sorghum
roots (2.66), gradually decreased to 0.61 and 0.85 with
ihcréasing Fe application up to 60 ppm, as FeSO4 and Fe-

EDTA, respectively.

Regarding the sorghum sﬁoots the corresponding P/Fe
ratio diminished from 13 to 8.99 and 3.75 with Fe applica-
tions increasing up to 60 ppm, as FeSO4 and Fe-EDTA,
respectively. This result is confirmed by many investi-
gators such as Khruslova (1965) who reported that iron
chlorosis in mustard was associlated with higher P/Fe ratio
in chlorotic leawves. It was also referred by Mengle and
Kirby (1979) that P{Fe ratio is frequently higher in plants

suffering Fe chlorosis than in green plants.

4.1.2.3. Calcium concentration and uptake by sorghum:

Data in tables (7, 8) and Figs. (6, 7) show significant.
effect on Ca concentration only in roots of sorghum plants
due to iron application in the different sources and rates.
Calcium concentration in plant roots was significantly

decreased with increasing the rate of added FeEDTA up to
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10 ppm Fe, thenafter it tended to remain almost constant. -
In the case of FeSO4,however, Ca content reached its
minimum also at the 10 ppm rate but was followed with a

gradual increase with increasing the rate of iron supply.

In general, concentration of Ca in roots and shoots
of FeSO4~treated plants was higher than those Fe-EDTA-

treated.

In plant shoots, calcium concentration was slightly
increased, but no significant variations were obtained

with regard to either the source or rate of Fe application.

Regarding the uptake of Ca contained by plant roots,
highly significant differences were obtained due to both
sources and rates of applied Fe. Calcium uptake contained
by sorghum roots generally increased with Fe application,
In presence of-Fe-EDTA, the Ca uptake reached a
maximum value with the rate of 5 ppm Fe, after which a'
decreasing tendency was detected. On the other hand, in
case of Fe804, a fluctuated trend was obvious where g
gradual increasé was initially yielded up to the rate of
20 ppm Fe, after which the Ca uptake tended to decrease
but again inéreased to a maximum value at the rate of

60 ppm Fe.
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Accordingly it may be concluded that, the roots of
the chlorotic plants are characterized with relatively
higher Ca concentration as compared with the healthy
plants while the inverse is quite true with respect to the

shoots. Regarding the Cg uptake in plant shoots, no ObV¥°US

affect Was noticed due to, either source or rate of applied iron

4.1.2.4. Magnesium concentration and uptake by sorghum

Data of magnesium concentration and uptake in tables
(9-810) and Figs. (8 g 9). show no clear trend in the
concentration of magnesium in plant roots due to the differ-

ent treatments involved.

However, slight depressive effect was observed
for magnesium concentration in plant shoots due to increasing
Fe appllcatlon, either as chelated or mineral sources, with -

FeSQ4_being more effective in this regard.

Concerning the uptake of magnesium by sorghum plants,
no significant differences either due to sources or rates

of Fe application were obtained.

4.1.2.5. Manganese concentration and uptake by sorghum:

The results in tables (11 & 12) and Figs. (10 & 11)
show that the concentration of Mn in sorghum roots was not.
31gn1flcantly affected neither with the different sources

nor with the rates of Fe.
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Table (9): Magnesium ctoncentration in sorghum plants as
influenced by application of Fe as FeSO4 and
Fe-EDTA (mg/g dry matter).
Rate of application (ppm).
SOUrCe e
0 5 io 20 40 60 Mean
Roots
Fe-EDTA 4.22 3.23 2.77 3.36 3.53 3.78 3.48
FeSO4 3.44 3.07 1.76 2.78 2.69 3.70 2.71
Mean 3.83 3.15 2.27 3.07 3.11 3.47 2.91
0.05 n.s.
LSD S n.s. R n.s S.R
0.01 n.s.
Shoots
Fe-EDTA 6.47 3.35 4.83 2.35 5.46 4.03 4.42
FeSO, 5.92 6.34 2.73 4,16 2.69 4.07 4.32
Mean 6.20 4.85 3.78 3.26 4.07 4.05
0.05 S n.s. R 1.81 S«R 2.89
LSD
0.01 n.s. 2.46 3.93
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With respect to Mn concentration in sorghum shoots
however, a significant decrease occured with increasing
the rate of Fe supply in both sources. This trend was
also noticed by Somers and Shive (1942), Tiffin (1967),
Ohno et al. (1978), Shata (1982) and Jodice et al. (1982)
who observed an inverse relation between Fe and Mn concen-
tration in plants supporting the Fe and Mn antagonistic

relationship.

Concerning Mn uptake by sorghum roots, significant

effects due to Fe Sources and rates glso occurred.

In sorohum plants treated with Fe~-EDTA, the uptake
of Mn was decreased with all rates of applied Fe, except
the 40 ppm rate. 1In plants treated with Fe804, uptake of
Mn increased by Fe application, where the highest effect

was achieved with the rate of 20 ppm Fe.

Evidently the total Mn content in sorghum roots of .
plants treated with FeSO4 was 9enerally, higher than in those of

plants treated with Fe-EDTA.

4.1.2.6. Relative occurrence of P, Fe, Mn and Ca in

sorghum plants as affected by Fe application:

Several nutrient ratios such as Fe/Mn, P/Fe and Ca/Fe
have been reported as indices for the nutritional status

of iron chlorotic plants.
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To investigate the occurrence of some nutrients, Mn,
P and Ca,in relation to Fe in sorghum plants treated with
iron at various fates, the ratios of nutrient'pairs and
the average value of each ratio were calculated. The data
obtained on concentrations of these nutrients and'the-

computed ratios are presented in tablesAL13 & 14),

The results obtained indicate the following trends:

l. The relative occurrence of nutrients in sorghum roots in most
cases did not reveal significant relation with elther the
source or rate of Fe application, that could be due to
Fe accumulation in sorghum roots, its binding and/or
precipitation on root surfaces.

2. A positive trend was revealed in sorghum shoots, with
respect to Fe/Mn ratio either with Fe-EDTA or FeSO4

application. However, this trend was almost significant

in case of Fe-EDTA rather than with Fe-804. The values

of Fe/Mn ratio in plant shoots ranged from 1.5 to 6.4

with an average of 3.99 in case of Fe-EDTA, and from

1.9 to 3.0 with an average of 2.29 in case of Fe804.

In the roots, however; the average of all freatments was

'27.58 in the case of Fe-EDTA and increased to 40.72 -

where FeSO was the iron source.

3., A negative relation of P/Fe ratio that was significant in the

~ case o0f Fe-EDTA and very close to significancy with FeSO4
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Table (13): Ratios of (Fe/Mn = P/Fe and Ca/Fe) in
sorghum as affected by application of Fe as
FeSO4 and Fe-EDTA.

Rate of Tt Shoots

rOn. PPMepTA - F, Feso, Fe - EDTA Feso,

Fe/Mn
o) 6.88 12.20 1.50 1.90
5 116.80 29.80 2.20 1.93
47 .50 39,00 2.97 3.00
20 16.00 40.70 3.00 2.30
40 20.00 47 .30 6.40 2.30
60 26,80 46.80 5.40 1.90
27.58 40.72 3.99 2.29

P/Fe

0 3.10 - 2.66 13.85 12.86
5 0.42 1.11 9,20 10.30
10 0.56 0.40 8.90 10.43
20 1.45 0.33 5.97 9,80
40 0.80 0.72 5.20 8.97
60 0.85 0.61 3.75 9.00
0.82 0.63 6.60 9.70

Ca/Fe
0 20.89 16.48 23.00 27.00
5 2.69 5.80 31.00 34.00
10 3.58 2.40 28.50 27 .80
20 8.69 2.54 23.20 30.00
40 4.70 4.69 13.50 32.00
60 5.17 4.48 14.80 26.50
4.97 3.98 22.%0 30.06
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Table (14): Relative occurrence of P, Fe, Mn and Ca

(concentration) in sorghum plants as affected
by Fe application.

Nutrient Source of applied Correlation
iron (E)

ratio coefficient

o

Fe/Mn Fe-EDTA S 0.76
R 0.40
FeSO, S 0.78
R 0.52
P/Fe Fe-EDTA S -0.87*
R ~0.36
FeSO, S ~0.80
R ~0.50
Ca/Fe Fe-EDTA s -0.83*
R -0.31
FesO,, S -0.20
R -0.42
S = Shoots.
R = Roots.
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treatments, was revealed in sorghum shoots. This trend
is in accordance with the known fact of mutual adverse
effects of P and Fe. Values of the P/Fe ratio in
sorghum sHoots ranged from 3.75 to 13,85 in case of
Fe-EDTA, and from 9 to 12.86 with FeSO4, with an average
of 6.60 and 9.70 being decreased t0.0.82 and 0.63 in the
roots for the two sources, respectively.

4. A negative 51gn1flcant relation for - Ca/Fe ratio in

The non51gn1flcancy of the ratio in case of FeSO4 could be

mainly because con31derable fractlon of the Fe absorbed

from this source was accumulated or inactivated .somewhere
“ in root tissues and only small Fe amounts translocated

to shoots. The values of this ratio ranged from 13.5

to 31 with an average of 22.20 in case of Fe-EDTA, and

from 26.50 to 34 with an average of 30.06 in case of

FeSO4. In plant roots, this ratio was quite narrow and
averaged 4.97 with the chelate treatment but decreased to

‘ 3.98 in the case of Fe804.

It is quite obvious that increasing the rate of applied
iron was associated with increasing values of Fe/Mn and
decreasing those of both P/Fe and Ca/Fe as compared with the
control plants. The magnitude of these variations was much

higher in case of FeSO4 treated plants. Such trend could be

referred to the accumulation of iron in plant roots as

sorghum shoots was obtalned with the rate of applied Fe- EDIAy




- 83 -

inorganic precipitates specially when applied in a mineral

form.

With respect to piant shoots, it is clear from the
aforementioned presentation that the values of Fe/Mn were
lower, while those of P/Fe and Ca/Fe were much higher in
the shoots compared to the correspaonding values in the
roots. Again, the magnitude of variation was much higher
with the FeSO4 supplied plants. This trend provided
further confirmation to possibility of iron accumulation. in
roots with low quantity moving upward to organs of the
plant shoot, particularly when using inorganic iron sources.
This conclusion is confirmed by Olsen (1958) who reported’
that Fe/Mn ratio represents a reasconable index of the iron

Status of plant, being low in the chlorotic tissue.

Also Chaney and Coulmbe (1982) reported that phosphates -
may render iron inactive and precipitate it inside plant

tissues.

4.1.3. Iron that remained or lost during and at the end of

experiment :

The status of iron in the sand culture was followed
up through determining the quantity in the leachate
collected during conducting the experiment as well as that
trapped in the culture after removal of plants. The

obtained results are presented in table (1%) and Fig (12).
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4.1.3.1. Leached iron:

The results show clearly tHat leachates of the Fe-EDTA
treatments contained considerable amounts of Fe, that |
gradually and significantly increased with the increasing
rates of applied Fe. These values ranged from 0.1 to
23.85 mg Fe/pot, which reflect the high solubility of Fe-
EDTA. On the other hand, with the FeSO4 treatments, minute
values of leached Fe were recorded through the course of
experiment, indicating that the soluble FeSO4 applied was

rapidly converted into insoluble forms.

4.1.3.2. Available iron form:

Concerning the available iron, extracted by NH ,0AC
(PH 4.8); significant differences were found between Fe
rates of both Fe sources (Fe~-EDTA and FeSO4). Hoﬁever,
the values of available iron increased significantly and

steadly by increasing the rate of applied Fe.

The amount of available iron extracted by NH ,0AC
(pH 4.8) reflect, in general, the potential supply of Fe
to plants grown on soils, as stated by Olson (1965) who
pointed out that most of soil available iron occur in a

ferrous form.

With respect to iron fraction extractable by 0.1 N HCl
solution, from sand cultures after plant removal, signifi-

cant differences were found between sources and also
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between rates. This Fe fraction significantly increased

with increasing the rate of applied Fe.

The ferrous sulfate-treated cultures yielded more
0.1 N HCl-extractable Fe than did those treated with Fe-
EDTA. This trend is in accordance with the extremely low.
Fe quantities leached from the cultures when FeSO4 was
used as a source of iron supply and the relatively high
amounts leached from the culture in case of Fe-EDTA treat-
ments. - This result is confirmed by Leeper (1952) who
reported that most iron compounds occurring naturally in
soils are quite insoluble and that ferrous ions are
unstable in aerated soils with a PH value of 6.0 or higher.

alkalinity and aeration favour oxidation of iron..
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4.2. Experiment II: Iron chlorosis as affected by CaCO3

and Fe applications:

In this experiment, as mentioned before, sorghum
plants grown on sand culture were subjected to CaCO3 and
Fe applications. Calcium carbonate was added at four levels
namely, O, 2, 4 and 8% while iron treatments included three
rates namely; O, lO and 20 ppm Fe as FeS0,. The values of
dry matter yield of sorghum plants were recorded and the
nutritional status was also evaluated through determination

of Fe, P, Ca, Mg and Mn uptake.

4.2.1. Dry matter yield of sorghum as affected by 05003

and Fe applications:

Data obtained for the dry matter yield of sorghum

plant parts (roots and shoots) as influenced by CaCO_ and Fe

3
applications are presented in table (16). The data are
discussed with respect to both plant parts and whole plants

as well,

For plant roots, the results indicate that, the
combined application of CaCO3 and Fe did not significantly

affect the dry matter yield of plant roots.

Concerning plant shoots, the values of dry matter
yield were significantly decreased with the application
of CaCO3 at rates of 2, 4 and 8%, either in presence or

in absence of applied iron.
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In presence of applied Fe, CaCO3 level of 2, ‘4 and 8%
reduced the dry matter yield of shorghum shoots, on average
basis, by 10, 9.5 and 25% as compared to the control,
respectively. 1In absence of Fe application, the correspond-

ing reductions were 11.7, 9.8 and 25%, respectively.

With respéct'tb the effects due to Fe applications,
though an increasing tendency on dry matter yield of sorghum
shoots due to Fe application was observed, no significant
variations were recorded. For examplé, in abéence of Fe
application the CaCO3 at a level of 8%, reduced the average
values of dry matter yield of shoots by 25%. However, this
reduction was slightly corrected (to 18%), when Fe was

applied at a rate of 20 ppm Fe as FeSO4.

Concerning the whole sorghum plants, the pattern of
response to both CaCO3 and Fe agplications resembles, to
some extent, that of the shoots, which comprise-the bigger
portion of the plant. The decrease resulted in the dry -
matter yield with increasing the levels of CaCO3, may be J
due to a reduiv}ng effect of CaCO5 on the availability of

3
on both P and Fe was reported by many investigators, such as

iron and phosphorus. The inactivation effect due to CaCO

Brown and Hendricks (1952) who showed that the reduction in .
iron availability in the presence of excess CaCO,, is due

to the conversion of soluble iron into insoluble ferric
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hydroxides or ferric oxides. Dahiya and Singh (1982) also
reported that increasing the CaCO3 level decreased the

concentration and uptake of iron drastically.

The obtained results are confirmed by Patil and Patil
(1981) who found that the dry matter yield of sorghum plants
was adversely affected with increasing the level of CaCo,.
‘However, the contradicted result revealed by Dahiya énd
Singh (1982) who obtained an increase in dry matter yield
of oat plants with increasing levels of C_aCO3 and Fe,
was attributed to a probable increase in Ca availability and
Fe arising from amorphous CaCO; and applied iron through the
rhizosphere because of the solubilizing effect of root
- exudates on CaCO;, as the soil they used was marginal in

exchangeable Ca and deficient in iron.

4.2.2. Nutrient elements in sorghum as affected by CaCO,

and Fe applications:

The status of some nutrients which are usually thought
to be involved either directly or indirectly in the pheno-
menon of iron chlorosis namely, Fe, P, Ca, Mg and Mn are
presented and discussed in this part of text with respect

to their concentration and uptake by sorghum plant.

4.2.2.1. Iron concentration and uptake by sorghum:

The results obtained for Fe concentration and uptake
‘as influenced by CaCO, and Fe applications are presented

in tables (17 and 18).
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respect to Fe uptake by plant shoots. Also, significant
reduction in Fe uptake with increasing the amounts of
CaCO3 was observed by Singh and Dahiya (1976) and Dahiya

and Singh (1982).

Whole plants, behaved almost similarly to plant

shoots, with respect to Fe uptake.

Interaction of CaCO3 with Fe applications of iron
uptake by sorghum plants was significant in shoots and whole

plants while in roots it was not significant.

4.2.2.2. Phosphorus concentration and phosphorus uptake

by sorghum:

The values of P concentration in‘sorghuh roots and
shoots and P uptake as affected by 03003 and Fe applications,
presented in tables (19 and-20), show significant differences
in P concentration in plant roots. The average values of P
concentration in roots was reduced from 1.4 to 0.48, 0.51

and 0.54 mg P/g for O, 2, 4 and 8% rates of applied CaCO3.

The results reveal no seriols effect on P concentration
in sorghum roots due to Fe applications. It is-obvious that
the lowest level of CaCO; (2%) was quite enough to drasti;
cally reduce the phosphorus concentration in plant roots to

a degree that increasing CaCO; beyond this level did not

result in any further reduction in P concentration.
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With respect to plant shoots, similar trends were
also revealed, where the values of P concentratidn were
reduced from an average of 2.61 to 0.60, 0.73 and 0.76

mg P/g, with O, 2, 4 and 8% CaCO3 levels, respectively}

Phospheorus concentration, however, was not significantly

affected with increasing the rate of Fe application.

No significant interaction existed between CaCO; and
Fe in concern with their combined effect on P concentration,
“neither in plant roots nor in plant shoots. Such results
are confirmed by Singh and Dahiya (1976) who observed a
drastic decrease in phosphorus concentration with increasing
levels of CaCD3 in pea plant and also with Dahiya and Singh
(1982), who reported the same result with oat plants. 1In
this regard, Buehrer (1932) reported that in soils of high

pH, phosphate precipitation occurred mostly by CaCO3.

The values of P uptake by plant roots and shoots and
hence the whole plant were signiticantly reduced with CaCoO

application even at the low level (2%) -

Thus it may be concluded that CaCO; seems to be a main
tfactor influencing the concentration and uptake of both P
and Fe. Such conclusion presents further evidence to the

involvement of CaCO3 in the Fe chlorosis phenomenon.
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4.2.2.3. Calcium concentration and uptake by sorghum:

The values of Ca concentration and uptake by sorghum

plants are presented in tables (21, 22),

Concerning the concentration of Ca in plant roots, it
was significantly increased at all levels of CaCO, over the
bontrol. This increase may be attributed to the increased
content of Ca ions in the culture and the solubilizing

action of root exudatses on CaCO3.

Increasing iron concentration from O to 20 pﬁm in
absenée of CaCO3, Ca concentration was decreaéed, but
increased when CaCO3 was present with all levels of
applied Fe. However, the interaction effect of CaCO3 and

Fe on Ca concentration in roots was not significant.

Such results are confirmed by Dahiya (1973) and Singh
and Dahiya (1976) who recorded an increase in Ca concentra-

tion with increasing applications of CaCO3 in pea crop.

With respect to Ca concentration in plant shoots, it
was significantly decreased at all levels of CaCO5 as
cbmpared with control. This result is in accordance with
those of Bennett (1945) and Linder and Harley (1944) who
showed that plants growing on some calcareous soils may
contain less Ca because of the retarded process of absorp-

tion due to high pH of such soils that prevented adsorption

of several nutrients, including Fe.
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As iron applications increased from O to 20 ppm, in
absence of applied CaCOS, Ca concentration was not affected.
Also, the interaction of CaCO3 a?d Fe applications on Ca
concentration in plant shoots was not significant.

Uptake of Ca by plant roots showed a shérp increase
with increasing levels of CaCO3. Calcium uptake by plant
roots was decreased with increased levels of applied Fe.
Values of Ca uptake was, 38.6, 36.5 and 35 mg Ca/pot at O,

10 and 20 ppm FeSO4, respectively.

Interaction of applied CaCO3 and Fe on Ca uptake was

not significant.

Regarding the effect of CaCO3 on Ca uptake contained
by.plant'shootq,it sighificantly decreased with increasing

the rate of CaCO3 application.

In absence of CaCO3 application, calcium uptake did
not follow a distinct trend with increasing the level of

applied iron.

Application of CaCO3 yielded an increase in Ca uptake
by plant roots but it caused a decrease in that of plant
shoots. However, the effect of CaCO3 on Ca uptake by whole
plants was not significant. The effect of iron application
Was also NOt significant with respect to the total uptake

of Ca.
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4.2.2.4. Magnesium concentration and uptake by sorghum:

It is clear from tables (23 and 24) that the concentra-
tion of Mg in plant roots significantly increased by applica-
tion of CaCO,; at all levels. Magnesium concentration in plant
shoots, was significantly decreased at all levels of applied
CaCO;, while it did not follow any consistent trend with

iron increasing.

Uptake of‘Mg by plant roots was significantly increased
by application of CaCOS. It is obvious thatrthe maximum
increase in Mg uptake by plant roots was achieved with 4%
CaC03; while 8% CaCO3 caused less increase. On the other
hand, Mg uptake by roots increased with increasing the rate

of iron application, when no CaCO3 was added.

Uptake of Mg by plant shoots, was significantly
decreased with increasing rates of CaCO3 when compared with

control.

The pattern of response to CaCO3 and Fe, showed a
significant decrease in Mg uptake by whole plants with
increasing CaCO; applications while no clear trend could be

noticed as a result to Fe additions.

4.2.2.5. Manganese concentration and uptake by sorghum{

The values of Mn concentration in plant roots and
shoots and Mn uptake as affected by CaCO3 and Fe applica-

tions are presented in tables (25rand_26)l These values
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show significant differences in Mn concentration in the
foots,,the average values of Mn concentration in plant .
roots wasrreducéd from 49.3 to 33.6, 31.0 and 34.4 ppm
with application of CaCO; at the rates of 0, 2, 4 and 8%,

respectively.

The results reveal an increase of Mn concentration in
plant roots with increasing Fe applied, this increase how-

eéver, was not significant.

It is interesting to observe that the lowest level of
CaCOs'(2%) was quite enough to drastically reduce the
manganese concentration in plant roots. While further levels
of Ca003 did not induce the resulted reduction in Mn concen-

tration.

With respect to plant shoots, similar findings were
also revealed, as the values of Mn concentkation were
reduced from an average value of 97.lto S4.1,502and 475ppm

for CéCO3 levels at 0, 2, 4 and 8%, respectively.

Results also show that the values of manganese concen-
tration were not significantly affected with Fe application

though a slight increasing tendency could be observed.

No significant interaction existed between CaCO3 and Fe
in concern with their combined effect on Mn concentration

neither in plant roots nofr in plant shoots. Such results




.

are in good agreement with those of Dahiya and Singh (1982).

Considering the effect of CaCO3 on Mn concentration
in plant shoots, the concentration of Mn was decreased with
increasing CaCO3. The decrease in Mn concentration in

presence CaCO; could be caused by decreased aVailability of

Mn owing to possible precipitation and oxidation at higher

pH and due to its adsorption on CaCO, surfaces. Similar

observations were also reported by Singh and Dahiya (1976).

It is obvious from the aforementioned presentation
that addition of CaCO3 tended to decrease the concentration
and total content of P, Fe and Mnh in both sorghum roots and
shoots. Regarding Ca, its concentration and total content
increased in roots but materially decreased in the shoots
with increasing rates of CaCO3. Such behaviour may confirm
the adverse influence of CaCO, on the solubility and thus
the availability of many nutrients specially those of the

micro-group. Under such conditions, excess Ca and deficienc
g Y

of several other nutrients, an unbalanced state could have

resulted with the mechanism of absorption being affected

where Ca and, to some extent, Mg seemed to move into the

roots inactively as they may accumulate somewhere in a

state not ready to move to the shoots.

Finally it may be concluded that'CaCO3 seems to.be a
main factor affecting the concentration and uptake of Fe, Mn
and several other nutrients in plant which, may give further
attention to the probable role of CaCO3 in the Fe chlorosis

phenomenon.
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4.3. Experiment III: Iron chlorosis as affected by

phosphate applications:

This experiment was conducted to investigate the
effects of P applications on the concentration and uptake
of some nutrients that are usually reported as belng
involved in the iron chlorosis phenomenon. Sorghum plants
grown on sand culture and watered with modified Hogland
solution lacking P and Fe, were subjected to P applications
as (KH2P04) at four rates: namely O, 20, 40 and 60 ppm P,

while Fe was applied as FeSO4 at one rate (20 ppm Fe).

It was observed that plant growth was better with P
applications, while it was very much restricted in the
complete absence of P application and the plants were very

stunted.

The results obtained for nutrient concentrations and
uptake are presented in tables (27 and 28) and graphically

illustrated in Figs. (13 to 18).

4.3.1. Phosphorus concentration and uptake by sorghum:

4.3.1.1. Phosphorus concentration in sorghum roots and shoots :

The results show clearly that P concentration in plant

roots as well as in shoots was significantly increased with
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Table (:27): Nutrient concentrations (ppm) in sorghum
‘ roots and shoots as affected by phosphorus
levels in growth medium.
P level
P Fe CO Mg
pPpm
Roots
0.0 347 393 6820 5610
20.0 437 509 5040 7310
40.0 545 980 7140 6380
60.0 660 2286 10160 7230
_ 0.05 113 NS NS NS
L.S.D.
0.01 170 NS NS NS
Shoots
0.0 341 9l 5080 2210
20.0 664 163 6510 3230
40.0 858 130 6820 3740
60.0 932 154 60630 4000
0.05 22 45 NS Né T
L.S.Dl .
0.01 33 68 NS NS
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Table (28): Nutrient uptake by sorghum (mg/pot) as
affected by phosphorus levels in growth medium.

FPlevel P Fe Ca Mg
ppm
Roots
0.0 0.406 0.454 8.03 6.636
20,0 1.219 1.380 24.51 19.850
40.0 1.919 3.495 25.51 22.890
60.0 1.940 2. 405 30.37 22.010
------- 0.05 0,210 1.320 9.76 7.88
L.S.D.
0.01 0.310 0.200 14.79 11.94
Shoots
0.0 0.735 0.194 10.84 4.817
20.0 4,427 1.083 43,40 21.513
40.0 6.400 0.959 49.41 28.060
60.0 7.200 1.140 44 .64 29.350
0.5 218 T 0.367 21.20 13.75
L.S.D.
. 0.01  3.30 0.556 32.25 20.83 .

Whole plant

0.0 1.141 0.648 18.89 11.45
20.0 4.546 2.460 68.00 4]1.36
40.0 8.320 4,450 75.00 50.95
60.0 9.138 3.540 75.03 51.36

0.05 4,450 1.250 23.74 20.33
L.S.D.
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Whole plants

&)

~J

)]

w

N

L \V

N
Uptake of phosphorus, mg/pot

Uptake of iron, mg/pot

C
o

0] 20 40 60

Rate of added P (ppm)
14): Effect of P rates on Fe and P uptake
by sorghum plants.
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increasing phosphorus level in growth medium. The concen-
tration of P in plant roots averaged, 347, 437, 545, and

660 ppm at 0, 20, 40 and 60 Ppm P, respectively.

The corresponding values in plant shoots, though
followed the same trend, were very much higher than those
in roots, being about 341, 664, 858 and 932 ppm, for the

Same rates of added P, respectively.

This result is confirmed by Ajakaiye (1979) who
reported that phosphorus concentration in shoots and roots
of both species (Millet and Sorghum) significantly increased

with increasing P levels in growth medium.

4.3.1.2. Phosphorus uptake by sorghum:

Phosphorus uptake by plant roots and shoots as well as
total uptake, was significantly increased with increasing

the rate of applied P.

Such results are in good agreement with Bidulph and
Woodbridge (1952) who showed that plants grown in media
supplying. excess phosphorus, progressively accumulated

this element in the leaves, stems, and roots.

4.3.2. Iron concentration and uptake by sorghum:

4.3.2.1. Iron concentration in sorghum roots and shoots:

The values obtained for Fe concentration in plant roots,

were significantly increased with increasing the level of
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applied P. The Fe concentration increased from 393 to
2286 ppm as the level of applied P was increased from O to

60 ppm. However, these increments were not significant.

The concentration of iron in-plant shoots, was
increased with P application, reached its maximum at the
low rate of applied P (20 ppm). Further rates of P, how-
ever, tended to reduce Fe concentration as compared with
those obtained at the 20 ppm P. The concentration of Fe
was much greater in the roots than in the shoots at all P
level#, indicating tendency of this element to be accumu-
lated in plant roots. This result is confirmed by Ajakaiye
(1979) who found that 55Fe toncentration was higher in the
roots than in the shoots of the two species, Millet and

Sorghum.

4.3.2.2. Iron uptake by sorghum:

The resul.s show clearly that Fe uptake by plant roots
was increased by P application. The maximum Fe content
occurred at 40 ppm P, which could be attributed to a stimu-

lative effect on root growth and hence the dry matter yield.

With plant shoots, the Fe uptake also increased signi-
ficantly with increasing the rate of P application. However,
the different levels of applied P were not significantly

different.
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With whole sorghum plants, a trend similar to that

shown by plant roots was obvious.

4.3.3. Calcium concentration and uptake by sorghum:

Results of Ca concentration and uptake by sorghum
plants, reveal an increasing tendencyhin both roots and
shoots with the increasing rates of applied P. However,
the obtained effect was not significant neither in roots

nor in shoots.

Concerning the Ca uptake, significant increase was
evident with increasing the level of P in the medium. The.
values of Ca uptake increased from 8.03 to 30.37 mg Ca/pot
in roots and from 10.84 to 44.64 mg Ca/pot in shoots as a

result to the increasing levels of applied P from O to 60

ppm.

As in case of Ca concentration, while Ca uptake
contained by roots gradually increased with the progressive
increments of applied P, the maximum value attained in the
shoots being at the 40 Ppm applied P, slightly reduced at
the 60 ppm. This could be due to the precipitation of Ca‘
in roots in a form not translocated to the shoots under

high rates of applied P.

The total Ca uptake by sorghum plants showed a trend
almost similar to that revealed by sorghum roots where, it
is increased with the progressive increments of applied

phosphorus. Up to the of 40 PPm P. after which 5 decreasing

tendency wgs noticed.
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4.3.4. Magnesium concentration and uptake by sorghum:

Data obtained for magnesium concentration and up take
by serghum plants reveal that the concentration of Mg in
sorghum roots increased by increasing the level of applied P

but this increase was not significant.

With respect to Mg concentration in plant shoots,
no significant differences regarding Mg concentration

could be zlso obtained.

Concerning Mg uptake contained by plant roots and
shoots, both were increased with increasing P level over
control. However, no significant differences existed

between the different P treatments,

Total uptake of Mg by whole plants, behaved similarly
to roots and shoots, howevever the progressive increase due

to increasing .irates of applied P was significant with regard .

to the whOIE-plant.

~

4.3.5. Ratio of phosphorus to iron (P/Fe) in tissues of

sorghum as affected by phosphorus applications :

It is easy to observe that the P/Fe ratio (table 29)

was very much greater in sorghum shoots than in sorghum

roots at all levels of applied P.

This resulr is supported by Ajokaiye (1979) who
concluded that, (1) high P in growth medium prevented the

plants from taking up and translocating sufficient Fe from
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Table “29): Ratio of phosphorus to iron (P/Fe) in

tissues of sorghum as affected by
phosphorus level.

P level
Shoots Roots
Ppm
0.0 3.8:1 0.88:1
20.0 4.1:1 0.86:1
40,0 6.6:1 0.56:1

60.0 6.1:1 0.29:1
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the nutrient solution. (1ii) the relatively high P

supplementals may result in 1 difficulty in interveinal
translocation of Fe, perhaps because Fe was inactivated
Or precipitated in veins and was not translocated to the

mesophyll.




