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ABSTRACT

Effects of Zn, P and Fe on Cd uptake and accumulations by tomato (Lycopersicum
esculentum Mill) and also their interactions on the uptake of Zn,Fe, Mn, P and Cd~
were investigated using batch type solution culture technigue. Experiment 1 was a
factorial scheme with 3 levels of Zn (0, 0.5, 2.5 ppm) and 3 levels of Cd (0, 0.2, 1.0
ppm). At 1.0 ppm Cd; significant yield reduction of dry matter and visual toxicity
symptoms (yellowing and necrosis) of Cd was observed for all zinc levels. At this Cd .
level, increasing Zn treatment from 0 to 2.5 ppm increased Cd concentration from 199
to 235 ppm in leaves and from 124 to 145 ppm in stems. Similarly, Cd treatment did
not suppress Zn uptake in leaves, and rather significantly increased in stems. Fe con-
centrations in leaves and stems were significantly reduced due to Cd treatment while Mn
were increased by both Zn and Cd treatment. The results of experiment 2 with 3 levels
of P (0.5, 2.0, 4.0m Mol) and 3 levels of Cd (0, 1.0, 2.0 ppm) in a factorial scheme
also showed a growth reduction and visual toxic symptons from 1.0 ppm Cd level.
Increasing P treatment tend to increase Cd concentrations in leaves and stems although
it was not statistically significant. Increasing P concentration due to Cd treatment could
be the “concentration” effect as a result of reduced growth, while there was significant
decrease in Fe concentration due to Cd treatment in spite of possible “concentration”
effect. Mn concentration was increased at 1.0 ppm Cd level and then dropped at 2.0
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ppm Cd level. Zu concentration in leaves and stems showed significant increase as Cd
treatment increased as observed in experiment 1. Experiment 3 had 3 levels of Fe (0.5,
1,0, 2.0 ppm) and 3 levels of Cd (0, 0.8, 1.6 ppm) treatments in a factorial design,
Significant growth reduction and visual toxic symptoms as observed in experiment 1
and 2 were also observed from 0.8 ppm Cd level. Increasing Fe treatment obviously
alleviated toxic symptoms, improved growth and significantly increased dry matter yield.
At 0.8 ppm Cd treatment level, increasing Fe treatment from 0.5 to 2.0 ppm signifi-
cantly decreased Cd concentration from 141 to 92 ppm in leaves and from 101 to 46
ppm in stems. At 1.6 ppm Cd treatment level the decrease was from 224 to 167 ppm
in leaves and from 124 to 109 ppm in stems. As in the case of experiment 1 and 2, Fe
concentration in leaves and stems were reduced as Cd treatment increased to 1.6 ppm
at 0.5 and 1.0 Fe treatment levels, whereas at 2.0 ppm Fe level, Cd treatment increased
Fe concentration in leaves and stems showing significant interactions of Fe and Cd on
Fe uptake.

Cd effect on Zn and Mn showed similar results to experiment 1 and 2 and Fe treat-
ments reduced Zn and Mn concentrations in plant tissue. The results of 3 experiments
show that P and Zn did not manifest suppressive effect on Cd uptake, Fe significantly
demonstrated it. Fe also alleviated Cd toxicity symptoms significantly in terms of visual
symptoms and dry matter yield. Visual toxicity symptoms were definitely related to Fe
status in plant tissue as well as possible physiological effect of Cd itself, and the results
suggest that Fe requirement for normal growth increase as Cd element is present in

plant tissue. Zn accumulated more in stems than in leaves whereas Cd, Fe and Mn

showed the opposite trend in all experiments.

INTRODUCTION

Toxicity of Cd to animals and plants and also
the association of Cd with various human dis-
eases such as hypertension, emphysema, chronic
bronchitis, and kidney disease (Schroeder 1965;
Friberg et al 1971; Perry 1968) has brought
about considerable interest in recent years in
studies of Cd levels in various phases of the
environment. Food is one of the main pathways
of Cd into human body (Friberg et al 1971) and
one of the possible sources of Cd in food is
accumulated Cd in food plants. Cd accumulation
in plants were reported relatively easy and
varied depending on plant species (Haghiri 1973;
Page et al 1972; Turner 1973). Haghiri (1973)
and Page et al (1972) also observed toxicity
symptoms-yellowing and Haghiri(1973) suggested
that Cd toxicity may be Cd induced Fe deficiency
Chaney (1973)
and Page et al (1972) suggested possible anta-

without presenting actual data.
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gonistic Zn effect on Cd uptake. Lagerwerff and
Biersdorf (1972) reported that Zn and Cd were
competitive cations resulting in lower Zn levels
where Cd is present., Contrary to their obser-
vations, increased Zn upake as a result of Cd
treatment was observed by Turner (1973). and
in explaining this result he suggested i) true
stimulation of Zn uptake, ii) redistribution of
Zn between roots and tops or iii) root damage.
The results of preliminary sand culture expier-
ment with Tomato (Lycopersicum esculentum
Mill) having 2 levels of Cd (0, 0.5 ppm) treat-
ment and 3 levels of Zn (0.1, 0.5, 2.5 ppm)
treatment did not show any antagonistic effect of
Zn on Cd uptake. They rather showed incresed
Cd uptake as a result of Zn treatments and
increased Zn uptake as a result of Cd treatment
as observed by Turner (1973). To verify this
observation further, ‘experiment 1 was designed
and conducted. Experiment 2, was designed and
conducted to investigate the effect of P on Cd

uptake since P has been known to repress Zn



and Fe uptake or induce Zn or Fe deficiency
(Stuckenholtz et al 1966; Watanabe et al 1965).
The results of two experiments indicated possible
Fe-Cd interaction on their uptake and visual
Thus,

designed and conducted to

toxicity symptoms. experiment 3 was
investigate Fe-Cd

interaction as described below.

MATERIALS AND METHODS

Experiment-1 (Zn-Cd interaction)

Using solution culture technique, a completely
randomized factorial experiment with 3 levels
of Zn (0, 0.5, 2.5 ppm) and 3 levels of Cd (0,
0.2, 1.0 ppm) with 3 replicates was conducted.
(1957)
revised nutrient solution of Hoagland #2 solution

As basic culture solution, Johnson’s
was used for macronutrients. For micronutrients,
1.0 ppm Fe (as Fe SO,+H,S0), 0.25 and 0.32
ppm Mn and Cl respectively (as MnCl), 0.1
ppm B (as HgBOs), 0.01 ppm Cu (as Cu SO,
5H;0), 0.01 ppm Mo (as Naz MoQ; - 2H,0) were
the final concentrations in the nutrient solution.

Treatment of Zn and Cd was made with the
solution of Zn SO+ 7H:0 and CdSO,.
tomato seedlings (25 days old) were transplanted
to each solution culture container (3.81). Throu-
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ghout the growing period, pH of nutrient solution
was maintained between 4.5 and 5.

To ensure substantial initial growth, half
strength basic nutrient solution with 0.05 ppm
Zn and no Cd was supplied. After 2 weeks of
initial growth, full treatment solutions were
added for each treatment. After 8 days treatment
solutions were renewed with freshly prepared
treatment solution. After one week of the renewal
of the culture solution, plants were harvested.
Leaves and stems were separated and dried in a
forced air oven at 75° C for 2 days and ground
in a stainless stell Wiley mill. 0.5 gm of ground
sample was digested with 15ml of acid mixture
(20% HC104+80% HNOj; by volume) on a hot
plate and then diluted to an appropriate volume
for the determinations of Cd, Zn, Fe, Mn with
dual channel atomic absorption spectrophotometer

(Jarrell Ash 810). Background correction was
made for the Cd analysis using non-absorbing
line. Results were subject to statistical analysis
by computer.

Experiment 2 (P-Cd interaction)

After experiment 1, and using same technique
as experiment 1, a completely randomized fac-
torial experiment with 3 levels of phosphate(0. 5,
2.0, 4.0m Mol) and 3 levels of Cd (0,1.0, 2.0
ppm) with 3 replicates was conducted. Phosphate
treatments were made with KH,PO, and NHH,
POs,. To balance nitrogen due to phosphate
treatment with NH,H,PO,,
of NH;NO3 was used. Macronutrient content of
nutrient solution was 13.5, 4.5, 4, 2, and 4m
Mol of N,K, Ca, Mg and S respectively. Micro-
nutrient content was same as experiment 1 with
0.1 ppm Zn. Cd SO, was the source of Cd treat-

appropriate amount

ment,

Three tomato seedlings were transplanted to
each solution culture container (3.81) which
contained half-strength basic culture solution. 16
days after initial growth, full strength treatment
solutions were applied. Each day deionized water
was added to make up for the loss due to eva-
poration. After 13 days of growth in the treat-
ment solution, upon observing obvious growth
differences and toxic symptoms due to the treat-
ment, plants were harvested and treated as in
the case of experiment 1.

Experiment 3. (Fe-Cd interaction).

After careful examination of two experimental
results which showed obvious relationships bet-
ween Cd treatment and Fe uptake, this third
experiment using same solution culture technique,
having 3 levels of Fe (0.5, 1.0, 2.0 ppm) and
3 levels of Cd(0,0.8,1.6 ppm) with 3 replicates
in completely randomized factorial scheme was
conducted. Basic nutrient solution was exactly
same as experiment 1 except 0.1 ppm Zn and 3
levels of Fe which is a treatment element. 3
tomato seedlings(25 days old) were transplanted
to each solution culture container which con-
tained half strength basic nutrient solution. After

14 days of initial growth, full strength treatment
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solutions were applied. 12 days after lst full
treatment, solutions were replaced with freshly
prepared treatment solution. This time, the source
of Fe was Fe-DTPA instead of FeSO,+H:S0,
solution which has been used in previous experi-
ments. A week after the renewal of treatment
solution, plants were harvested and subsequently
analyzed as described in experiment 1 section.
All the results data presented hereafter are

average of 3 replicates.

Results

Experiment 1 (Zn-Cd interaction)

As shown in Table 1, growth reduction due to

Cd (1.0 ppm) treatment was significant. At the
same Zn level, increasing Cd treatemtn did not
affect the concentration of leaves however, Zn
concentration in stems were significantly in-
creased. At Zn 3 treatment level, both cohcen-
tration of Zn and dry weight of stem increased
from Cd 1 to Cd 2 treatment level indicating no
possible concentration effect, however, increase of
zinc concentration from Cd 2 to Cd 3 treatment
level could be due to the conoentration effect
since stem yield was decreased from Cd 2 to Cd
3 treatment level.

At the same Cd level, increasing Zn treatment
did not suppress the Cd concentration and total

total uptake. In stem, Cd concentration was

Table 1. Yield (g/container), metal concentrations (ppm) total uptake (mg container)

and results of statistical analysis for experiment-1 (Zu-Cd interaction).

Treatment Leaves Stems Total
(level Cds } Cd | Cd® | Cdi | Cd | Cds | Cdi | Cdy | Cds
[Yield)
Zn 1 4.320  4.740  2.78  3.000 3.07 1.68 7.32) 7.70] 4.46
Zn 2 5.61 4.50| 3.54/ 3.92 3.13 - 2.38 9.35 7.63 5.92
Zn 3 3.090 4.83 3.09 27l 321 1.8 675 8.04 4.93
Zn N.S. * *
Cd E X3 X3 *%k
ZnxCd N.S. N.S. .| NS
L.S.D. 1% .81 .65 1.42
5% .59 .48 1.04
C.V.(%) 14.3 17.3 15.2
(Zn)
Zn 1 19 17 18 15 14 16 0.13  0.12 0.08
In 2 69 65 65 132 141 155 0.90, 0.72] 0.59
Zn 3 191 209 199 487 491 591 2.11] 2.58 1.72
Zl’l kk *%k *k
cd N.S. o *
ZnxCd N.S. *x N:S.
L.S.D. 1% | 12.0 29.9 0.34
5% 8.7 21.8 0.25
C.V.(%) 9.3 9.7 25.2
[cd;
Zn 1 0 57 199 0 32 124 0 | 0.3 0.76
In 2 0 68 201 0 42 140 0 0.43  1.04
Zn 3 0 67 233 0 40 145 0 0.45]  1.00
Zn N.S. ** N.S.
cd % [ |k
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Treatment Leaves Stems Total
(evel) Cdi | Cd | Cds | Cdy | Cd | Cds | Cdi | €& | Cls
ZuxCd N.S. ** N.S.
L.S.D. 1% 16.3 4.8 .19
‘ 5% | 11.9 3.5 .14
C.v. (%)l 13.1 6.1 3L.4
(Fe)
Zn 1} 293 221 154 78 68 42 1.50 1.23 0.51
Zn 2 193 183 150 72 61 46 1. 36 1. 04 0.64
In 3 198 183 152 61 56 48 0. 96| 1.07 0.56
Zn ** N.S. N.S.
Cd *k *k sk
ZnxCd 5% N.S. N.S.
L.S.D. 1% 34.6 12.4 .29
5% | 25.3 9.1 .21 -
C.v. %) 13.3 15.5 21.5 |
(Mn)
in 1 93 115 139 41 53 52 0.52) 0.69 0.47
Zn 2 84 98 .| 135 48 50 63 0. 66 0.61 0.62
Zn 3 129 138 177 64 57 67 0.69 0.85 0.67
Zn *% *% *
Cd ** * N.S.
ZnxCd N.S. N.S. N.S.
L.S.D. 1% 1.70 10.3 . 16
5% 12.4 7.5 .12
C.v. (%)| 10.2 13.9 18.6
rather significantly increased. Increasing Cd Cd in terms of concentration. Zn accumulated

treatment significantly decreased Fe concentration
in stems and leaves and also total uptake. Mn
concentration and uptake generally showed in-
creasing trend as Zn and Cd treatment levels
increased. Leaves and stems showed different

pattern of accumulation of micronutrients rand

more in stems than in leaves whereas Cd, Fe and
Mn showed the opposite trend.

Experiment 2 (P-Cd interaction)

As shown in Table 2, significant growth
reduction was observed at Cd 2 level (1.0 ppm).
Cd uptake and concentration was not affectet by

Table 2. Yield (gm/container), metal concentrations (ppm), total uptake (mg/container)

and results of statistical analysis for experiment 2(p-Cd internation)

Leaves Stems Total
Treatment
C | Ch | Cds | Cdi | Cdo | cds | cd | Cdo | Cds
[Yield]
P1 6. 09 3.64 2.62 3. 20 4.07 3. 85, 9. 28 5.74 4.08
P2 6. 77 2.61 2.32 2.10 1. 33 1.64 10.84 3.94 3.71
P3 6.46 3.35 2.34 1. 47| 1.38 1.28, 10. 30 4.99 3.62
P . N.S. N.S. N.S. :
Cd *ok % | *k




Leaves Stems Total
Treatment g
Cdi | Cd | Cds | Cdi | Ch | Cd | Cdi | Cdy | cds
PxCd N.S. * N.S.
L.S.D. 1% .93 47 1.35
5% .68 .33 0.99
C.v. (%) 17.0 15.3 15.9
(CD]
P1 0 | 132 | 229 0 70 ) 162 | 0 0.63  0.83
P2 0o | 166 | 237 0o | 114 | 170 0 0.58  0.79
P3 0 | 153 | 250 0 98 | 160 0 0.67, 0.80
p N.S. N.S. N.S.
CD *%k E X3 *k
PxCd N.S. N.S. N.S.
L.S.D. 1% | 23.5 24 0. 15\[
5% | 17.1 17.5 0.11
C.V. 13.3 20.6 23.8 |
(P]
P1 0.62 0.86 0.8l 0.66] 0.84 0.96 56 49 35
P2 0.83 1.25 0.96 0.87 1.17 1.03 91 48 37
P3 0.88 1.24 1.15| 0.80 1.13 1.12] 87 60 42
P ES 3 kk *k
Cd E X3 £33 23
PxCd N.S. N.S. N.S
L.S.D. 1% .19 .15 13
5% .14 11 9.
14.7 11.9 16.9
(FS)
P1 132 (| 127 75 65 54 24 1.0 0.60 0.23
P2 110 91 78 41 30 24 0.90, 0.28 0.22
P3 110 | 106 76 36 52 23 0.85| 0.43  0.21
P N.S. 5% N.S.
CD sk £33 *k
PxCd N.S. N.S. N.S.
L.S.D. 1% | 23.6 16.8 .18
5% | 17.3 12.3 .13
cv %) 17.3 32.1 24.9
{Zn)
P1 38 41 62 80 78 89 490 .31 .29
P2 29 77 55 70 | 122 76 48 .36 .23
P3 33 51 66 75 94 89 49 .32 .27
P N.S. N.S. N.S.
CD £33 £33 E2 ]
PxCd o * N.S.
L.S.D. 1% | 9.0 18.4 .08
5% | 6.5 13.5 .06
CV. (%) 13.2 15.8 16.5
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I Leaves Stems Total
Treatment
| cd | cdr [ | Ch | Cdo | Cls | Cdi | Ca | Cas
[(Mn]

P1 116 133 114 38 27 13 .83 .55 .31
P2 108 185 111 30 36 15 .85 .53 .28
P3 118 154 132 32 42 16 .83 .58 .23

P * N.S. N.S.

Cd #k % sk

PxCd N.S. N.S. N.S.

L.S.D. : 1% | 16.8 9.3 .008

5% | 12.3 6.8 . 006
C.v. (%) 32.1 24.8 26.6

P treatments. Both concentrations and total
uptake of P was affected by Cd treatments.
Increasing Cd treatment increased concentrations
of P in both leaves and stems. However, total
uptake was decreased. Growth reduction due to
Cd toxicity could give concentration effect which
may result in increasing P concentration in
plant. Fe concentration and uptake was signi-
ficantly reduced in spite of possible concentration
effect due to growth reduction.

Although total Zn uptake was decreased as Cd

treatment level increased, Zn concentration in

both leaves and stems increased at all P treat-
ment levels. Total Mn uptake was all decreased
as Cd treatment level increased, but its con-
centration increased at 1.0 ppm Cd level and
then decreased at 2.0 ppm Cd level.

Experiment 3 (Fe-Cd interaction)

As shown in Table 3, yield dercrease was
significant from Cd 2 treatment level (0.8
ppm), at the same time yield reduction due to
Cd treatment was significantly averted as Fe
treatment level increased. Total uptake of Fe

was significantly reduced due to Cd treatment.

Table 3. Yield (gm/container). Metal concentrations (ppm). Total uptake of metals (mg/

container), and results of statical analysis for experiment3 (pe-Cd interaction).

Leaves Stems Total
Treatment
Cdy | Cda | Cds | Cds | Cds | Cds | Cdy | Cda | Cds
(Yield]
Fe 1 10. 15 2.02 1.27 7.32 1. 45 1.41 17.47 3.47 2.67
Fe 2 10. 53! 3.20 1.77 6.77 1.98 1.53 17.30 5. 18| 3.31
Fe 3 10.81 4.82 2.99 6.91 3.14 2.03 17.72 7.96 5.02
Fe ok N.S. **
Cd £33 *k 23
FexCd N.S. N.S. N.S.
L.S.D. 1% 1. 05 0.80 1.82
5% 0.77 0.58 1. 33
C.V. (%) 14.7 16.2 15.0
(Fel
Fe 1 155 145 90 47 56 20 1.92 0.37 0.14
Fe 2° 147 135 130 52 77 36 1. 90 0.78 0.29
Fe 3 157 196 167 53 77 73 2. 06 1.18 0.65
Fe *k Fk . E 23




Leaves Stems Total
Treatment
Cdi | Cdy | Cds cds | cds | cdy Cdy | Cds | Cds
cd *% *k *k
FexCd ®k *k : *
L.S.D. 1% 12.3 6.2 0. 20
5% 8.9 4.5 0.14
C.v. (%) 5.9 8.3 | 14.2
(Cd)
Fe 1 0 141 224 0 | 101 124 0 0.43 0.47
Fe 2 0 123 208 0 71 148 0.53 0.59
Fe 3 0 92 167 0 46 109 0 0.58 0.72
Fe *k *k *x
Cd *k *k *k
FexCd *k ** N.S.
L.S.D. 1% 12.9 10.4 0.11
5% 9.4 7.6 0.08
C.V. (%) 9.0 11.5 21.9
(Zn)
Fe 1 42 | 115 159 81 143 100 1.02 0. 44 0.34
Fe 2 49 85 90 72 103 86 0.98 0.48 0.28
Fe 3 58 57 58 71 76 83 1.10 0.51 0.34
Fe ** * N.S.
cd *k * *k
FexCd *k N.S. N.S.
L.SD 1% 27.1 31.8 0.15
5% 19.8 23.2 0.11
C.v. (%)| 25.2 25.8 17.7
(Mn)
129 267 199 44 68 14 1. 63 0. 64 0.27
124 173 181 45 34 26 1. 60 0.61 0.36
106 131 166 41 27 37 1.42 0.71 0.57
Fe 1% 5% N.S.
Cd 1% 1% 1%
FexCd 1% 1% 1%
L.S.D. 1% 29.3 7.0 0.10
5% 21.4 5.1 0.08
C.v. (%) 13.2 13.8 8.9
Increasing Fe treatment increased Fe concen- Cd concentration both in leaves and stems

tration significantly Cd; and Cdj levels and this
trend was similar to dry yield increase due to
Fe treatment. Fe concentrations at low Fe treat-
ment levels did show decrease at Cds treatment
level as in the case of experiment 1 and 2,
however at high Fe treatment level Fe concen-
tration was increased as Cd treatment increased.

Increasing Fe treatment consistently decreased

significantly at all Cd treatment levels, although
total uptake of Cd was rather increased. This
increase in total uptake was definitely due to the
dry yield increase as a result of Fe treatment.
Increasing Fe treatment did not affect Zn concen-
tration at Cdy level (0 ppm) significantly whereas
at Cdy and Cd; levels, increasing Fe significantly

decreased Zn concentration in both leaves and



stems indicating Fe-Cd interaction on Zn con-
centration in plant tissue. Total Zn uptake
‘however was all decreased significantly as Cd
treatment level incresed due to reduced growth.
Total uptake of Mn was also reduced due to
reduced dry matter yield, whereas concentration
in leaves and stems showed complicated Fe-Cd
interaction. At Fe; treatment level(0.5 ppm Fe)
Mn concentration in leaves and stems increased
as Cd treatment increased from 0 to 0.8 ppm
and then dropped a little at 1.6 ppm Cd level.
At Fe2, and Fe 3 treatment levels, Mn concen-
tration in leaves steadiliy increased as Cd
treatment level increased from 0 to 1.6 ppm
whereas it showed opposite trend in stems at
Fes level,

At Cdy level (0 ppm) increasing Fe did no
reduce Mn concentration in both leaves and
stems whereas at Cd; and Cdy treatment level,
increasing Fe treatment significantly reduced Mn
concentration in leaves. In stems however, Cd,
and Cds showed exactly opposite trend to each
other indicating complicated interaction in terms
of treatment concentration of Cd and Fe in

nutrient solution.
DISCUSSION

Visual sysmptoms of Cd toxicity were positively
identified at about 1.0 ppm Cd level as observed
by Haghiri (1973) and Page et al (1972) except
in experiment 3 where there was no apparent
visual symptoms even at 2.0 ppm Cd level as
Fe treatment increased to 2.0 ppm. In experi-
ment 3, Cd; and Cd; treatment levels showed
yellowing of upper leaves for all Fe treatment
levels just before the renewal of full treatment
nutrient solution. As treatment solution was
replaced with freshly prepared solution, growth
differences due to Fe treatments became more
apparent -and yellowing of wupper leaves com-
pletély disappeared at 2.0 ppm Fe treatment.
This observation and yield data suggest that
one of the causes of visual sysmptoms could be

the concentration of Fe in plant tissue as in-the

case of experiment 1 and 2 where there was
decrease in Fe concentration due to Cd treatment
as reported by Haghiri (1973). The results on
tissue concentration of Zn and Cd did not suggest
any antagonistic effect between Cd and Zu. This
is contrary to what Chaney(1973) suggested and
Lagerwerff and Biersdorf (1972) and Root et al
(1975) observed. Increasing Cd treatment rather
increased Zn concentration in plant tissue as
observed by Turner (1973) and Haghiri (1974).
Haghiri (1974) suggested this might be due to
concentration effect as a result of reduced growth.
Increasing P treatment tend to increase Cd con-
centration in plant tissue although it was not
significant. The same trend was extensively
examined and reported by Miller et al (1976)
who observed high correlation between soil
available P and Cd accumulation. Increasing P
treatment.

Also reduced Fe concentration and uptake
which agree with the report by Brown et al
(1959) and Watanabe et al (1965). This result
with reduced Fe uptake by Cd treatment might
have intensified visual toxic symptoms(yellowing
of upper leaves) as observed in experiment 2.

Fe treatment positively reduced Cd and Zu
concentrations in plant tissue and alleviated
somewhat Cd toxicity in terms of visual symp-
toms and dry matter yield, Similar antagonistic
relationship between Zn and Fe was observed by
Brown and Tiffin (1952) and Chapman et al
(1940).

Root et al (1976) however observed increased
Fe uptake as Cd concentration in leaves increased.
They examined Fe/Zn ratio vs. Cd concentration
in corn roots and shoots and found positive
linear relationship (Root r==0.89, Shoots r=
0.65).- However, three experiments conducted in
this report the opposite trend was observed (see
Table 4).
Fe/Zn ratio differ widely depending on Zn level

In experiment 1, the magnitude of
of nutrient solution. Only at high Fe treatment
in experiment 3, data showed slight increase in
Fe/Zn ratio at Cd 2 level. This suggests that
Fe/Zn ratio. could also show widely different



Table 4. Fe/Zn ratio in leaves and stems

Leaves ‘ Stems
Treatment
cd1 | cdz cds | cdi cd 2 cd3
Experiment-1. (Zn-Cd interaction) o
Zn 1 15.4 13.0 8.5 5.2 4.9 2.6
Zn 2 2.8 2.8 2.3 0.55 0.43 0.30
Zn 3 1.00 0.90 0.76 0.12 0.11 0.08
Experiment-2. (P-Cd interaction)
P1 3.5 31 | 12 0.81 0.69 0.27
P2 3.8 1.2 1.4 0.59 0.25 0.32
P3 3.3 2.1 1.2 0.48 0.55 0.26
Experiment-3. (Fe-Cd interaction) v
Fe 1 3.7 1.3 0.57 0.58 0.39 0.20
Fe 2 3.0 2.3 1.4 0.72 0.75 0.42
Fe 3 2.7 3.5 2.3 0.75 1.02° 0.88

trend depending on the Fe treatment level in
the nutrient solution. They used triple strength
Fe of Hoagland solution which gives more than
3 ppm Fe in culture solution. This could be one
of the reasons they obtained different relationship
of Fe/Zn ratio vs. Cd concentation from those
of this report. Another reason may be different
plant species since the magnitude of Cd uptake
was highly varied. (Page et al 1972). Results of
experiment 3 suggest that some Fe in plant
tissue may be inactivated when Cd ion is
present, thus total Fe requirement in such con-
dition for normal growth could become higher.
Increasing Fe treatment level amy have met this
requirement both by reducing Cd uptake and
increasing Fe uptake as evidenced by dry yield
increase and disappearing of toxic symptoms.
Attempts to elucidate Cd toxicity with resulting
micronutrient balance due to Cd treatment has
not been made since the results of these experi-
ments showed direct and. indirect effect of Cd,
Zn, P and Fe treatment on uptake and concen-
trations of micronutrients as well as severe
growth reduction due to Cd toxicity which may
result in additional “concentrated” or “diluted”
effects of these elements in plant tlssue (Olsen
1972).
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