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tively unaffected by nitrogen or phosphorus
fertilization although the potassium content of
the fruit is increased by fertilization with that
element. The potassium content of the peel is
affected to a larger extent than that of the
juice.
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MINERAL COMPOSITION OF VALENCIA ORANGE
SEEDLINGS GROWN IN SOLUTION WITH
VARYING AMOUNTS OF COPPER, ZINC,
MANGANESE, AND IRON

Paul F. Smith and Alston W. Specht
U. S. Department of Agriculture

Orlando, Florida, and Beltsville, Maryland
Last year a report was made to this Society
on various aspects of the toxic effect of heavy

metals on citrus seedlings (3). The present pa
per gives some chemical analyses of the plants
grown in the solutions described in table 1 of
last year's report. Pictures of some of the

plants involved and discussed here were pub
lished last year as figures 2 and 3 (3).
The plants were grown in nutrient solu
tions (pH near 4) by placing newly germinated
seeds in corks in 1-quart fruit jars. Supple

mentary amounts of copper, zinc, and mangan
ese were added to a complete nutrient solution.

Chelated iron (K-Fe EDTA) was added to
each of the treatments at a low rate (0.5 p.p.m.
Fe) or a high rate (5 p.p.m. Fe). After 75
days in the greenhouse the plants were har
vested, divided into tops and roots and an
alyzed for 12 elements. The tops were deter
gent-washed before drying, while the roots

were only rinsed in distilled water.
There
were four replicates for each treatment, but

tables as compared with those in table 1 of the

previous report (3).

It is felt that the comparative values ob
tained will be helpful primarily in planning fu
ture studies of heavy-metal toxicities and in

elucidating the behavior of the metals within
the plant.

Results

The data in tables 1 and 2 are arranged in

3 groups on the basis of plant size.

The mean

dry weights indicate the degree of stunting.
The plants which made normal growth tended
to have lower nitrogen concentrations than
those in the two stunted groups. The differ
ences are not large and are possibly of no par
ticular significance.
Phosphorous concentra
tions tend to be similar regardless of treatment.
The same is true of boron. Sodium and alumi

num were not intentionally supplied, but ap

parently were present as contaminations in the

salts used or came into solution from the glass

culture jars.

Neither shows any definite trend

in relation to treatment.

ments were so toxic that the amount of growth

The three main base elements, potassium,
calcium, and magnesium, showed variations
that are apparently related to the heavy metals.
In the moderately stunted plants, potassium

missing

concentrations were unchanged but calcium
and magnesium showed lowered concentra
tions in plant tops when compared with the

these were combined in order to have sufficient
dry matter to analyze. Even so, certain treat

made did not provide enough material for
chemical analysis. This accounts for certain
treatment

numbers

in

the

present
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Concentrations of1 heavy metals, "boron,
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1and sodium in the tops'* and

roots of 75-day-old Valencia seedlings.
Plant
Part

Ho. Treatment
1
1

Check—low metals
Check—low metals

7
7

5 ppm. Fe
5 ppra. Fe

Tops
Hoots
Tops
Hoots
Tops

5 ppm. Mn + 5 Ppm. Fe
5 ppm. Mn + 5 ppm. Fe

Roots

2

0.1 ppm.

Tops

2
8

0.1 ppm. Cu

Roots

20

20

Parts per million in dry matter
Cu

Zn
Normal Plants*

9.3

50

6.8
33
7.3
35

48
225
64
180

Fe

Mn

40
440
40
240

48

910

185

7,800

B

Na

Al

110

70

170

20

550

15

HMO

300

180

14
640

90
820

60
16
50
14

65

200
1,000

330
150
270

14
250

Moderately Stunted Plants
Cu

Roots

11

0.1 ppm.Cu + 5 ppm. Fe
Fe
3 ppm. Xn

Tops

0.1 ppm.Cu + 5 PPm.

11

3 ppm.

Roots

14
14

3 pfJm.Zn + 5 ppm. Fe
3 ppm.Zn + 5 ppm. Fe

17
17

5 ppm. Mn
5 ppm. Mn

8

21
21

Zn

25 ppra.Mn + 5 ppm.Fe
25 ppm.Mn + 5 ppm.Fe

Tops
Tops

11.0

260

8.9

170

15.0
50

8.7

Roots

30

Eops
Roots
Tops

47
6.5

Roots

16.0

25

40

38

110

225

350

500

59

200

34
190

18

190

18

550

190

150

60

190

20

940

15

300

190

700

14

...

380

40

3,600
350

590

120

70

180

3,ioo

1,100

14

—.

62
205

330

50

690

70

46

1,350
18,000
8,700

120

50

130

120

23,000

1,100

17

270

^5

60

200

16

12

210

220

45

65

220

22

11

190

220

220

35

75

80

14

190

17

250

15

220

180

11

220

300

13

250

Severely Stunted Plants

3
3

4
4

9
9

12
12

15
15

0.25 pom.

Cu

0*25 ppm. Cu
0.5 ppm,

Tops

Roots

Cu
0.5 ppm. Cu
0.5 ppm.Cu + 5 Ppm.Fe
0.5 ppm.Cu + 5 ppm.Fe

Roots

15 ppm. Zn
15 ppm. Zn

Roots

15 ppm.Zn + 5 ppm-r'S'e
15 ppm.Zn- +- 5"ppm. Fe

Tops
Roots

Tops
Tops
Tops
Roots

14.0
500

15.0

600
14.0
340
6.8
32
8.8

18
18

25 ppnu Mn

Tops

32
15.0

25 ppm. Mn

Roots

70

22

50 ppm. Mn + 5 ppm.Fe
50 ppm. Mn + 5 ppm.Fe

Tops
Roots

7.6
35

22

noimal plants.

In the severely stunted plants,
all base-element concentrations except root
calcium were substantially lower than in the
normal plants. Copper, zinc and manganese
appear to behave similarly in this regard; there
fore the values for the various elements in
table 1 are averaged for easy comparison.
All the heavy metals accumulated in the
roots. The root concentrations also increased
with increased supplies. Copper ranged from
33 to 50 p.p.m. in roots of normal plants, 170

80

21

150

140

640

66

21

130

70

26

560
140

120

1,300

^3

160

275

3,800

240
4,450
46
140

^3

150

60

260

60
16
60

900

12

...

25

110

70

410

150

1,200

11

...

11,000

42,000

40
660

70

18,000
80,000

150
1,900

25

230

400

15

170
180

50

180

19

330

15

280
30
520

50
310

14
280

15

350

to 260 in moderately stunted plants, and 340
to 600 in severely stunted plants. Zinc ranged

from 180 to 225 p.p.m. in normal roots, 3100
to 3600 in moderately stunted roots, and 3800
to 4450 in severely stunted root systems. Man
ganese ranged from 240 to 7,800 p.p.m. in
normal roots, 18,000 to 23,000 in moderately
stunted roots, and 42,000 to 80,000 in severely
stunted plants. Iron varied from between 550
and 900 in roots given the low-iron treatments
to between 820 and 1900 in the 5 p.p.m. iron
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treatments (considered irrespective of plant
size or other metal treatment.)

The tops of the plants showed lower concen
trations of all metals than the roots. Copper
increased slightly (from 9.3 to 15 p.p.m.) as
the rate of supply was increased. Zinc con
centrations in tops showed a rather large in

crease when the plants were given supple
mentary zinc but they were not proportional

to the degree of stunting. Zinc supplied at
3 p.p.m. produced foliage concentrations of
350 and 380 p.p.m., while 15 p.p.m. gave val
ues of 240 and 275 p.p.m. in the foliage. Man

ganese was found in concentrations of 40 and
910 p.p.m. in tops of normal plants, 1,350 and

8,700 in moderately stunted plants, and
000 and 18,000 in severely stunted plants.
creasing the iron supply alone increased
iron concentration in tops from 110 to

11,In

foliage values.

The results thus confirm previ

ous observations (4) that excess quantities of
copper may accumulate in roots without induc
ing excess quantities in the foliage.

The ranges of zinc concentrations shown by
both tops and roots are similar to those found
previously (3,4).
However, the marked

stunting and toxic effect on roots shown here
were not as evident in plants grown in vermiculite cultures with dosages inducing com
parable zinc concentrations in roots.

Manganese concentrations in both tops and
roots exceed any previously reported for citrus.
There is no way of judging from the present
study to what extent this element occurred on
the outside of the roots. The roots grown in

The lowering effect of copper, zinc, and
manganese on the base elements is probably

the high-manganese solutions were slightly
darker brown than those grown in other solu
tions. It seems unreasonable to assume that
80,000 p.p.m. manganese (8.0% of dry weight)
was entirely inside the roots. Even so, there
is no doubt that very large amounts of man
ganese entered the tops (1.8% extreme value)
and that this element is much less toxic to cit
rus than is copper. As previously described
(4,5) plants given treatment 22 showed
brown necrotic leaf spots, a symptom of man

starvation since some of the severely stunted
plants were not chlorotic.
Those with 5
p.p.m. iron were mostly of normal green color

growth. The plants were harvested 15 days
after those observations were made and by
that time several of the plants in treatment 18
(1.1% Mn in tops) showed the necrotic spots.
The previous study (3, 4) indicated that young

p.p.m.

the

200

Similar proportionate increases in iron

with increased rate of iron supply are seen in
the various matched treatments containing ex
cess copper, zinc or manganese.
Discussion

indirect since there is little indication of direct
replacement by the metals. The effect also can
not be logically associated with carbohydrate

and presumably able to carry on photosyn
thesis.

Their base element composition was

affected in the same general way as in the lowiron (chlorotic) plants.
It seems probable
that impaired root function, such as possible
interference in respiratory processes, results
in reduced base-element absorption.

The present results support the previous ob
servations (3,4) that copper is much more

toxic than zinc and zinc in turn is more toxic

than manganese. Citrus roots may adsorb much
more copper than the 600 p.p.m. shown here,
but the roots are killed when copper exceeds
about 800 p.p.m. (5). Dead roots, however,
may continue to adsorb copper up to several
thousand p.p.m. (5). This should be taken
into consideration when root analysis is used
for diagnostic purposes.

The increases in the concentrations of cop

per in the foliage shown here are all within the
range of normal copper content.
The lowcopper treatments tend to show slightly low

ganese toxicity.

They also made stubby root

stems are somewhat lower in manganese con

centration than the corresponding leaves. Thus
the present values would be a conservative es
timate of leaf manganese concentrations. The
copper and zinc values in young stems and
leaves, however, are comparable (3, 4).
The present data are insufficient to support
extensive speculation as to possible mechan
isms by which these metals retard growth.
Which comes first, induced chlorosis or a di
rect toxic effect? Hewitt (1) stated than man
ganese-induced chlorosis and toxicity can be

distinguished as separate phenomena, chlorosis
being the initial effect of the excess metal.
The following observations suggest that man
ganese and copper may behave differently in
this respect.
All three of the metals in the present study,
under certain conditions, caused both stunting
of growth and iron chlorosis. Sufficient quan

tities of chelated iron prevented chlorosis in
the presence of excessive amounts of the other
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three metals. None of these elements reduced
the iron concentrations in roots. In these re
spects the effects are similar regardless of
which metal is involved. On the other hand
differences were evident. The higher level of
iron, which prevented chlorosis, improved
growth in the excess-manganese cultures (com
pare numbers 20 and 17; 21 and 18) without
necessarily lowering the manganese concentra
tion in the tissues (compare 17 and 21).
Within a few days after the start of the ex
periment chlorosis was prominent in the plants
of treatment 17 and was so pronounced that
even the buds were chlorotic.
Root growth
was reduced, but stubby roots did not develop.
These observations suggest that it is also pos
sible to induce iron chlorosis of citrus (and
consequent stunting) with sub-toxic levels of
manganese. The importance of iron-mangan
ese ratios in other plants has been indicated by
numerous workers. The work of Hopkins et
al. (2) is outstanding in this regard.
Copper, however, appears to function in a
different manner even though the end result
may appear to be the same as that of man
ganese toxicity.
It has been repeatedly ob
served that excess copper, in soil, sand, vermiculite and solution cultures, causes chlorosis
(if at all) mostly after stunting of growth has
been evident for some time. Plants of treat
ment 2 showed no chlorosis for several weeks
and then only the 1 or 2 youngest leaves were
affected out of an average of 19 leaves per
plant (3). Toxicity to roots (manifested by
stubby, malformed laterals) was evident from
the beginning of the culture period. Further
more, little or no improvement in growth re
sulted at any copper level when chlorosis was

prevented by 5 p.p.m. of iron.

Thus, the

possibility exists that toxicity to roots is the

base-element nutrition which appears to ac
company a debilitation of the root system.
If so, it may be somewhat comparable to iron
chlorosis induced by poor aeration or water
damage.

This distinction between the effects of mild

excesses of copper and manganese may not be

borne out by more critical experiments but,
from data now available, it appears unlikely
that excesses of all heavy metals depress
growth through exactly the same mechanism.
Summary

Chemical analyses were made for 12 ele
ments in Valencia orange seedlings grown in
solution culture with excessive quantities of
copper, zinc or manganese. These strengthen
previous observations in regard to the toxic
effect of these metals.
The relative tolerance of the plant for these
metals is reflected by the concentrations of the
metals in the roots and tops. Thus, copper,
which is the most toxic of the three, occurs in
the lowest concentrations in the plant. Man
ganese, the least toxic, shows the highest con
centrations in the plant parts.
Large excesses of all three metals lowered
the absorption of the base elements. All three
metals lowered the iron concentration in the
tops but not in the roots. Adequate chelated
iron maintained a normal supply of iron in the
foliage, which parallels its prevention of chlor
osis.
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PRELIMINARY STUDIES OF APHID TRANSMISSION
OF TRISTEZA VIRUS IN FLORIDA
Paul A. Norman and Theodore J. Grant1

The tristeza, or quick-decline, virus of citrus

can be transmitted by budding or grafting (1,
VEntomologist, Bureau of Entomology and Plant
Quarantine, and principal plant pathologist, Bureau of
Plant Industry, Soils and Agricultural Engineering,
Orlando, Fla.

6), or by insect vectors (3, 9). Searches for
probable insect vectors had been carried on in
South America (1, 3), Africa (8), and Cali
fornia (5) for a number of years before the
mild form of the disease was discovered in
Florida (7), where it now has been reported
in all the citrus-producing counties (2).

