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in the checks, but only when stunted field 

grown seedlings of low vigor were used. This 

seems to indicate that root necrosis (rot) re 

sulted when roots already weakened from other 
causes were attacked by weak parasites of cit 

rus such as Diplodia sp. and Fusarium sp. 

It is well known that water and dissolved 

nutrients are translocated from roots to the 

leaves by a system of tubes or vessels in the 

wood or xylem. These are made up of short 

sections or vessel elements joined end to end 

very much like drain tile, but with a constric 

tion at each junction. Microscopic examina 

tion of sections cut from the roots of blighted 

trees reveals that the vessels are plugged by 

material (Fig. 1, C) of undetermined nature 

that collects at the constrictions. These plugs 
could retard or stop the flow of water and 

nutrients through the vessels. A species of 

actinomycetes (a group of organisms inter 

mediate between fungi and bacteria) of the 

nocardia type has been isolated from such 

roots on several occasions. As yet it has not 

been established that the formation of plugs 

is related to a micro-organism although at 

times the plugs resemble masses of actinomy-
cete hyphae (Fig. 1, D). Similar vessel 

plugging, often accompanied by brown stain 

ing of the wood, was found in the twigs of 

blighted trees and could account for the twig 

die-back which is conspicuous. 

Treatment 

After 62 years we still know very little about 

blight. We do not know what causes it, how 

to control it, or how to avoid it. However, ex 

perience has shown that blighted trees never 

recover and efforts in that direction appear to 

be futile. Thus it is suggested that blighted 

trees be removed as soon as the identity of the 

disorder is reasonably certain. 

There seems to be no harm in replanting im 

mediately. Young trees grow normally even 

when set out the same day the blighted trees 

were removed. Under such conditions blight 

symptoms rarely appear before the replant is 

15 years old. 
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COPPER OXIDE AS A SOIL AMENDMENT FOR 
CITRUS 

Herman J. Reitz and Neil F. Shimp 

Florida Citrus Experiment Station 

Lake Alfred 

Practically all of the copper used in Florida 

citrus fertilizers has been in the water-soluble 
copper sulfate form. Recently a product con 

taining a mixture of cupric and cuprous ox 
ides, in which the copper is only slightly water 

soluble, has been offered for use in citrus ferti 
lizers. The availability to plants of this form 

of copper already has been demonstrated for 
other crops on peat soils (1) but its value for 

citrus on mineral soils has not been demon 

strated heretofore. 

Most of the doubt concerning the availabil 

ity of copper in oxide form centers around its 

Florida Agricultural 
Series, No. 213. 

Experiment Station Journal 

low water solubility. While water solubility is 
a characteristic possessed by most fertilizer ma 
terials in use at present, a high degree of water 

solubility has not proved essential for avail 

ability of copper to plants. Numerous refer 

ences can be found in the literature which 

describe the successful use of relatively in 
soluble compounds to overcome copper defici 
ency. Some of these have been copper re 

finery slag (6); oxidized copper ore, roaster 

residues from pyrite burners (9); copper pyro-

phosphate catalysts, tetra copper calcium oxy-

chloride, copper hydroxide, metallic copper 

(2); and minerals such as chalcopyrite, chal-

cocite, cuprite, and malachite (8). Trials 

were run with these materials in some cases on 

organic and in other cases with mineral soils. 

In view of facts such as these, Steenbjerg (8) 
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has proposed the theory that the availability of 

copper in any compound depends upon the 

copper content of the compound and on the 
fineness of grinding, that is, the surface ex 

posed. This theory involves solubility only 

indirectly. 

In addition to demonstrations that the cop 

per in some insoluble compounds is available 
to plants, there is the consideration that even 

water soluble forms of copper become fixed 
in insoluble forms in the soil. According to 

Lucas (5), copper applied as copper sulfate 

to peat soils is precipitated as the hydroxide if 
the pH is above 4.7. It appears more gener 

ally believed that copper is fixed in combina 

tion with the soil organic matter in Florida (4). 
With this background it appeared probable 

that finely divided copper oxide would be 

available to citrus unless, for some unexpected 
reason, the combination of citrus plants and 
Florida soils would prove to be an exception. 

In order to determine the relative availabil 

ity to citrus of copper from copper oxide, com 

parisons with copper sulfate were undertaken, 

both in the field and in pot cultures. Field 

trials established in young groves have so far 

been inconclusive because of failure to develop 

more than traces of copper deficiency under 

any conditions. Pot studies carried out in 

1951 and 1952 have provided some informa 

tion, which will be presented in this paper. 

Two general types of pot experiments were 

conducted. In one, relatively low soil copper 

conditions were established to determine com 

parative citrus seedling growth and copper up 

take from copper sulfate and copper oxide. 

This was simply an attempt to demonstrate 

possible increased growth and copper content 

of plant tissues due to copper additions from 

the two sources. In the other, relative toxicity 

of equal high soil concentrations of copper 

from the two sources was determined. This 
experiment was undertaken simultaneously 

with the low copper experiment, since it was 

believed that with soil cultures, difficulty 

might be experienced in obtaining a differen 

tial due to copper deficiency. Development 

of copper toxicity might then provide an ap 

proximate, indirect measure of availability in 

the soil of copper applied in the two forms. 

Methods 

Large bulk samples of the surface layers of 

previously uncultivated soils of Lakeland, Ft. 
Meade, and Parkwood series were obtained, 

and each was mixed thoroughly. Some char 

acteristics of the soils used are given in Table 
1. The soil used in each pot was weighed out 

Table 1 

Some Characteristics of Soils Used in Pot Experiments 

Soil Characteristic 

Original pH 

Natural Cu Content, ppm 

Organic Matter, percent 

Carbonates, percent 

Total Phosphorus, ppm P 

Lakeland 

5.6 

* 4.5 

1.21 

-

135. 

Soil Series 

Ft. Meade 

5.1 

2.0 

3.33 

-

52. 

Parkwood 

8.0 

5.1 

u.n 

15.3 

into a small concrete mixer, the proper amount 

and form of copper was added, and the lot then 

mixed thoroughly. The copper sulfate used 

was sugar-sized crystals and the oxide was a 

very fine powder. Ten-inch clay pots were 

used in all experiments. 

For the low copper series, sour orange, rough 
lemon, and Cleopatra mandarin seedlings were 

started in sand culture without adding copper. 

These seedlings were transplanted into the 
soil cultures when 3 to 4 inches high. Treat 

ments, in addition to a no-copper check, in 

cluded each source of copper used at 9.5 or 

10 ppm, and 47.5 or 50.0 ppm metallic cop 

per. Seedlings in the Lakeland series grew 

fifteen months outdoors except during mid 
winter while seedlings in the Ft. Meade and 
Parkwood series grew outdoors nine months. 

Seedlings for the high copper series were 

planted in ordinary grove soil and transplanted 
into treatment pots when 4 to 5 inches tall. 
Sour orange and Cleopatra mandarin seedlings 

were used with Lakeland and Ft. Meade soils, 
but only Cleopatra mandarin was used with 
the Parkwood soil. Concentrations of copper 

added to the soil ranged from 0 to 1000 ppm. 

Each combination representing a different soil, 
seedling type, or copper level was duplicated 
with copper oxide and copper sulfate. After 

mixing the copper compounds with the soil, 

the pots were allowed to stand in the open in 

moist condition for six weeks. Seedlings were 

transplanted in March, 1952, and the trials 

were terminated in December, 1952. All pots 

were at first fertilized periodically with mix 

tures of pure chemicals containing most essen 

tial elements except copper, but later only 

sodium nitrate was applied. 
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Results 

Low Copper Series. The plants in the Lake 

land soil in July, 1952, had grown ten and 

one-half months. The sour orange and Cleo 

patra at this time appeared to show some in 

crease in growth due to the 9.5 ppm copper 

treatment and a smaller increase in growth at 
the 47.5 ppm rate. Consequently in July, 

1952, the tops of these plants were removed, 

the leaves were washed with an acidified solu 

tion of detergent, dry weights of the tops were 

obtained, and copper contents of the leaves 

were determined. The data obtained in this 

preliminary sampling were very similar to thoss 

obtained at the end of the experiment and 

hence are not presented here. These plants 

were allowed to grow new tops, and data pre 

sented below concern only the second growth 

of tops on these plants. 

The experiment was terminated in Decem 

ber, 1952. At this time, the leaves were re 

moved from the plants, washed in acidified 

detergent solution, dried, weighed and an 

alyzed for copper. Stems and roots were 

washed free of soil, dried, and weighed. Av 

erage results for the four replications of each 

treatment are given in Table 2. 

On all soils, growth was usually slightly in 

creased by the 9.5 or 10 ppm rate of copper 

application. While similar trends were evi 

dent on all soils, the growth increase was of 
statistical significance only on the Ft. Meade 

soil, which had the lowest natural copper con 
tent. 

Increase in copper application to 47.5 or 
50 ppm did not result in greater growth than 
at the lower rate. In fact, some plants grew 
less than those in the no-copper pots. This 
slight restriction of growth at the higher rate 
may have been a mild expression of copper 
toxicity. No iron chlorosis was observed in any 

of these seedlings during the experimental per 
iod. Plants in soil treated with copper oxide 
were usually slightly larger than those in soil 
treated with copper sulfate, but the difference 

due to source was not statistically significant. 
Copper content of leaves was very low in 

some individual cases, but no copper defici 
ency symptoms aside from restricted growth 

were observed. Copper content of leaves was 
significantly increased by the 9.5 or 10.0 ppm 

rates, and except in Cleopatra, somewhat fur 

ther increased by the application of 47.5 or 

50 ppm. The two sources of copper produced 

Table 2 

Soil Type 

Lakeland 

LSD* 

Ft. Meade 

LSD* 

Farkwood 

LSD* 

Avg. - All Soils 

Growth and Copper Content 

Copper 

Source 

CuO 

CuSO/ 

CuO 

CuSO^ 

_ 

CuO 

CuSO^ 

CuO 

CUSO4 

— 

CuO 

CuSO/ 

CuO 

CuSO^ 

„__ 

CuO 

CuSO/ 

CuO 

CuSO^ 

of Citrua Seedlings 

Treated with Equal Amount* 

Copper 

Added 

PF» 

0 

9.5 

9.5 

47.5 
47.5 

0 

10.0 

10.0 

50.0 

50.0 

0 

10.0 

10.0 

50.0 

50.0 

0 

10.0 

10,0 

50.0 

50.0 

Cleopatra 

Dry 

Weight 

PT|vpl Ant 

13.3 

15.3 
U.0 

11.8 

U.0 

3.2 

6.6 

6.4 

8.0 

5.7 

3.6 

4.2 

3.9 
4.7 

3.7 

6.7 

8.9 
8.1 

8.2 

7.8 

ppm 

Cu In 

6.3 
8.8 

8.0 

8.0 

9.5 

4.7 

8.8 

8.3 

8.5 
11.6 

5.0 

10.0 

9.8 

11.0 

11.2 

5.3 
9.2 

8.7 
9.2 

10.8 

i of Copper 

In the Low Copper Series, 

From Two 

Sour Orange 

Dry 

Weight 

gnA?0Lant 

17.8 

19.5 

16.4 
21.4 
14.7 

7.6 

U.7 

11.5 
10.7 

9.3 

10.3 

15,3 
12.2 

12.1 

7.9 

U.9 
15.5 

13.4 
U.7 
10.6 

ppm 

Cu in 

Leaves 

4.1 
12.4 
11.6 

19.2 

17.7 

5.2 

U.3 

13.4 
17.6 

16.8 

5.1 

11.9 
12.2 

17.6 

19.2 

4.8 

12.9 
12.4 
18.1 

17.9 

Sources. 

Rough Lemon 

Dry 

Weight 

gm/plant 

10.2 

11.6 

9.8 

9.8 

9.2 

6.1 

8.9 
9.0 

7.1 
8.6 

7.1 

7.5 
7.6 

8.6 

9.4 

7.8 

9.3 
8.8 

8.5 

9.1 

Ppm 

Cu in 

Leaves 

12.8 

15.2 

15.5 

21.6 
18.1 

9.3 

13.3 
12.8 

15.6 

16.1 

10.3 
15.6 

U.0 

16.8 

17.7 

10.8 

U.7 

U.1 
18.0 

17.3 

Avg. - All 

Dry 

Weight 

am/rVnt 

13.8 

15.6 

13.4 
U.3 
12.6 

NS 

5.6 

9.1 
9.0 

8.6 

7.9 
2.6 

7.0 

9.0 

7.9 

8.5 
7.0 

NS 

8.8 

11.2 

10.1 

10.5 
9.2 

Speoiea 

ppm 

Cu in 

Leaves 

7.7 
12.1 

U.7 

16.3 
15.1 

3.9 

6.4 
12.1 

11.5 
13.9 
U.8 

2.6 

6.8 

12.5 
12.0 

15.1 
16.0 

1.6 

7.0 

12.2 

11.7 

15.1 

15.3 

LSD » Least significant difference at 5% level. 

NS * Nonsignificant. 
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nearly identical copper content of leaves. 

It is believed that this experiment demon 

strated the adequate availability to citrus of 

copper applied in oxide form at low soil cop 

per levels. 

High Copper Series. In the Lakeland soil 

series, observable effects of the high copper 

levels appeared within a few weeks and be 

came accentuated as time went on. At the 

end of the experimental period some restriction 

in growth of the sour orange seedlings had oc 

curred at 100 ppm copper, but no restriction 

in growth of Cleopatra mandarin had occurred. 

Growth at higher levels was progressively re 

duced by increasing copper concentrations up 

to about 350 ppm and above this level little or 

no growth occurred. No leaf symptoms of 

any type developed on the plants in the no 

copper treatment. At 100 ppm copper, very 

slight yellowing of the foliage was observed. 

At 250 ppm copper and above, the leaves of 

most plants turned yellow soon after planting, 

and thereafter appeared as though affected by 

drought and nitrogen deficiency. Some iron 

chlorosis developed at 250 to 500 ppm cop 

per, particularly in Cleopatra seedlings. As 

time went on, the plants at the highest copper 

levels became partially defoliated from the 

base upward. 

While the severe toxic effects described 

above were occurring, only minor differences 

due to copper source appeared. At the be 

ginning of the experiment, several plants at the 

higher levels in the sulfate series died, but few 

plants died in the oxide series. This differ 

ence presumably is due to temporary residual 

soluble copper from the sulfate source. To 
ward the end of the experiment no difference 

appeared to exist between the two copper 

sources. 

Growth and development of symptoms in 

the corresponding plants in Ft. Meade soil 
was generally similar to that in Lakeland soil, 

except that slightly higher copper levels were 

required to produce equal effects. Growth 

was not obviously affected by 100 ppm of 

copper but generally severely retarded by 

250 ppm copper and over. Leaf color was 
usually dark green at 0 and 100 ppm, pale 
green at 250 ppm and generally yellow at 350 

ppm and over. Iron chlorosis was produced in 

Cleopatra by copper oxide at 100 to 350 ppm 

and by copper sulfate at 250 to 750 ppm. 

Iron chlorosis was appreciably less common in 

sour orange seedlings than in Cleopatra. Yel 

lowing, wilting, and sometimes basal defolia 

tion were prominent at 500 ppm and over. 

Source of copper made little difference in 

the results except that, as in the Lakeland ser 

ies, several plants died in the high copper sul 

fate series at the beginning of the trial, and as 

noted above, some difference appeared in the 

occurrence of iron chlorosis. 

On Parkwood soil, only Cleopatra mandarin 

seedlings were used. For the first three 

months of the trial these plants grew slowly 

and no differences appeared. At the end of 

this period considerable growth occurred at 

the lower copper levels and noticeably less 

growth occurred at the higher levels. No yel 

lowing, wilting or basal defoliation was ob 

served in any part of this series. 

Where copper sulfate was the source of cop 

per, growth was moderately but regularly re 

duced by increasing amounts of copper in the 

soil. No iron chlorosis was observed at any 
time in this series. Where copper oxide was 

the copper source, growth was fairly good up 

to 350 ppm copper, but was reduced at this 

level and above. At all copper levels higher 

than 500 ppm severe and persistent iron chlor 

osis symptoms developed on all plants, greatly 

retarding growth. Thus copper from oxide 

appeared to be more toxic than copper from 

sulfate in the Parkwood soil. Possibly this 

difference was due to the more uniform mix 
ing of the finely divided oxide throughout the 

soil, so that everywhere roots came in contact 
with toxic copper concentrations. 

The toxicity experiment was terminated on 
December 8, 1952, at which time all the symp 

toms described above were present. Average 

weights of the plants in these series of pots are 

given in Table 3. These data support the ob 

servations presented above, indicating that 

copper supplied as oxide is generally as toxic 

as copper supplied as sulfate, and hence, as 
available. 

Copper contents of the leaves of these 

plants are given in Table 3. Few of the values 
presented are low, partly at least because the 

seedlings were started in ordinary grove soil, 

moderately high in copper. In Lakeland and 
Ft. Meade soils, extremely high values were 

found associated with plants which were se 
verely stunted by copper toxicity. In spite of 

the washing procedure it is difficult to believe 

that in the case of severely stunted plants the 

copper analyses actually represent internal leaf 

copper. Under nutrient solution conditions 
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Growth and < 

Form 

of 

Copper 

CuSO4 

CuO 

ppm Cu 

Added 

to soil 

0 

100 

250 

350 

500 

600 

750 

850 

1000 

0 

100 

250 

350 

500 

600 

750 

850 

1000 

Table 3 

Copper Content of Citrus 5c 

Lakeland 

Sour Orange 

Dry 

Weight 

gm/plant 

23.2 

7.8 

2.3 

1.8 

2.0 
* 

* 

2.5 

2.3 

20.0 

13.7 

4.8 

2.8 

1.8 

1.7 

2.1 

1.6 
1.6 

ppm 

Cuin 

Leaves 

16.6 

25.6 

39.3 

46.6 

49.8 

57.2 

72.6 

12.5 

25.8 

34.8 

38.0 

34.6 

31.4 

55.4 

46.2 

50.8 

Cleopatra 

Dry 

Weight 
gm/plant 

8.5 

8.9 

4.1 

1.7 

3.5 

2.0 

2.0 

2.2 

1.6 

7.7 

13.2 

3.7 

1.5 

2.2 

1.4 

2.0 

2.4 

1.8 

ppm 

Cuin 

Leaves 

10.7 

12.7 

19.0 

36.8 

23.0 

37.6 

47.5 

22.3 

55.8 

9.3 

11.8 
21.9 

46.8 

34.6 

39.6 

43.0 

43.4 

44.1 

edlings in the Copper Toxicity Experiments 

Ft. Meade 

Sour Orange 

Dry 

Weight 
gm/plant 

27.0 

21.9 

10.9 

3.9 

3.8 

2.1 

3.7 
4c 

* 

15.6 

22.2 

19.9 

10.2 

3.4 

0.5 

0.7 

2.0 

1.9 

ppm 

Cu in 

Leaves 

9.7 

30.7 
27.5 

43.2 

41.7 

28.1 

40.1 

* 

14.3 

26.7 

36.1 

38.0 

48.6 

33.3 

36.7 

33.2 

31.2 

Cleopatra 

Dry 

Weight 
gm/plant 

12.2 

14.0 

10.3 

6.3 

4.7 

2.3 

3.9 

♦ 

16.1 

20.3 

8.9 

4.4 

2.5 

0.8 

1.6 

1.4 

5.1 

ppm 

Cu in 

Leaves 

8.5 

17.4 

19.6 
35.0 

22.2 

33.3 

26.5 
* 

9.0 

19.1 

25.9 

28.2 

30.1 

37.1 

33.4 

42.6 

33.0 

Parkwood 

Cleopatra 

Dry 

Weight 
gm/plant 

19.9 

19.0 

17.6 

18.4 

17.6 

15.6 

16.4 

13 6 

13!7 

15.7 

19.2 

19.5 

11.7 

10.1 

7.1 

12.9 

6.9 

10.0 

ppm 

Cu in 

Leaves 

3.1 

6.3 

7.9 

7.6 

10.0 

9.6 

10.1 

9.2 

12^9 

4.0 

8.3 

9.2 

12.5 

10.1 

13.1 

11.2 

26.1 

11.8 

* All plants in these pots died in the early stages of the experiment. 

where contamination presumably was under 

better control, high leaf copper contents have 

not been obtained (7). 

It is more likely that the high leaf copper 

contents are due in considerable part to con 

tamination with high copper soil through 

splash erosion of the coarse textured soil by 

raindrops over all the leaf surface of the 

smaller plants. It is the senior author's experi 

ence that leaves contaminated by copper-con 

taining residues cannot be washed in any way 

to completely differentiate between surface 

residues and internal leaf copper. In addition, 

some of the copper found in these samples 

may have been absorbed through the leaves. 

In the finer textured Parkwood soil, less splash 

erosion of soil occurs than in the sandier soils. 

Also, the plants in Parkwood soil were much 

taller throughout the higher copper levels, thus 

reducing the chance for contamination from 

this source. Therefore, only the copper data 

for Cleopatra on Parkwood soil and for the 

lower copper levels in the acid sands seem 
reliable. 

Copper content of leaves of Cleopatra man 

darin seedlings in Parkwood soil was relatively 

low and did not increase consistently with soil 

copper concentrations above 350 to 500 ppm. 

Apparently copper is not translocated into 

leaves of Cleopatra as readily as into sour or 
ange and rough lemon. Also the toxicity of 

any soil copper level was veiy much lower in 

this soil than in the acid sands. Leaf copper 

values are slightly higher with copper oxide 

than with sulfate, indirectly indicating at least 

equal availability of copper from the oxide. 

Discussion 

Since the results presented above indicate 

that copper applied as either sulfate or oxide 
is approximately equal in effect, a high degree 

of water solubility apparently is not an essen 

tial characteristic of copper sources for soil 
amendments. On the basis of the experiments 

described above it appears reasonable to be 

lieve that copper oxide can be expected to pre 
vent the occurrence of copper deficiency in 

groves if used in amounts equivalent in metal 

lic copper content to amounts recommended 

for the sulfate. This should be regarded as a 

tentative recommendation pending the out 

come of field trials now in progress. 

In view of the recent interest in copper Jh-

duced iron chlorosis, it may be useful to po|nt 
out that iron chlorosis is only one phase I of 
plant behavior in relation to copper supply. 
In the plants described here, a range of symp 
toms from slight deficiency to extreme toxic|ty 

was observed. Extreme deficiency symptopis 

(as exanthema, gum pockets, and dieback (3|)) 
were not observed, but at slight deficiency lev 

els, sub-optimum growth occurred. Also,! at 

only slightly toxic copper levels, the first symp 

tom was reduced growth. This effect may 

well be injurious in the field but difficult to 

detect. Iron chlorosis appeared at higher lev 

els, sometimes only transiently, together with 

still further reduced growth. Finally at even 
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more highly toxic levels, growth was com 

pletely arrested, and general yellowing of foli 
age was induced. This series of symptoms re-

emphasizes the fact that copper-induced iron 

chlorosis appears after some decrease in growth 
already has occurred. While copper-induced 

iron chlorosis rightfully deserves study, an 
other general need is an accurate criterion to 

use in determining whether groves have proper 

copper supplies for optimum growth of both 
tops and roots. 

Summary 

Relative availability and toxicity to citrus 

seedlings of copper supplied as oxide or sulfate 

was studied in pots of Lakeland, Ft. Meade, 

and Parkwood soils. Soil copper levels ranged 

from less than 5 ppm to 1,000 ppm. 

With previously uncultivated soils, copper 

additions of 9.5 or 10 ppm copper slightly in 

creased seedling growth, and increased copper 

content of leaves significantly. Differences 

due to source were minor and not statistically 

significant. 

Generally at high copper levels, the oxide 

and sulfate forms were about equally toxic. 

However, the sulfate form was somewhat more 

toxic than the oxide on acid sands in early 
stages of the experiment, presumably due to 

temporary residues of soluble copper. Copper 

oxide was more toxic in Parkwood soil, pos 
sibly because of more uniform distribution of 

the finer particles throughout the soil. 

Cleopatra mandarin showed iron chlorosis 

more commonly than did sour orange and ac 

cumulated less copper in leaves than did sour 

orange and rough lemon. 

Soil toxicity level of copper was demon 

strated to be slightly higher for Ft. Meade than 

for Lakeland, and much higher for Parkwood. 

Copper oxide can be tentatively recom 

mended as a soil amendment for citrus, and 

may be used at rates equivalent in metallic 

copper to those recommended for copper 

sulfate. 

LITERATURE CITED 

1. Allison, R. V., W. T. Forsee, Jr., and T. C. Erwin. 
1949. Copper availability tests. Fla. Agr. Expt. Sta. 

Ann. Rept. 1949: 192. 

2. Brown, John C, and Paul M. Harmer. 1950. The 
influence of copper compounds on the yield, growth 
pattern, and composition of spring wheat and corn 

grown on organic soils. Proc. Soil Sci. Soc. Amer. 15: 

284-291. 

3. Floyd, B. F. 1908. Symptoms of citrus die-

back. Fla. Press Bull. 93. 
4. Jamison, Vernon C. 1944. The effect of par 

ticle size of copper- and zinc-source materials and of 

excessive phosphates upon the solubility of copper 

and zinc in a Norfolk fine sand. Proc. Soil Sci. Soc. 
Amer. 8: 323-326. 

5. Lucas, Robert E. 1948. Chemical and physical 

behavior of copper in organic soils. Soil Sci. 66: 
119-29. 

6. Nicolaisen, W., W. Seelbach. and B. Leitzke. 
1939. Experiments on combatting the heather moor 

disease with copper slag. Bodenkunde u. Pflanzemer-

nahr. 13: 156-69. (C. A. 34: 211.) 

7. Smith, Paul F., and Alston W. Specht. 1953. 

Heavy-metal nutrition and iron chlorosis of citrus 
seedlings. Plant Physiology 28: 371-382. 

8. Steenbjerg, F. 1950. Investigations on micro 

elements from a practical point of view. Trace Ele 
ments in Plant Physiology. Chronica Botanica Com 

pany, Waltham, Mass. 
9. Teakle, T. J. H., I. Thomas, and A. G. Turton. 

1941. Experiments with micro-elements for the 
growth of crops in Western Australia. I. Experiments 

in the wheat belt with cereals. J. Dept. Agr. W. Aus 

tralia 18: 70-86. (C. A. 36, 606.) 

DEGREENING CONDITIONS FOR FLORIDA CITRUS 

W. Grierson and W. F. Newhall 

Florida Citrus Experiment Station 

Lake Alfred 

Ethylene degreening of Florida citrus is 

commonly carried out at 85° F., which is the 
maximum temperature allowed by State regu 

lations when heat is applied in the degreening 

process (2). This temperature is considerably 

higher than is used in most other citrus grow 

ing countries, or even in other parts of the 

U. S. A. (6). 

Approximately eleven years ago (in the sea 

son of 1941-42) C. K. Clark at the Citrus Ex 

periment Station, Lake Alfred, initiated an 
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investigation into the optimum degreening con 

ditions for Florida-grown citrus fruits (3, 4). 

The preliminary experiments were conducted 

with Hamlin oranges and, to a lesser extent, 

with Duncan grapefruit. Temperatures used 

ranged from 80° to 100° F. The degreened 

fruit was graded visually into three grades. 

Grade I showed no green at all. Grade II was 

commercial No. 2 as far as color was concerned 

and showed some green cast. Grade III con 

tained all fruit too green to fall in the other 

two classes. The degree of "color break" was 

expressed by a color index calculated by 

means of the relation: 

Color Index = % No. I + % (% No. II). 

These results were presented in tabular 


