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Severe Copper Deficiency in
Orchard Grapefruit Trees'"

INTRODUCTION
IN THE WINTER of 1958 several grape
fruit orchards near Hemet, California,
developed severe copper deficiency
symptoms. Because this deficiency is
rarely seen in the field in California, its
appearance in severe form presented an
excellent opportunity for study of the

diagnostic symptoms, for laboratory
verification through leaf and soil analy
sis, and for field correction of the de
ficiency. This paper is a report of cop
per-deficiency symptoms as they ap
peared in the grapefruit, and of the use
of sprays to achieve full recovery.

MATERIALS AND METHODS

Experimental Orchards
The three grapefruit orchards studied

are located on Hanford sandy loam soil.
Orchard A comprised 27 acres of Ruby
red grapefruit scion on rough lemon
rootstock, while orchard B comprised
about 10 acres of Marsh grapefruit
scion on rough lemon rootstock. Adja
cent to these 10 acres of grapefruit were
about 5 acres of Valencia oranges (or
chard C) on rough lemon rootstock. Or
chard D was a poor-appearing young
grapefruit orchard (rootstock un
known) located about a mile south of
orchard C.

LeafSampling and Analysis
Spring cycle leaves 4 to 6 months old

were taken from fruiting terminals. In
each case 10 leaves from each of 10 trees
comprised the sample. Leaves were in
dividually washed in tap water and

Ivory soap, rinsed in tap water, and
dried with clean cloths; this method of
leaf washing has been employed in lab
oratories of the department of Soils and
Plant Nutrition at Riverside, California
for many years and has been subjected
to thorough testing (Wallihan, 1953).8
The samples were then oven dried at 55°
C and crumbled by hand previous to
weighing a 2-gram sample for spectro
graphic analysis. Micro-element deter
minations were made by the spectro
chemical method of Vanselow et ale
(1948) .

Soil Sampling and Analysis
Virgin soil samples of the 6 to 8-inches

depth were collected from areas sur
rounding the orchards showing severe
copper deficiency symptoms. Samples
were analyzed for total copper by the
method of Pratt and Bradford (1958).

1 Submitted for publication June 7, 1963.
I Paper No. 1497 of the California Citrus Research Center and Agricultural Experiment Sta

tion, Riverside, California.
a See "Literature Cited" for citations referred to in the text by author and date.
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RESULTS AND DISCUSSION

Fig. 1. Grapefruit tree with severe copper
deficiency.

The generally poor condition of or
chard A was first observed in February,
1958. The unhealthy appearance of the
trees was originally attributed to low
winter temperatures, but careful exami
nation of the orchard revealed consider
able twig dieback and chlorotic leaves
on trees growing at higher, frost-free
elevations. Many of the leaves were ir
regular in contour and tended to "bow
up" along the midrib, a copper defi
ciency symptom reported by Camp et ale
(1949). Most of the fruit throughout the
orchard was so misshapen and coarse as
to be unmarketable. The peel was' ab
normally thick and pulpy. Brown
blotches or necrotic spots were observed
on the outside of the fruit (fig. '2) and
gum pockets or brown areas of discolor
ation were observed on the inside of the
fruit (fig. 3). Gumming on twigs, a
typical symptom of copper deficiency
reported from other citrus growing
areas by Camp et ale (1949), was not
noted during this study.

Fig. 2. Center grapefruit is healthy; others show typical copper-deficiency symptoms.
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Fig. 3. Grapefruit showing interior symptoms of severe copper deficiency.

Symptoms identical to those described
above were observed in the spring of
1962 in orchards Band D. No symptoms
typical of copper deficiency other than
poor appearance and lack of vigor were
observed on the Valencia orchard C
adjacent to the grapefruit orchard B.
It should be emphasized that both grape
fruit orchard B and Valencia orange or
chard C were on rough lemon rootstock
and both received similar cultural and
management practices. This suggests
that grapefruit trees are more sensitive
than orange trees to a low copper supply.

When orchard A was initially ex
amined, the coarse appearance of the
fruit and the absence of gumming on
twigs suggested the possibility of boron
deficiency. This possibility was tested
by the application of borax in random
ized block experimental design consist
ing of four single trees replicates at two
separate locations in the orchard. Treat
ments were: boron (80 grams of borax
broadcast around drip of tree), boron
plus copper spray, and copper spray

only. The copper spray contained 2
pounds of copper sulfate, plus 2 pounds
of hydrated lime per 100 gallons of
water, The copper spray treatment was
applied to the remainder of the orchard
soon after the borax treatments were
applied, and annually in the spring
thereafter.

A leaf sample representative of or
chard A was taken from fruiting termi
nals during the period of initial inspec
tion and before any treatments were ap
plied in March, 1958. Although this first
sampling represented mature leaves ap
proximately .l-year old, the extremely
low level of copper (less than 0.75 ppm)
would not have been expected to have re
sulted from a seasonal variation unless
copper was deficient. The concentrations
of other trace elements and the major
elements were normal when compared
to Chapman's (1949) standards.

Leaves of the treated trees showed
pronounced boron-toxicity symptoms
within 3 months from the time of borax
application. Concentration of copper in
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Fig. 4. Grapefruit in orchard where copper deficiency has been corrected.

the leaves from the borax treatment re
mained in the deficient range (1.3 ppm) ,
while the copper content of the leaves
from trees treated with copper spray in
creased to 25 ppm. Symptoms of copper
deficiency were corrected the first year,
and there was no recurrence of the prob
lem on the sprayed trees. The unsprayed
trees, including the boron-treated trees,
continued to show symptoms of copper
deficiency, thus eliminating boron de
ficiency as a cause of the generally poor
appearance of the orchard.

Leaf samples were collected in 1962
from orchards B, C, and D. Grapefruit
leaves from orchards Band D contained
0.75 and 1.5 ppm copper, respectively,
and the orange leaves less than 2.0 ppm
copper. Since only the grapefruit trees
showed severe symptoms of copper de
ficiency, it is possible that grapefruit
trees are more sensitive than orange
trees to a low copper supply. The most
accurate method of copper deficiency
diagnosis is leaf analysis. A consistently
low copper content of leaf samples from
orchards A, B, C, and D suggested a low

copper content in the Hanford sandy
loam soil of this district. Accordingly,
virgin soil samples were collected from
the district and their copper contents
were found to be 1.6, 3.2, 6.6, 6.6, and
10.0 ppm; these values were the lowest
found in a number of southern Cali
fornia soils. New Zealand soils with a
total copper content less than 10 ppm
are classified as copper deficient by Tay
lor et ale (1956). Purvis and Ragg
(1962) analyzed 100 soils from a copper
deficient area in south-east Scotland and
concluded that soils with less than 2
ppm total copper are likely to be defi
cient for oats. Bould et ale (1953) work
ing with fruit trees found copper defi
ciency where the fraction of total soil
copper soluble in 0.1 N HC1 was in the
0.9 to 1.6 ppm range. Mitchell (1955)
reported that copper in soils was usually
in the 3 to 100 ppm range. These obser
vations support the conclusion that the
severe copper deficiency observed in
grapefruit orchards A, B, and D was
due to a low total copper content of the
soil.
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Symptoms of severe copper deficiency
were visually diagnosed in three grape
fruit orchards near Hemet, California.
Typical symptoms of copper deficiency
were dieback of young twigs, chlorosis
of terminal .leaves, and misshapen,
rough fruit with brown necrotic spots
on the outside and gum pockets in the
albedo. Gumming on twigs, a typical
symptom of copper deficiency reported
from other areas, was not identified.

A possibility of boron deficiency was
tested by a randomized block experi
mental design consisting of four single
tree replicates at two separate locations

in the orchard. Treatments consisted of
80 grams of borax per tree, borax plus
copper spray, and copper spray only.
Visual symptoms of copper deficiency
were corrected by a copper spray. Cop
per content of grapefruit leaf samples
was generally less than 0.75 ppm and
total copper content of virgin soil from
the area as low as 1.6 ppm. These ob
servations and data emphasize that vis
ual symptoms are initially helpful in
diagnosing copper deficiency of citrus
in southern California, but a final posi
tive diagnosis depends upon copper
analysis of leaf material and soils.
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