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Abstract. Of three adjacent blocks of orange trees
(Citrus sinensis L. Osbeck) on rough lemon root-
stock (C. limon S. Burm. f.), one was essentially cit-
rus blight-free, and two were strongly affected. The
three blocks were fertilized equally and irrigated from
the same water source. The blight-free Grove 1 was
planted on undisturbed soil, and Groves 2 and 3 were
planted on filled-in land; Grove 2 was heavily limed in
1970 before planting. Annual analysis of leaves col-
lected from healthy trees in July from 1986 to 1997 for
14 elements showed that the blight-free Grove 1 had
lower leaf Ca and higher S, Zn, and Mn than the two
blight-affected Groves 2 and 3. The leaves in Grove 2
had higher N, K, Na, Cl, and B concentrations than in
Grove 3; P and Mg were lower. There were no signifi-
cant differences in Ca, S, and the metal ions.

The cause of citrus blight, a severe tree decline prob-
lem in humid citrus-growing areas, has never had an
undisputed explanation (Childs, 1979; Wutscher, 1988;
Timmer, 1990). Observations strongly indicate that soil
influences the incidence of blight (Cohen, 1980; Wut-
scher, 1986; 1989b); pH has especially been implicated
(Wutscher and Lee, 1988; Wutscher, 1989b; 1997).
Heavy applications of basic slag and calcium hydrox-
ide improved blight-affected trees but did not cure
them (Wutscher, 1985; 1995). Abnormal leaf nutrient
patterns, based on single-year determinations of low K
(Anderson and Calvert, 1970), and low Zn (Smith
1974a), coupled with internal reallocations such as ac-
cumulation of Zn in the wood and the bark (Smith,
1974a; Wutscher and Hardesty, 1979) have been re-
ported. Injection of water into the trunk (Cohen, 1974;
Lee et al., 1984), zinc analysis of the outer trunk wood
(Wutscher et al., 1977), and leaf analysis for character-
istic proteins (Derrick et al., 1990) serve as diagnostic
tests because visual symptoms are non-specific. Nu-
tritional effects are best characterized by multi-year
observations. Annual leaf analyses of three blocks of
trees, located next to each other but varying sharply in
blight incidence over a 12-year period, offered an op-
portunity to compare the leaf levels of 14 elements in
blight-free and blight-prone blocks.

1.Mention of atrademark, warranty, proprietary product, or vendor
does not constitute a guarantee by the U. S. Department of Agriculture
and does not imply its approval to the exclusion of other products or
vendors that may also be suitable.

Materials and Methods

The data presented are from three orange groves near
St. Cloud in east central Florida under intense observa-
tion since 1977. Grove 1, ‘Hamlin’ orange (Citrus sinen-
sis L. Osbeck) on rough lemon rootstock occupied two-
thirds of a rectangular 42 acre (17 ha) block of land,
planted on surface-tilled Tavares (hyperthermic uncoat-
ed Grossarenic Paleudult) sand in 1944 with 25 ~ 25 ft
(7.5" 7.5m) spacing (Wutscher, 1986). In 1970, the lev-
el of the soil in the vacant eastern third of the block was
raised by using the spoil from dredging a drainage ditch
and 6 tons per acre (14 t/ha) of dolomite was incorporat-
ed to 5 ft (1.5 m) depth before planting. ‘Hamlin’ on
rough lemon trees were planted with the same spacing
and in line with the older trees in the block. On the east
side of the drainage ditch the origina Pomello (sandy,
siliceous, hyperthermic Arenic Haplohumod) soil was
also modified by drainage and raising the level of the 9
acres (3.8 ha) above the surrounding area before planting
‘Valencia orange (C. sinensis) on rough lemon root-
stock in 1984. Groves 1 and 2 wereirrigated by overhead
gun, Grove 3 by microsprinklers. All groves were uni-
formly fertilized two or three times per year with various
fertilizers at an annual rate of 190 Ibs/acre (213 kg N/ha)
with various dry materials (11 N-0 P-9 K, 14 N-0-12 K,
16 N-0 P-14 K) and one microelement (Mn, Zn) spray
per year.

Thirty-leaf samples were collected from healthy
trees only every July, from 1986 to 1997. Five trees were
sampled in Groves 1 and 2 (only two in Grove 2 in the
last 4 years because the other three developed blight);
four composite samples were collected in Grove 3 each
year. The source trees were monitored frequently by
blight diagnostic tests, mostly by water injections into
thetrunk (Leeet al., 1984) and analysis of the outer trunk
wood for Znand K (Wutscher et a., 1977, Wutscher and
Hardesty, 1979), and in some cases also by aleaf protein
test (Derrick et al., 1990).

Theleaves were washed, dried at 70°C, ground to 20
mesh and analyzed for N by micro-Kjeldahl, P by a mo-
lybdivanadophosphoric acid method (Barton, 1948), for
B colorimetrically (Dible et al., 1954), S nephelometri-
cally (Quin and Woods, 1976), Cl by electrometric titra-
tion, K and Na by flame emission, and Ca, Mg, Fe, Mn,
Zn, Cu, and Mo by atomic absorption. The data were an-
alyzed using an SAS program for analysis of variance
and the means separated by the Newman-Keuls multiple
comparison test.



Results and Discussion

The three sets of trees used for the comparison were
on the same blight-susceptible rootstock (Smith, 1974b)
but they were of different ages and in the case of Grove
3 adifferent scion cultivar. There were also differences
in soil preparation and irrigation method, but because cit-
rus blight is unpredictable and cannot be induced, it has
to be worked with where it appears spontaneously. The
three blocks of trees were next to each other and always
received the same fertilization.

Grove 1 was blight-free except for three trees at the
end of rows where grove care practices created a much
higher pH than in the interior of the grove (Wutscher and
Lee, 1988). Testing at 30-day intervals over athree-year
period (Wutscher 1989a) and intermittent testing since
then has shown that there has been no spread of citrus
blight in this grove. Thisin sharp contrast with the third
of the rectangular block (Grove 2) planted in 1970 on
heavily-limed filled land. When the first seven irregular-
ly distributed blighted trees were identified in 1977, the
soil pH ranged from 6.1 to 7.2. By 1990, 80% of the orig-
inal trees had been removed because of citrus blight and
replaced by replants and blight still spreads among the
few remaining trees. The soil pH at the beginning of the
observation period was5.9in Grove 2 compared with 5.1
in Grove 1 (Wutscher 1986; Wutscher and Lee, 1988).

The soil pH in the ‘“Vaencia grove (Grove 3), has
remained in the 5.0 to 5.4 range since the trees were
planted (Wutscher, 1995). The first blighted tree was di-
agnosed in this grove when the trees were only 3 years
old, which isunusual because citrus blight rarely appears

beforetreesare 5 yearsold. The annual treelossrate was
about 3% ayear until 1994, but sharply increased to 10%
in 1997. A total of 32% of the original trees have been
lost.

Four elements clearly followed a different patternin
the blight-free Grove 1 compared to blight-affected
Groves 2 and 3 (Fig. 1; Table 1). Calcium was lower, and
S, Zn, and Mn were higher in the trees in the blight-free
areathan in the blighted areas. These and slightly higher
magnesium in Grove 2 were the only elements different
between the two groves which together formed a rectan-
gular block. Lower leaf Cain Grove 1 than in Grove 2
has been reported earlier (Wutscher, 1986) and higher
soil Caunder blighted trees has been reported repeatedly
(Casafus et al., 1984; Wutscher and Lee, 1988; Wut-
scher, 1989b). Zinc deficiency symptomsin theleavesin
response to lower than normal zinc levels in the leaves
are the most noticeable visual symptoms of citrus blight
(Smith 1974b); there was more water soluble sulfate in
the soil under healthy trees than under blighted trees
(Wutscher, 1981). The leaves in Grove 2 had higher N,
K., Na, Cl, and B concentrations than in Grove 3; P and
Mg were lower. There were no significant differencesin
Ca, S, and the metal ions. High peaks of these elements
are probably due to leaf sprays of these elements which
the grower usually applied in the summer (Fig. 1). In
someyearstheleaf sampleswere collected after the sum-
mer microelement spray. Why Grove 3 had consistently
lower leaf Cl levelsis hard to explain. It was separated
from Groves 1 and 2 only by a drainage ditch and all
three groves were irrigated with lake water with a low

Table 1. Twelve-year means of concentrations of 14 elements in the leaves of healthy trees in Groves 1, 2, and 3 and statistically significant differences
between them.

Percent mg/kg
Grove N P K Ca Mg S Na Fe Mn Zn Cu Cl
1 (blight free) 2.85 0.132 1.55 2.57 3.92 0.363 459 49 25 28 15 50
2 (blight) 2.78 0.122 1.54 3.45 0.341 0.274 462 49 20 21 12 52
3 (blight) 2.70 0.149 1.38 3.65 0411 0.268 290 53 18 19 9 22
Newman-K euls multiple comparison test (probabilities)
lvs. 2 NSt NS NS 0.001 0.05 0.001 NS NS 0.05 0.05 NS NS
1lvs. 3 0.01 0.01 0.05 0.001 NS 0.001 0.001 NS 0.01 0.01 NS 0.00
2vs. 3 0.05 0.05 0.05 NS 0.01 NS 0.001 NS NS NS NS 0.00

INS = Not significant at the p = 0.05 level.

mineral content. Elevated leaf chloridelevelsare charac-
teristic of citrus blight (Wutscher and Hardesty, 1979),
but there was no difference between Groves 1 and 2.
Long-term leaf analysis recordsin combination with cit-
rus blight incidence determinations are rarely available,
therefore, the universality of the leaf nutrient effects re-
ported is uncertain, but the high significance of the dif-
ferencesin Ca, S, Zn, and Mn could provide leads to the
solutions of the problem.
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Figure 1. Leaf concentrations of Ca, S., Mn, An, Mg, Cl, and N in tf
groves varying in blight incidence.
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