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DESCRIPTION OF THE PROBLEM

Foliar applied urea has been used successfully as a source of fertilizer nitrogen (N) in many
crops. Interest in foliar feeding of urea in citrus production originated over 20 years ago in
California. The application of N to leaves was beneficial since high rates of ground application of N
fertilizer appeared to contribute to salinity problems (Embleton et al., 1986) and to pollute
groundwater with nitrate (Pratt et al,, 1972; Embleton and Jones, 1978; Embleton et al., 1980;
Dasberg et al., 1984).

There may be other advantages of foliar urea application, such as increased floral intensity
and fruit set (Lovatt, 1990). This was apparently due to manipulation of NH;-NH," in leaves and

buds which, in turn, may be an important factor affecting flowering and fruit set in citrus. Low
/o
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bi{xret urea (containing 1.8% lbr N/gal) was sprayed on citrus leaves as a single application at 15
gal/acre; i.c., equivalent to 28 1b N/acre (Citrograph, 1991; Richardson, 1993). The maximum
benelit in terms of increased fruit yield (452 cartons/acre) and net return ($1372/acre) was achieved
when the foliar urea was applied in January (Ali and Lovatt, unpublished). One potential problem
with foliar applied N materials is volatile losses to the air. There have been studies attempting to
quantify volatilization losses from N fertilizers (Kissel and Cabrera, 1988) but not from citrus leaves.
FLORIDA CITRUS RESEARCH ON FOLIAR N FEEDING

Biuret can be a contaminant in urea, and foliar application of urea containing biuret has
resulted in biuret toxicity in citcus (Oberbacher, 1954). Spraying young flush of 2-year-old
Pineapple orange trees with 1% urea solution containing only 0.01% biuret resulted in biuret toxicity
and leaf loss. However, biuret toxicity is not necessarily a concern at present because urea filtration
technology can produce urea with biuret concentration less than 500 ppb. Not all spray grade

formulations of urea are equal however.
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Leonard et al. (1961) observed evidence of biuret toxicity on trees sprayed with urea during
the initial years. Subsequently, they used urea containing less than 0.25% biuret which overcame the
bidreft tox&éity proi)lems. T/hey'.‘ also made some /gellﬁeral remarks about the potential problems in
foliar feeding of N for citrus based on unpublished earlier rescarch (Leonard et al., 1961). Repeated
applications of urea sprays for a period of 8 weeks were required for urea to "green up" leaves.
Therefore, they concluded that foliar application of urca was not an effective approach to supply the
N requirement of citrus trees. They thought absorption of urea by leaves was insignificant and urea
uptake only occurred through the roots when the foliar applied urea was washed off to the soil.

Recent studies have directed an interest in evaluation of urea to penetration into citrus leaves
without causing phytotoxicity. Using mature grapefruit leaves dipped into labelled urea, the results -
have shown that 24% of applied urea was recovered from within leaves after | hr and 57% after 48
hr (Lea-Cox, 1993; Lea-Cox and Syvertsen, 1994). Thus, urea can readily penetrate citrus leaves but

we have yet to develop maximum safe application rates and frequencies.

- RECENT ADVAN CES IN,FOLIAR N FORMULATIONS

o -

Interest in foliar fertilization increased with the intraduction of liquid slow release nitrogen
(SRN) products, i.e., methylbl and methylene urea in the mid-1980s. These products have the same
agronomic characteristics as the slow release granular products such as urea formaldehyde and IBDU
granular fertilizer blends. The liquid formulations for foliar application also have the convenience of
application, since they can be applied along with other pesticides required routinely.

In this study, a liquid SRN solution containing predominantly methylene urea (developed by
Growth Products Company) will be evaluated for bearing citrus trees on vulnerable soils. Field
evaluations of this product over a number of years, on several crops other than citrus, have shown

that it is a safe, reliable product which is stable over a long shelf life. It has low biuret content, thus

can be safely used for citrus, which is highly sensitive to biuret toxicity. We also used liquid
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formulation for foliar application of N, P, and K.. P and K are derived from mono-ammonium
phosphate and potassium nitrate, respectively. The role of foliar application of P and/or K, as
compared to ground application, for citrus trees has not been understood.
OBJECTIVES
The objectives of this study are: (i) to evaluate the tree growth, leaf nutritional composition,
and fruit yield and fruit quality under foliar application of N, P, and K vs. either total soil

’ . , . / '
applications or 50/50 soil/foliar application and (ii) to evaluate the role of SRN for foliar application

of bearing citrus trees.

This is a long-term study expected to continue for 5 to 10 years.

MATERIALS AND METHODS

This field experiment began in Spring 1996 using 10-year-old Hamlin orange trees on either
rough lemon, sour orange, or Carrizo citrange rootstock. The soil type is Candler fine sand which is
a typical deep sandy soil along the ridge classified as vulnerable soil for soil applied agrichemicals.
The trees were planted in paired rows at 25 ft apart with 50 ft middle between the pair of rows.
Spacing between the trees within the row is 12 ft. Plot size is 12 trees with two rows of six trees
each. Each row of six trees represents two trees each of rough lemon, sour orange, and Carrizo
citrange rootstock.

Prior to thjs experhpent, the grove was on a uniform fertility program at a moderate N rate,
i.e’., 120 Ib N/acre/year dry granular broadcast, applied uniformly across the entire block. The
irrigation system was overhead sprinkler, but changed in early 1996 to under-the-tree sprinkler
system to represent the current industry practice. The following treatments are included for the

study:
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1. Soil application only: Dry granular broadcast (four equal doses/year) with a target N rate of 120
1b N/acre/year, using 13-5-16-1.3 Mg, derived from ammonium nitrate, triple super phosphate,
and muriate of potash.

2. Total foliar application: Using 10-10-10 liquid fertilizer containing 40% SRN, derived from urea
(4.5% N), methylene urea (4% N), nitrate N (1%), ammoniacal N (0.5%), phosphoric acid, and
potassium nitrate. Five sprays were needed per year to deliver the annual dose of N, P, and K.

3. Combination of soil (50% NPK) and foliar (50% NPK) application. This was achieved by
application of 1/2 dose of dry granular products used in treatment 1 and 1/2 dose of liquid

_ product, used in treatment 2, applied as foliar spray.

4, Foliar application of N, and soil application of P and K. Nitro-30 [30-0-0; derived from
polymethylene urea (19.5% N), polymethylol urea (5.7% N), and low biuret urea (4.8% N); 85%
SRN] were applied in five equal doses as foliar applications to target 120 1b N/acre/year. P and
K were applied to the soil as triple super phosphate and polymer coated sulfate of potash in

single application per year.

All foliar applications were done using a commercial speed sprayer calibrated to apply
160 gal/acre.
PARAMETERS TO BE MEASURED
1. Five-month-old spring and summer flush leaves were sampled once a year to measure the

concentrations of macro- and micro-elements to evaluale the nutritional status of the trees.
. /

'

o . . .
2. Fruit size and juice quality measurements.

3. Fruit yield.
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POTENTIAL BENEFITS
1. This study will evaluate the efficacy of foliar application of N, P, and K for citrus as compared to
the soil application. |
2. Increased efficacy of nutrient uptake of foliar applied nutrients may decrease the quantity of
nutrients required, thus could offset the increased cost of foliar nutrition materials.
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Table 3. Chlorophyll meter (SPAD) reading of leaves of the Hamlin
orange trees under total soil, total foliar, 50/50 soil/foliar, and slow
release N foliar + soil P and X fertilization programs, 1997.

Chlorophyll meter
Treatments readings’
1. Total N, P, and K soil 76.2
2. Total N, P, and K foliar 63.0
3. 50/50 of treatment 1/2 73.0
4, SRN foliar soil P and K application 60.5

The greater the value the greater the intensity of leaf green color.
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