after application of first dose of fertilizer. Cumulative rain
fall data between each sampling date are also shown in the
figure. Generally, the concentration of nitrate in the
leachate was high in the treatments which received soluble
fertilizer at high rates. These elevated peaks followed each
event of fertilizer application and also the nitrate peaks
were proportional to the rainfall following fertilizer appli
cation. The leachate analysis data during the second year
support the above conclusions (data not presented). The
leachate was collected at 5 ft below ground, therefore, the
nitrate in the leachate at this depth cannot be utilized effi
ciently by the tree roots. The deep sandy soils are typically
well drained throughout the vadose zone. This precludes
any potential for denitrification of nitrate-N. As a result,
nitrate in the leachate can potentially transport to the
groundwater resulting in nitrate contamination. Additional
studies are in progress to evaluate the nitrate leaching into
groundwater under mature tree conditions with variety of
production practices.
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Abstract. The 1992 Commercial Citrus Tree Inventory showed
that 32% of the orange trees in Florida are nonbearing. Sub

stantial increases in plantings of 'Hamlin', navel, and 'Valen
cia' orange trees began in 1986 and planting of 'Ambersweet'

began in 1990. During the past several years, some growers
have shifted emphasis from processed orange products to
fresh fruit. Young orange trees usually produce poor quality
fruit that improves as the trees become older. High levels of
fertilization, especially nitrogen and potassium, are used with
supplemental irrigation to attain maximum growth of young
trees. High nutrition levels stimulate vigorous vegetative
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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.
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growth with correspondingly reduced fruit quality, especially
with cultivars such as navel, 'Valencia', and 'Ambersweet'

oranges. High nutrition rates in combination with frequent
supplemental irrigation can extend the time that young
orange trees produce poor quality fruit. Growers face cultural
management decisions for young trees that must include cultivar as well as the age, desired vegetative growth, and as
sociated quality and quantity of fruit produced and how it

will be marketed. The quality of juice can be adjusted to
some extent during processing but the quality of fruit mar
keted fresh is largely set at harvest.

Introduction

The most recent tree inventory, 1992, shows that 32%
of the orange trees in Florida are nonbearing, 3 years old

or younger. Prior to 1950, trees 5 years old or younger

were considered nonbearing, and from 1951 through

1988-1989 trees 4 years old or younger were considered
nonbearing. The nonbearing age was reduced to 3 years

beginning in 1989-1990 (Fla. Ag. Statistics Ser., 1992).
From the early years of the Florida citrus industry until
the 1950's, when concentrated orange juice became a
major market product, the fruit were marketed mostly
fresh. Fruit quality is most important in fresh fruit, and
fruit from very young trees usually were not marketed
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during this period. In later years some of the fruit from
"nonbearing" trees was salvaged for processed juice.
Influence of Tree Age on Fruit Quality

Orange trees 8 years old or older were used to develop
the data on which the current fruit maturity standards are
based. This is because data from younger trees were not
considered typical and applicable to bearing trees (Hard
ing et al., 1940).
Prior to 1950, trees 5 years old or younger produced
fruit considered poor quality and these trees were listed as
nonbearing. With the advent of improved fertilization and
supplemental irrigation, the nonbearing age was reduced
to 4 years in 1950. Beginning in 1989-1990, the age was
reduced to 3 years as fertigation became common and
many of the trees were grown further south where the
growing season is longer. The trees attained larger size at
an earlier age and began producing significant fruit crops
earlier. The reductions in age of nonbearing trees were
largely due to the significant fruit crops on younger trees,
and fruit quality considerations were not a major factor.
Vigorous vegetative growth should be encouraged to
attain desired tree size at an early age. During the early
years of juvenile (vigorous vegetative) growth when high
levels of nutrition and irrigation are provided, the quality
of any fruit produced is usually poor, especially of oranges
and grapefruit. Mandarins and mandarin hybrids may
produce fairly good quality fruit at an earlier age than
oranges or grapefruit.
Traits of fruit on young vigorous trees include thick
peel with rough surface, low total soluble solids and acids,
sometimes a high solids/acid ratio, low juice content
(granulation), and delayed peel color development. In
many cases the fruit may granulate (dry out) before the
internal quality and peel color are sufficiently developed
to meet minimum harvesting requirements. Because of the
poor quality traits, growers often remove any fruit that set
on trees 1 to 2 years old to encourage vegetative growth for
early tree size development. The fruit quality on trees 3 to
4 years old will improve over that of younger trees, but
the degree of improvement is influenced by the cultural
management of the trees, the cultivar, and the rootstock.
Harding et al. (1940) reported that orange trees must
be at least 8 years old before they produce fruit with quality
typical of the type produced by mature trees. During the

1950's this figure probably could have been reduced to 7
years, due to more rapid growth of young trees. Currently
this figure may be 5 to 7 years. The age at which the trees
begin to produce fruit with quality similar to that of older
trees is dependent upon the cultivar, the rootstock, and
the management practices used in the grove. Because of
the longer growing season in the southern portion of the
Florida citrus industry, those trees may begin producing
fruit with quality similar to that on mature trees at an ear

juice likely will result in lower prices per pound of orange
solids, and poor quality fruit on young, vigorously growing
trees may have less demand for processing. Reduced de
mand would be most evident for fruit on trees 3 years old
and younger (nonbearing). Fruit on young, vigorously
growing trees also may show retarded color break, and this
could interfere with early season marketing as fresh fruit.
Any delay in marketing of these fruit could enhance the
occurrence of granulation. These conditions improve as
the trees become older and management is directed toward
fruit production and quality rather than tree growth. A
factor that must be remembered in marketing fresh fruit
is that citrus fruit contain practically no starch and do not
continue ripening after harvest as some other fruits and
vegetables (Harding et al., 1940).
Influence of Cultivar on Fruit Quality

Young citrus trees, especially orange and grapefruit,
produce fruit with significantly poorer quality than those
on older trees of the same cultivar. Fruit on navel orange
trees 4 years old or younger may be of unmarketable qual
ity, except possibly for salvage. Vigorously growing navels
5 to 6 years old may produce fruit of marginal quality,
especially trees with light fruit crops. Navels in Florida
commonly set light crops, and preharvest fruit drop often
results in small crops of large fruit size at harvest. Large
fruit are more likely to show granulation and low percent
ages of juice and total solids and acids. Navel trees remain
juvenile longer than other orange cultivars grown in
Florida. The best quality navel fruit observed by the author
has been on mature trees with limited vegetative growth.
Even younger navel trees with limited vegetative growth
produce better quality fruit than comparable trees with
more vigorous growth. The author has observed the re
lationship between high quality navel fruit and limited veg
etative growth in various groves during the past 31 years.
'Valencia' trees show some of the juvenile traits of
navels but for a shorter period. Long-time statistical re
cords show that 'Valencia' trees produce about 20% less
fruit per acre than 'Hamlin'. Data published in 1993 com
pare per-tree yields of early and midseason trees, mostly
'Hamlin', with that of 'Valencia* (Fla. Ag. Statistics Ser.,
1993). 'Hamlin' trees 3 to 5 years old produced 20% more
than 'Valencia' while trees 6 to 8 years and 9 to 13 years
produced 28% more. Light crops, especially on young 'Va
lencia' trees, commonly result in large fruit size with thick
peel, low solids and acids, and low juice content. 'Valencia'
trees 3 years old or younger usually produce fruit with
poor quality. The quality improves at 4 years and older,
especially when management is directed at producing fruit
rather than vigorous tree growth. Growers often try to
compromise between fruit production and quality. Trees

1 to 4 years old usually are managed to produce vigorous
vegetative growth and attain large tree size to maximize

lier age than those in the northern portion of the industry.

production from 4 years and older.

During the 1980's, freezes caused a shortage in the sup
ply of oranges in Florida, and the price per pound of solids
was high. These factors caused a demand for oranges, in
cluding those from very young trees, for processing even
though the quality was not as good as desired. The juice
from these fruit could be blended with better quality juice
from older trees. Projected increases in Florida orange
crop sizes and increases in world production of orange

'Hamlin' is the most productive orange cultivar grown
in Florida. The 1993 data support this conclusion. 'Hamlin'
trees 3 years old and sometimes even younger may pro
duce large crops for small trees. 'Hamlin' fruit typically are
small in size with thin peel, especially on trees with a large
crop. This combination of traits helps prevent granulation
and thick peel, even on vigorously growing young trees, in
comparison with that of navel and 'Valencia'. The percent-
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ages of total soluble solids and acids in juice of fruit on
these young trees will be low in comparison with fruit of
mature 'Hamlin' trees, but the quality of the fruit likely
will be significantly superior to those from comparable
trees of navel and 'Valencia'. The relationship between vig
orous vegetative growth, especially on young trees, and
poor fruit quality is not as pronounced with 'Hamlin' as
with navels and 'Valencia'.
'Ambersweet' is a new cultivar and most of the knowl
edge about it is based on observations of a few experimen
tal trees. The author's experience with this cultivar
suggests that 'Ambersweet' may have some fruit produc
tion and quality traits in common with navels, but, overall,
these traits may be intermediate between those of navel
and 'Valencia'. The oldest commercial trees are nearing 4
years old and most are 1 to 3. Therefore, there is little
grower experience with 'Ambersweet' production. Nonbearing trees are managed to produce vigorous vegetative
growth and maximize tree size. During the beginning years
any fruit produced by experimental or commercial trees
are large with rough, thick peel and have low percentages
of soluble solids and acids and low juice content. The juice
may have poor color. Fruit on such trees often are tapered,
or even slightly necked, at the stem end. Obviously, these
fruit have poor quality and they may not be marketable
while the trees are being "pushed" to obtain large tree size
at the earliest age possible. In 1993 some of the oldest com
mercial 'Ambersweet' trees are beginning to show improved

fruit traits that have been observed on older experimental
trees.

The commercial 'Ambersweet' trees were propagated
from buds of 16- to 18-year-old experimental trees and,
therefore, are less juvenile than the experimental trees
were at planting in 1974. This means that commercial trees
should begin producing good quality fruit at an earlier age
than did the experimental trees. However, the cultural
management of the trees will have a major effect on how
early the trees produce acceptable quality fruit. As com
mercial 'Ambersweet' trees become older and grower ex
perience is more extensive, more reliable cultural manage
ment systems will be available. This has occurred with
other new cultivars.

Influence of Nitrogen Fertilization on Fruit Quality Traits

Orange trees are grown on a wide range of soils and
rootstocks throughout a large climatic area of Florida. Nu
trient balance is important in maintaining efficient tree
growth and fruit production. Nitrogen has greater influ
ence on growth and yield than any other nutrient element
(Wutscher and Smith, 1993).
The most commonly used fertilization guide in Florida
is Bulletin 536D (Koo et al., 1984). Nutritional strategies
are different for young and mature trees and vary with
soil type. During the first 5 years emphasis should be on
promoting tree growth and the quality and quantity of any
fruit produced should be secondary. During the third to
seventh year the trees may come into bearing but still ben
efit from a complete fertilizer if the soil was previously
uncultivated (Koo et al., 1984). This is the period when the
program should be changed to that of bearing trees. Em
phasis in this article is on young trees as nearly one-third
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of the trees in Florida were of nonbearing ages at the time
of the latest survey (Fla. Ag. Statistics Ser., 1992).
Young trees usually are high in N content due to fre
quent fertilizer applications (Koo et al., 1984). Bulletin
536D suggests that during the first year trees receive 5 to
6 applications of a balanced fertilizer, 4 to 5 in the second
year, and 3 to 4 during the third through seventh years in
the grove. The recommended amounts of fertilizer are
shown on a per-tree basis which is appropriate in view of
the variations in planting density. Vigorous growth is
characterized by long growth flushes, and limbs are more
flexible than the stouter limbs on slower growing trees and
later are prone to bend, and possibly break, with a large
fruit crop. Bulletin 536D is being revised, and the authors
realize that the recommended rates are excessive and
should be reduced. The new rates are not available at this
time (personal communication).
As stated above, fruit quality should be expected to be
low during the first few years. During the first and second
years, it would be desirable to remove any fruit that set
and encourage tree growth. The quality of any fruit pro
duced during this period would be poor and may be un
marketable. High levels of N and other nutrients should
be used during these early years, and from a fruit quality
standpoint, the traits would be similar to but more exagg
erated as those observed following the use of excessive N
on older trees.
Soil sampling is not a reliable method to determine N
and K levels because they are readily leached. Therefore,
leaf analysis is the best method. The importance of proper
sampling of leaves cannot be overemphasized. Analysis of
leaf samples is expensive, and an improperly selected leaf
sample may provide misleading rather than helpful infor
mation (Koo et al., 1984). Wutscher and Smith, 1993,
stated that trees with leaf N less than 2.5% are deficient,
those with 2.5 to 2.8% are satisfactory, and those contain
ing more than 2.8% contain excessive levels. Bulletin 536D
(Koo et al., 1984) states that leaves with less than 2.2% are
deficient and those with more than 3.0% have excess N.
The quantity of N and other fertilizer depends on the
tree age, production potential, density of planting, etc.
Higher rates are beneficial for fruit grown for processing
because they induce higher yields of juice and soluble sol
ids along with intense juice color. This is accompanied by
smaller fruit size and thinner rinds. For fresh fruit, some
what lower rates are generally favored, as this tends to
induce larger fruit and retard the regreening of latematuring cultivars (Wutscher and Smith, 1993).
Koo et al. (1984) listed trends in fruit quality response
to fertilization and irrigation. Irrigation is practiced to pro
mote tree growth and increase fruit production. He re
ported that its effect on fruit quality is mostly negative.
This is especially true when excessive irrigation is used.
However,

sufficient

supplemental

irrigation

should

be

used during prolonged dry periods to increase fruit set
and avoid fruit splitting when heavy rains occur following
dry periods. The changes in fruit quality that accompany
increased rates of N are shown in Table 1. Generally, in
creasing N rates have a positive effect on juice quality and
a negative effect on external fruit quality traits. Excessive
N lowers fruit production and the yields of soluble solids
per acre. Since very high N rates are often used on young
orange trees to obtain rapid growth, the negative effects
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FIRST-YEAR RESPONSE OF RUBY RED' GRAPEFRUIT ON FOUR
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Abstract. Young 'Ruby Red' grapefruit trees on sour orange
(SO), Carrizo citrange (CA), Cleopatra mandarin (CL), or
Swingle citrumelo (SW) rootstocks were used in a randomized
split plot field experiment with 4 replications. Irrigation water
had electrical conductivities of 0.7, 2.3, 3.9, or 5.5 dS rrr1
(500, 1600, 2700, or 3800 ppm TDS). Three fertilizer applica
tions included: fertigating weekly with first-year totals of
0.34 Ib N tree-1 (L-34) or 0.23 Ib N tree1 (L-23), and broad
casting granular fertilizer at 6-week intervals with a total
application of 0.54 Ib N tree-1 yr1 (D-54). Tree measurements
taken in June and December showed reductions in canopy
volumes of about 7% for each 1.0 dS nrr1 increase in irrigation
water salinity level above the base level of 0.7 dS rrr1 (about
10% reduction for each 1000 ppm above 500). Trees on all
rootstocks had either excessive leaf Na or Cl accumulations at
the highest salinity levels. Trees on CL were able to exclude
Cl better than the other rootstocks. Trees on Carrizo accumu
lated high levels of Cl, but they were the most effective at
excluding Na. Trees on CL had the greatest growth and those
on SO had the least. Growth of trees on SW was slightly more
than trees on CA, but both grew about 15-20% less than
trees on CL. The L-34 fertigation proved superior to the other
fertilization methods for all growth measurements. Growth
was greater for the L-34 treatments even though the toti朄䁖㈆䈹Ѡ 瀀〄쀂瘀攀 and%p
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