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CALVIN G. LYONS, JR. AND NORMAN P. MAXWELL

The earliest record of citrus
planted in the Valley is that of
seedling orange trees by Don
Macedonio Vela in the early
1880's on the Laguna Seca Ranch
north of Edinburg. John Shary, a
pioneer in Valley citrus
development, is known as the
"father of the Texas citrus
industry."

In 1908, Charles Volz was
successful in growing citrus
commercially by planting trees
on sour orange rootstock.
Previous commercial plantings
on trifoliate orange rootstock
had failed because they did not
tolerate alkaline soils and
irrigation water high in salts.

By 1920, the Lower Rio Grande
Valley had about 124,000 trees,
thus becoming an important
citrus area. The industry reached
its peak in 1949 with about 14
million trees. Freezes in 1949
and 1951 reduced the number to
3% million. About 7 million trees
were in the Valley before the
1962 freeze which killed 30
percent of them.

Changes and improvements in
the Valley citrus industry have
been gradual, usually in
response to disasters such as the
1934 hurricane and the freezes.

Early plantings were mainly
white fleshed, seedy grapefruit,
and seedy oranges. Varieties
gradually changed to white
seedless and pink grapefruit and
a mixture of seedy and seedless
oranges. After the discovery of
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budsports of red grapefruit in
1929 and 1931, new plantings of
grapefruit were changed to red
seedless grapefruit. Most orange
plantings are now the seedless
varieties, except for some seedy
pineapple groves planted
principally for processing after
the 1951 freeze.

Most of the major variety
changes were tied closely to
freezes and market preference.
Until 1951, many old groves still
had mixed varieties of seedy
white and seedless white
grapefruit, pink seedy and
seedless grapefruit and seedy
and seedless oranges. After the
1951 freeze, when 80 percent of
the industry was destroyed, new
grapefruit plantings were mostly
red grapefruit and a few white
Marsh for specialty processing.
New orange plantings were
seedless early oranges, seedy
pineapple oranges and Valencia
(a late season variety).

Other changes occurring over
the years include:

Closer tree spacing and land
leveling

More use of mechanical grove
care equipment

Concentration of citrus
production on the best
adapted soils

Wider use of herbicides for
weed control

The potential for profitable citrus
production in the Rio Grande
Valley compares favorably with

other U.S. citrus-producing
areas.

The major disadvantage of citrus
production in Texas is the risk of
freeze damage. Probability of a
freeze in Texas is about the
same as in Florida; however, a
freeze in Texas will result in
more damage than a similar
freeze in Florida. There are two
reasons: first, Texas citrus is less
dormant which results in more
freeze damage; second, the
Texas citrus industry is situated
in a relatively small area
consisting primarily of three
counties. Thus all Texas trees are
subject to freeze. But the citrus
acreage in Florida and California
is dispersed over a large area. A
freeze in Florida and California
typically affects only portions of
the acreage.
The yearly costs of operation in
Texas are lower than the
California-Arizona
citrus-producing areas and are
the same or slightly higher than
those in Florida. The main
production advantages Texas has
over the other producing areas
are lower taxes, cheaper land
prices and less expensive
nursery trees for orchard
establishment. Irrigation water
also is irtexpensive, although
limited by allotment. There is
still an adequate supply of labor
in the Lower Rio Grande Valley
at a price level competitive with
other areas. Costs of fertilizers,
insecticides and machinery are
about equal for all
citrus-producing areas.



Soil, water and topography are important factors to consider in site selection.

The major economic
disadvantage of growing citrus in
Texas is recurring freezes.
Establishment and development
costs should be distributed over
short periods because of
freezes. The results are high
investment costs in Texas
compared to areas where a tree
produces up to 40 years.

The highly variable fruit supply
increases the cost of marketing
Texas fruit because other
producing areas tend to take
over markets formerly supplied
by Texas. It is difficult to
re-establish these markets.

CLIMATE

The Lower Rio Grande Valley
(Cameron, Willacy, Hidalgo and
Starr counties) has a subtropical,
semi-arid climate. Moist air from
the Gulf of Mexico has a
moderating effect on Lower
Valley temperatures. The average
daily minimum temperature of
the coldest month, January,
ranges from 52 degrees at
Brownsville to 46 degrees at Rio
Grande City.

Average annual rainfall decreases
with distance from the Gulf of
Mexico. It varies from 26 inches
in Willacy and Cameron counties
to around 19 to 23 inches in
Hidalgo and 17 inches in Starr
county. Because most of the
precipitation falls in the form of
thunderstorms, amounts are
unevenly distributed both
geographically and seasonally.

Maximum rainfall occurs in
September.

The general inadequacy and
variability of rainfall necessitates
supplemental irrigation for
successful production of citrus
in the Lower Rio Grande Valley.

SITE SELECTION

Soil, water and topography are
major considerations in selecting
a citrus production site.

Soil Factors

Before land is planted to citrus,
its soil profile should. be studied
to confi rm the suitability of the
site for orchard use. Soil type,

pH, drainage and salinity are
important considerations.

Soils in the Lower Rio Grande
Valley vary in texture from
coarse sandy loams to
fine-textured clays. The best
soils for citrus are deep and
well-drained sandy loams with a
subsoil free of tight clay layers
and a free water table more than
5 feet from the surface.

The best soils for citrus are
Brennan, Willacy, Delmita and
Hidalgo series. When these soils
contain clay lenses at 4 to 6 feet,
drainage should be installed
before planting; otherwise, salt
accumulation and high water
table in the soil can cause
reduced tree vigor and
production. Citrus also can be
grown on finer textured soils
such as Laredo and
Raymondville, when drainage is
adequate. The best citrus soils in
the Lower Rio Grande Valley
usually have a pH of 7 to 8.

Water Quality and Availability

Commercial citrus grown in
Texas is irrigated only to
supplement rainfall. Fifty to 60

. inches of rain generally is
considered necessary to grow
citrus without irrigation. Rainfall
in the Lower Rio Grande Valley
provides about half this amount.

Water sources for the Lower Rio
Grande Valley include natural
precipitation, the Rio Grande
and ground water. These
sources supply adequate water
for most of the irrigated land in
the Valley. Because the annual
rainfall on the Rio Grande
watershed is highly variable,
water shortages occur and
sometimes are severe. Bilateral
agreements with Mexico
regulating water use from the
Falcon arid Amistad reservoirs
allow irrigation of 750,000 acres
in the United States below
Falcon Dam.
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Eventual success in this young grove is more certain because of the
use of permanent polyurethane wrapping for cold protection, chemical
weed control and drip irrigation.

A cold pocket subjected this young tree
to colder temperatures in a low place,
causing d~mage.

Wells supply irrigation water for
8,000 to 10,000 acres in the
Valley. Wells with poorer water
quality are used only during
drouth periods.

Rains provide the occasional
leaching needed when
moderately to highly saline water
is used in the lower Rio Grande
Valley. This leaching takes place
only on well-drained soils. The
Rio Grande water, which
contains 500 to 1,000 ppm total
salt, is classified as moderately
saline.

A few citrus groves in northern
Hidalgo County and all citrus in
the Winter Garden areas are
irrigated with well water
containing 300 to 1,200 ppm total
salts. With proper management
practices, water of this quality is
not a limiting factor on
well-drained land with trees
budded on sour orange
rootstock.

Water allotments from irrigation
districts in the ,Valley often are
inadequate for the desired
number of irrigations. Additional
water can be obtained by
transfer or purchase of
allotments from other land.
During drouth periods, growers
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may be forced to use highly
saline water from wells and
other sources to sustain their
trees. Well water should contain
less than 1 ppm boron, and a
sodium absorption ratio below 8.
Waters with a SAR of 8 to 15 are
marginal, and prolonged. use of
water with a SAR above 20 leads
to serious problems.

Topography
Cameron, Hidalgo and Willacy
are the principal citrus
producing counties in Texas.
They are in a flat and featureless
plane with poor natural
drainage. The elevation increases
from sea level along the coast to
37 feet at Harlingen, 75 at
Weslaco, 96 at Edinburg and 225
at McCook.

Even though terrain features are
poorly defined, they affect the
minimum temperature patterns
under certain meteorological
conditions. The elevation and
slope of a site influence the
amount and rate of cold air
drainage from adjacent fields
into groves on calm, clear
nights. Cold air sinks and moves
downhill to a lower elevation
when night wind speed is less
than 3 to 4 miles per hour. The

cold air collects in depressions
called "cold pockets." In these
cold pockets, citrus trees are
subjected to temperatures a few
degrees colder than those on
top of small ridges during calm,
clear nights when radi~tion is
maximum.

During periods of strong
northerly winds, citrus trees on
top of small ridges and exposed
northerly slopes may be
subjected to temperatures a few
degrees colder than those in
depressions on south slopes.

IRRIGATION

Flood Irrigation

Flood irrigation is used
predominantly in lower Rio
Grande Valley citrus groves. If
the' system is properly designed
and installed before the grove is
planted, good irrigation
efficiencies are possible with
minimum labor. It is difficult to
use surface i.rrigation efficiently
in non-level groves, and any
major land leveling is difficult
after the grove is established.
Some early citrus orchards were
planted on slopes ranging from
1.5 to 3.0 percent.



A properly designed system
includes land leveling to proper
grade, length and width and an
adequate delivery system.
Assistance in design and
installation of irrigation systems
may be obtained from the Soil
Conservation Service.

Include as much area in one
level plane as practical when
leveling land for citrus. Where
topography permits, level entire
blocks to one elevation. If the
natural slope is such that
excessive top soil must be
removed from the cut areas, use
bench leveling.

land generally is leveled to zero
grade or with a slight fall when
possible without excessive
removal of top soil. Permanent
border ridges should enclose
zero grade level areas. The
ridges should have a settled
height of not less than 1 foot,
and where tillage equipment
must pass over the ridges, the
side slopes should be flat
enough for easy crossing. The
border ridges limit the width of
the area irrigated with one
irrigation stream and retain all
water in the area.

The best Valley citrus soils are
sandy loams. Because they have
good soil permeability, irrigation
runs should be no longer than
450 feet. Better distribution of
water can be obtained with runs
of less than 320 feet in sandier
soils. Tree row width, 18 to 25
feet in most newly-planted
groves, is adequate for border
irrigating. Some grove owners
prefer to use a border for each
two rows of trees, but large
irrigation streams are necessary
to move the water fast enough
to cover the area in 30 to 45
minutes. Border widths of more
than 50 feet are not
recommended.

Where clean cultivation is
practiced and smooth border
surfaces are maintained, a small
stream wi II travel along the

irrigation run at 10 feet per
minute. Water coverage of the
soil in 30 to 45 minutes gives
good water distribution in citrus
groves. If cover crops or
mulches are present, the
irrigation stream must be larger
to overcome retardation of the
water flow.

Irrigation water delivery is
extremely important to the
overall system. Good physical
control of water helps to achieve
proper distribution and minimize
labor requirements.

Underground concrete pipe with
turn-out valves for each tree row
is an excellent delivery system.
The initial cost of its installation
is high, but maintenance costs
are comparatively low.
Furthermore, no land is lost to
the pipeline right-of-way, and a
maximum area can be irrigated
with little labor. Water can be
applied uniformly to each tree
row simply by regulating the
amount of time each valve
remains open.

Turn-out valves should be
located in each border area to
be irrigated. Valves of adequate
size to handle the irrigation
stream must be used. In sandy
or easily eroded soils, the
turn-out valve should be
installed 4 to 6 inches below the
natural surface of the land. This
reduces the initial velocity and
prevents erosion damage from
the water near the valve.

Open-Ditch Systems

Open-ditch irrigation delivery
systems often are used on
groves where the gradient does
not cause erosion. These
frequently are temporary ditches
built for each irrigation
application and are destroyed
during subsequent tillage
operations. If open-earth ditches
are perman ent 0 r
semi-permanent, a serious weed
problem develops, and tillage is
inconvenient. Where open

ditches are used, the water is
delivered to the tree rows
through cuts in the ditch bank.
To apply equal water amounts to
each border when using this
method is difficult because the
opening in the ditch bank often
increases in size as water passes
through. The initial expense of
open-ditch delivery systems is
not great compared to other
systems, but operation and
maintenance costs are high.

Sprinkler Systems

Sprinkler irrigation systems are
effective for groves on sloping
lands. Adjusting the rate of
sprinkler output to the water
in-take rate of the soil may be
tedious, but it is necessary for
best results. Outputs of more
than 1 inch per hour usually
exceed the in-take rate of the
soil and cause runoff or
puddling. The irrigator often
moves the pipe when puddling
begins before upper slopes of
the land have received enough
water. If this happens too often,
the under-irrigated areas
become drouthy and salty,
which in turn reduces fruit
production.

Three types of sprinkler
irrigation systems are available in
the Valley: Pressure perforated
pipe, rotary sprinklers and Big
Gun sprinklers.' Rotary
sprinklers usually cover more
per setting than do perforated
pipe systems, but with larger
trees it is difficult to avoid
blanked-out areas because of
tree foliage. Perforated pipe
generally covers no more than
one tree row per setting and
labor costs are slightly higher
because the system must be
moved more often. The Big Gun
system is a large self-propelled
gun that moves along a wi re
irrigating several rows at a time.
The system must be reset each

'Trade name.
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In pipeline irrigation, a permanent border and outlets at regular intervals reduce labor
required for irrigation and machinery usage because borders do not have to be put up
before each irrigation.

time it gets to the end of the
row, usually every 12 hours.

Water quality is extremely
important in irrigation sprinkler
systems because the water is
applied both to the ground and
to the tree foliage. Highly saline
water applied on the foliage by
sprinklers is likely to cause
defoliation and leaf burn. Before
choosing a sprinkler system, the
owner should consider cost and
availability of labor versus cost
for operation and initial cost of
the system.

Irrigation Schedule

The amount of water required by
a citrus grove under flood or
sprinkler irrigation varies
according to tree age, spacing,
soil type, weed management and
climatic factors.

Irrigation should begin in late
January or early February. The
interval between irrigations
should be 20 to 30 days,
depending on rainfall and time
of the year. As temperatures
increase, irrigations should be
more frequent. An average of
four to seven irrigations per year
are necessary. The last irrigation
should be applied in 'mid- to
late-November.

Irrigation during December and
early January should be avoided
to prevent tree growth and the
likelihood of freeze damage.
Groves that were not irrigated in
November and are showing
moisture stress during this time
should be irrigated. Each
irrigation should supply enough
water to wet the soil to field
capacity 5 to 6 feet deep. On
most citrus soils, this means 3 to
4 inches per irrigation.

Groves subjected to extreme
moisture stress often bloom
following rain or irrigation,
regardless of the time of year.
Fruit set during these blooms is
generally of poor quality.
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Trickle Irrigation

This method utilizes small
(usually Y2 inch) lateral lines
running down each tree row
with emitters calibrated at Y2 to 4
gallons per hour located at
specified intervals. Depending
on tree spacing, emitter output
and company recommendations,
emitters can be placed 3 to 10
feet apart.

Experi mental demonstrations
and grower tests in Rio Grande
Valley citrus groves have shown
that this method is acceptable.
Growers can expect to save
substantial water when using this
method in newly planted trees
and about a third when irrigating
mature trees. The major problem
encountered is filtration. Small
clay particles settle out in the
lines causing many problems.
Settling basins such as those
used by city water departments
are most successful in solving
this problem. Trickle systems are
promising in unleveled groves
where watering is difficult

because of topography and age
of trees, and where leveling is
inadvisable. In planting new
groves, the cost of trickle
irrigation is competitive with
.Iand leveling and pipeline flood
systems. An adequate water
supply is insured to each tree
even with the current class "A"
allotment.
Whatever the type of irrigation
system used, results will be only
as good as the management. The
grove owner must know when to
irrigate and how much water to
apply for best results. Above all,
he must closely supervise the
operation to make sure his
instructions are carried out.

SALINITY PROBLEMS

Citrus is considered
salt-sensitive. Both total salt
concentration and specific ion
effect can cause problems.
The total salinity level of soil is
determined by analysis. Citrus

. can be produced with little risk
of salt damage on soils with



salinity levels below 1,280 ppm
total salts in the saturation
extract. With salinity levels from
1,280 to 2,560 ppm, citrus can be
grown with special management
practices such as intermittent
leaching and more frequent
irrigation. Tree survival usually is
poor and production low on
soils with salinity levels above
2,560 ppm.

DRAINAGE PROBLEMS

Poor drainage and salinity
problems cause considerable
damage to citrus. Damage from
high water tables and salinity
may not be recognized until
trees begin to defoliate or show
other signs of extensive damage.

Fruit yields often are reduced,

A drainage line, such as this one being
installed, will keep the soil from being
excessively wet around the trees and wi II
lower a high wa~er table.

even though damage is not
readily apparent.

Even the better citrus soils of the
Valley are subject to high water
tables and surface ponding in

some areas. Drainage problems
can exist in low areas of groves
with irregular topography or in
leveled groves as the result of a
rise in the water table. In many
cases the soils allow free
movement of water downward
for several feet until an
impervious layer is reached.

High water tables affect citrus
production several ways.
Excessive soluble salts are toxic
to citrus and make less soil
moisture available for plant use.
Soil structure cannot be
maintained if the soil stays
excessively wet. Poor aeration
results from lack of drainage,
even at a distance of a foot or
more above a water table. Citrus

. roots cannot survive in soil that
remains saturated for prolonged

Filters, pump and holding pond for large trickle irrigation system help reduce labor requirements for irrigation.
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periods. If free water is not
removed from the root zone
within 5 days, the root system
can be severely damaged or
destroyed.

Drainage and irrigation problems
are so closely related that they
must be treated as companions.
Surface drainage is provided
when an irrigation system is
installed properly. Subsurface
drainage must be designed by a
competent engineer and
installed by a reliable contractor.

A drainage system must be
designed to handle excess water.
Proper depth, spacing and
location of tiles are essential.
Many old drainage systems in
the Valley are functioning
poorly. In some cases, tile lines
have been improperly installed
or have been spaced too far
apart. In other cases, tile has
been placed below an
impermeable layer. In most
instances, water and salts are not
able to enter the tile fast enough
because of the lack of filter or
envelope material around the
tile.

Where no drainage outlets are
available to allow disposal of
excess water, careful water
management is the only
alternative.

The following recommendations
can minimize drainage
problems.

1. Use proper land leveling or
irrigation system to achieve
good water distribution.

2. Apply only enough water to
fill the soil profile at each
irrigation. An occasional
excessive application may be
necessary to leach
accumulated salts from the
soil.

3. Provide sub-surface
drainage where necessary.
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KINDS OF CITRUS

Grapefruit Varieties

The Valley's reputation as a
citrus area is based primarily
upon the high quality of its
grapefruit. Rio Grande Valley
grapefruit is sweeter than that
raised in California, Arizona and
most parts of Florida.

In the 1920's, white and pink
grapefruit varieties were planted
extensively. In 1930, budsports
of red grapefruit were found on
Thompson (Pink Marsh)
grapefruit trees in several
locations in the Valley. Fruit
from trees propagated from
these budsports had a red blush
on the rind and the pulp was a
deeper red than Thompson or
Foster grapefruit. It was
marketed under the names of
Redblush or Ruby.

In 1970, the Star Ruby, a
grapefruit of deeper interior red
color than Ruby Red was
released by Texas A&I
University. This variety was the
result of a mutation brought
about by irradiating seed of the
Hudson variety. The fruit has
about three times the red color
of the standard red grapefruit
varieties. Current yield and tree
growth information are limited,
but indications are that this
variety will be slightly later
coming into production than the
standard Ruby Red. The trees are
sometimes difficult to establish.
Once growth begins, they grow
off as fast or faster than other
varieties. Market acceptance has
been good to date on limited
shipments and the variety has
brought a premium price.

During establishment and early
growth, Star Ruby appears to be
more susceptible to foot rot than
Ruby Red. A winter chlorosis is
exhibited by many of the Star
Ruby trees.

Seedy grapefruit varieties should
not be planted because of
limited market acceptability.

New grapefruit plantings have
been primarily the red varieties,
but some white grapefruit is
planted for specialized
processing. Grapefruit reaches
legal maturity in October and
November, and all varieties are
similar in taste.

Grapefruit shipments begin in
October and continue until
June. Acid decreases as the
season progresses and becomes
low in late spring. The interior
red color of the Redblush
gradually fades as the season
progresses.

Orange Varieties

Oranges from the Lower Rio
Grande Valley generally have
thinner peel, less acid and a
more yellow exterior color than
fruit grown in areas with cooler
nights. In terms of maturity, the
oranges are referred to as early
and late.

The most popular and most
productive early orange is the
Marrs. Th is variety, relatively
unknown outside Texas, passes
legal maturity tests before other
early oranges because of its low
acidity. The Marrs originated as a
navel-orange budsport and was
discovered by O. F. Marrs of
Donna, Texas. If Marrs oranges
are picked early in the season
before the dew has dried on the
peel, rind oil spot will develop
during storage in the packing
shed. Later in the season when
the peel matures, rind oil spot is
not a problem. Marrs oranges, a
high-solid and low-acid fruit,
may be legally mature in
September. The Marrs sets fruit
on young trees and consistently
bears heavy crops. It is
considered seedless, but its
seediness varies, depending
upon pollinators. Seedless and
seedy fruit may occur on the



same tree. Marrs fruit attains
larger sizes than Hamlin and is
shipped through January with
little quality loss.

Hamlin matures in late October
or early November. It requires
less care in harvesting and
packing than early-season Marrs;
it has slightly more acid and less
sugar than the Marrs; and its
juice has less color than the
Marrs. Hamlin trees produce
good yields of relatively seedless
fruit. Hamlin oranges tend to be
small sized and dry out late in
the season.

Because of their low acid and
poor color, Hamlin and Marrs
juices must be blended with
Valencia juice to make
top-quality concentrate.

Selections of Washington navel
oranges have been raised in
Texas for gift fruit and Christmas
trade shipments. Navel oranges
generally reach legal maturity in
October and usually are shipped
by Christmas. The navel orange
has a reputation of low yields,
but growers receive higher
returns per box compared to
other varieties. Even though a
higher price per ton is received,
most navel orange groves are
not profitable because of low
yields.

Several other varieties of early
oranges are grown in Texas.
Pineapple orange in Texas refers
to any seedy orange, including
Parsons Brown, the true
Pineapple and other varieties
reaching legal maturity in
November.

Joppa and Jaffa varieties are
Shamouti seedlings which have
been intermingled in Texas so
that it is impossible to separate
them. Both mature in November
and are relatively seedless. They
tend to be alternate bearers and
carry lighter crops than Marrs or
Hamlin. In some seasons they
are susceptible to blackcore

disease, which causes fruit
breakdown in transit and is
especially objectionable for
processing. These varieties are
seldom planted.

Valencia probably is the world's
best late orange variety and is
grown in every commercial
orange district in the world.

Valencia fruit is seedless and in
Texas normally attains legal
maturity in late January. It is
harvested until June. Because
Valencia is harvested late, the
fruit is exposed to freeze
damage for longer periods than
early oranges. Valencia trees
yield less than early or
mid-season oranges, but the
lower yield is partially offset by
the higher price received for the
fruit.

Tangerines and Tangelos

Tangerines and tangelos
(tangerine x grapefruit hybrids)
occupy small plantings for
Thanksgiving and gift-fruit sales.
Trees of many tangerine and
tangelo varieties have more cold
hardiness than other citrus
varieties. The fruits are easy to
peel and have deep orange color
and rich flavor.

Clementine (Algerian) tangerine
matures in late October and
November. The trees bear heavy
crops of good-flavored,
small-to-medium-sized fruit that
dry out rather quickly after
reaching maturity. The blossoms
are self sterile and require cross
pollination. (Marrs or Orlando
tangelos are excellent
pollinators.) Clementine trees
exhibited a high degree of cold
hardiness in Texas freezes in
1949, 1951 and 1962.

Dancy tangerine matures in late
December to January. The fruit
is small to medium sized, is
slightly more acid, does not dry
out as quickly and has a redder,
more attractive rind than

Clementine. Dancy trees were
much less cold hardy than
Clementine trees in 1951 and
1962 freezes. Because of its late
maturity and susceptibility to
freezes, this variety is not
planted commercially.

Orlando tangelo (Duncan
grapefruit x Dancy) matures in
December. It has a slick orange
rind, pleasing flavor, few to
many seeds (depending on
pollen source), is low in acid
and is the size and shape of a
large tangerine. The peel is tight.
Plantings of Orlando should be
interplanted with pollinator trees
of Marrs orange or Clementine
tangerine.

Minneola tangelos have been
grown in small plantings for gift
fruit shipments. This excellently
flavored fruit is shaped like a
medium-large orange with stem
end slightly raised, and has
red-orange rind and deep
orange pulp. The fruit matures
from late January through
February.

Temple orange is probably a
tangor, a hybrid between
tangerine and sweet orange.
Small plantings occur
th roughout citrus districts. The
fruit which ripens in February is
attractive and richly flavored. It
has a reputation for being
cold-sensitive, primarily because
it makes flushes of new growth
during the winter.

All other varieties of tangerines
are sold under the tangerine
label and are not named.

Limes, Lemons and Other Citrus

Mexican lime produces several
crops per year of small acid
fruits. There are spiny and
spineless strains. Because they
are extremely cold-sensitive,
Mexican Ii mes generally are
raised only in small,
non-commercial plantings. When
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grown as seedlings, they survive
freezes even if frozen to the
ground.

Eustis Iimequat (kumquat x lime)
has fruit similar to Mexican lime
but can withstand more cold.
The Eustis limequat cannot be
propagated on sour orange
rootstock, but can be grown on
Cleopatra mandarin or
Calamondin rootstocks.

Lisbon and Eureka lemons are
grown occasionally. However,
both are cold-sensitive and are
risky commercial ventures.

Meyer lemon was the
commercial variety of South
Texas. However, acreage has
declined to less than 50. It is
somewhat less cold hardy than
the grapefruit or sweet orange
but hardier than the Lisbon or
Eureka lemon. Meyer lemon
trees on their own roots,
propagated from layers or
cuttings, survive freezes to the
ground. Fruit ripens in late
summer and is thinner skinned,
juicier, bigger, less acid and a
poorer shipper than California
type lemons. Although some
Valley Meyer lemon trees carry
tristeza virus, most Valley trees
are descendants of th ree
tristeza-free trees.

Ponderosa lemon is planted as a
specialty fruit and has fruit the
size of softballs.

Kumquats and satsumas are
cold-hardy varieties for small,
non-commercial plantings.
Kumquats usually are propagated
on Cleopatra mandarin and
Calamondin rootstock because
trifoliate rootstock is not
adaptable to Valley soils and
water. Satsumas are of poor
quality in the Valley.

Regardless of the varieties
planted, a grower should not
iriterplant different varieties in
the same block because of
difficulty in management and
harvesting.

10

ROOTSTOCK

The success of a rootstock is
determined by many factors,
such as tolerance to salt, boron,
alkalinity, disease, cold, fruit
production and quality and
general adaptability to soil types.
Three main limiting factors in
the Valley usually are salt,
disease and cold tolerance.

Two rootstocks, a sour orange
and Cleopatra mandarin, are
most adaptable for Valley
conditions. Cleopatra mandarin,
although more cold tolerant than
sour orange, is less tolerant to
alkaline soils. Trees on sour
orange have larger, better
quality fruit than tristeza tolerant
Cleo, come into bearing earlier
and are easier to propagate.
Sour has been used almost
exclusively even though
susceptible to tristeza.

A new rootstock, the Swingle
citrumello, has been released by
the u.S. Department of
Agriculture and The Texas
Agricultural Experiment Station.
Research plots indicate that the
tristeza tolerant rootstock
outproduces the standards
currently used. Trees budded to
this rootstock have exhibited
iron chlorosis. Only small
experimental plantings are
recommended at this time.

Sweet orange and grapefruit as
rootstocks are not
recommended because of their
poor cold, foot rot and alkaline
soil tolerance.

Trifoliate orange and most of its
hybrids have poor salt and
alkaline soil tolerance. Most are
also susceptible to several
viruses carried by commercial
citrus varieties.

The limes and lemons, while
somewhat more tolerant to salt
and boron, are very cold
sensitive and produce poor
quality fruit.

Research is being conducted by
the Texas Agricultural
Experiment Station and USDA to
find additional rootstocks which
will produce profitably for the
Valley citrus grower.

GROVE ESTABLISHMENT

Tree Spacing

Tree spacing is an extremely
important factor in citrus grove
establishment. Before the 1951
freeze, most Valley groves were
planted to a 25'x30' spacing,
allowing 58 trees per acre.
Subsequently, the trend moved
toward tree spacing, with the
most common distances being
15'x25' (116 trees per acre) to
12Y2'x25' (140 trees per acre).

Close spacing gives higher yields
per acre than wide-spaced trees
during the first few years of
production, and California
experiments have shown that
closely spaced groves will
continue to outyield
wider-spaced groves over a long
period.

One California experiment after
10 years showed the most
profitable spacing to be
11'x22'. Although closer spacing
produced more fruit per acre at
a young age, increased tree care
and pruning costs made many
close spacings unprofitable.
Close plantings produce less
fruit per tree but more fruit per
acre at maturity. With the
increasing costs of land, labor,
equipment and water, unit costs
must be reduced by increases in
yield per acre.

Tree Selection

Field grown nursery trees for
grove planting should have a
sound straight trunk %- to
%-inch diameter just above the
bud union. The size should be
obtained within 9 to 12 months
after budding. Young vigorous
trees of Y2-inch caliper are also



acceptable for planting in the
field. Trees larger than 1 inch
lose much of their root system
when dug and balled and may
be slow in starting. Nursery trees
are headed back in the nursery
to a height of 18 to 20 inches.
H,eading back is necessary to
stimulate lateral growth for
framework branches. Trees with
areas of exposed wood on the
trunks as a result of frost
damage or mechanical injury
should be avoided. The original
wound at the bud union line
should be partially healed over.
Any trees exhibiting severe
insect damage or indications of
foot rot (profuse gumming or
bleeding on the trunk) should
be avoided since their growth
may be impaired.

A few nurseries in the Valley
now produce citrus trees in
containers. Container-grown
citrus has advantages both for
the nurseryman and the grove
owner. Some of the benefits are
(1) that the same piece of land
can be used each year for tree
production; (2) with fumigation
of potting mixture or by using
sterile soilless mixtures
nematodes; weeds and diseases
(foot rot) can be eliminated;
(3) less equipment is needed for
container growing than for field
growing of trees; (4) cold
protection of the nursery is
more feasible in a half-shade or
greenhouse than in the open
field; and (5) trees will start
growth faster after transplanting
because the root system is
undisturbed.

The criteria for selecting
container-grown citrus trees for
planting are different from field
grown trees. Container citrus
usually is in 5-quart or 2-gallon
plastic containers. A tree suitable
for planting should have a
well-developed root system so
the ball will hold together during
transplanting and have a straight
undamaged trunk with healthy
green foliage. The caliper of the

tree will be less than field-grown
trees, but with an undisturbed
root system at planting time. The
trees will grow and begin
production about the same time
as field grown trees.

Planting and Initial Care

Field-grown citrus trees in Texas
are sold as balled trees. The
tree's head is cut back to
correspond with the reduced
root system. Trees may be
planted immediately after
digging or held several days by
storing in a sheltered place.

When the trees are set in the
field, take care that the root
systems do not become too dry.
Holes should be dug ahead of
time to prevent drying as the
trees are dropped off at each
place.

When planting the tree, the top
of the ball should be level or
slightly above the soil to allow
settling after the initial irrigation.
After filling most of the hole
with soil and tamping to prevent
air pockets, cut the string
around the top of the ball and
fold back the burlap. Then cover
it with soil for quick
deterioration.

Basins or strip borders should be
built around the trees for
irrigation as soon as possible
after setting.

Citrus trees may be planted
successfully year around when
given proper care. Most trees
are set in October through May,
a time when less care is
required. The early planting of
October through December
enables the trees to establish a
root system with a strong top
growth for the coming season.
Early planting is highly successful
during mild winters, but the
succulent young trees are
damaged by hard freezes.

An excellent time to plant is late
December and January because
the balled trees are dormant.

The weather is cool enough that
top growth does not start until
freeze danger is over. All trees
set in the fall and winter months
should be banked with trash-free
soil or have permanent wraps for
freeze protection.

Spring planting of trees from
February th rough May is
successful in the Valley. Trees
planted in May often require
more water the first season than
those planted during the fall,
winter and early spring because
these trees generally cannot
establish a strong root system
before hot weather begins. The
plantings begin producing fruit
about the same time as the
earlier planted trees, when
proper care is provided.

Container-grown citrus trees
should be planted in the spring
(February through May). Spring
planting is preferable because,
with an undisturbed root system,
a fall or winter planted tree
could start growth and be
subject to freeze damage.

If the tree is growing in a soilless
mixture of peat and perlite, the
ball should be wet at planting
time. It is difficult to wet a dry
ball of peat and perlite after
planting. The tree should be set
about the same depth or slightly
deeper than it was growing in
the container.

Basin or strip borders should be
built around the trees for
irrigation as soon as possible
after setting.

Fertilizing and Watering Young
Trees

Nitrogen is the only major
element recommended on a
regular basis for Valley citrus
trees. A minor element
deficiency sometimes may
necessitate corrective measures.

Fertilizer applications on young
trees should be split to prevent
damage by large amounts of
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PRACTICES FOR BEARING TREES

'For sodded groves, increase the fertilizer rates by 50
percent.

Table 1. Recommended rates of
nitrogen for various ages of trees

It matters little whether nitrogen
is applied in one pre-bloom
application or throughout the
growing season. If two
applications are made, the first
should be before the bloom
period and the second in Mayor
August. If three applications are
made, they should be before
bloom, during May and finally in
August.

Nitrogen should be broadcast
evenly over the entire root zone
area, taking care to avoid trunk
burn in young trees. To prevent
loss of material through

volatilization and to wash the
fertilizer into the root zone,
irrigate immediately. In
semi-clean groves, disk weeds
and grasses before irrigating.

Weed Management

Weeds are controlled in Lower
Rio Grande Valley citrus groves
by three methods: cultivation,
sod and chemicals.

Groves under cultivation
generally require disking for
weed control from February
through November. Timing of
these diskings usually is closely
related to the irrigation schedule
because rapid germination of
weed seeds follows irrigations.
Because of rainfall, an additional
disking above the number of
irrigations is generally required.
Disk cutting depth should be no
deeper than 2 or 3 inches to
avoid excess root damage.

Several types of equipment are
available for control of weeds
and vines beneath trees. In
young trees a small area next to
the trunk must be weeded by
hand to avoid tree injury. As the
tree canopy enlarges, these
weeds are shaded out and hand
cultivation is no longer required.
Cultivation of citrus after
October may affect the cold
hardiness of trees. Observations
following the 1951 and 1962
freezes indicated that disking in
late fall and winter caused trees
to be less dormant and resulted
in more cold injury than groves
without late cultivation.

When trees are grown under a
permanent sod, the grass usually
is kept short by mowing with a
cotton stalk shredder or other
offset equipment. Two main
disadvantages to sod culture are
the requirements for extra water
and fertilizer to keep the trees
growing and healthy despite
competition from grass. Sod
culture is less popular in the
Valley now than 10 years ago.

Total lb. actual N/A
applied yearlt

50
75

100
100
125
125
150

Tree age
4
5
6
7
8
9

10 and over

Fertilization

Most Valley soils are quite
fertile. The only major element
required by Valley citrus trees is
nitrogen. Iron is the most
commonly deficient minor
element in Valley soils. When a
minor element deficiency
occurs, chelated materials
should be applied to the soil.

In early spring, trees growing on
sour orange rootstock may show
symptoms of iron deficiency in
the first growth flush. This
condition usually clears up
without treatment as the soil
temperature increases.

The rate of nitrogen to apply
depends on tree size, age or
yield. Growers who base
fertilizer application on yield
should add 1/5 pound actual
nitrogen per 70-pound field box
of fruit produced.

fertilizer and to better utilize
plant nutrients.

General fertilizer
recommendations are Ys pound
actual nitrogen per tree each
season for 1-year-old trees; %
pound actual nitrogen per tree
for 2-year-old trees; and
Y2 pound actual nitrogen per
tree for 3-year-old trees. If the
trees are bas in-i rrigated (tan k
watered), the fertilizer can be
mixed into the water and applied
at the time of irrigation. If the
trees are strip-irrigated, applying
the fertilizer by hand may be
more convenient. Use caution to
avoid trunk burn and to assure
even distribution of the material
over the entire root zone area.
Make applications each 6 weeks
during the first season.

Do not permit young citrus trees
to wilt as a result of moisture
stress. During the hot, dry
summer months, water
basin-irrigated trees about every
14 days. Strip-irrigated trees do
not require such frequent
watering because a larger area is
watered during each irrigation.
Strip-irrigated trees make faster
growth than basin-irrigated trees
and bear earlier.

Pruning and Training Trees

Young citrus trees require little
pruning or training to form a
good bearing tree. When trees
arrive from the nursery, the
scaffold Ii mbs have al ready been
formed. Generally, the major
work is to break sprouts off the
trunk and remove limbs that are
dead or rubbing one another.

Occasionally, water sprouts or
shoots grow faster than the rest
of the tree. These can be
removed if in an undesirable
location or cut back to
correspond with the rest of the
tree growth. Cutti ng back
usually hardens and slows down
growth to make good fruiting
wood.
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Only weeds thrive where clay pockets surface in citrus groves. Nematodes can seriously damage citrus.
An effective means of applying
nematicides for control is in irrigation
water.

Chemical weed control is
becoming more popular in the
Lower Rio Grande Valley
because of the increased growth
of young trees and the
decreased necessity for hand
and mechanical cultivations
around trees. It usually is
necessary to apply chemicals in
March or April and again in
August or September. These two
applications, with a spot
treatment between, usually do a
good job of controlling weed
growth. In some cases, chemical
weed control is not
recommended because of the
soil type involved. Some areas of
the Valley have "borderline
citrus soil," and citrus grown in
these soils with chemical weed
control tend to suffer from iron
chlorosis. If chemical weed
control is practiced in these
groves, a strip 5 feet wide on
each side of the tree row with
sod middles is recommended to

cut down the chemical cost and
to increase the soil's organic
matter. For specific information
on chemicals and application
methods, see Part III of MP-1061 ,
"Suggestions for Weed ContrlJl
with Chemicals - Horticultural
Crops," available from Texas
county Extension agents.

Pruning

Bearing citrus trees in the Valley
require little pruning. Removal
of dead limbs and water sprouts
is generally all that is necessary.

To prevent crowding,
close-planted groves require
hedging when 10 to 15 years old.
Cut back tops of old trees to
open centers and encourage
new wood growth and inside
fruit production.

The best time to prune is early
in the spring. Do not prune
heavily in the middle of the
summer to avoid sunburn

damage to wood exposed to
direct sun rays. Avoid pruning in
late fall because it will prompt
tree growth and make trees cold
tender.

Cold Protection

The major problem facing Valley
citrus growers is the likelihood
of periodic, severe freezes. The
development of an economical
cold protection plan is a top
priority in citrus research of the
lower Rio Grande Valley.
Because of the relative
infrequency of freezes, many
effective systems are too costly.
The citrus industry of the Lower
Rio Grande Valley is more
susceptible to damage by freezes
than competing areas because:
(1) The industry is concentrated
in a small geographic area; (2)
The mild winters cause citrus
trees to be less hardy than in
other areas; and (3) When
severe freezes occur (below

13



Hedging citrus trees makes harvesting and cultural
operations easier.

This photo shows the results of hedging.

20°F.), the temperature is low
enough to cause major wood
damage.

Cold protection methods can be
divided into two general
categories: those adding heat
and those conserving heat. Heat
can be conserved by wind
machines, fog and cultural
practices.

Research has shown the most
reliable cold protection to be
placement of heat sources under
the canopy of the tree. Placing
the heat source in the small
niche between two trees gave
good results in hedgerow
plantings. Heaters placed in the
middle of the tree rows are least
effective. Only high yielding,
undamaged groves of 20 tons or
more will justify the expense of
cold protection under normal
conditions.
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Wind machines are effective
when a strong inversion is
present. Temperatu re invers ions
occur during some freezes, but
they cannot be depended on
since they often break from
natural air movement. Wind
machines provide very limited
cold protection.

When water is available, a
temperature increase of 1 to 4
degrees F. can be achieved by
flooding the grove during the
freezes. This method is not
useful for mature trees during a
very severe freeze (less than 20°
F.) because the amount of
protection is not sufficient to
prevent damage and water can
not be delivered to all groves.

Groves with concrete pipelines
would sustain pipe damage at
low temperatures when water
was put into them.

Many cultural practices influence
cold hardiness and temperatures
during cold weather. Research
indicates that trees under
chemical weed control do not
sustain as much cold damage as
those under sad or mechanical
cultivation. This appears to be
caused by more compact soil
radiating more heat to the trees
and keeping them 1 to 2 degrees
F. warmer. Avoid irrigation and
cultivation during December and
early January to prevent trees
from flushing into growth and
becoming less hardy.

Close or hedgerow plantings
tend to keep more heat in the
grove during a freeze because
the canopy formed by the trees
acts as a blanket to retain soil
heat.

Young citrus can be protected
effectively and economically
from cold damage for the first 3



to 4 years by surrounding the
lower trunk with 12- to 18-inch
soil banks or permanent tree
wraps. Tests indicate that soil
banks give more protection, but
permanent wraps have worked
well. Soil banks should be in use
by December 1 and removed
March 1. Permanent wraps are
put on the first year and left
until the trees are 4 years old.
The wrap prevents sucker
growth on young trees and does
not have to be put up and taken
down each year. However, it
must be loosened periodically to
allow for normal trunk
expansion. Young trees
protected by soil banks or tree
wraps are cut back to
undamaged wood following
freezes and a new head
develops with no adverse effects
on the mature tree.

Some growers remove the wraps
from their young Star Ruby trees
each spring to reduce the
incidence and severity of foot
rot. While expensive, this
practice seems to be of some
benefit.

A heating system can be a crucial factor on a frosty night when 2 to 4 degrees F.
means the difference between saving and losing a grove.

A moderately severe freeze caused widespread limb damage to this young orange grove.
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damage. Rust mites also cause
injury to leaves and green twigs.
Continuous periods of high
relative humidity (75 to 95
percent) are favorable for
increasing populations.

Texas Citrus Mite

Eutetranychus banksi (McG) has
long been considered a pest of
economic importance. This mite
prefers the upper surface of the
leaf and is sometimes called a
"spider mite." Eggs are disk-like,
usually laid on either side of the
midrib and branching veins.
Adult mites are 1/70 inch long
and vary from lemon yellow to
dark green with dark blotches
on each side down the back.
Most of the time, greater
numbers are found on leaves on
the south side of the tree, and in
the top area of the tree. Mites
also appear on fruit. Spider
mites usually are more prevalent
in the May-July period, although
they may increase rapidly at
other times.

After heavy feeding by mites, the
leaf will appear gray as if lacking
in ch lorophyll, and considerable
leaf drop can occur after drying
winds. Populations increase
during warm and dry weather.
Populations have been reduced
following prolonged rain, but
sharp increases in numbers also
have been observed thereafter.

leaves severely injured by Texas
citrus mites are likely to show
mesophyll collapse and drop
during periods of strong, dry
north winds.

False Spider Mites

Brevipalpus phoenicis (Geijskes),
and B. californicus (Banks), are
potential problems when
phosphate pesticides are used
for other pests without giving
consideration to the possible
need for false spider mite
control. These mites are
associated with a "Ieprosis-like"
spotting of fruit, particularly

The Texas citrus mite is sometime called
"spider mite."

grapefruit. Adult mites are about
1/100 inch long, flattened and
slow moving. The legs and edge
of the body are whitish, while
the body color varies from red
to deep purple. Population
increases usually occur on inside
leaves and fruit before larger
numbers are noticed on outside
leaves and fruit. Population
counts on leaves indicate that
increases occur in June and even
greater numbers during the
following months.

ARMORED SCALES

Chaff scale, Parlatoria pergandii
(Comstock), and California Red
scale, Aonidiella aurantii
(Maskell), are the principal
armored scales requiring
chemical control in Texas. Chaff
scale is the most widely
distributed and most abundant
armored scale insect on Valley
citrus. Glover (or long) scale,
Lepidosaphes gloverii (Pack.),
purple scale, Lepidosaphes
beckii (Newm.), and Florida red
scale, Chrysomphalus aonidum
(linnaeus), have required
chemical control in only a few

. locations. Purple scales and
Florida red scales are minor

False spider mites cause a "Ieprosis-like"
spotting of fruit.

insect pests at this time because
of the effectiveness of
introduced parasites. Parasites
and predators have controlled
other armored scales effectively.

These scale insects move about
for 2 to 5 days after hatching and
lose their legs when they settle
down to feed. Florida red scale
attacks the fruit, leaves and
green twigs. Other armored
scales may attack any part of the
tree. Scales extract the plant
juices causing leaf drop, dying of
small twigs, fruit drop and
failure of fruit to color.
Complete coverage of the tree is
necessary for chemical control to
be successful. The armored
scales may be classified by the
characteristics given in Table 2.

SCALE-LIKE INSECTS

These insects do not have a
separate armor covering their
bodies, but retain their legs and
when under stress can move to
other locations to feed.
Chemical control generally has
not been necessary except for
brown soft scale, Coccus
hesperidum L. Beneficial insects
have been important in
maintaining economic control.
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The honeydew secreted by these
insects provides a growth
medium for a black sooty mold
fungus Capnodium citri. In many
instances, the fungus is noticed
before the insects are found.

Brown Soft Scale

This pest has been the most
important unarmored scale.
Adults are brown to pale yellow,
mottled, oval and 1/8 to 1/6 inch
long. This insect attacks leaves
and twigs, and occasionally fruit.
Its reproduction potential is
great. Problems with brown soft
scales have resulted primarily
from drift of parathion from
cotton into citrus. During
average years, increases in
populations appear in May, but
increases vary according to
weather conditions, degree of
parasitization and predation by
beneficial insects and effects of
certain pesticides used in the
grove or in adjacent crops.

Cottony Cushion Scale

Icerya purchasi (Maskell),
becomes a serious pest when
the vedalia lady beetle (the most
important controlling agent) is
severely reduced in numbers.
These scale insects congregate
along the midrib of the leaves
and on twigs. The young are
reddish to brown with blackish
legs and antennae. Adults are
recognized by the reddish plate
in front of the white fluted egg
sacs, and measure about 1/2 inch'
long. Heavy infestations can
cause a decrease in vitality of the
tree, thus reducing fruit
production.

Barnacle Scale

Ceroplastes cirripediformis
Comstock is a minor problem.
The adult height almost equals
its width. The six plates on the
sides and one on the top
distinguish this dirty-white
(mottled with brown) wax scale.
This scale insect has been well
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The flatid plant hopper, one of the minor
pests, prefers grapefruit over oranges.

controlled by beneficial insects
in past years. There is currently
some indication that
pestici,de-induced upsets are
occurring with this pest.

Citrus Mealybug

Planococcus citri (Risso), has
increased to damaging levels in a

number of groves, particularly in
the La Feria area. These upsets
also seem to be pesticide
related. The body is distinctly
segmented with lateral filaments
covered with a white wax, and
may reach 1/4 inch in length.
These pests gather around
stems, buttons and where fruit
touch each other in shaded
areas. They exhibit a preference
for grapefruit trees. Large
infestations cause fruit to drop,

The citrus mealybug is on the increase in
Valley groves.

reduce yields, reduce fruit
quality and lower vitality of the
tree. Removal of vines and
seedling pest trees has helped to
maintain smaller mealybug
populations. A black wasp and a
brown lacewing are important
biological controlling agents.
Citrus mealybug has become a



Table 2. Characteristics for identifying the common armored scales on Texas citrus.

Length or
diameter of

scale covering Scale covering Scale
(in.) Shape Color color

Chaff 1/15 Circular to Brownish to Purple
elongated gray to

off-white

California red 1/13 Circular Appears
Red Yellow

Florida red 1/13 Circular Reddish
Brown Yellow

Glover 1110-1/9 Long and Purplish White to
Narrow Brown purple

Purple 1/12-1/9 Oyster Purplish
Shell Brown White

major pest in some groves by
consistent exposure to certain
phosphate insecticides, and
where formulations of the
materials have been poorly
applied, chemical control is
difficult and expensive,·
particularly after the pest
becomes well established.

Citrus Blackfly

Aleurocanthus woglumi (Ashby)
is a serious citrus pest that has
moved into the Rio Grande
Valley from Mexico in recent
years. The adult has slate-blue
wings, red abdomen and
reddish-brown eyes. The adults
average from 1.33 to 1.66 mm in
length. The females lay their
eggs in a characteristic spiral
pattern that provides an easy
method of identifying new
introductions of this pest. The
life cycle runs from 2 to 4
months and usually the various
life stages overlap considerably.
Nymphs can move only in the
first stage.

Several parasites can effectively
control the blackfly if they are
not destroyed by unfavorable
weather conditions or pesticides.
A number of chemicals bring
about control but most are
broad spectrum materials that
must be used carefully to avoid
upsets of other pest species.

MISCELLANEOUS INSECTS
Ants

Several species of ants appear in
Valley groves. They may tend
insects for honeydew and are a
nuisance to grove workers. The
acrobat ants nesting in the tree
and other species entering the
tree from the ground (such as
the fire ant) may kill or disturb
beneficial insects, thus
contributing to the build-up of
pest species.

Aphids

The spirea aphid, Aphis
spiraecola (Patch), and the
cotton or melon aphid, A.
gossypii (Glover), are the most
prevalent aphids attacking citrus
in this area. The black citrus
aphid, Toxoptera aurantii
(Fonsc.), may be found
occasionally and cowpea aphid,
A. craccivora Koch, has been
found on a few young citrus
trees. Aphids attack only the
young succulent foliage on the
undersurface. Their feeding
causes the leaves to curl
downward at the tip end. Aphids
secrete a honeydew which acts
as a medium for black sooty
mold fungus. Chemical control
has not been considered
economically feasible except in
isolated conditions in certain
years (usually interplanted

groves). Beneficial species
usually bring aphids under
control rapidly when weather
conditions become favorable.

Flatid Planthopper

Metcalfa pruinosa (Say) usually
hatches during mid-March from
eggs laid during the previous late
spring or summer. Nymphs have
a cottony appearance and have
sucking mouth parts. They
congregate on the undersurface
of the leaf or on stems. The adult
stage is reached by mid-April to
late-May and may appear as late as
September. These insects have
numerous host plants, but prefer
grapefruit to oranges. During
some years they are heavily
parasitized, and rarely cause
economic damage. The nymphs
occasionally will secrete
noticeable amounts of honeydew.

Mexican Fruit Fly

Th is pest, Anastrepha ludens
(Loew), at times is a problem with
late fruit. Adults begin migrating
from Mexico during late
December or January before
quarantine regulations go into
effect for certain interstate
shipments of fruit. It has been
reported that these flies cannot
survive Valley summer weather
condtions. The adult females
deposit their eggs inside the fruit
and the developing maggots cause
breakdown of fruit on the tree or
after harvest.

Orangedog

This insect, Papilio cresphontes
(Cramer), is seldom numerous on
more than two or three trees in a.
grove. The mottled gray and
brown caterpillar attains a length
of 2% inches. The head resembles
that of a dog. When the larva is
disturbed, two long hornlike
processes which are extended
from behind the head give off a
strong, disagreeable odor.
Although the caterpillar feeds on
foliage, the adult is a harmless
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giant swallowtail butterfly.
Hand-picking is the usual method
for control.

Sharpshooter

Occasionally this pest,
Homalodisca coagulate (Say),
infests citrus, although it prefers
the yucca plant. The adults are 7/16
inch long with varying shades of
brown. Occasionally a white spot
may be found on the wing. The
sharpshooter ejects a fluid from
the back end of the body when
feeding. The droplets - upon
drying on the leaves, twigs and
fruit below ---: appear as a white
powder.

Katydid

Usually katydids attack only a few
trees in a grove. The most
common humpbacked
grasshoppers lay thei r eggs
(clam-shaped) like a fringe on the
edge of the leaf. Adults and
nymphs feed on the leaves. The
eggs are usually heavily
parasitized.

Whiteflies

The cloudy-winged whitefly,
Dia/eurodes citrifolii (Morgan),
the woolly whitefly, A/eutothrixus
floccosus (Maskell), and the citrus
whitefly, Dia/eurodes citri
(Ashmead), occasionally invade
citrus in this area. The eggs, laid
on the undersurface of the leaf,
are elongated and attached to the
leaf by a short stalk. After the
crawler settles, the nymph
becomes immobile and irregularly
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round and flattened. The adults
are mealy-white and hold their
wings roof-like over the body.
Control is usually maintained by
beneficial insects and
entomogenous fungi, but some
pesticides have been used. They
are favored by shady locations and
prolonged cloudy periods.

Desert Dampwood Termite

This termite, Paraneotermes
simplicicornis (Banks), may be a
problem where citrus is planted
on recently cleared brush land.
Damage results from severing the
large lateral roots orthe tap root of
young citrus. The termite then
feeds upward in the trunk, causing
the tree to wither and die. More
trees have been affected during
winter months.

Puss Caterpillar Larvae

Th is pest, Megalopyge opercularis
0. E. Sm.), may attack citrus from
mid-May to late-July or from
mid-September to
mid-November. These
caterpillars, sometimes
incorrectly referred to as "stinging
asps", are tan or gray (same
species). They have venomous
setae among the soft hairs and
may grow to % inch long. They
damage citrus by feeding on the
leaves.

Stink Bug

This insect, Loxa florida (Van
Duzee), feeds on citrus fruit in
September. As the area around
the feeding puncture begins to

decay, fruit turns yellow and
drops. This bug which measures
7/16 inch wide and 3/4 inch long, is
green with a reddish tinge around
the edge of the body. The side
back of the head comes to a sharp
point.

Snout Beetles

These beetles sometimes feed on
citrus foliage during spring and
summer months. The larvae feed
on the roots of plants. The adult of
one species is 3fs inch long and Ya
inch wide. It is greenish-gray and
has somewhat of a glow from the
green ish spots on the back. Most
species produce only one
generation a year.

Wood Borers

These borers often attack
weakened citrus trees following
freezes or other stress conditions
(such as drouth). Because dead
wood is attractive to borers, they
usually are not found in healthy
citrus trees. Tunnels in large
branches are made by borers
remaining in the tree for as long as
2 years. Tunnels in the bark or just
beneath are made by borers with
shorter life cycles.

Cicadas

Sometimes cicadas lay eggs in
twigs in late August or in
September when extremely dry
weather conditions prevail in July
and August. The twigs may secrete
gum and subsequently die back
past the site of egglaying
punctures.





margin of the surrounding
healthy bark if the fungus
becomes inactive because of
unfavorable weather conditions.
The disease may become active
again when conditions become
favorable. If the lesion encircles
the trunk, girdling occurs and
results in death of the tree.

Trees with the bud union
beneath or close to the soil and
trees in poorly-drained locations
are especially susceptible.

Healing is slower if infection
occurs below ground level. The
fungus also may attack young
feeder roots, causing them to
decay. Infection of lateral and
fibrous roots can become
widespread in wet soils. This
infection results in poor health
of the tree, a thin canopy, a
failure to make new growth and
poor fruit production.

Phytophthora also may attack
nursery stock and young orchard
trees during rainy weather.
Symptoms of the disease, which
can be found by examining the
crown, are similar to those
described for older trees.

Phytophthora foot rot can best
be controlled by preventive
practices, including use of
resistant rootstock and planting
in well-drained land. Sour
orange is the most resistant
rootstock for the lower Rio
Grande Valley. less resistant
rootstocks are tangelo and
grapefruit, while lemon and
sweet orange are highly
susceptible to the disease.

Seedlings should be budded at
least 5 to 6 inches above ground
level. Soil should not be thrown
to the lower trunk, and wounds
should be avoided.

Soil fumigation with methyl
bromide (4 pounds per 100
square feet) before establishing
the seedbed, should control the
disease in the nursery.
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DISEASES OF TWIGS
AND LEAVES

Twig Dieback

This can be caused by fungi, as
well as other factors. Fungal
infection is often secondary,
following freeze damage or
damage resulting from
mechanical or chemical injury.
Affected young branches die
back one or more inches from
the tip, sometimes showing gum
exudation. Damage by twig
dieback usually is not severe.

Melanose

Melanose, caused by the fungus
Diaporthe citri (Phomopsis citri),
is a twig, leaf and fruit disease of
economic importance in parts of
the Valley where humidity is
high. The disease attacks all
commercial varieties of citrus,
but grapefruit appear to be more
susceptible than oranges. The
fungus attacks young, tender
twigs, leaves and fruit, especially
during periods of high humidity.
Mature, hardened tissue is
usually resistant to infection.
Melanose symptoms on leaves
first appear as small, circular,
dark depressions with a yellow
margi n. later the spots become
raised and turn dark brown.

leaves turn yellow and may drop
prematurely. Spots begin on
twigs as on leaves, but they
become more raised on twigs. In
severe cases, the twigs may die.
Melanose spots on the fruit are
at first small, light brown and
sunken; later they become dark
and raised. When several spots
are close together, the surface
has a rough feeling to the touch.

This roughness was cause for the
name "sandpaper" melanose.
Spots sometimes develop into a
tear-streaked pattern, resulting
from infection caused by spores
washed down over the fruit
surface by water drops during
heavy dews or light rains. In
other cases large areas of fruit

surface crack in more or less
irregular patterns, resulting in
"mud-cake" melanose.

Abundant sporulation takes
place in infected or dead tissue
during periods of high humidity.
Severe outbreaks of melanose
can be traced to rainy periods
occurring in the spring after
spores have developed and
before tissues have outgrown
the susceptible stage.
Melanose is usually controlled in
the lower Rio Grande Valley by
a single application of neutral
copper (0.75 pounds of actual
copper in 100 gallons of water)
after bloom or petal fall and
before the fruit averages 112 inch
in diameter. Under adverse
conditions, more than one
application may be necessary.

Greasy Spot

This is a leaf disease caused by
the fungus Mycosphaerella horii,
a weak parasite. The spots are
yellow at fi rst, then tu rn dark
and appear slightly raised and
greasy. With severe infection,
leaves may turn yellow and drop
prematurely. Fungal infection is
favored by rust mite injury and
humid weather.

Control is possible by spraying
in the summer with neutral
copper or oil. See photo, page
24.

Sooty Mold

This is not a true disease
because the several fungi
associated with it do not feed on
the tissues of citrus trees.
Rather, the fungi feed on rich
honeydew excreted by insects
such' as aphids, brown soft scale
and white flies. The amount of
sooty mold found is directly
proportional to the number of
honeydew-secreting insects
present. A heavy sooty mold
coating on the fruit can result in
a lower grade of fruit and,
therefore, an economic loss to



the grower. When the leaf
coating is heavy, it can interfere
with photosynthesis and other
physiological functions of the
leaf. This can retard growth,
cause light blooming and reduce
yields.

Control measures are directed at
insects which secrete honeydew,
thus preventing the
development of sooty mold
fungi. Where sooty mold is
heavy, Y2 percent oil should be
added to the insecticide spray.

DISEASES AFFECTING THE FRUIT

Diseases that primarily affect
citrus fruit are usually of most
concern to handlers and
shippers. Many, however, begin
in the orchard and can be
reduced if proper measures are
taken. Only a few of the most
important diseases are discussed
in this publication.

Flyspeck

This disease is caused by a
fungus that keeps citrus fru it
from turning yellow in the
infected spots. The disease
derives its name from the small
black specks formed on the rind
in areas immediately
surrounding the oil glands. The
contrast between green and
yellow color lowers fruit grade,
even though there is no effect
on fruit or juice quality. Thus, it
is of little consequence to fruit
used for processing.

No effective economic program
has been developed for the
control of flyspeck. Tests with
fungicide sprays in the summer
in some cases have increased
the percentage of clean fruit.

Brown Rot

This is a fruit disease caused by
the same species of
Phytoph,thora that causes foot
rot. The fungus can attack fruit
on the tree during periods of

excessive rains or during
irrigation. Infection by the
fungus results in decayed areas
that are brown, firm and
leathery. At first, the fungus
cannot be observed on the fruit.
later, a white, velvety growth
appears on the surface of the
fruit, accompanied by a strong,
fermenting odor. Because the
fungus is commonly found in
the soil, fruits low on trees often
are infected by rain-splashed
soil. Winds can spread the
actively growing fungus to fruit
in the upper tree.

Because brown rot is a wet
weather disease, the fruit must
be wet for some time before
infection occurs.

The best control for brown rot is
sanitation during transit and in
the packing house. Disinfecting
the boxes is important;
treatment with disinfectant
solutions and refrigeration are
effective for prevention.

Stem End Decay

This disease is caused by the
fungus Diplodia nata/ensis and is
often detected at the packing
house or in transit. Decay occurs
around the stem end and
advances in streaks down the
side of the fruit. There is no
fungal growth on the surface of
the fruit.

Decay is reduced by dipping the
fruit in fungicide solutions
before placement in de-greening
rooms. Promptness in handling
and shipping, as well as
refrigeration during transit, help
reduce losses caused by stem
end decay.

Green Mold

This is a species of Penicillium
which causes a rapid
break-down of fruit punctured
or bruised during harvesting and
packing operations. The fungus
enters the fruit through wounds.
A white mold is first seen

growing on the skin. The mold
later turns green because of the
large number of green spores
produced. The decayed fruit
becomes soft and shrinks in
size.

losses from green mold can be
reduced by taking precautions at
harvest and in transit not to
injure the fruit and by treating
the fruit in the packing shed
with a fungicide solution.

VIRUS DISEASES

Four virus diseases occur on
citrus in the lower Rio Grande
Valley: exocortis, xyloporosis,
tristeza and psorosis. The first
th ree cause rootstock diseases,
and psorosis causes bark
shelling on the trunk and
branches of trees 8 to 10 years
and older. These four viruses are
bud-transmissible. Certain
aphids spread the tristeza virus.
Damage caused by virus diseases
varies with scion-rootstock
combinations. Some viruses will
result in only a slight growth
slow down. Others result in
yield loss, severe stunting,
decline and eventual death.

Because citrus viruses can be
transmitted by budding, careful
selection of budwood is an
effective control method.
Tolerant rootstock-scion
combinations should be used if
virus-free trees are not used.
Citrus trees that have been
certified to be tristeza and
psorosis-free by the Texas
Department of Agriculture
should be used as sou rces of
budwood.

Exocortis

This virus causes bark-shelling
and stunting of trees on trifoliate
orange, trifoliate hybrids and
Rangpu r Ii me rootstocks. In the
early stages of the disease, gum
exudes from pustules at the base
of the trun k and may extend
from below the soil line to the
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Greasy spot is another fungal disease which attacks citrus leaves.

Psorosis, also known as "scaly bark," is a
virus disease of citrus.

Texas. Because of its severity on
the highly susceptible and
commonly used sour orange
rootstock, it has the potential of
being the most devastating
disease of Valley citrus. Infected
trees found in Texas have been
traced to introductions and
propagation of infected Meyer
lemons. The black citrus aphid,
the most important vector, has
not been found in the Valley.
There is no evidence of any
other aphid transmission of the
virus in Texas.
Sour orange and limes, among
other rootstocks, are highly
susceptible to tristeza. Rough
lemon, mandarins, trifoliate
orange and its hybrids generally
are tolerant to the virus. Citrus
rootstock tests are underway in
the Valley in an attempt to find
tolerant rootstock adapted to
Valley growing conditions.

Symptoms of tristeza-infected
trees are similar to those
resulting from root injury, such
as retardation of growth,

Tristeza

This virus has caused serious
losses in the citrus-producing
areas of South America, South
Africa, Australia, California and
Florida, but not appreciably in

symptoms are used to identify
psorosis-infected nursery stock
on young trees. This method of
detection has been used
effectively in selecting
psorosis-free budwood parent
trees. Bark scaling of the trunk
and larger branches is typical of
psorosis symptoms in citrus
trees 8 to 12 years or older. The
earliest bark symptom is scaling.
As the disease progresses, the
tree declines rapidly and
eventually becomes
unproductive.

Psorosis is no longer a major
problem in the Valley because
most of the infected trees were
removed after the 1951 freeze
and replaced largely with
psorosis-free trees.

Psorosis

This disease, also known as scaly
bark, has been the most serious
virus disease of mature citrus
trees in Texas. It spreads chiefly
by budding nursery stock with
budwood from infected trees.
Certain strains of psorosis,
however, are capable of being
transmitted through seed. Sweet
orange, grapefruit and
tangerines are severely affected.

The several strains of the
psorosis virus have common leaf
symptoms but different trunk
and branch symptoms. leaf

bud union. New bark forms
beneath the pustules, and the
outer bark sloughs off, forming
the characteristic bark-shelling.
The rate of tree decline varies
with tolerance to the exocortis
virus. Some affected trees live
for several years, while others
die within 2 or 3 years.

Sour orange and Cleopatra
mandarin rootstocks are tolerant
to exocortis. As long as sour
orange remains the dominant
rootstock in Valley orchards,
exocortis should not be a major
threat.
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thinning of foliage and twig
dieback.

In Texas, where the disease has
been found with no evidence of
insect transmission, no control
measure is needed as long as
growers plant tristeza-free trees.

Xyloporosis

This virus affects many old-line
commercial citrus varieties in the
Lower Rio Grande Valley. Sour
orange, the most common
rootstock, is tolerant to the
virus. No external symptoms are
observed when sweet orange
and grapefruit are infected.
Orlando tangelo is highly
susceptible.

Infected varieties growing on
tolerant rootstock are not
affected by the virus. As long as
sour orange remains the
principal rootstock, xyloporosis
is not expected to be a problem
in Valley orchards.

NEMATODES

Plant parasitic nematodes are
very small worms that cannot be
seen with the naked eye. Several
plant parasitic nematodes are
known to attack the root system
of citrus plants, especially the
citrus nematode, Tylenchulus
semipenetrans. The burrowing
nematode, Radopholus simi/is,
causes a disease known as
spreading decline and is a
serious pest of citrus in other
production areas. This nematode
has been found in the Valley on
ornamentals, but not in citrus
orchards. Serious losses to the
Texas industry could result
should it ever become
established in citrus groves.

The citrus nematode is
commonly found in orchards
sampled in the Valley.
Populations usually are higher in
older orchards (6 years and
older). Young trees also may be
injured if planted in orchard
sites where nematodes

previously prevailed. Other plant
parasitic nematodes have been
associated with citrus root
damage.

Because the presence of the
citrus nematode cannot be
detected vis ually, positive
diagnosis is based on external
symptoms and laboratory
examination of root and soil
samples. Above-ground
symptoms associated with
nematode-infected trees are
wilting, lack of vigor, poor fruit
production and poor response
to watering and fertilization. The
Texas Agricultural Extension
Service operates a Plant
Nematode Detection Laboratory
at College Station where samples
can be sent for analysis and
recommendations. Local county
agricultural agents can assist
growers in collecting and
sending samples.

Losses caused by the citrus
nematode in heavily infected
orchards can be reduced
effectively by applying
nematicides to the soil. Before
fumigating, however, consider
the overall condition of the
orchard. Fumigation of
freeze-damaged orchards grown
under poor cultural conditions
may not be profitable. Soil
should be sampled before
establishing a new orchard to
determine if nematodes are
present in damaging numbers.
Ideally, nematode-free plants
should be used when
establishing new orchards.

Only one chemical is approved
for use on established trees. The.
chemical, 1, 2-dibromo-3
chloropropane (DBCP) is a soil
fumigant which can be added to
irrigation water in a
water-emulsifiable form. This
material can be obtained under
various trade names containing
different concentrations of active
ingredients. Regardless of the
product used, always follow
carefully the manufacturer's

recommendations. The material
should be added to the water at
a point of high turbulence to
insure even distribution. The
material is metered out to
deliver a given amount in a unit
of time. This can be
accomplished best by using a
gravity flow applicator, a simple,
easy-to-use unit calibrated to
deliver the proper amount. To
obtain good results, the ground
must be level and sufficient
water should be applied to
insure proper penetration of the
fumigant. Present regulations
limit applications of the chemical
to once every 3 years.

NON-PARASITIC DISEASES

Rind-Oil Spot

Also known as oleocellosis, this
disease has caused heavy losses
to growers and shippers of
Marrs and Navel oranges which
were picked early in the season
with green rinds. The spotting is
caused by oil released from oil
glands. The spots may vary from
less than .5 inch in diameter to
large irregular areas involving
much of the orange's surface.
The spots remain brown in
contrast to the yellow color of
the normal rind after treatment
with ethylene gas. Fruit
harvested wet is more seriously
damaged by this disorder.

Fruit should be picked when the
fruit surface is dry and should be
handled carefully so that oil
glands are not punctured or
ruptured. Rind-oil spot can be
prevented or reduced by (1)
picking fruit in afternoons of
clear, sunny days; (2) deferring
picking 2 or 3 days after a rain or
an irrigation; (3) using
fiberboard-lined field boxes or
padded trailers; and (4) having
pickers use cotton gloves.

I ron Chlorosis

This condition occurs mainly in
highly calcareous soils or land
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deeply cut during leveling, and
is characterized by yellowing of
leaf tissue between the veins,
resulting in leaves with a pattern
resembling a road map.

Depending on the severity of
iron chlorosis, leaves are yellow,
light-yellow or almost white
instead of the typical deep
green.

A chelated iron compound,
Sequestrene 138, usually is
effective when used as a soil
application. Foliar applications
are not recommended. For
nursery plants, apply at the rate
of 2 to 3 ounces per 100 square
feet. In the grove, use 1 ounce
for 1 to 2-year-old trees, and Y2
to 1 pound for mature trees.

Mottle-Leaf

This disease is a zinc deficiency
usually distributed unevenly
throughout a grove. The
diseased leaves show chlorotic
areas situated between lateral
veins on each side of the midrib.
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Areas immediately adjacent to
large veins and midrib remain
green, while the chlorophyll is
lacking in the tissue between.

This results in irregular spotting
or mottling.

Mottle-leaf is controlled
effectively by applications of
neutral zinc (1 pound actual zinc
in 100 gallons of water) in the
post-bloom spray. Trees affected
by mottle-leaf usually recover
during the summer without
treatment. Unless the mottle-leaf
condition is pronounced and
persists throughout the growing
season, the application of zinc
probably is justifiable only when
combined with another spraying
operation. If zinc sulfate is used,
lime should be added to the
spray to avoid leaf burn.

SALT AND CHRONIC WATER
TABLE INJURY

In the Valley, this condition
generally is associated with land
that has an impermeable clay

layer 4 to 6 feet deep. When
irrigated, this type of land will
develop a fluctuating water table
which eventually injures the root
system of the trees.

In affected trees, accumulation
of boron and chloride ions
results in tip-burned yellow
leaves and thin foliage. Other
symptoms of this condition are
twig dieback and gumming of
the main branches and trunk.
The fruit is small and yields are
poor.

This condition can be corrected
by installing tile drains, drain
wells or ditches to lower the
water table and remove excess
salts. Use large amounts of water
when irrigating to provide fast
leaching of salts.

A grove affected by salt and high
water table, when properly
drained, usually requires 4 to 5
years befo re it can retu rn to
profitable production, assuming
that remedial action is taken
before excessive root damage
has occurred.



Type of citrus State 1953-54 1963-64 1973-74

Table 3. Bearing citrus acreage in the u.s. by year, state and type.

Sources: Florida Citrus Mutual, Annual Statistical Report 1974-75, Orlando, Florida.

Texas Valley Citrus Committee, Mission, Texas.

- - - - - • - - 1,000 acres - - - - - - - -

Oranges
Florida 348 391 636
Arizona-Californ ia 199 139 224
Texas 17 26 31

Total 564 556 891

Grapefruit
Florida 106 83 116
Texas 22 36 33
Arizona-California 16 18 34

Total 144 137 173

California for urban expansion,
airfields, highways and factories.
However, many growers
re-established citrus groves in
the other parts of California and
Arizona. Orange acreage in
Texas followed the same pattern
as Florida's. It increased from
approximately 17,000 acres to
approximately 31,000 acres
during the same 20-year period.
Texas now produces about 3
percent of the total U.S. orange
supply. .

Grapefruit acreage has not
increased as dramatically as
oranges. Total U.S. grapefruit
acreage remained relatively
stable from 1953-54 to 1973-74.
Florida is the largest producer of
grapefrvit with 116,000 acres
producing in 1973-74. The
greatest increase in grapefruit
plantings took place in Texas, up
50 percent.

GORDON R. POWEll

and production trends in these
three areas. Table 3 shows the
changes in citrus acreage in the
U.S. over a 20 year period from
1953-54 to 1973-74.
Frozen concentrated orange
juice was developed in the mid
Forties. Because of the marked
success of this product as a new
outlet for oranges, heavy
plantings were made in Florida.
Florida's bearing orange acreage
doubled from 348,000 acres to
636,000 acres from 1953-54 to
1973-74. During the same period
the Arizona-California orange
acreage declined from 199,000 in
1953-54 to 139,000 acres in
1963-64; then it rose again to
224,000 by 1973-74.
This decline in orange acreage in
the Western region of the U.S.
in the Fifties and early Sixties
results mainly from the removal
of orange groves in Southern

ACREAGE AND PRODUCTION
BY AREAS

Citrus fruit production in the
United States is limited to three
major areas: Arizona-California,
Florida and Texas. Since
production is the most
influencing factor on citrus
prices, the Texas citrus industry
needs to be aware of production

The Texas citrus industry has
undergrone many changes since
it was developed in the early
1900's. The industry has been
characterized by developments
such as wide fluctuations in
production caused by severe
freezes, a decrease in the
importance of wholesale market
outlets because of increased
retailer buying at shipping
points, a decrease in the number
of citrus shippers, concentration
of the industry in the western
end of the Rio Grande Valley,
improved technology in
producing and processing,
better facilities for packing,
improved packaging and
transportation and shifts in
consumer demand.

In addition to increases in
production input costs, growers
must keep abreast of
price-influencing factors such as
total U.S. and world production,
storage stocks of processed
citrus products, population and
consumption trends, per capita
income and other market
indicators that are necessary for
profitable production and
marketing of citrus.
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Miss TexaSweet poses with an attractive display of citrus in a supermarket.

Acreage figures and trends
provide important indicators of
changes that have occurred
within the citrus industry as well
as providing a base for making
projections of future citrus
supplies. However, because of
differences in the number of
trees per acre, grower
management practices, weather
conditions and yields per acre,
actual production figures by
state and variety of citrus give a
better representation of market
share.

The U.S. Department of
Agriculture in cooperation with
each citrus producing state
releases esti mates of citrus
production in terms of boxes.
The net contents of a citrus box
vary by fruit variety and by state;
therefore, production was
converted to a ton basis as
shown in Table 5 to determine
market share. Citrus production
for the marketing season 1974-75

28

was used in determining market
share.

Florida produced the largest
share of the U.S. citrus supply
for the 3 years, 1973-74, 1974-75
and 1975-76. Florida produced an
average of 76.1 percent of the
orange supply and 75.9 percent
of the grapefruit production for
1974-75. Arizona-California
produced 22 percent of the
orange supply for the same
period compared to 1.9 percent
for Texas. Texas produced 11.7
percent of the U.S. grapefruit
supply while the western states
were producing 12.4 percent for
the 1974-75 season.

HARVESTING

The harvesting of citrus in the
Rio Gra,nde Valley usually begins
in mid-September with early
orange varieties and grapefruit.
The season ends in Mayor June
when the last grapefruit and
Valencia oranges are harvested.

Citrus is harvested by contract
picking crews assembled by the
truck owners. These crews are
supervised by the buyers or
fieldmen of the packing or
processing firm, but are
controlled otherwise and paid by
the contractor or crew leader.

The crew leader is paid a fixed
amount per ton by the
contracting firms for both
picking and hauling to the
packinghouse or processing
plant. The picking rate varies
with the type of fruit and
method of picking. Early in the
harvesting season, "ring
picking" (use of sizing rings) is a
common practice so that small
fruit may be left on the tree to
grow larger. This extra care by
the picker results in higher
picking costs. Harvesting and
hauling costs for Texas citrus
vary with the variety of fruit
(orange or grapefruit), type of
product (fresh or processed) and
fruit size and yield (Sorenson,
et. aI., 1966). Harvesting and
hauling costs of citrus for the
1975-76 season are shown in
Table 6.

The highest labor cost is
harvesting by hand. The fruit is
placed in picking sacks which
the picker later empties either in
field boxes or bulk bins. A
normal picking crew consists of
15 to 20 pickers and a foreman.
A bushel of citrus weighs about
60 pounds, and an average
picker harvesting fruit in a good
grove can average 13 to 14
bushels of grapefruit per hour
compared with 10 to 11 bushels
of oranges per hour.

Moisture conditions early in the
morning and short days during
the winter limit pickers to an
average of 6 to 7 hours per day
while picking early oranges and
slightly more hours per day
when picking Valencias because
of the longer day.



Table 6. Harvesting and hauling costs of citrus for the 1975-76 season.

Source: Fruit Situation, June 1976, United States Department of Agriculture, Economic Research Service, Washington,
D.C.

'Preliminary estimate

Source: Fruit Situation, June 1976, United States Department of Agriculture, Economic Research Service, Washington,
D.C.

Table 4. Production of citrus in boxes by type and state for the years 1973-74, 1974-75, and
1975-76.

Type 1973-74 1974-75 1975-76*
State (1,000 boxes)

Oranges
Florida 165,800 173,300 174,800
Arizona-California 43,810 60,070 53,450
Texas 6,600 4,540 6,400

Total 216,210 237,910 234,650

Grapefruit
Florida 48,100 44,600 49,000
Arizona 2,050 2,770 3,100
California desert 2,360 3,750 3,300
California other 2,290 2,950 2,700
Texas 10,700 7,300 11,000

Total 65,500 61,370 69,100

reduced the number of workers
needed to harvest, however.

Research efforts to develop a
practical mach ine to harvest
citrus mechanically continue.
Highly efficient tree-shaking
machines, used in Florida, can
remove 85 to 90 percent of the
fruit. The fruit falls to canvas
catch frames and is moved to
boxes and trucks by conveyer.

Chemical sprays have been
developed which are useful in
helping sever the fruit from
twigs. However, if a machine
such as a shaker is satisfactory
for harvesting fruit for
processing, the same shaker can
not do the same job on fruit for
fresh market because it must be
handled more gently.

Legal Maturity

The time for harvesting citrus
fruits is determined by when
they reach legal "maturity" for
both oranges and grapefruit.
This maturity is defined by state
law and regulations. The federal
marketing order regulates size,
grades and packing containers
for fresh pack. The laws and
regulations of Texas relate,
maturity to the soluble solids
and acid ratio of the juice and to
the juice content of the fruit.

The maturity standards for
grapefruit as defined by the
Texas Department of Agriculture,
1959, read as follows:

Grapefruit Maturity Standards:

1. When the total soluble solids
of the juice are not less than
nine percent, the minimum ratio
of total soluble solids to the
anhydrous citric acid shall be
seven and two-tenths to one.

2. When the total soluble solids
of the juice are not less than 10
percent, the minimum ratio of
total soluble solids to the
anhydrous citric acid shall be
seven to on e.

15
14
13

14
13
12

Grapefruit Oranges
- - - - - - - - ($/ton) - - - - - - - -

subsequently reduce yields.
Some mechanical harvesting aids
such as equipment for moving
bulk bins in the grove and
moving platforms to eliminate
the use of the ladder have been
developed. They have not

Table5. Market share of citrus by state based on production in equivalent tons, 1974-75.

Net Share
Type Yield in boxes x contents Equivalent or

State per box tons supply
(1,000 boxes) lb. (1,000 tons) %

Oranges
Florida 173,300 90 7,799 76.1
Arizona-California 60,070 75 2,253 22.0
Texas 4,540 85 193 1.9

Total oranges 237,910 10,245 100.0%

Grapefruit
Florida 44,600 85 1,896 75.9
Texas 7,300 80 292 11.7
Arizona-Cal iforn ia

Arizona 2,770 64 89 3.6
California

desert 3,750 64 120 4.8
California other 2,950 67 99 4.0

Total grapefruit 61,370 2,496 100.0%

Fresh market fruit
Ring pick
Clean-the-tree

Fruit direct to processor

Mechanical Aids

New mechanical equipment
developed for harvesting citrus
has solved problems of
removing fruit from the trees
without breaking the peel of the
citrus, bruising the fruit, or
damaging leaves, which would
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3. When the total soluble solids
of the juice are not less than 11
percent, the minimum ratio of
total soluble solids to the
anhydrous citric acid shall be six
and eight-tenths to one.

4. When the total soluble solids
of the juice are not less than
11 Y2 percent, the minimum ratio
of total soluble solids to the
anhydrous citric acid shall be six
and one-half to one.

Orange Maturity Standards:

1. When the total soluble solids
of the juice are not less than
nine percent, the minimum ratio
of total soluble solids to the
anhydrous citric acid shall not be
less than nine to one.

2. When the total soluble solids
of the juice are not less than
eight and one-half percent, the
minimum ratio of total soluble
solids to the anhydrous citric
acid shall be not less than ten to
one.

3. Coloring matter shall not be
in any case applied to any
oranges which do not meet the
standards set above. likewise,
coloring matter shall not in any
case be applied to any oranges
unless the juice content thereof
shall be at least 4Y2 gallons to
each standard packed box of
1 3/5 bushels capacity, the juice
to be extracted by hand, without
mechanical pressure.

Packing

With present technology citrus
can move through a
packinghouse without use of
hand labor except for sorting or
grading. The newer
packinghouses tend to be highly
mechanized. Nevertheless, Texas
packinghouses are still using
much hand labor in packing. As
labor costs continue to increase,
there is pressure in favor of
mechanizing every possible
operation. With present
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methods, citrus is unloaded in
bulk bins mechanically at one
end of the packinghouse and
proceeds th rough a variety of
operations in many
combinations, such as
degreening, presizing,
pregrading, washing and
brushing, drying, waxing,
coloring, hand sorting, packing
by hand or machine, package
closing and conveying to
transport vehicles or storage.
Each of these operations can
have numerous variations in
different plants and may be
performed in various orders.

The choice of handling systems,
such as bulk, pallet box, field
box or combination, is
determined by each packing
firm.

Presizing and pregrading are
performed by some
packinghouses to remove
processing fruit before it enters
the degreening bin or rooms for
packing. The purpose is to
remove small and large fruits
that are not salable as fresh
fruit; to select certain sizes to fill
orders; and to grade out culls,
thus eliminating an important
source of infection.

Presizing and pregrading
increase handling; however, it
conserves water, electricity,
soap, color-add, wax and
degreening or storage space that
would be used for fruit that
ultimately would not be packed
for fresh consumption.

The packing line begins with the
dumping operation; .for
example, automatic bin dump,
dump belt or the belt from the
bulk rooms or bulk unloading
ramp. After dumping, some
houses may prefer to remove
undersized fruit at this point to
reduce handling. A foam fruit
cleaner is applied as the fruit
enters the washer. The loosened
dirt is rinsed off with a cold
water spray containing a

fungicide to aid in preventing
decay or disease. Fruit then
enters the color-add tank or
bypasses the tank before it is
dried. The next step is waxing
the fruit. Fruit is dried and
brushed (drier-polisher) ahead of
the solvent waxer because such
pretreatment is essential fo r
maximum gloss of the wax
coating (Seelig, 1966).

The "color-add" stamping
machine usually is placed after
the waxer and drier. The fruit
ready for packing passes over a
grading belt and is then machine
sized. Fruit automatically falls
into bins by sizes ready for hand
packing. The packed containers
are handled by conveyers,
pallets and fork-lifts.

Color-Adding

Early oranges mature before
night temperatures are low
enough for the peel to develop a
good orange color. Late oranges
tend to regreen during the
spring flush of growth.

Degreening with ethylene (gas)
removes the green color
because of chlorophyll but
leaves the peel a yellow or very
pale orange.

Since many customers believe
oranges should be orange in
color, the process of
color-adding with a dye has
been developed to improve
product appearance. The
color-add process is subject to
strict regulation under the Food
and Drug Administration to
insure that the consumer
receives wholesome, mature
fruit with good keeping
qualities.

The color characteristics of good
natural-color fruit may not be
exceeded and each fruit must be
stamped with the words
"Color-added." Time and
temperature of treatment are
Ii mited by law to protect keeping
quality of the fruit.



MARKETING REGULAliONS

The Texas Citrus Industry
adopted a program to regulate
the marketing of its fresh citrus
in 1960 authorized under the
Agricultu ral Marketing
Agreement Act of 1937, as
amended. Briefly,· the purposes
of the enabling legislation are
twofold: to improve the
economic position of growers by
decreasing instability in markets,
thus improving the level of
grower prices; and to protect
the public's interest.

The Act itself does not impose
regulations over the marketing
of any agricultural product.
Instead, it provides the authority
under which agricultural
commodity groups can develop
programs to regulate the
marketing of their product. For
this reason, the Act is referred to
as enabling legislation. In more
effective terms, the Act allows
agricultural commodity groups
to organize for the purpose of
regulating quality, quantity,
grades, sizes, maturity, pack,
and market research and
development of their product
and exempts them from antitrust
law violations.

Handlers

Under the provisions of the
enabling legislation, regulation
under a Marketing Order applies
to handling, not to producing
the product. A handler is
defined in the Order for oranges
and grapefruit grown in Texas as
being "synonymous with shipper
and means any person (except a
common or contract carrier of
fruit owned by another person)
who handles fruit or causes fruit
to be handled (USDA, 1960). "An
independent handler means any
handler other than a handler
that is a cooperative marketing
organization." Thus, the
regulation applies to those who
are defined in each order as
handlers. About 42 percent of

the Valley citrus is handled by
cooperatives.

The Federal Marketing Order
cu rrently effective in Texas does
not contain a provision for the
establishment of quotas on
producer sales to handlers, even
though such quotas are
authorized in the enabling
legislation.

Although direct production
control is not exercised under
existing enabling legislation,
voluntary restraints on sales as
well as the net economic effects
of the marketing order may
influence growers' production
decisions.

Administration of the Federal
Marketing Order

1. Organization. The direct
administration of the Federal
Marketing Order of Texas citrus
is the responsibility of members
of the industry. The Texas Valley
Citrus Committee (the
administrator) is composed of
growers and handlers nominated
by members of the industry and
appointed by the Secretary of
Agriculture.

The Texas Valley Citrus
Committee may take no binding
action on behalf of the citrus
industry without the approval of
the Secretary. However, in
nearly all cases, policy and
regulatory recommendations
originate with the committee
while the Department of
Agriculture retains the power to
approve or disapprove.

2. Marketing policy. The Citrus
Committee appointed to
administer the order is required
to submit an annual marketing
policy statement which includes
both policy objectives and
esti mates on behalf of the
administrative committee with
respect to items such as
forthcoming production, supply,
demand and market conditions;
and, since regulatory
recommendations are based

upon these estimates, the initial
recommendations for a crop
year usually encompass both a
policy statement and a proposed
regulation. The consideration of
policy and regulatory
recommendations can occur
only at formally called meetings
of the administrative agency or
the agency can conduct a
telephone poll.

3. Cost. No government
moneys or tax funds are used
directly by industry groups in
the administration or operation
of marketing orders. The salaries
of USDA personnel associated
with marketing orders are paid
from funds collected from
import duties.

The direct cost of administering
the Federal Marketing Order for
Texas citrus is paid from funds
collected from handlers on the
basis of a commodity
assessment. Assessments, an
initial cost to the handler, are
reflected ultimately in product
prices, handler profits, grower
returns or some combination of
these. The assessment rate is
equal for each unit handled by
each handler in the industry.
Currently, each 7/10 bushel
equivalent of fruit shipped into
the fresh market is assessed at
4Y2 cents.

A small percentage of the
assessments collected are used
to defer expenses such as
salaries, equipment, utilities,
postage and miscellaneous
items, while most of the funds
are used to promote and
merchandise Texas citrus. An
excess collected over actual
expenses incurred during the
crop year by the administrative
committee is retained in escrow
funds to assist continued
operation of the order in any
ensuing short production year.

Marketing Order Provisions

The Federal Marketing Order for
oranges and grapefruit grown in
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Texa~ .contains the following
provIsions:

1. Quality Regulations. The
provis.io~ is implemented by
establlshmg the grades, sizes
and containers in which citrus
can be shipped in regulated
trade channels. These
regulations may be changed
from season to season or even
within a given marketing season
as mark.et ~onditions change.
~ne o~Jectlve of such regulation
IS to stimulate demand for citrus
by increasing buyer's' and
consumers' satisfaction and
added confidence in the
product. This usually is
accomplis~ed by providing
greater uniformity over time in
the physical characteristics of
citrus entering trade channels.

From the viewpoint of
producers, the basic economic
objective of quality regulation is
an attempt to achieve that
allocation of their total product
among market demands for
specified quality characteristics
which will maximize net industry
returns and provide consumers a
uniform quality product.

With the beginning of the
1968-69 citrus season, the Texas
Valley Citrus Committee
eliminated the U.S. Combination
Grade and the No.3 Grade on
grapefruit for fresh market. A
minimum size of 96 for
grapefruit was established thus
eliminating sizes 112 and 126 for
fresh domestic shipments. The
committee also required that
grapefruit packs be clearly
labeled as U.S. No.1 or U.S.
No.2 grade. The Citrus
Committee decided to establish
certain grades and minimum
sizes on citrus because of
increased production and a
desire to improve the national
image of Texas citrus. The lower
grades of citrus and smaller sizes
were allowed for fresh
shipments after the 1962 freeze
had drastically cut production.
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The Texas Valley Citrus
Committee also eliminated the
U.S. No.2 Russet and U.S. No.3
grades on oranges for fresh
shipment because of increases in
production and the desire to
improve the industry's image.
The U.S. Combination grade for
oranges was retained; however
the Committee specified that th~
combination grade must contain
not less than 60 percent by
count, oranges grading at least
U.S. No.1 grade and the
remainder grading U.S. No.2.
The U.S. Combination grade
standards have previously been
50 percent of the fruit grading
U.S. No.1 and the remainder
grading U.S. No.2. The
minimum diameter of grapefruit
and oranges also was increased
when the smaller size fruit was
restricted from the fresh
domestic market. Exports are not
regulated by the Committee.

The Texas citrus industry
probably will maintain these
grade standards and minimum
sizes on grapefruit and oranges
as long as there is sufficient
production relative to demand.
Short-run changes in the U.S.
citrus market may warrant
temporary changes in Texas
citrus grade and size standards.
For example, during the latter
part of the 1970-71 citrus season
a freeze in Florida and '
Arizona-California caused citrus
prices to rise. As the citrus
market strengthened, the Texas
citrus industry relaxed its
minimum size requirements on
grapefruit for fresh market
because returns were greater for
fruit sold on the fresh market
than for citrus sold for
processing and the consumer
could be receiving a more
un iform quality product in the
form desired.

By eliminating from the market
so-called "low-quality" or small
size products grower returns .
should increase. Eliminating

particular "quality" without
reference to nature of consumer
demand can also be misleading
and uneconomical.

2. Container andlor Pack
Specifications. The Federal
Marketing Order for Texas citrus
i~c1udes p~ovisions to regulate
sl~e, capacity, weight and
dimensions of the containers
used by the industry to ship
fresh fruit. Container
standardization allows for
elimination of deceptive
packaging which could be
detrimental in its effects on
demand, or the elimination of
container and pack variations
which may be considered
undesirable, particularly in view
of the changing demand
specifications for farm products
at the retail level. This latter type
of regulation may tend to lessen
the adverse price and
merchandising effects sometimes
associated with the
heterogeneous packing practices
of many small shippers.

This provision can also save
money in the cost of
manufacturing containers as
manufacturers are able to
produce large quantities of a few
types of containers cheaper than
they can produce small
quantities of many different
types and sizes. The volume of
fresh fruit shipped from the Rio
Grande Valley for the 1974-75
season in regulated containers is
presented in Table 7. The half
box standard carton was used to
sh ip 51.8 percent of the fresh
market grapefruit and oranges
during the 1974-75 season. The
Texas ci~rus industry ships nearly
half of Its fresh market crop in
the half b?x carton, making it
the most Important container
used; however, market research
studies of containers during the
1970~71 season have provided
~he I.nd~stry with significant
Impllcatlons relative to
containers. Currently during the



, 1o-pound bag no longer authorized after Jan uary 1, 1971.
Source: Marketing Texas Lower Rio Grande Valley Otrus, 1974-75 Season, Federal-State Market News Service,

Weslaco, Texas.

Table 7. Type containers used to ship combined volume of fresh grapefruit and oranges
from Rio Grande Valley for 1974-75 season.

% volume
Type Number Contents shipped by

container containers x (approx.) = tons container

lb.

1/2 box carton 5,480,278 40 109,606 51.84
5-pound bag 10,144,516 5 25,361 12.00
18-pound bag' 3,688,141 20 36,881 17.45
1 2/5 bushel box carton 586,776 80 23,471 11.10
B-pound bag 43,663 8 175 .08
1 2/5 bushel wirebound box 80,100 80 3,204 1.52
1/4 box carton 1,098,285 20 10,983 5.20
1/2 wirebound box 278 40 6
Wire cribs 3,258 1040 1,694 .80
Bushel baskets/carton 984 60 30 .01
6-packs 170 10 1

Total tons 211,412 100.00%

Effect of Grades on Sales

Another research study was
designed to investigate the effect
of grade on the retail sales of
Texas grapefruit by comparing
sales records on the two
different grade systems from
each of the test stores. Under
System I, the U.S. No.1 and
U.S. No.2 grades were sold in
each store for one week and the
followi ng week the System II
grades of U.S. Combination and
U.S. No.2 were sold. This
"fIip':flop" method of testing was
conducted in 24 stores for
several weeks. Records also
were collected weekly on
grapefruit prices, shelf space
allocation, advertising, the sales

sales dropped 1.02 percent and
vice versa. The test also revealed
that when the price of Florida
grapefruit increased by 1
percent, a .23 percent increase
in Texas grapefruit resulted. The
research also indicated when the
test stores used newspaper
coupons on Texas grapefruit,
sales increased by 48.2 percent.

Additionally, the test revealed
the importance of display space,
for a 1 percent increase in shelf
space Texas grapefru it sales
increased by .37 percent, which
can be considered an excellent
response. The research results
also revealed that
point-of-purchase material used
by itself had no measurable
effect on grapefruit sales in retail
stores.

These research findings,
however, do not imply that the
use of point-of-purchase
grapefruit advertising materials
should be discontinued by the
Texas citrus industry. Rather,
Texas A&M University's Market
Research and Development
Center has recommended that
the industry use the advertising
Imaterial in connection with a
total merchandising program.

MARKET RESEARCH STUDIES

Effect of Advertising on Sales

For several marketing seasons,
the Texas Valley Citrus
Committee has utilized in-store
advertising as one aspect of its
promotion and merchandising
program for marketing fresh
Texas citrus. Kits containing
point-of-purchase display
material have been distrbuted to
retail outlets in various markets.
Utilization of the
point-of-purchase display
material was at the discretion of
the retail outlet (Sporleder,
1969).

During the 1968-69 season, the
Texas Valley Citrus Committee
requested the assistance of
Texas A&M University in
measuring the effectiveness of
point-of-purchase display
material in increasing sales of
fresh Texas grapefruit. The
objective was to measure the
effect of in-store
"point-of-purchase" display
materials on fresh Texas
grapefruit sales under typical
marketing conditions.

The research data indicate that
when Texas retail grapefruit
prices increased by 1 percent,

3. Market Research and
Development Projects.
Marketing order funds may be
used to establish and conduct
market research and
development projects.

The Texas Valley Citrus
Committee has used this
provision to contract with Texas
A&M University's Market
Research and Development
Center in the Department of
Agricultural Economics to
conduct market research studies.
Nine of these research studies
and their implications are
summarized as follows:

Such projects are designed to
assist the Texas citrus industry in
more efficient marketing
practices. The Texas Valley
Citrus Committee funds the
Texas Citrus Advertising, Inc.
(TCAI) as an in-house
promotional unit to conduct
marketing promotional activities.

1975-76 season, bulk cribs are
being tested in an effort to give
the consumer a high-quality fruit
at lower cost by reducing costs
of handling and packaging.
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of Florida grapefruit and the sale
of competing commodities such
as apples and oranges (Nichols,
1969).

The findings of the research
study revealed to the Texas
Valley Citrus Committee that
those in favor of the U.S.
Combination grade and those
opposed to it were correct in
their reasoning, depending on
the markets where the fruit was
sold. For instance, in the Dallas
market Texas grapefruit had no
competition, while in Kansas
City the Texas fruit faced strong
competition from Florida.
Factors that had a significant
effect on the sale of grapefruit in
Dallas were grapefruit prices, the
level of customer income and
the sale of competing fruit such
as apples and oranges. Grade
was not an important factor to
grapefruit sales in Dallas. In
Kansas City, grade was very
important to Texas grapefruit
sales as well as Texas grapefruit
prices, the amount of shelf
space allocated to Texas fruit,
the income level of customers
and the sales of Florida
grapefruit.

In summary, the analysis of
Texas A&M University's research
data revealed to the Texas citrus
industry that grades are
important in markets where they
face strong competition. Grades
are not important to grapefruit
sales in markets such as Dallas
where Texas supplies a large
share of the fruit.

Effect of Packaging on Sales

During the 1970-71 citrus season,
some in the industry questioned
the merits of the 18-pound mesh
sack used in the process of
marketing Texas grapefruit. A
cardboard carton has been
accepted by the Committee as a
substitute for the 18-pound
mesh sack. The Texas Valley
Citrus Committee asked Texas
A~M University to aid in
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evaluating the 18-pound mesh
sack and the one-quarter
standard box (approximate
contents of 18 to 20 pounds) as a
marketing tool. A market
research project was initiated
with these objectives (Nichols
and Connolly, 1972):

a. To evaluate the relative
effect on sales associated
with the use of the two
alternative packages.

b. To evaluate customer
reaction to the package
alternatives.

c. To examine the attitudes of
trade personnel at
wholesale and retail level
regardi ng the alternative
packages.

d. To provide an overall
evaluation of the two
packages considering the
combined effect of all
these factors.

The test results provided
important clues to
merchandising techniques and
lmplications from the use of
different packages. The mesh
sack was found to be a much
superior merchandising package
in the store than the one-quarter
standard box as available at the
time. In most cases the sales
advantage ranged from 2 to 1
and as high as 4 to 1 in favor of
the 18-pound mesh bag. Most
customers preferred the "eye
appeal" of the mesh bag over
the carton because of package
color, and the fact that fruit
could not be seen in the
one-quarter standard box.

Another important finding was
that produce managers in the
stores generally would provide
greater shelf space when the
mesh bag was offered which also
assisted in improving sales. The
mesh bag was considered by
produce managers and
merchandisers to be the better
merchandising package.
However, in some instances

chain stores showed a
preference for the one-quarter
standard box because of their
handling and warehousing
procedures.

Results of this study made it
evident to the citrus industry
that both packages are important
in a total marketing program.
Texas A&M University
recommended that the citrus
industry consider improving the
merchandising characteristics of
the one-quarter standa"rd box.
Having both types of packages
available is important in serving
the varying demands of the
many segments of the market
(Nichols and Connolly, 1972).

The Committee now has four
new research projects with the
Market Research and
Development Center at Texas
A&M University.

Cost and Benefits of In-Store
Demonstrations

Th is market research was
conducted in Oklahoma City and
Tulsa during the fall of 1972 in
respect to the cost and benefits
of in-store demonstrations for
Texas fresh early oranges. "The
following research findings are:

a. Cost of in-store
demonstrations exceed the
value of the gains in FOB
sales attributable to in-store
demonstrations.

b. Cost of in-store
demonstrations, with no
additional tie-in marketing
aid, was almost $8 for each
$1 gain in FOB sales
attributable to in-store
demonstrations.

c. Cost of in-sto re
demonstrations with the
support of a newspaper
tie-in feature ad was $1.50
for each $1 gain in FOB
sales attributable to in-store
demonstrations.

d. Average daily cost per
in-store demonstration was
$55.64.



e. In-store demonstrations
resulted in a significant
increase in sales and
market share for Texas
fresh early oranges during
the in-store demonstration
week and the following
week.

f. No measurable increase in
sales or market share
existed 2 weeks after the
demonstration week.

g. Sales of Texas fresh early
oranges are influenced
primarily by the following
three variables:

Price
Display space
Quantity of other
oranges sold

h. The use of in-store
demonstrations as a
promotional activity for
Texas fresh early oranges
was uneconomic (Connolly,
Degner and Nichols).

Consumer Uses and Evaluation
of Texas Early Oranges

In the fall of 1972, in-store
demonstrations for Texas fresh
early oranges were conducted
November 9-11, in 20 retail
stores in Oklahoma City and
Tulsa. Professional interviewers
were stationed near the produce
department on Th ursday and
Friday afternoons (November 9
and 10) to obtain the names and
telephone numbers of Texas
fresh early orange purchasers.

Approximately a week later,
telephone interviews with 417
purchasers of Texas fresh early
oranges were conducted by
trained interviewers to
determine. usage patterns and
opinions. Following are the
highlights of the findings:

(1). Only 7.8 percent of
households use freshly
squeezed orange juice.
Another 7.5 percent use
single strength, 9 percent
use chilled orange juice
and 73 percent use FCOJ

(frozen concentrate
orange juice).

(2). About 90 percent of
households use the Texas
fresh early orange for
eati ng out of hand.

(3). Small households with
older members use
orange juice more
frequently than younger
or larger households.

(4). Most households
purchase bulk oranges
and many purchase in
bags.

(5). The 5-pound bag has
overwhelming preference
for size.

(6). One household out of
five expressed
dissatisfaction with the
quality of Texas fresh
early oranges because of
tough membrane, too
many seeds, bad flavor
and dryness.

(7). Most households typically
purchase Florida or
California fresh oranges
while one-third are not
aware of product identity
with respect to
production area.

(8). Household consumption
rate for a 5-pound bag of
Texas fresh early oranges
has considerable variation
with 42 percent of
households consuming all
oranges one week after
purchase and 10 percent
consuming only one
pound (Connolly, Degner
and Nichols).

Market Analysis of Size 112
Grapefruit

This research is concerned with
the economics of marketing s·ize
112 Texas grapefruit. During the
past several seasons, size 112
grapefruit had been prohibited
from fresh domestic use by both
Texas and Florida Citrus Market
Order Administrative
committees.

A survey of food chain produce
merchandisers provided
information on their experiences
for size 112 grapefruit. Since size
112 grapefruit had not been
marketed fresh commercially
during the heavy mid-season
shipping period, their effect on
mid-season prices were inferred
from a broader analysis. Results
are as follows:

a. Any significant volume of
grapefruit - and
particularly small size
grapefruit - forced into
heavy mid-season
shipments rate of flow
could overload market
channels and unduly
depress price and
packinghouse retu rns.

b. little or no interest in
additional 112's on the
fresh market was
forthcoming from food
chain produce
merchandisers surveyed.

c. The policy of not
permitting size 112 fruit for
marketing in domestic
channels during the heavy
shipping period appears to
be good market strategy.

d. In seasons of short supply
from small crops, 112's
might be permitted for
fresh use for longer
periods, but this raises
questions regarding
consistent merchandising
of uniform sizes and grades
from season-to-season.

e. While the weekly price
level for Texas fresh
grapefruit appears to result
largely from the season's
total outlook rather than
intraseasonal influences,
weekly shipments and
seasonal factors did
influence weekly price
levels to some degree.

f. Given the apparent
importance of season
outlook factors in
determining price level,
caution should be given to
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the possible effect of
adding total fresh volume
by permitting 112's fresh
grapefru it to be marketed
throughout the year. If
such regulations are
promulgated, buyers may
well take the expected
effect of smaller fruit into
account in establishing the
price level. Thus 112's
would not be causing a
drop in prices at
mid-season, but rather a
lowering of the whole
season's price level.

g. Large crops tend to consist
of smaller size fruit - on
the average which adds to
the price depressing effect.

h. Available evidence suggests
that grapefru it growth
continues during the
marketing season. This
produces larger, more
valuable fruit as - barring
freezes - many 112's
mature to 96's and 80's.
The grower does bear the
risk of a freeze prior to
small fruit reach ing a larger
size.

i. Increased access to foreign
markets is desirable in
order to expand the market
for small fruit during
mid-season for those who
wish to sell rather than
waiting for larger fruit later
in the season.

j. Net returns per ton at the
packinghouse door are
quite sensitive to the
possible price depressing
effects of adding 112's to
the fresh market. Even a
slight effect on 96's and/or
80's prices would reduce
net revenue pe.r ton.

k. It is understandable that
the grower prefers to sell
fresh rather than
processing fruit and such a
strategy might be profitable
in the short run for the
individual grower.

However, if all growers add
their small fruit to
mid-season supplies, price
breaks may occur,
particularly if the crop is
large (Shafer).

Expected Supply of Texas Citl'uS
to 1980·81

This research examined the
production-consumption outlook
for Texas citrus to the 1980-81
crop year based on a
no-severe-freeze situation.
Results are as follows:

a. Texas grapefruit production
is projected to be 592,000
tons by 1980-81, (38 percent
increase over production)
in 1975-76. Orange
production is expected to
decline by 17 percent to
217,500 tons during this
same period.

b. Total U.S. grapefruit
production is projected to
increase 22 percent
(3,448,000 tons) while
domestic U.S. consumption
increases 18 percent
(2,779,000 tons.) Thus,
during the next 5 years,
grapefruit production is
expected to increase about
4% percent per year while
domestic consumption
increases about 3Y2 percent
per year.

c. Orange production for the
U.S. is projected to
increase 3 percent
(10,791,000 tons) by
1980-81, but domestic
consumption is expected to
increase 24 percent
(11,540,000 tons.)
Therefore, average rates of
increase for production of
oranges are less than 1
percent per year compared
with almost 5 percent per
year for domestic
consumption.

d. Processed grapefru it
products are expected to
account for about 90

percent of growth in U.S.
consumption, and fresh
grapefruit, for 10 percent.
Processed oranges will
account for about 90
percent of growth in
domestic consumption,
with 4 percent of the
increase for fresh oranges.

e. On a world-wide basis,
large and growing
surpluses of both grapefruit
and oranges are expected
between 1976-77 and
1980-81. Major contributors
to the surplus are Africa,
Latin America and the Near
East countries. Only one
area of the world appears
likely to demand large
amounts of grapefruit
imports over the next
several years. This is
Western Europe, which is
projected to require over
900,000 tons of imported
grapefru it by 1980-81. Fresh
consumption currently
accounts for over 70
percent of total grapefruit
consumption in Western
Europe, and this is
expected to continue
through the next 5 years
(Eth ridge).

Texas Citrus Market Information
System

A market information system has
a two-fold purpose: (1) to
monitor current market
conditions and performance;
and (2) to forecast markets as a
guide to intermediate or longer
range planning.

The Texas Valley Citrus
Committee issues a series of
comprehensive weekly reports.
It was the committee's desire to
expand market information
coverage. Added market
information is useful to Valley
growers and shippers in
measuring mar~et performance
during the marketing season.
Additional market performance



measurements suggested are as
follows:

a. Rate of flow of product to
markets

b. Rate of flow to market for
the current season versus
the previous season

c. Rate of flow to market
versus that of competitors

d. Rate of flow to market
versus target goals

e. Price of Texas citrus at
selected wholesale markets

f. Prices at shipping point of
Texas versus Florida fruit
and products

g. Comparative wholesale
prices of Texas and Florida
citrus (Branson)

Retail Trade Attitude Towards
Texas Fresh Citrus

Forty-three produce
merchandisers were interviewed
in 15 major citrus market areas
of Texas. These merchandisers
were responsible for produce
merchandising decisions in more
than 4,500 retail stores. The
markets included in the survey
accounted for 58 percent of
Texas fresh citrus shipments.

Telephone interviews were
designed to identify major
problem areas and concerns of
the produce merchandisers
regarding the quality of the
Texas fresh citrus pack and the
industry's generic promotional
program. Following are the
findings:

a. The question of too much
variability in grapefruit
within sizes and the
relations of Texas sizes to
those found in Florida was
noted most freq uently.

b. While significant
improvement in the Texas
pack was noted by many
respondents, further effort
in improving uniformity of
pack and quality of fruit
was urged. External
appearance continues to be

a matter of concern,
particularly with oranges.

c. A reduction in the size of
the large bag of citrus was
suggested for pricing
reasons and to appeal to a
broader segment of
households. The
appropriate size likely
would be 12 or 15 pounds.

d. No serious problems were
noted with regard to
under- or over-filling of
cartons.

e. Standardization of carton
sizes with those of other
producing regions
continues to be a concern
among trade personnel.

f. Most produce
merchandisers have no
interest in size 56
grapefruit. However, no
evidence of any serious
marketing disturbances
resulting from the
availability of 56's is
evident. Suggestions
include the possibility of
shipping 56's only in large
bags or uniquely identified
and separated from other
products ..

g. A generally positive attitude
is held by most
merchandisers toward the
value to them of personal
visits by industry
representatives.

h. Point-of-sale display
material and related
merchandising information
are the most important
contributions by industry
representatives duri~g

personal visits. Information
from these representatives
regarding crop condition,
supply and price levels is of
interest to smaller retail
firms only.

i. One or two visits per
season often would be
sufficient in maintaining
personal contact with
produce merchandisers if

supplemented by mail and
telephone contacts.

j. Both mail and telephone
follow-up contacts are
necessary since most
merchandisers have a
definite opinion regarding
their responsiveness to
each. Respondents were
about evenly divided in
their preference for these
two industry
communication methods.

k. An industry newsletter
would be welcomed by
many merchandisers. This
newsletter should contain
merchandising and
advertising information as
well as general crop
information, particularly
regarding seasons and
longer term outlook.

I. Industry-sponsored
contests di rected toward
the trade continue to be an
important part of the total
marketing mix. Major
emphasis -in the future,
however, needs to be the
development of division or
chain level contests,
tailor-made to the needs of
each fi rm and
merchandiser's philosophy
(Nichols).

Inspection

In addition to the foregoing
regulations, all marketing orders
contain some requirements for
inspection to see that
regulations are met. Inspection
in all cases is secured by the
administrative agency, with the
Secretary of Agriculture's
approval, and it must be
provided by a non-interested
"third" party such as the
Federal-State Inspection Service
paid by the industry.

GROWER MARKETING OUTLETS

A Texas citrus grower has
various alternatives for selling
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his fruit. Typically, the citrus
grower has four outlets in which
to market his fruit. These outlets
are cash buyer or independent
shipper, grower cooperative,
processor, gift and roadside
stands, or any combination of
the four.

Cash Buyer

A cash buyer is an independent
shipper who buys citrus on the
tree at a cash price per ton. An
independent shipper picks,
packs and sells the fruit to a
wholesale buyer. Some growers
contract with independent
shippers to pick, pack and sell
their fruit for a previously
arranged commission. About 23
independent shippers in the Rio
Grande Valley packed a large
percentage of the total supply of
fresh citrus du ring the 1975-76
season; consequently, the
independent shippers as a group
are a major market outlet for
fresh citrus in the Rio Grande
Valley.

An independent shipper buys
part or all of the citrus grower's
crop. It is not uncommon for a
grower to sell one or two
pickings from his grove and then
sell the balance of the crop to a
processor. The purpose of
picking a grove more than once
is to leave the small fruit on the
tree to grow larger.

The price that a cash buyer
offers to a grower is actually a
blind price. The term "blind
price" is synonymous to "tree
run price" in Florida. In making
a bid, a cash buyer will consider
the various proportions of the
sizes as 112's, 96's, 80's, etc.,
and also the quality of the fruit
such as U.S. No.1, U.S. No.2,
or packing shed eliminations
that a grower may have on his
trees. In addition, the
independent shipper will
consider current market prices
for the various fruit sizes and
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qualities. Before making the bid
price, the buyer typically surveys
the entire grove to appraise the
quality and size. A grove with a
high percentage of U.S. No.1
quality and large fruit will sell for
a higher price as compared to a
grove with lower quality and
smaller fruit at the same point in
time.

Grower Cooperative

A grower cooperative is a
marketing organization owned
by a group of citrus growers.
The function of the cooperative
is to harvest, pack and sell the
fruit for its members. The
cooperatives make no profit
because savings are prorated
back to the grower members.

Cooperative marketing
associations is the other major
grower outlet for fresh citrus in
the Rio Grande Valley.

Each cooperative is responsible
for harvesting and packing its
members' fruit while the sales
for all of the associations are
coordinated through one central
sales office called Texas Citrus
Exchange. Presently, three citrus
marketing· cooperatives are
locally owned by growers in the
Rio Grande Valley.

The price a cooperative member
receives for his citrus is an
average price, sometimes
referred to as a pooled price. All
members of a given cooperative
association will receive the same
season's average price for the
particular variety, grade and size
of fruit regardless of when the
fruit was harvested and sold
during the season. The number
of pools for a given cooperative
organization is determined by its
Board of Directors.

Processor

Five firms processed citrus in the
Rio Grande Valley during the
1975-76 season. Most of the
Texas citrus for processing

comes from both the
cooperative associations and
independent shippers. Citrus
that is too small or too low in
quality to sell in the fresh market
is graded out and sold to the
processors for processing.

Citrus processing firms in Texas
purchase raw stock citrus for
processing by primarily one of
three methods:

1. A contract price before
delivery is offered to the grower
or the packing firm at a fixed
price per ton. This is referred to
as a forward contract price.

2. A current market price is
offered by the processing firm at
time of delivery. This is referred
to as the open market price.

3. The price may be based on a
participating contract with the
grower or independent shipping
firm; however, these contracts
usually do not specify a fixed
price. A participating contract
means the price received by the
grower or shipping firm is
determined after the processed
citrus stock is sold. Some
contracts specify that only a
given tonnage will be purchased
on a participating basis. This was
a typical arrangement made by
the cooperative associations
until they acquired their own
processing facilities. The
cooperative also enters into a
contract with the major
established citrus processor in
the Valley when the cooperative
supply of processed citrus
products exceeds the
cooperative sales potential.

Historically, Texas citrus growers
have been fresh market
oriented. However, a shift in
consumer preference to
processed citrus has required
the Texas citrus industry to
develop both fresh and
processed markets as production
increased. Table 8 shows the
quantity of Texas grapefru it an d



oranges for market in the fresh
and processed outlets in recent
years.

Although much Texas citrus has
been processed in the past,
growers have traditionally
realized greater returns from
fruit sold through the fresh
market than for processing.

Gift Fruit and Roadside Stands

During the 1975-76 citrus season,
approximately 10 percent of the
total citrus production in Texas
was sold as gift fruit, sold
through roadside stands or
utilized locally.

There is no set price for a gift
pack. However, since this
usually is a fancy pack it has a
high markup. Most of the gift
fruit sales are made for the
Thanksgiving and Christmas
holidays. Some of the
independent shippers sell gift
fruit as part of their operation.

Growers who sell fruit through
roadside stands usually are the
small growers. Most of them
pick the fruit themselves and set
up a display along roads with
heavy traffic. Some growers also
have a "pick-your-own"
operation. Owners of roadside
stands who are not citrus
growers buy their supplies
locally.

DISTRIBUTION OF TEXAS
CITRUS

indicates the extreme variability
in production that the Texas
citrus industry has undergone.

Texas grapefruit have better
fresh market acceptance than
oranges because of their
reputation for good eating
quality and sweetness. For
example, California produces
grapefruit, but this state is the
second most important market
for Texas grapefruit. Because of
consumer preference, Texas
oranges are utilized more for
processing.

CITRUS UTILIZATION

A striking shift has occurred in
the utilization of citrus over the
past 20 years in the U.S. The
content of the "market basket"
has been changing with the
increased demand for
convenience foods. Processing
has become a larger outlet for
those producing fruit because
convenience aspects appeal to
the more affluent consumers. At
the same time, the fresh market
has been 'declining in
importance.

Sales of citrus fruits for the fresh
market in the U.S. declined from
50 of the total to 32 percent
during the 20 years from 1950 to
1970. This was caused primarily
by the sharply increased use of
Florida oranges in processed
form. After frozen concentrated
orange juice was introduced
commercially in the 1945-46

season, it resulted in rapid and
dramatic changes in the Florida
orange industry. The proportion
of Florida oranges used for
frozen concentrated juice has
been increasing every year and
is now approximately 70 percent
of the crop. In California, fresh
use of oranges is still dominant,
but the trend in processing use
is upward. Texas has processed
about half of its orange
production in recent years, and
this percentage has potential to
increase with the addition of
more processing facilities.

Florida grapefruit, accounting for
about 75 percent of U.S. output,
has also undergone changes in
uses. Fresh use of Florida
grapefruit has not changed
greatly since the early 1960's, but
use for processing has increased
considerably, and now
comprises approximately 60
percent of total sales. The Texas
industry processed 36 percent of
its grapefruit in the 1970-71
season. The canned grapefruit
juice pack, accounting for half of
the Florida grapefruit used for
processing, has had an upward
trend. However, frozen
grapefruit concentrate has not
achieved the popularity of
frozen orange concentrate as an
outlet (Huang, 1970).

The Texas industry processed
46.3 percent of its grapefruit in
1972-73; 49.5 percent in 1973-74;
and 36.3 percent in 1974-75. The

Table 8. Quantity of Texas citrus for fresh market and processing in terms of thousands of
boxes, 1972-73, 1973-74, 1974-75.

"Fresh market citrus includes that fruit sold through commercial channels, gifts, export and fruit sold locally and used at
home,

Source: Texas Valley Citrus Committee, Mission, Texas.

6,340 53.7 5,460 46.3 11,800
5,400 50.5 5,300 49.5 10,700
4,650 63.7 2,650 36.3 7,300

3,205 41.1 4,595 58.9 7,800
2,400 36.4 4,200 63.6 6,600
2,410 53.1 2,130 46.9 4,540

The citrus industry in Texas has
periodically experienced
devastating freezes which
virtually destroyed all citrus
production. After each freeze
the industry has had to gradually
develop new markets as supplies
increased. Only 110,000 boxes of
citrus were produced in Texas
during the 1962-63 season
following a severe freeze in
January of 1962, while 10,800,000
boxes of citrus were harvested
during the 1975-76 season. This

Type

Grapefruit
1972-73
1973-74
1974-75

Oranges
1972-73
1973-74
1974-75

Fresh market* (percent) Processed (Percent) Total
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Table 10. Per capita consumption of fresh citrus by type, pounds per capita farm weight,
1960-74.

·Preliminary

Source: USDA, Economic Research Service, (1976), Food: Consumption, Prices, Expenditures, Supplement to Agricul
tural Economic Report No. 138, Washington, D.C.

Table 9. Per capita citrus consumption in the United States by product form, 1960-74.
Pounds fresh weight basis.

Canned Canned Frozen Chilled Chilled Total
Year Fresh fruit juice juice fruit juice citrus

1960 33.7 2.0 11.6 34.2 0.8 3.6 85.9
1961 30.8 1.8 10.7 32.1 .8 2.9 79.1
1962 29.5 1.9 10.5 37.2 .8 3.7 83.6
1963 22.1 1.3 10.7 25.1 .7 2.8 62.7
1964 26.2 1.7 8.7 23.5 .9 2.6 63.6
1965 29.1 1.8 8.1 29.6 .7 3.7 73.0
1966 29.1 2.0 9.5 28.0 1.0 6.1 75.7
1967 31.6 2.2 11.1 40.0 .9 8.4 94.2
1968 26.2 2.1 10.5 34.3 .9 8.0 82.0
1969 28.2 1.7 14.6 34.5 .8 7.9 87.7
1970 28.6 1.8 13.4 41.4 .8 9.0 95.0
1971 29.2 2.0 15.1 41.2 .6 9.2 97.3
1972 27.2 1.7 16.7 43.2 .6 10.0 99.4
1973 27.3 1.7 16.1 48.1 .7 10.0 103.9
1974* 27.1 1.7 15.8 53.6 .6 9.9 108.7
·Preliminary

Source: USDA, Economic Research Service (1976),Food: Consumption, Prices, Expenditures, SupplementtoAgricultural
Economic Report No. 138, Washington, D.C.

to several factors. The
substitution of processed fruit
fo r fresh fru it is closely
associated with changes in
consumer tastes and
preferences, living patterns
which include more working
wives, convenience in shopping
and changes in kitchen
appliances. Processed citrus is
essentially convenient and a
time-saving food. As family
income rises consumers are
willing to pay higher prices for
these "built-in" services. The
income elasticity of demand for
these services is considerably
higher than that of food itself

(USDA, 1966). Furthermore, the
shift from fresh to processed
citrus undoubtedly reflected

- urban population growth.

Changes in retail prices of
different product forms are also
important. During the past 10
years, retail prices of fresh fruits
and vegetables have increased 31
percent, compared with an
increase of only 15 percent for
processed products (Huang,
1970). Retail price indexes for
fruit alone are unavailable, but
indications are that the increase
in prices for fresh citrus was
much larger than for processed
citrus.

Oranges Grapefruit Tangerines lemons Tangelos

19.3 10.0 1.2 2.9 0.2
16.1 9.8 1.8 2.8 .2
15.6 9.0 1.6 2.8 .4
11.9 6.4 .9 2.5 .3
14.3 7.5 1.4 2.6 .3
16.4 8.3 1.5 2.4 .4
16.4 8.4 1.4 2.3 .5
18.0 9.0 1.6 2.3 .6
14.1 8.0 1.2 2.2 .6
16.3 7.8 1.3 2.1 .5
16.3 8.2 1.2 2.1 .6
16.1 8.6 1.4 2.2 .7
14.6 8.6 1.3 1.8 .7
14.8 8.6 1.2 1.9 .6
14.8 8.2 1.3 1.9 .7

Year

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974*

DEMAND FOR CITRUS

Consumption

Past utilization trends provide
the basis for examining the
changing pattern of citrus
consumption. Changes in
consumption patterns generally
reflect the interaction of factors
such as production, price,
income, population, demand
and consumer preference and
taste. Table 9 reflects the
changes in per capita
consumption of citrus by
product form.

The consumption of citrus in the
fresh form has declined steadily
since 1950, but remained fairly
consistent from 1960 to 1974.
This decline has been offset by a
steady increase in per capita
consumption of frozen
concentrated orange juice and
chilled citrus juices. The per
capita consumption of frozen
concentrated orange juice
increased from 34.2 pounds in
1960 to a high of 53.6 pounds by
1974. The fresh weight
equivalent of chilled juice
increased from 3.6 pounds per
capita in 1960 to 9.9 pounds in
1974.

Tren'ds in per capita
consumption of fresh citrus, by
type, is shown in Table 10. Fresh
orange cOr:'sumption in the U.S.
has fluctuated widely since 1960
as total citrus production varied;
however, the trend has steadily
declined from 19.3 pounds per
capita in 1960 to 14.8 pounds in
1974. Per capita consumption of
grapefruit has also fluctuated
with production changes but
consumption has remained
relatively stable since 1960.

Changes in composition of per
capita citrus consumption during
the past 20 years can be traced

Texas orange industry processed
58.9 percent of the fruit in
1972-73; 63.6 percent in 1973-74;
and 46.9 percent in 1974-75.
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