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A Note from the Editor…
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15th Desert Crops Workshop
December 8, 2004, 8:00 am - 1:00 pm

Yuma Civic & Convention Center
1440 W. Desert Hills Drive

Yuma, Arizona

Registration recommended, please contact:
Dr. Mohammed Zerkoune at

2200 W 28 Street Yuma AZ 85364
phone: 928 726 3904

email: zerkoune@ag.arizona.edu

3.5 CEU’s applied from AZ and CA; 5.5 CEU’s from CCA

Agenda

7:57 - 8:00 am Welcome and Introduction
Dr. Mohammed Zerkoune and Mr. Tom Turini,
University of Arizona and University of California

8:00 - 8:15 am Weed Control by Solarization
Dr. Mohammed Zerkoune
University of Arizona Cooperative Extension

The Arizona Citrus Newsletter
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Recent Citrus News,
Information and Headlines

CITRUS 'PIONEER' SPENCER
DIES AT 81____
Full story:
http://sun.yumasun.com/artman/p
ublish/articles/story_13399.php

SOUTH KOREA TO PULL CITRUS
BAN____
Full story:
http://www.visaliatimesdelta.com/
news/stories/20041111/localnews/
1572552.html

MANDATORY COUNTRY OF
ORIGIN LABELING STILL ON
TRACK____

ORLANDO (November 23, 2004)
FFVA -- An effort to reverse
mandatory country-of-origin labeling
(COOL) of fruit, vegetables and meat
failed Saturday (November 20) after
Congress decided not to include
language in a $388 billion spending
bill that would have made the
labeling voluntary. COOL is
scheduled to become mandatory in
September 2006. The mandatory
labeling provisions require that
information must be provided to
consumer stating the country in
which their meat, fish, perishable
fruits and vegetables are grown.
Mandatory fish labeling takes effect
in April 2005

The spending bill will go to President
Bush for his signature after an issue
involving congressional access to
income tax returns is resolved in a
separate bill, which the House is
expected to pass on Wednesday.

The House approved the spending
measure by a bipartisan 344-51
margin, while Senate passage was
by 65-30.

CITRUS SHOWS PROMISE FOR
CERTAIN CHILDHOOD
CANCER____
Full story:
http://agnews.tamu.edu/dailynews/
stories/BICH/Nov3004a.htm

8:15 - 8:30 am Lettuce Fusarium
Dr. Barry Pryor
University of Arizona Extension Plant Pathologist

8:30 - 8:45 am Plant Growth Regulator Use in Arizona Citrus
Dr. Glenn Wright
University of Arizona Assoc. Research Scientist, Plant
Science

8:45 –9:00 am Mites in Desert Citrus
Dr. David Kerns
University of Arizona Integrated Pest Management
Specialist

9:00 –9:15 am Technological Alternatives to Enhance Yield and
Quality of Melons
Dr. Jorge Fonseca
University of Arizona

9:15- 9:30 am Sclerotinia Control on Lettuce
Dr. Michael Matheron
University of Arizona Extension Plant Pathologist

9:30 - 9:45 am Risk and Crop Insurance Considerations for
Vegetables
Dr. Russell Tronstad and Dr. Trent Teegerstrom
University of Arizona Extension Economists

9:45- 10:00 am Innovations in Citrus Weed Control Production
Dr. William McCloskey
University of Arizona, Associate Specialist, Weed Science

10:00 - 10:15 am BREAK/Poster sessions

10:15 - 10:30 am AZSCHED- Arizona Irrigation Scheduling System
Dr. Edward C. Martin
University of Arizona Extension Irrigation Specialist

10:30 - 10:45 am Update on Perchlorate in Vegetables
Dr. Charles Sanchez
University of Arizona, Director- Yuma Agricultural Center

11:00 –11:15 am Nutrient Status of Pecan Orchards in Arizona
Dr. James Walworth
University of Arizona Assoc. Specialist, Soil, Water &
Environ. Science

11:15- 11:30 am The Tolerance of Cantaloupe Varieties to New Low
Rate Herbicides
Drs. Edmond Ogbuchiekwe and Milt McGiffen. Jr
University of California, Riverside, Department of Botany
and Plant Science

11:30 - 11:45 am Chemigating Fumigants for Melon, Vegetable and
Strawberry Production
Dr. Jesse Richardson
Dow Agro Science

11:45 –12:00 pm Lettuce Aphid Resistance in Lettuce
Dr. James McCreight
U. S. Department of Agriculture, Agriculture Research
Service, Salinas, CA

12:00 pm LUNCH - Sponsored by Western Farm Press
Talks will resume after participants go through buffet line.

12:15- 12:30 pm Nutsedge Management Trials in Lettuce
Mr. Jose Aguiar
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Upcoming Citrus Meetings

 December 8th –Desert
Crops Workshop
See page 1 for more
information.

 December 9th –Medfly
Meeting
See page 3 for more
information.

University of California at Davis

12:30 –12:45 pm Downy Mildew Resistance in Melon
Dr. James McCreight
U. S. Department of Agriculture, Agriculture Research
Service- Salinas CA

12:45 –1:00 pm Onion Powdery Mildew
Mr. Thomas A. Turini
University of California, Imperial Valley Plant Pathology,
Farm Advisor

1:00 –1:15 pm Nutrient Uptake and Partitioning in Irrigated
Cantaloupes
Dr. Jeff Silvertooth
Professor and Head, Department Soil Water and
Environmental Science, University of Arizona

1:15 –1:30 pm Efficacy of Various Neonicitinoid Insecticides on
Whitefly in Lettuce and Cole Crops.
Mr. Eric Natwick
University of California at Davis

Medfly Situation Update To Be Addressed
in Yuma

No additional Medflies have been found in Tijuana, Mexico in over 30
days. However, what would happen and how have we prepared for
such a situation in Arizona? The Arizona Department of Agriculture
with the Animal and Plant Health Inspection Service of the United
States Department of Agriculture in Arizona will be answering this
and other questions about Medfly and how we are addressing the
threat in our region.

When: December 9, 2004 from 9 - 11 a.m.
Where: Yuma Community Food Bank (2325 S. Engler Ave)
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Arizona Citrus Resources

 Arizona Crop Information
Site (ACIS) Click on
“Crops”, then on “Citrus”
http://ag.arizona.edu/crops/
crops.html

 2002 Citrus and
Deciduous
Fruit and Nut Research
Report
(2001 Research)
http://cals.arizona.edu/pubs
/crops/az1303/

 Arizona Citrus Research
Council and 2003 Citrus
and Deciduous
Fruit and Nut Research
Projects (2002 Research)
http://agriculture.state.az.us
/CD&P/citrus.htm

 Other University of
Arizona Citrus
Publications online
http://pubs1.cals.arizona.ed
u/search/srch.cfm
Type Citrus in the “Title 
contains” box, then press 
“Show Publications”

Cultivar Selection Trials of Navel Orange
in Arizona
for 2003-041

Glenn C. Wright
Department of Plant Sciences, U. of A., Yuma Mesa Agriculture

Center, Yuma, AZ

Abstract

Three orange cultivar trials have been established in Arizona,
one at the Yuma Mesa Agricultural Center, Yuma, AZ and one
at the Citrus Agriculture Center, Waddell, AZ. For the navel
orange trial in Yuma, ‘Fisher’ navel continues to have the 
greatest yield, but is unacceptably granulated For the Waddell
trial, the third year data has been collected, and suggests that
‘Fisher’, ‘Chislett’ and ‘Lane Late’ are outperforming the other 
cultivars tested to date.

Introduction

There is no disputing the importance of orange cultivars to desert
citrus production. Oranges have been grown in Arizona since citrus
was introduced into the state by the Spanish missionaries in the
1700’s.  Historically, the most commonly planted orange cultivar in 
Arizona was the ‘Valencia’.  Recently, navel oranges have become 
more important to the Arizona industry than ‘Valencia’ and other 
round oranges, because juicing fresh oranges in the household is
becoming less common, and the American consumer prefers the
convenience of eating fresh oranges. Consequently, prices received
by the grower for navel oranges are consistently higher than those
for ‘Valencia’ oranges.  

Whether navel, ‘Valencia’ or other cultivar, a successful orange for 
Arizona must be adaptable to the harsh climate, (where average high
temperatures are often greater than 40°C), must be vigorous and
must produce high yields of good quality fruit of marketable size.

From the late 1980’s, to the early 1990’s, Arizona orange growers 
have received their information about new navel through word of
mouth or from nursery sources, since there were no trials planted in
the state. With this in mind, we have planted two new navel orange
cultivar selection trials in the 1990’s, one located at the Yuma Mesa 

1 The author wishes to acknowledge the assistance of Mr. Phillip Tilt, Mr. Marco Peña, Mr. Arturo Moreno, Mr. James
Truman, and Mr. Enrique Madrigal in the data collection of this experiment, Also, the assistance of Mr. Russ Tanita of
First Choice Farms is appreciated. The author wishes to thank the Arizona Citrus Research Council for supporting this
research. This is a partial final report for project 2003-06 –Citrus rootstock and cultivar breeding and evaluation for the
Arizona citrus industry–2003.
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Citrus Resources from other
States

 University of California
Citrus Publications
http://anrcatalog.ucdavis.ed
u/

 University of Florida
Citrus Publications
http://edis.ifas.ufl.edu/

 Ultimate Citrus
Newsletter
A Florida site that contains
a great variety of
information and links
http://www.ultimatecitrus.co
m/

Agricultural Center, and one located at the Citrus Agriculture Center
in Waddell, AZ, just west of Phoenix.

Materials and Methods

1995 Yuma Navel Orange Trial. This trial was established in March
1995 in Block 18 of the Yuma Mesa Agricultural Center, near Yuma,
Arizona. This trial contains the following navel orange selections on
‘Carrizo’ rootstock:

 ‘Washington’ – the ‘Bahia’ navel imported from Brazil.  
Produces round, slightly oval fruit with segments that separate
easily. Excellent flavor. Tends to granulate if planted on a
vigorous rootstock, or harvested late. The Arizona industry
standard.

 ‘Lane Late’ – Discovered in the 1950’s in Australia.  Fruit is 
round, with a small navel. Matures up to four to six weeks
later than ‘Washington’.  Susceptible to fruit drop.  Fruit has 
typical low acid levels.

 ‘Atwood’ - An early maturing navel selection from California.
Discovered in 1935, as a limb sport on a ‘Washington’ navel 
tree. Stores well on the tree.

 ‘Fisher’ – Another early maturing navel selection from
California. Rind coloration lags behind legal maturity.
Reportedly a heavy producer.

 ‘Tule Gold’ - Another early maturing navel selection from
California.  Reported in some publications to be “early 
ripening and heavy bearing”, but other sources report poor 
fruit quality.

Trees are planted on a 10-m x 10-m spacing. Twelve trees of each
of five scions are planted, for a total of 60 trees. Yields are
expressed as lbs. fruit per tree. Yield data was collected from
February 5 through 12, 2004. Trees are strip-picked for the harvest.
Harvested fruit for each tree is collected in wooden or plastic boxes
and weighed. For 2003-04, the entire harvest from each tree was
passed through an automated electronic eye sorter (Autoline, Inc.,
Reedley, CA), which provides weight, color, exterior quality and size
data for each fruit. Fruit packout data is reported on a percentage
basis. Ten fruit were harvested as a sample from each tree for juice
quality analysis. Granulation values are determined by visual
inspection of fruit cut longitudinally, and a fruit considered granulated
is one in which more than 20% of the flesh is granulated.

1999 Waddell Navel Orange Trial. This trial was established in
March 1999 in Field 19 of the Citrus Agricultural Center, near
Waddell, Arizona. This trial contains the following navel orange
selections on ‘Carrizo’ rootstock:
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Citrus Prices

FOB Prices for Fancy Lemons
2004-05 F.O.B. Prices for Fancy Grade Lemons
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FOB Prices for Choice Lemons
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FOB Prices for Fancy Navel
Oranges

Prices for F.O.B. Fancy Grade Navel Oranges

Date

11
/1

/0
4

11
/2

9/
04

12
/2

7/
04

1/
24

/0
5

2/
21

/0
5

3/
21

/0
5

4/
18

/0
5

5/
16

/0
5

6/
13

/0
5

P
ric

e
pe

r
ca

rt
on

($
)

0

2

4

6

8

10

12

14

16

18

Size 48
Size 56
Size 72
Size 88
Size 113
Size 138

 ‘Beck-Earli’ (‘Beck’) – a limb sport of ‘Washington’, discovered 
in Delano, CA. Smaller trees are reported to be precocious
and produce early maturing fruit.

 Cara Cara –Red-fleshed selection form Venezuela. Very
similar to ‘Washington’ in all other respects.

 Chislett – Australian “ultra-late” selection.  Reportedly can be 
harvested up to 3 weeks later than ‘Lane Late’.

 Fisher - Early maturing navel selection from California. Rind
coloration lags behind legal maturity.

 Fukumoto–Early maturing selection from Japan.
 Lane Late – Discovered in the 1950’s in Australia.  Fruit is 

round, with a small navel. Matures up to four to six weeks
later than ‘Washington’.  Susceptible to fruit drop.  Fruit has 
typical low acid levels.

 Powell –Another Australian “ultra-late” selection.  Reportedly 
can be harvested up to 3 weeks later than ‘Lane Late’.

 Spring–Another late navel selection.
 Washington - the ‘Bahia’ navel imported from Brazil.  

Produces round, slightly oval fruit with segments that separate
easily. Excellent flavor. Tends to granulate if planted on a
vigorous rootstock, or harvested late. The Arizona industry
standard

 Zimmerman (Thomson Improved Zimmerman) –An improved
selection of the ‘Thomson’, said to be 2 weeks earlier than 
‘Washington’.

Trees are planted on an 8-m x 8-m spacing. There are ten complete
blocks of each of the ten scion-rootstock combinations possible.
Early variety fruit was harvested on 12/15/03.  This includes ‘Beck-
Earli’, ‘Fisher’ and ‘Fukumoto’.  All other selections were harvested
on 3/10/2004. Yields are expressed as lbs. fruit per tree. Trees
were strip-picked for the harvest. Harvested fruit for each tree is
collected in wooden or plastic boxes and weighed. The entire
harvest from each tree has been passed through an automated
electronic eye sorter (Autoline, Inc., Reedley, CA), which provides
weight, color, exterior quality and size data for each fruit. Fruit
packout data is reported on a percentage basis. Fruit grade data is
not reported, as there were no significant differences between the
selections. Fruit quality data for all the selections was collected on
12/15/03. Ten fruit were harvested as a sample from each tree for
juice quality analysis. Granulation values are determined by visual
inspection of fruit cut longitudinally, and a fruit considered granulated
is one in which more than 20% of the flesh is granulated.

All data was analyzed using SPSS 7.0 for Windows (SPSS Inc.,
Chicago, Illinois).
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Results and Discussion

1995 Yuma Navel Orange Trial. (See Figures 1 and 2 as well as
Tables 1 and 2)

Atwood:  Yields of ‘Atwood’ have historically been lower than 
the other selections tested in this trial, however 2003-04 was
the first season where yields have approached those of the
other selections. It will be important to see if this trend
continues. Fruit size for this season is comparable to the
other selections, peaking on size 56, but smaller than ‘Lane 
Late’.  Fruit grade is comparable to the other selections 
tested. Percent juice is higher than all the other selections,
except for ‘Lane Late’.  Total soluble solids were the lowest of 
all the selections tested. Peel thickness was thin, but
granulation was somewhat high. Fruit shape is average, and
color was good.

Fisher:  Yields of ‘Fisher’ have been equal to or higher than 
the other selections tested in this trial, and 2003-04 was no
exception. Fruit size for this season is comparable to the
other selections, peaking on sizes 48 and 56, but smaller than
‘Lane Late’.  Fruit grade is comparable to the other selections
tested. Percent juice is lower than all the other selections,
and granulation was unacceptably high. An earlier harvest
might have avoided this problem. Total soluble solids were
the highest of all the selections tested. Peel thickness was
average. Fruit shape is the most round of all the selections
tested. Color was lower than all the other tested selections,
except for ‘Lane Late’ indicating that coloration may be a 
problem.

Lane Late:  Yields of ‘Lane Late’ have typically been similar to 
yields of the other selections tested in this trial, except for
‘Fisher’, and 2003-04 was no exception. Fruit size for this
season was larger than the other selections, peaking on size
40. Fruit grade is comparable to the other selections tested.
Percent juice is higher than all the other selections. Total
soluble solids were similar to the other selections tested. Peel
thickness was thin, and granulation was non-existent. Fruit
shape is slightly elongated, and color was not as good as the
other selections under trial. Because of its greenness and
lack of granulation, this selection might be harvested later in
the season.

Tule Gold:  Yields of ‘Tule Gold’ have typically been lower 
than the other selections under test, although after 9 years,
these trees are about 50% of the size of the other selections,
thus if planting density were increased, yields per acre for this
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selection might equal the yields of the others. Fruit size was a
little smaller than the other selections, peaking on size 56, and
we noticed more thrips damage on ‘Tule Gold’ this year, 
leading to lower fruit grade. Perhaps the small size fruit were
more attractive to the thrips when insect populations were
high in the spring. Fruit quality was similar to the other
selections tested, but granulation was somewhat high, though
not as high as ‘Fisher’.

Washington: Yields of ‘Washington’ have typically been 
similar to yields of the other selections tested in this trial,
except for ‘Fisher’, and 2003-04 was no exception. Fruit size
for 2003-04 was smaller than most of the other selections,
peaking on size 56.  Fruit grade for ‘Washington’ was similar 
to the other selections tested, as was juice percentage, total
soluble solids, and peel thickness.  ‘Washington’ fruit had 
lower granulation levels than any other selection, except ‘Lane 
Late’, and fruit was slightly elongated.  Fruit color was good.

Harvest Year
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Figure 1. Yield of five navel orange cultivars budded to Carrizo rootstock.
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Packout (%)
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Figure 2. 2003-04 packout of five navel orange cultivars harvested on
2/12/04

Table 1. 2003-04 Fruit grade of five navel orange cultivars budded to
Carrizo rootstock.

Scion Fancy Choice Juice
(%) (%) (%)

Lane Late 81.22 az 12.82 b 5.98 a
Atwood 75.66 a 14.59 b 9.75 a
Fisher 77.29 a 16.23 b 6.48 a
Washington 81.74 a 12.98 b 5.28 a
Tule Gold 64.00 b 27.76 a 8.24 a
z Means separation in columns by Duncan’s Multiple Range Test, 5% 

level.
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1999 Waddell Navel Orange Trial. (See Figures 3 and 4 as well as
Table 3)

Selections harvested on 12-15-03
Beck-Earli: The 2003-04 yield for ‘Beck-Earli’ decreased in 
relation to the 2002-03 season yield, and fell to just over 60
lbs. per tree. We have not seen the precocity reported in
other publications. Fruit size, however, was the largest of all
the selections tested, which may be due to the low yield.
‘Beck-Earli’ peaked on size 40, but had appreciable numbers 
of fruit size 48 and 56. Percent juice was low, as was total
soluble solids. Fruit peel was the thickest and fruit was the
most oblong of all the selections tested. Fruit was not as
orange as ‘Fukumoto’ but not as green as ‘Fisher’ in mid-
December.

Fisher:  Yields of ‘Fisher’ were the highest for any of the 
selections tested in this trial, at about 140 lbs. per tree. It is
instructive to note that when comparing the 2 trials, 3rd-year
yields of ‘Fisher’ at Waddell were about 3.5 times the 3rd-year
yields of ‘Fisher’ in Yuma, and 3rd year Waddell yields were
40% higher than the highest (5th-year) yields in Yuma. For the
early-maturing navels, fruit size was smaller than ‘Beck-Earli’, 
but larger than ‘Fukumoto’, peaking on size 56.  Fruit quality 
measurements suggest that percent juice, pH, and total
soluble solids of ‘Fisher’ are similar to the other selections
tested.  Peels of ‘Fisher’ were the thinnest of all the early 
selections tested, but this selection also had the most
granulation (although not as much as in the Yuma trial).
‘Fisher’ also had the roundest fruit, but had the least 
coloration of all the early-picked selections.

Fukumoto:  ‘Fukumoto’ yields were slightly higher than those 
of ‘Beck-Earli’, at about 80 lbs. per tree, but only about 60% of 
the yields of ‘Fisher’.  Fruit size was the smallest of the three 

Table 2. 2003-04 Fruit Quality of five navel orange cultivars budded to Carrizo rootstock.

Scion Juice
Content

TSS Peel
Thickness

Granulationy Fruit Shapex R/Gw

(%) (%) (mm) (%)
Lane Late 40.91 az 11.71 ab 5.69 a 0.00 c 0.927 b 1.96 b
Atwood 36.89 b 10.98 c 5.09 b 12.50 bc 0.932 ab 2.07 a
Fisher 27.00 c 12.13 a 5.49 ab 46.67 a 0.937 a 2.05 a
Washington 35.71 b 11.87 ab 5.41 ab 9.17 bc 0.929 b 2.11 a
Tule Gold 35.70 b 11.49 bc 5.25 ab 15.00 b 0.932 ab 2.12 a
z Means separation in columns by Duncan’s Multiple Range Test, 5% level. 
y Granulation values are taken from 10 fruit per tree. Values represent the percentage of fruit in the

entire fruit sample with more
than 20% granulation.

X A value of 1.00 signifies a completely round fruit.
W Signifies the red to green intensity ratio of the fruit. A greater value signifies more orange or red

color.
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selections harvested early, but still peaking on size 56. There
were fewer ‘Fukumoto’ fruit of size 36, 40 and 48 than ‘Beck-
Earli’ and ‘Fisher’ fruit in the same categories.  Fruit quality 
measurements suggest that percent juice, pH, total soluble
solids, peel thickness and fruit shape of ‘Fukumoto’ are similar 
to the other selections tested.  ‘Fukumoto’ was the only early-
harvested selection that had no granulation, but had the most
coloration of all the early-picked selections.

Selections harvested on 3-10-04
Cara Cara: Cara Cara yields for the three years of this study
have neither been exceptionally high nor low, and remain just
over 90 lb. per tree for 2003-04. Fruit size of this selection
was one of the smallest, along with ‘Washington’ and 
‘Zimmerman’, peaking on sizes72 and 88. This selection had
the fewest fruit of sizes 36, 40 and 48 of all the selections
tested.  Fruit quality for ‘Cara Cara’ was similar to most of the 
other selections, except this selection had the greatest total
soluble solids.

Chislett: For 2003-04, ‘Chislett’ yields, about 110 lbs. per 
tree, were second only to ‘Lane Late’ among the late-
harvested orange selections. This is a marked improvement
over the previous season when yields for this selection were
clustered with several others at about 40 lbs. per tree. If
yields continue to improve for this cultivar, it might be suitable
for large-scale planting.  Fruit size for ‘Chislett’ was the largest 
for all the selections harvested late, peaking on size 56. Most
fruit quality parameters were similar to other selections; but
‘Chislett’ stands out in that it, along with ‘Fisher’ had the 
roundest fruit, rather low granulation, but also that it had a
relatively low coloration. This reflects the fact that the fruit can
be harvested late. For the next season, we will take late fruit
quality data on this cultivar.

Lane Late:  Yields of ‘Lane Late’ were the greatest of any of 
the late-harvested cultivars, at about 133 lbs. per tree, about
20% higher than the subsequent ‘Chislett’.  Fruit size peaked 
on size 56. Most fruit quality parameters were similar to other
selections.  ‘Lane Late’ had the thinnest peel of all the late-
harvested selections, and it had a relatively low coloration.
This reflects the fact that the fruit, like ‘Chislett’ can be 
harvested late.

Powell:  Yields for ‘Powell’ for 2003-04 were among the
lowest, but the selection rebounded in 2003-04, with yields of
almost 100 lbs. per tree, placing it in the middle of the
selections.  Fruit size was similar to ‘Lane Late’ peaking on 
size 56.  ‘Powell’ had the most juice of any of the navel 
orange selections, a rather low pH, and no granulation. This
suggests that granulation may not be a problem if the fruit is
harvested late.
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Spring:  ‘Spring’ navel orange yields, at about 90 lbs. fruit per
tree, were similar to those of ‘Cara Cara’ and ‘Powell’.  Fruit 
size was just smaller than that of ‘Powell’ still peaking on size 
56, but with appreciable fruit of size 72.  ‘Spring’ fruit had 
somewhat low juice content, similar to ‘Washington’ and 
‘Zimmerman’, and the highest pH of all the selections tested.  
Total soluble solids were within the range of the others, as
was peel thickness, and fruit shape, and granulation was low.
Fruit coloration was the highest of all the selections under
test.

Washington:  ‘Washington’ did not distinguish itself from the 
other selections, unlike 2002-03, when it had the highest yield
of all the mid and late-season oranges; this year it had a yield
of just over 100 lbs. per tree.  Fruit size was similar to ‘Spring’,
peaking on 56 and 72.  ‘Washington’ had the lowest juice 
content of all the selections, but in the other measures of fruit
quality, it was neither higher nor lower than the others.

Zimmerman:  ‘Zimmerman’ had the lowest yield of the mid-
and late-season navel selections, just over 80 lbs. per tree,
about 20% less than ‘Washington’.  Fruit size was smaller 
than any of the other selections, except ‘Cara Cara’.  Fruit 
size peaked on sizes 56 and 72. Juice content was low, but
otherwise its fruit quality was neither higher nor lower than the
others.
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Figure 3. Yield of ten navel orange cultivars budded to Carrizo rootstock.
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Figure 4. Packout of ten navel orange cultivars harvested on 12/12/03 and
3/10/04.

Table 3. 2003-04 Fruit Quality of ten navel orange cultivars budded to Carrizo rootstock.

Scion Juice Content pH TSS Peel
Thickness

Granulationy Fruit
Shapex

R/Gw

(%) (%) (mm) (%)
Beck-Earli 42.04 dez 4.26 cd 12.34 d 6.52 a 0.71 ab 0.909 b 1.70 b
Fisher 45.69 abcd 4.23 de 13.47 bc 4.73 c 8.32 a 0.949 a 1.54 c
Fukumoto 44.62 bcde 4.14 e 13.13 cd 5.22 bc 0.00 b 0.946 a 1.83 a

------------------------------------------------
Cara Cara 44.12 cde 4.31 bcd 14.74 a 4.91 bc 1.11 ab 0.946 ab 2.50 b
Chislett 48.93 ab 4.41 ab 13.65 bc 5.15 bc 1.11 ab 0.949 a 2.24 d
Lane Late 48.10 abc 4.35 abc 13.26 bc 4.78 c 1.00 ab 0.946 ab 2.37 c
Powell 50.13 a 4.26 cd 13.67 bc 4.90 bc 0.00 b 0.936 ab 2.24 d
Spring 41.57 de 4.44 a 13.81 bc 5.18 bc 1.00 ab 0.929 b 2.61 a
Washington 40.28 e 4.38 ab 13.89 bc 5.41 b 4.00 ab 0.947 ab 2.48 b
Zimmerman 41.77 de 4.40 ab 14.09 ab 4.86 bc 5.00 ab 0.942 ab 2.50 b

z Means separation in columns by Duncan’s Multiple Range Test, 5% level. 
y Granulation values are taken from 10 fruit per tree. Values represent the percentage of fruit in the entire fruit sample with

more
than 20% granulation.

X A value of 1.00 signifies a completely round fruit.
W Signifies the red to green intensity ratio of the fruit. A greater value signifies more orange or red color.
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Conclusions

Our results have not yet conclusively demonstrated that navel
orange selections other than ‘Washington’ can be grown successfully 
on the Yuma Mesa. Low yields are still a problem, except for
‘Fisher’, but its higher yields are offset by the tremendous granulation 
problem.  ‘Tule Gold’ is of interest because of its small tree and fruit 
size, and may achieve suitable yields per acre if planted closer
together. We have not seen the fruit quality problems for this cultivar
mentioned by others, but it will be interesting to see if the fruit grade
problem persists.

In Waddell, we can begin to draw some conclusions; yet several
more years of data are needed to characterize navel orange
performance in these trials.  The performance of ‘Fisher’ is 
noteworthy, yet it is again accompanied by granulation (yet much
less than in Yuma).  ‘Beck-Earli’ is disappointing because of its low 
yields.  ‘Lane ‘Late’ and ‘Chislett’ bear watching as this experiment
continues.

Arizona defeats Arizona State 34-27


