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Information for Subscribers

Originally this Journal was published in the month of September. Several
years ago the date of publication was moved forward to January. Continuity of
both volume number and yvear was maintained with the result that the journal
appearing in January would bear the date of the previous vear. For the current
volume the date has been moved forward one vear to coincide with the date of
publication. Accordingly there will be no publication dated 1981, The current
volume, Volume 35, 1982 was published in January 1982,

Aims and Objectives of the Society

The purpose of the Rio Grande Valley Horticultural Society is the advance-
ment and development of horticulture in the Lower Rio Grande Valley of Texas.
The Society’s aim is to stimulate interest in research and its practical applica-
tion to the Valley's problems with fruit, vegetables, and ornamentals,

At periodic meetings subjects of interest are presented by specialists in their
field. These presentations are followed by open forums. The Newslefter
announces and discusses these programs and brings other news of interest fo
Society members.

The Society sponsors an annual Institute featuring oustanding speakers
from all parts of the country who present new developments in the field of
horticulture. Panel discussions, social get-togethers, and a barbecue complete
the all-day program.

Talks given at the Institute and reports of Valley research are published in the
Journal of the Rio Grande Valley Horficultural Society, providing a continuing
record of horticultural progress in the Valley.

Anyone interested in horticulture can become a member of the Society. The
annual dues of §7.50 include a subscription to the Journal, Subscriptions by
institutions and libraries are $10.00 a year. Applications for membership or
subscriptions should be sent to the Secretary, Rio Grande Valley Horticultural
Society, Box 107, Weslaco, Texas 785986,
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Walter H. Baxter, Jr.
Recipient of the Arthur T. Potts Award

A lTormer Seguin boy got into the
seed business pretty much by chance.
He had been working for Weslaco
Lumber Co. nine years when he reluc-
tantly went with Francis C. Stokes Co.,
a major seed house, to straighten out
an unprofitable company store in New
Jersey. It was 1931 and the depression
was rapidly worsening. Walter H. Baxter
accomplished the task he was hired for
in about six months, and with the
store showing a modest profit, prompt-
Iy resigned and returned to South
Texas to stay.

Recognizing the wvast agricultural
potential of the Valley, Baxter went
into the seed business for himself and
for six years was president of Baxter.
Emmons and Deihl, Inc. In 1938 the
company became Ellis-Baxter, Inc.
then in 1944 the company assumed the name it bears today. In early 1947 the
business was moved Lo its present location at 416 5. Missouri.

Baxter had a strong hand in the development of hybrid seeds aimed at increas-
ing plant vigor and yield. In the early thirties he developed a green-topped beet
which is still marketed nationally. Baxter's Beauty, a hybrid tomato, was devel-
oped by crossing five tomato varieties. He's proud of his introduction of dark
green Italian parsley. Baxter seeds have been planted in Europe, Japan, South
America, Israel, Africa, Canada and Mexico.

Last year Walter Baxter Seed Co. sold 25,000 pounds of two varieties of can-
taloupe seed. He sells 7-8 tons of carrot seed routinely and has sold as much as
35,000 pounds of this popular item on occasion. Sales of broeccoli seed are
measured in tons even though it goes for more than $100 a pound.

He never forgot and seldom allowed his associates to forget that all agricul-
tural enterprise starts with seed. His company's motto reflects that belief: *“The
hope of the harvest begins with the seed.”

Baxter served on the board of Rio Farms, Inc. for 20 years and was president
much of that time. He was active in Weslaco Kiwanis Club and had a perfect
attendance record for 42 vears. He has been a board member of Knapp Memonal
Hospital, First Methodist Church and the Methodist Children’s Home in Waco.
He was recognized by the Weslaco Chamber of Commerce in 1965 as “Weslaco's
Outstanding Citizen” and by Kiwanis International as “Man of the Half Century.”

He’s been married to the former Olga Arnold of Arlington since 1924, just
three yvears after his arrival in Weslaco by boxecar with two mules, a dog, cow,
some chickens and the family’s household goods.

The eouple has two sons and six grandchildren.
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RIO GRANDE VALLEY HORTICULTURAL SOCIETY
MEMBERSHIP, 1981

SPECIAL CONTRIBUTORS
Hidalgo County Farm Bureau
PATRONS

American Agri-Services, Inc., Elsa
Burton Auto Supply, Weslaco
Charlie Rankin, Voice of Valley Agriculture, KURV, Edinburg
Crest Fruit Co., Alamo
CURLTEX, Edinburg
E. L. Du Pont de Nemours and Co., Ine.
First State Bank and Trust Co., Edinburg
Metz and Kappler, Edinburg
Rio Farms, Inc., Edcouch
Rio Tex Citrus Association, Edinburg
Tex-Ag Company Inc., Mission
Texas Citrus Exchange, Edinburg
Tide Produets Inc., Edinburg
Valley Productions Care, Inc., Mission
W. T. Ellis Co., Mission
Walter Baxter Seed Co., Weslaco
Zoecon, Palto Alto, CA

SUSTAINING MEMBERS

Barbee-Neuhaus Implement Co., Weslaco
Citrus Management Corp., Mission
County Farm Nursery, Edinburg
Crockett Groves, Ine., Harlingen
Dutch Karcher, Edinburg
Edinburg Citrus Association
ESCO, Ltd., Pharr
First National Bank, Mission
First National Bank, Weslaco
Harlingen Garden Club
Hidalgo Bank and Trust, Mercedes
Hidalgo Soil and Water Conservation District, Edinburg
K - ¥ Farms, Harlingen
Langdon Barber Groves, Inc., McAllen
Lily Research Laboratories, Mission
Mid-Valley Chemical, Weslaco
Roeder, J. K., Weslaco
Rohm & Haas Company, Houston
Sharyland Orchard and Nurseries, Inc., Mission
Shell Development Co., Modesto, CA
Southland Care Co., Edinburg
Stauffer Chemical Co., Weslaco
Valeo Chemieal, Harlingen
Waugh's Fruit Ranch, McAllen
William, John L., Los Fresnos
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HONORARY
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Godfrey, G., Prescott, AZ
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Karcher, A. H., Edinburg

Leeper, P., Weslaco
Link, H., Weslaco
Linnard, E., MeAllen
Rankin, C., Edinburg
Schultz, G. R., McAllen
Shull, A. V., Edcouch.
Sleeth, B., Weslaco
White, Glen G., Donna

REGULAR

Davidson, C. E., Mission
Davis, R. M., Weslaco

Albach, R. F., Weslaco
Amador, J., Weslaco

Anderson, N. L., San Benito
Arnall, N., Weslaco
Ausmus, W. V., McAllen
Bailey, L. L., Kingsville
Bentzinger, H. A., Edinburg
Bitters, W. P., Riverside, CA
Boulton, G. A., Mission
Bove, Craig, Monte Alto
Breckenridge, C. R., Donna
Bruton, Benny, Weslaco
Buford, W. R, Harlingen
Burger, David, Weslaco
Carter, W, W., McAllen
Caskey Estate, Weslaco
Chandler, L. D)., Weslaco
Colbaugh, P. F_, Dallas
Coltharp, 5. L., McAllen
Connelly, C., McAllen
Conrad, J., McAllen

Cowan, D., San Benito
Cox, E., Edinburg

Coy, Maye, Weslaco

Crane, R. J., MeAllen
Crawford, R. K., McAllen
Crocker, R. L., Dallas
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Dean, H., Weslaco
Donaldson, C. E., Weslaco
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Fankhauser, ., Mission
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Fankhauser, H. 1., Mission
Fernandez, D., Mercedes
Fitz, D. B., McAllen
Flowers, J., Edeouch
Foerster, C. 0., Elsa
Folger, D., Mission
Frazier, 5., Harlingen
French, J. V., Weslaco
Fueik, J., Weslaco

Gage, E., La Feria

Gates, W. R., McAllen
Gausman, H. W., Weslaco
Gerbermann, A. H., Edcouch
Gibson, F., McAllen

Goff, 4. M., Harlingen
Goode, J. P., Weslaco
Griffiths, F. P., Weslaco
Harding, G., Raymondville
Hart, W. G., Weslaco
Heald, C. M., Weslaco

Davalos, G. F., Monterrey, N.L., Mexico Hearn, J., KURY, Edinburg
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REGULAR (Cont’d.)

Henderson, 5. W., Jr_, Edinburg
Hensz, R. A., Weslaco

Hensz, R. L., Harlingen

Hentz, A. E., Harlingen

Hohbs, C. D., McAllen

Hodgin, G., Mission
Honeyeutt, E., Jr., Mission
Hruska-Mortensen, J. K., Weslaco
Ingle, 8. J.; San Benito

Jeske, D. L., Alamo

Jeske, Glen, Alamo

Jones, L. F., Mission

Jones, Whitney, Mission

Karle, F. G,, McAllen

Lee, Janie, Brownsville
Leyden, R., Weslaco
Litjestrand, C. A., Edinburg
Lime, B. J., Weslaco

Lioyd, J. L., La Feria

Love, G. H., Weslaco

Maveux, I., Harlingen
Maxwell, N., Weslaco

Meier, A. C., Mission

Menges, R., Weslaco
Meyerdirk, D., Riverside, CA
Miller, Marvin, Weslaco
Murray, A.T. S., MeAllen
MeFarland, W., Edinburg
Nightingale, A. E., College Station
Nixon, P. R., Weslaco
O’Kelley, R. J., McAllen

Orr, E. B., La Feria

Parker, W., McAllen

Pettit, R., College Station
Peynado, A., Weslaco
Reinking, R. B., Harlingen
Rodriguez, R., New York, N. Y.
Rogers, J. L., Harlingen

Rouse, R., Weslaco

Ruby Red Grove Service, Mission
Saldana, G., McAllen

Schuster, Frank, Alamo

Scott, A. W., Jr., Edcouch

Seely, R. B., New Braunfels
Seifried, Ed., McAllen

Serna, R. R., Victoria, Tamps., Mexico
Sherman, D. R., Michigan

Skloss, L., McAllen

Sluis, N., Edcouch

Smiley, R., Mission

Smith, G. B., Harlingen

Smith, J., Harlingen

Smith, K., Harlingen

Smith, L., Edinburg

Snider, B. B., Harlingen

Souls, J., Weslaco

Steeno, D., Harlingen

Stein, E. R., Weslaco

Swetland, F. L., I, Brownsville
Texas Sweet, MecAllen

Texas Valley Citrus Committee, McAllen
Theall, T3., La Feria

Thode, E., Harlingen
Thompson, D., Weslaco
Timmer, Pete, Lake Alfred, FL
Villalon, B., Weslaco
Villarreal, R., Weslaco
Waddy, D., Weslaco
Wallace, C., La Feria
Wallace, D. K., Weslaco
Wallace, Ed., Harlingen
Warren, D. G, Edinburg
Wiedenfeld, R., Weslaco
Wiegand, Craig, Weslaco
Wilthank, W., Gainsville, FL
Winter, Norman, Edinburg
Wright, J., Weslaco
Wutscher, H., Orlando, FL
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Gausman, H. W., Weslaco
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Hruska-Mortensen, J. K., Weslaco
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Longwell, D)., Hargill

Louis, W. F., Richland Center, W1
Love, G. H., Weslaco

Maxwell, N., Weslaco

Meier, A, C., Mission

Menges, R., Weslaco
Meyerdirk, D., Weslaco
Murray, A. T. 5., McAllen
McFarland, W., Edinburg
Nightingale, A. E., College Station
Nishuira, M., Nagasaki, Japan
Nixon, P. R., Weslaco

Orr, E. B., La Feria

Parker, W., McAllen

Peck, C., Weslaco

Pevnado, A., Weslaco
Reinking, R. B., Harlingen
Rodriguez, R., New York, N. Y.
Rogers, J. L., Harlingen
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Ruby Red Grove Service, Mission
Saldana, G., MecAllen

Scott, A. W._ Jr., Edcouch
Sherman, D. R., Michigan
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Smith, K., Hadingen

Smith, L., Edinburg
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Steeno, D., Harlingen

Stein, E. R., Weslaco

Swetland, F. L. III, San Benito
Taubert, G., Harlingen

Taylor, J. L., McAllen

Texas Sweet, McAllen

Texas Valley Citrus Committee, McAlle

Theall, D,, La Feria
Thode, E., Harlingen
Thompson, D., Weslaco
Villalon, B., Weslaco
Villarreal, R., Weslaco
Waddy. D., Weslaco
Wallace, C., La Feria
Wallace, D. K., Weslaco
Warren, D, G., Edinburg
Weisser, J., McAllen
Wiedenfeld, R., Weslaco
Wilhite, H., San Juan
Wright, J., Bayview
Wutscher, H., Orlando, FL



Program of the Thirty-Fourth Annual Institute
Rio Grande Valley Horticultural Society
January 22, 1980

MORNING SESSION: Dr. Rafael Cintron — Presiding

9:00 AM. Welcome, J. Vietor French, President, Rio Grande Valley
Horticultural Society.

9:10 AM. “Threshold Levels and Damage by Citrus Rust Mites™” — Dr,
Jon  Allen, Entomologist, IFAS Agricultural Research and
Education Center, Lake Allred, Florida.

10:10 AM. Juice and Donut Break
A symposium - Integrated Pest Management

10:30 AM. “Biocontrol of Citrus Mealvbug” — Dale Meyerdirk, Ento-
mologist, Citrus Insects Lab., U.S.D.A.JAR., Weslaco, Texas

10:45 A M. “Inter-Relation of Chemiecal and Biological Control™ — H., A,
Dean, Entomologist, T.A.E.S., Weslaco, Texas

11:00 AM. “Development of Extension Demonstration Work and Scouting
Technigues for Citrus Rust Mites” — Leon Smith, Citrus IPM
Co-ordinator, County Agent - Citrus

11:15 A M. IMP Panel Questions and Answers

11:30 AM. PRESENTATION OF ARTHUR T. POTTS AWARD
Victor French, President of the Society

11:45 AM. ELECTION OF OFFICERS AND OTHER SOCIETY BUSI-
NESS - Vietor French
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Journal Rio Grande Valley Horticultural Society, Vol. 35, 1982,

Energy Producing Plants, with Special Reference to Jojoba
and Guayule — Background and Brief Review'

Robert R. Cruse
Research Chemist, Subtropical Products
Chemistry Research Unit, USDA, SEA,
Agricultural Research, Weslaco, TX 78596

ABSTRACT

Fixed oil-, and hydrocarbon-bearing plants, especially jojoba (Simmondsioc chinensis
{Link} Schneider) and guayule [Partheniem argentatum,, Gray) are briefly reviewed, These
plants are respactively native to the Sonoran and Chihuahuan Deserts of Morth America.
Jojoba produces a liquid wax, unique to plants, which can replace sperm whale oil in cos-
metics, lubricants, and other industrial applications. Guayule produces a latex similar to the
natural rubber of the rubber tree, Hevoa braziliensis Muell, Arg) and which can with minor
refining, be used inlerchangeably with, or in place of, the Hevea natural rubber. Biologies]
considerations regarding the sperm whale (epdangered species) and geopolitical considers-
tions regarding sources of either natural rubber or synthetic rubber feedstocks make current
cultivation and development of jojoba and guayule in semiarid areas econamically feasible in
the United States and Mexico.

Essentially all higher plants are energy producing plants. The lignin, cellulose,
and lignocellulose remaining after death are sources of stored-up energy.

For purposes of this presentation, energy producing plants will be defined as
plants produeing significant quantities of fixed oils or of hydrocarbons, Even so,
this scope is still too broad. Corn, cotton, soy beans, safflower, sunflower, rape,
seasme, and flax are among those plants whose seeds produce significant quanti-
ties of fixed oils, generally referred to as triglycerides. The southern pine tree,
source of turpentine, also produces a glyceride oil known as fall oil as a by-
product of kraft paper manufacture.

In order to keep within reasonable limits, | will concentrate on a review of
two plants of regional and timely interest: jojoba and guayule. Jojoba produces
a fixed oil (a liquid wax) in the seeds, and guayule produces hydrocarbon poly-
mers in the plant tissue. Both of these plants are native to the Southwestern
United States and Northern Mexico (Sonora and Chihuahuan Deserts) and, in
the current state of international affairs are of economic interest regionally,
nationally and strategically.

Jojoba (Simmondsia chinensis), native to northern Sonora, Southern Arizona,
California south of Santa Barbara or Fresno, and Baja California, is a perennial
of the Box or Buxaceae family. First reports on the plant and its unique seeds

' Presented before the 35th Annual Horticultural Institute of the Rio Grande

Valley Horticultural Society, Jan. 20, 1981, under the title “Energy Produc-
ing Plants™.
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date back to 1701 in epistles of Padre Kino to King Phillip III of Spain (11). A
Jesuit priest, Clavijero, assigned to Mexico as a historian, wrote the first publish-
ed report on jojoba from Venice in 1789 (2). Other reports indicate the use of
the oil as a hair tonic or restorver, as a cure for cancer (2), stomach and kidney
disorders (%), and other medicinal applications (17}.

Jojoba oil is unique and differs from usual vegetable seed oils. As indicated in
Table 1 {14) the molecular structure is a monoester of a long-chain fatty acid
with a long-chain fatty alcohol. Triester or glyceride structures are found in all
other vegetable oils. Most other plant waxzes are leaf coatings and are solid; e.g.,
carnauba from the Brazilian carmauba palm and candelilla wax from a Northern
Mexican shrub, candelilia. Distribution of the major constituents in jojoba is not
entirely random (14); the principal monoester is the Co9 aleohol-Cag acid ester
(Tahie 1).

&

Table 1. Major Jojoba Acids and Alcohols {after Miwa, 14)

T

No. of Carbons

and Double Bonds Acids, % Aleohols %
18:1 & B
20:1 35 22
22:1 i} 21

Major component is an ester consisting of a Ca9 alcohol and a Cay acid.

The jojoba industry has investigated possible products or extractives. Jojoba
can replace sperm whale oil as liquid lubricant. It can be reacted with sulfur
(=10%) to make an extreme pressure lubricant and hydrogenated to a solid wax
(mp 1587 - 168"F) to replace spermaceti, beeswax, and some carnauba and other
waxes in eosmelics, candles, and polishes. Jojoba oil is edible and non-fattening;
however, it may have the laxative effect of mineral oil,

Jojoba is a perennial that grows as long as 100-200 years according to some
investigators (15) and utilization of the plant stem, leaf, and root fiber poses no
problem. After extraction of the oil seeds, a seed meal contaning about 30%
erude protein can be produced. This meal depressed appetites in test animals in
feeding studies due to its content of cyanogen glycoside, simmondsin (Fig. 1)
and the presence of the nitrile (-C =N) moiety (7, 8). Verbiscar et al (20) have
detoxified this group by treating the meal with ammoniacal hydrogen peroxide
and have also used an extended hydrolysis with ammonia. Jojoba seeds have
hulls similar to soy bean pods and have to some extent been included in the
medl. The protein content of the mixture iz about 5% less than jojoba meal
without the hulls, The hulls have been used as a soil mulch; another possibility

12



is the use of the finely ground hulls as a filler in dynamite and other nitro-
glyveerine based explosives.

CH:0H
OCH,
HO

0 OCH:

OH

Fig. 1. Simmondsin.

Jojoba plantations have been established on the Papago Indian reservation
west of Tueson, Arizona, and on the reservation of the San Carlos Apache In-
dians, northeast of Globe, Arizona. Additional plantings have been made in the
Wellton-Mohawk irrigation area in Arizona near Hyder, and in California. Culti-
vation is also being tried in Costa Rica. Although jojoba is indigenous to an area
having a normal rainfall of 12 inches a year or less, Clufl (3) has indicated that
better growth and yield could be obtained using about double this amount of
water. A catchment basin arrangement was made in the Papago Indian planting
to retard the water run-off, especially water from the summer cloudbursts. Har-
vesting still presents a problem, as the jojoba seed do not all ripen at the same
time. The Papago and San Carlos Apache Indians use tribal labor to pick the seed
by hand; such labor would not be available to a commercial jojoba plantation.
Cranberry, blueberry and rasherry harvesting rakes have been used with varyving
degrees of success.

A recent issue of Jojoba Happenings (&) lists 56 individuals and organizations
other than the Dffice of Arid Lands Studies, including the Jojoba Commeodities
Group of North Hollywood, Calif., offering jojoba plants, products, or services.
With the proper strains of plants, jojobs could well be an economic crop for the
Lower Rio Grande Valley area.

In North America, interest in hydrocarbon plants has primarily been centered
on guayule (Parthenium argentatum), a xerophytic, lactiferous plant native to
the Chihuahuan desert (northermn Mexico and the Big Bend area of southwest
Texas). The Spaniards in the 16th century reported the native Indians playing
with a “ball from the juice of a certain herh” (5). The Indians also discovered
the rubber could be extracted from the plants by chewing (16). The plant was
“rediscovered” in 1852 by Biglow (Droze, 5), and commercial exploitation
started in 1888. Mills to utilize the wild plant were built at Jimileo, Mexico in

13



1902, and in Marathon, Texas in 1909. Meanwhile, the Hevea rubber tree
{Hevea braziliensis) was being exploited. An Englishman smuggled some 70,000
seeds out of Brazil in 1872 (export of the seeds was illegal in Brazil at that time)
in a stuffed alligator, and started the rubber plantations in Southeast Asia. Sub-
sequently, France and the Netherlands joined in producing Hevea rubber in
Indo-China (Vietnam) and the then Dutch East Indies (Indonesia). Firestone
launched a Hevea plantation in Liberia somewhat later. As a result guayule
mills in the U.5. shut down. No commercial plantations of the native Hevea
exist in Brazil because it is attacked by an indigenous fungus or rot (10), which
is not found in Southeast Asia.

World War II shut off rubber imporls [rom the Malaysia-Indonesia area and
shipments from Liberia and Brazil to the U.S. mainland were rendered hazardous
by the German U-boats. The Office of Rubber Reserve was established in the
1940% to obtain, by whatever means, enough rubber to sustain the war effort.
The synthetic styrene-butadiene rubber (SBR) did not meet Federal specifica-
tions during the war for vuleanization characteristics, and it was necessary to use

A
I | I |
l I
B
I I I
I I |
c

I | | I [

Fig. 2. Isoprene polymers (skeletal structure) A) Isotactic {natural rubber,
cis-orientation of the side methyl group) (B) Syndiotactic (gutta
percha rubber, trans-orientation of the side methyl group) (C) Atactic
(random orientation of the side methyl group).
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natural rubber as a co-polymer or adhesive between plies to keep from losing the
treads. With improved technology, the synthetic rubber program produced from
petroleum, ample quantiities of polymers having the desired cis-polvisoprene
structure (Fig. 2). In the 1970 the rapid rise in petroleum prices, plus the
world-wide geopolitical upheaval rendered the rubber supply again a long-range
crisis for the United States for natural and synthetic as well. As a result, atten-
tion has been onee again directed to the guayule plant.

Guayule will grow on approximately 12 inches of rainfall a year. In guayule,
the polyisoprene latex is formed as a result of a drouth resisting mechanism (12),
s0 that irrigation would have to be withheld for a period preceding harvest, or
harvest schedules would depend on antecedent rainfall. The purity of the cis-
isoprene polymer in guayvule latex is about 80%, compared to 93% purity in
Hevea latex, and this is a disadvantage. This problem has been largely solved by
an acetone extraction of the component resins (18). The Mexican government
has continued research on guayule al a plantation and pilot plant in the area of
Saltillo, Coahuila. Harvest is in 2 stages: cutting aerial portions of the plants
(pollardization) after 3 years; and total uprooting of the plant after 5 years
followed by replantings. An economic survey of puayule made by the Texas
Agricultural Experimenit Station in 1980 indicates production cost of eis-
polyisoprene latex varies between $0.24 and $1.17/lb (19). This appears to be
within reasonable economic limits for a profitable cultivation program, depend-
ing on a number of circumstaaces, including the market price of alternative
crops, particularly cotton, for use of the same land.

The hydrocarbon bearing plants cover a wide scope. The southern pine tree is
not only tapped for turpentine (gum spirits wood turpentine) but the wood is
steam-distilled to obtain more hydrocarbon (steam-distilled wood lurpentine).
Also, a fixed oil, tall oil, triglvceride containing substantial oleic and linoleic
acids as well as rosin derivatives are obtained as byproducts of kraft paper manu-
facture. The major emphasis in this presentation, however, is on lactiferous
(latex-bearing) plants. Even this is a wide scope as indicated by the work of
Buchanan and Otey (1). In addition to the rubber tree (Hevea braziliensis) and
the euphorbia species, including “milkweed” and poinsettia, goldenrod, Kok-
sagyz (a Russian vine), and cryptostegia, a vine native to Madagascar (4) have
been investigated as rubber sources.

The term “gasoline plants", given to the hydrocarbon bearing plants is at best
a mild misnomer. Most, if not all hydrocarbons, or their essential oil derivatives
found in plants are terpenes, which are based on the monomer isoprene
(2-methyl -1, 3-butadiene, Fig. 3). In contrast, 100 octane non-leaded gasoline is
2, 2, 4-trimethyl pentane and all lots of pasoline produced are rated for their
“Octane number”™ with this compound as a standard. Also, olefins or diolefins
{as isoprene is) are considered undesirable in pasoline due to gum-forming len-
dencies. It is possible that isoprene or its lower polymers could be subjected
to proper conditions of catalyst, temperature, pressure, and time to yield hydro-
carbons suitable for use in gasoline mixtures. Modern refinery technology eould
doubtiess be modified for this purpose if the economics warranted.

15



Hz C:CWCZCHQ
CH.

* GH 4
H. C—C—C—C—CH.
CH.H: CH.

Fig. 3. Structural comparison of : A) Isoprene (2 methyl -1, 3-butadiene)
and B) Isooctane (2, 2, 4trimethy! pentane).
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ABSTRACT

Heflectance was measured for 1-m2 range grass plots with two canopy treatments (stand-
ing and elipped) and four levels of litter accumulation and for grain sorghum with two
canopy treatments, Reflectance was significantly higher at the 0L65- to 1.65-, and 2.20-pm
wavelengths for both grass and grain sorghum canopiess when the canopies were clipped and
the resulting litter was removed, The natural aceumulation of litter under the grass canopy
did nol significantly affect reflectance, The 1.66~ and 2.20-4m wavelength reflectances of
the live grass and the intact litter were 21.8% and 16.2%, respectively, and those of grain
sorghum were 21.8% and 16.5%, respectively,

The quantity of biomass on the soil surface is important to a range or farm
manager in determining the capacity or duration of 2 grazing period and protect-
ing the soil from water and wind erosion. The deduction of biomass levels from
reflectance measurements would allow the range manager to base grazing deci-
sions on data that are more current, more representative of the area being grazed,
and that are available in a more timely manner than is possible with conventional
methods. Data with these attributes would reduce the odds that the range would
sustain damages due to overgrazing.

Pearson and Miller (5) found that over the 0.35- to 0.80-pm waveband, per-
cent reflectance inereased as biomass decreased, bare soil had a higher reflec-
tance than dead vegetation, and green vegetation had a lower reflectance than
either the bare soil or the dead vegetation.

Leamer et al. (3) reporied that bare soil had a higher reflectance than green
vegetation at all wavelengths (WL) between 0.50 and 2.50 um except those
between 0075 and 1.30 pm, at which green vegetation had higher reflectances.
The important WL for determining percent cover for two wheat cultivars from
reflectance data were 0.65 to 0,75, 0.90, 1.10, 1.65, and 2.2 um. However, the
linear correlation coefficients for the relation between percent cover and reflec-
tance at the 1.65- and 2.20-um WL were higher than those at other WL through-
out more of the growing season.

Gausman et al. (2) reported that for five out of six crops reflectance differ-
ences between dead leaves and bare soils were greatest for WL from 0.75 to
1.35 pm,
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Standing sugarcane residue (sugarcane killed by frost) and soil were less
reflective than bare soil or soil covered with littered residue (1). The standing
sugarcane residue was less reflective than the littered residue because of shadows
in the field of view.

Our main objective was to determine the effect of plant litter accumulations
beneath perennial grass canopies on reflectances at the 0.55-, 0.65-, 0.85-, 1.65-,
and 2.20-um WL,

MATERIALS AND METHODS

A coastal range site located on a Galveston sand (Typic Udipsamments) with
a native vegetation canopy consisting mainly of the bunch grass seascoast blue
stem (Andropogon scoparies var. lilloralis) was selected for one study site. The
site had not been grazed for about 20 years and a large quantity of litter had
built up between the soil surface and the grass canopy.

A randomized complete block design, replicated four times, with four treat-
ments applied to each of four 1-m2 plot areas was used. Treatments and order of
application were: (1) live vegetation and litter intact {LLI}; (2) live vegetation
intact, with one-half of litter removed (LIHLR); (3) live vegetation intact, with
all litter removed (LIALR); and (4) live vegetation clipped, with litter and live
vegetation removed (LLR) (Fig. 1).

Reflectance spectra for all studies were taken with an Exotech Model 20 field
spectroradiometer (3). (Mention of company or trademark is for the reader’s
benefit and does not constitute endorsement of a particular product by the U, 5.
Department of Agriculture over others that may be commercially available.)
One spectrum each for incoming and outgoing radiation was taken for each treat-
ment on each plot; 60 seconds were required to complete both spectra. Reflec-
tance readings were taken from a circular area about 30 cm in diameter within
each 1-m2 plot by positioning the instrument directly over the center of the
plots at a height of 1 m above ground. Reflectance measurements were made
during the same time period (1030-0230) each day. Outgoing radiation was
ratioed to incoming radiation to caleulate percent refllectance.

An F ratio was caleulated for each of five WL [0.55, 0.65, 0.85, 1,65, and
2,20 pym) to test for significance among treatment means, and means for each
wavelength were compared with Duncan’s multiple range test (p = 0.05).

The 3 canopy components, inflorescences and stems, standing green, and
standing brown biomass were determined by clipping the canopy at ground
level in 20 quadrats (each 50 cm by 50 cm) and separating the clippings into the
3 components. The 20 quadrats were located next to the 1-m2 areas used for
making canopy reflectance measurements,

The other study site was four 1-m2 plot areas planted to grain sorghum
[Sorghum bicolor (L.) Moench] on Hidalgo sandy clay loam {Typic Calciustolls).
The plants emerged about September 21, 1978, with populations of 228, 261,
270, and 300 plants/plot.

Reflectance was measured on October 18, 1978, when the plants were about
30 cm Lall. After reflectance of plants was measured, the planis were clipped and
removed from the plol area. The reflectance of the remaining stubble and the
now-exposed dry, crusted soil surface was then measured.
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Fig. 1. Grass plot, showing the four treatmenis: A - live vegetation and
litter intact (LLI}; B - live vegetation intact, one-half of litter removed
(LIHLR); © - live vegetation intact, all litter removed {LIALR):
) - live vegetation clipped, with clipping and litter removed {LLR).
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Student’s t test (p = 0.01) was used to compare reflectance means for plants
with those for stubble and exposed soil at the 1.65-and 2.20-um wavelengths (6).

RESULTS AND DISCUSSION

The appearance of the 1 m2 grass plots on the coastal sand range site is shown
in Fig. 1.

Reflectance spectra associated with the four treatments (LLIL LIHLR, LIALR,
LLR) applied to the 1-m2 plots on the coastal sand range site for the 0.50- to
0.70-pam, 0.75- to 1.30-pm, 1.50- to 1.75-pm, and 2.00- to 2.50-um wavebands
are shown in Fig. 2. The LLR treatment had the highest reflectance for all ex-
cept the 0.75- to 0.90-um portion of the 0.75- to 1.30-um waveband, in which it
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Fig. 2. Spectrophotometrically measured reflectances for the four grass plot
treatments: LLI - live vegetation and litter intaet; LIHLR - live vege-
tation Intact, one-half of litter removed; LIALR - live vegetation
intact, all litter removed; LLR - live vegetation clipped, with clipping
and litter removed.
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was lower than or equal to the other treatment reflectances. Resulting spectra
were as expected, except for the 0.75- to 1.30-um waveband, for which the re-
flectance spectra in the 0.75- to 1.10-u4m waveband were expected to be much
higher, similar to those of live wheat plants (3). However, the vegetation spectra
resembled the speetrum for bare soil. The standing vegetation biomass that was
clipped, removed from the plots, and oven dried was 29.1% inflorescences and
stems, 26.4% standing brown biomass, and 44 5% standing green biomass, It is
speculated that the 55.5% nongreen biomass (29.1% inflorescences and stems,
and 26.4% standing brown biomass) and shadows (Fig. 1) caused the reflectance
for this waveband to be low. This conclusion is supported by the work of
Gausman et al. (2}, in which dead leaves did not have the characteristically high
reflectance of live vegetation in this waveband.

The reflectance levels for vegetation in the 1.10- to 1.30-ym waveband were
expected to be similar to those for LLR treatment (Fig. 2) and those for crop
residues (1). However, they resembled the spectra for live wheat plants (3).

The 44.5% green biomass probably absorbed sufficient radiation to cause this
decrease in reflectance. This is supported by Myers et al. (4), who showed that as
leaves are stacked deeper over the spectrophotometer’s port, the rate of absorp-
tance for the 1.20-pm WL is higher than that for the 1.10- and 1.30-um WL%.

The F ratios for 0.65-, 1.65-, and 2.20-um WL’ were significant (p =0.05),
while those for the 0.55- and 0.85-um WL were not,

Duncan’s multiple range test indicated that the reflectance mean for the LLR
treatment was higher than and different from all other means, which were
alike (Table 1). This was true for all WL with significant F ratios. Since reflec-
tance means for the LLI, LIHLR, and LIALR treatment were statistically alike,
it is highly probable that the litter accumulation had no effect on reflectances,
and when the guantity (50% or more) of shadow present within the plot area
{Fig. 1) is considered, it seems likely that shadows caused reflectances for the
three treatments to be alike. For the 0.65-pum WL, Pearson and Miller (5) and
Leamer et al. (3) attributed this result to the very efficient absorption of inci-
dent radiation by the vegetation, causing a lower reflectance.

The decrease in reflectance for the 1.65- and 2.20-pm WL was also observed
by Leamer et al. (3), who attributed this decrease chiefly to a lower-reflecting
vegetative canopy that obscured a higher-reflecting soil background. Shadows
and plant water contents were also conftributing factors.

The calculated t values for the 1.65- and 2.20-pm WL indicated that reflec-
tances for clipped grain sorghum plots were significantly (p = 0.01) higher than
those for unclipped plots (Table 2). These results are also attributed chiefly to a
low-reflecting vegetation canopy that obscured a high-reflecting soil surface,
along with the influence of shadows,

The percent reflectances at the 1.65- and 2.20-pum WL’ of grass plots with
the LLI treatment were 21.8% and 16.2%, respectively, while those of plots with
a prain sorghum canopy were 21.8% and 16.5%, respectively. Therefore, it
appears that the species and condition (green or semigreen) of the vegetative
canopy did not influence the reflectances for these two WL's.

The shape of the reflectance curve for the 2.00- to 2.50-um waveband differ-
ed widely for the LLR grass plots and for the clipped sorghum plots. The curve
for the LLR grass plots was bimodal (Fig. 2), whereas the curve for the clipped
grain sorghum plots was bell shaped, with low reflectances for the 2.00- and
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Table 1. Percent mean reflectances measured at 3 wavelengths for a grass
canopy with 3 levels of litter established under the canopy and for
grass canopy clipped with clipping and litter removed.

=

Treatment } Wavelengths
0.65 pm 1.65 um 2.20 pm
{Percent)
LLR* 7.68 a¥ 30.98 A 2765 A
LLI 6.27 b 21.85 B 16.02 B
LIHLR 5.72 b 20.52 B 15.30 B
LIALR 5.65 b 2038 B 14.73 B

¥ Significant at the 0.05 or 0.01 levels, respectively. All percent mean reflec-
tances followed by a common letter are not significantly different.
% LLR-live vegetation clipped, with clipping and litter removed;
LLL-live vegetation and litter intact;
LIHLR-live vegetation intact, one-half of litter removed;
LIALR five vegetation intact, all litter removed.

Table 2. Percent mean reflectances measured at 3 wavelengths for a sorghum
canopy and for sorghum stubble,

Treatment 1} Wavelengths
{L65 pm 1.65 um 2.20 pm
(Percent)
Canopy 18.5 29.4 30,48
Stubble® 179 219 1645
Found t¥ 0.82N85 7.33% 21.93*

% Canopy clipped with clippings removed.
¥ Required t g5(6)= 2.45
= Significant at the 0.05 level. NS = Not significant.

2.50-gm WL and a high reflectance for the 2.30-pm WL. The differences be-
tween these spectra were probably due to a moderate wetness of the soil surface
and a dark, decaying organic residue remaining on the stubble after the removal
of the grass canopy and litter.

Reflectances at 1.65- and 2.20-pm WL were higher from plots where the
canopy was clipped and the litter was removed than from plots with vegetation
and litter. Species (grain sorghum or grass) or condition {green or semigreen) of
the canopy had no significant effect on the level of reflectance for these two WL,
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The level of litter that accumulated between the plant canopy and the soil sur-
face had no effect on level of reflectance at the 0.65-, 1.65-, and 2.20-um WL.
More research is needed to satisfactorily account for the unusual reflectance
spectra for grass canopy and litter in the 1.10- to 1.30-pm waveband and for
that associated with the LLR treatment in the 2.00- to 2.50-um waveband.
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ABSTRACT

Farnesol, an antitranspirant, was sprayed on wateved and unwatered cotton (Gossypium
hirsufum LY and cantaloupe (Cuwcumis melo Lo varn, Contalupensls Maud.) plants at concen-
trations of 22,7, 46,4, and 90,8 g a.i. ha: control plants were spraved with distilled water.
For the unwatered plants, the 45.4 g a../ha treagtment meintained leaf water content longer
and retarded chlorophyll degradation as compared with control plants and the other Farne-
sol treatments. Leaf water content changes could be detected spectrophotometrically before
effects could be seen visually: ag leaf water content decreased, reflectance increased at the
1650 and 2200 nm wavelengths, Farnesol had no effeet an leal refllectanae of watered plants
bBut reduced their dry weights, Farnesol should be field tested as an antitranspirant on
agronomic and hortieullural. erops using varfous concentraitons at growth stages ranging
from emergence Lo maturity.

In recent years, efforts have been made to find practical uses of plant anti-
transpirants--substances applied to plants to reduce their transpiration (2, 5, 6).
Farnesol, a sesguiterpenoid, is a promising antitranspirant. All-trans Farnesol is
formed within water-stressed sorghum (Sorghum sudanese Hitche.) plants (4, 7).
When all-trans Farnesol was applied to intact leaves of grain sorghum (Sorghum
bicolor (L) Moench), stomata opening was inhibited for 2 days, then they re-
gained their ahility to open (2). Success of the stomatal-closing type of anti-
transpirant depends on a great reduction in transpiration relative to net photo-
synthesis (6).

Our main objective was to observe responses of cotton and cantaloupe plants
to Farnesol using leaf reflectance to indicate variations in leat water content.
Cotton and cantaloupes are important crops in the Lower Rio Grande Valley of
Texas, A reduction in transpiration could reduce the amount of irrigation water
needed to produce these crops, providing that pholosynthesis and plant growth
were not inhibited by the chemical.
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MATERIALS AND METHODS

Cantaloupe and cotton seed were germinated in peatl pellets (Jiffy pots)ina
greenhouse in November and December 1978, respectively. (Mention of a com-
pany or trademark is included for the readers’ benefit and does not constitute en-
dorsement of a particular product listed by the U, 5. Department of Agriculture
over others that may be commercially available ) Eight days after emergence, six
cantaloupe plants/pot and two cotton plants/pot were transplanted in a mix of
one part of Perite to 200 parts of Hidalgo sandy clay loam (Typic Calciustolis)
contained in 2.5 liter capacity plastic pots. A 10-20-5 fertilizer was added Lo the
mix to give the equivalent of 67.2 kg of N/ha. All pots were surface irrigated
with equal amounts of rain water.

Cantaloupe plants were sprayed at the fourth leaf stage—cotton plants at the
seventh leaf stage. A randomized complete block design was used for each crop.
Four replications of four treatments were used: control (planis sprayed with
distilled water) and Famnesol at 22.7, 454, and 90.8 g ai./ha. The plants were
sprayed with a hand sprayer with a volume equivalent to 252 liters/ha. After
treatment, one-half of the pots were watered equally; the other half was
unwatered.

A Beckman Model DE-2A spectrophotometer, equipped with a reflectance
attachment, was used to measure total diffuse reflectance on the upper (adaxial)
surfaces of plant-atiached single leaves over the 500 to 2500 nm waveband. Data
were corrected for decay of the barium sulfate standard to give absolute radio-
metric data (1). Reflectance data for each plant were obtained from the third
true leaf of the cantaloupe plants and the fourth true leaf of the cotton plants
over the entire measurement period, Measurements on cantaloupe and cotton
leaves were taken daily beginning just before the plants were sprayed and up to
13 and 14 days alter spray application, respectively.

Five wavelengths, selected from the 41 wavelengths measured over the 500 to
2500 nm waveband, were 550 nm (green reflectance peak), 650 nm (chlorophyll
absorption band), 850 nm (a wavelength on the neardinfraved plateau), 1650 nm
(reflectance peak following the water absorption band at 1450 nm) and 2200 nm
ireflectance peak following the water absorption band at 1950). The first two
wavelengths were used to evaluate the effect of chlorophyll (9), the third to
speculate on the effect of leaf structure (3), and the fourth and fifth to show the
effect of leafl water content (10) on reflectance. Reflectance data for each wave-
length were analyzed for variance: the LSD at p = 0.10 was used to test differ-
ences between the control and each of the three Farnesol treatments for the
cantaloupe plants, and Dunecan’s mulliple range test (8) was used to test the
significant differences among treatment means for the cotton plants. The effect
of the water content of the test cotton leaves was determined on a dry-weight
basis by oven drving at 68°C for 72 b then cooling in a desiccator before weigh-
ing after the last spectrophotometric measurement. The effect of the treatments
on the linear correlation and regression ( p = 0.01) between water content and
reflectance of the cotton leaves was studied at the 1650 and 2200 nm wave-
lengths for unwatered plants.

The effect of Farnesol treatment on biomass production was determined
from plant dry weights (cotton or cantaloupe) obtained as above, The analysis
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variance and Duncan’s multiple range test (p = vivw, oo
ight data.

RESULTS AND DISCUSSION

Unwatered plants: Differences between control and Farnesol-treated canta-
upe and cotton leaves were spectrophotometrically apparent at 10 and 6 days
fter treatment, respectively, although there were no visual changes in their
ppearance.

Thirteen days after Farnesol applications to cantaloupe plants, 22.7 and
10.8 g a.i./ha significantly increased leafl reflectance at the 550- and 650-nn
risible light wavelengths; whereas, 45.4 g a.i.fha significantly decreased reflec
tances as compared with that of control plants (Fig. 1A). Fourteen days afte
treatments were applied to cotton plants, reflectances of Farnesol-treated leave
at the 550 nm wavelength were 21, 21, and 13% lower than the controls for th
22,7, 454, and 90.8 g a.i./ha treatments, respeetively (Fig. 2A). The fact th:
both cotton and cantaloupe plants treated with 454 g a.i./ha had the lowest le
reflectance at the 550 nm wavelength suggests that leaves from this treatme
had a higher cholophyll concentration than the control and other Farnes
treated leaves. Therefore, 45.4 g a.i./ha Farnesol spray apparently retarded l¢
chlorophyll degradation under drought conditions.

Leaf reflectances at the 750 to 1350 nm waveband were influenced more
leaf water losses than by changes in internal leaf structure (3). A comparison
Fig. 1A and 2A with Fig. 1B and 2B indicates that watered plants had the sa
leaf reflectances regardless of treatment; whereas unwatered plants had dif
ent leaf reflectances in the 750 and 1350 nm waveband. When a leaf dehydra
air spaces are created and reflectance increases.

The higher water content of cantaloupe and cotton leaves treated with
45.4 g a.i./ha concentration was detected at the 1650 and 2200 nm wavelen
(Fig. 1A and Fig. 2A, respectively). A decrease in leaf water content was
ciated with an increase in reflectance. A relationship expressed by highly si
cant linear regressions, r = -0.87 (r* = 0.76) and r = -0.89 (r* = 0.79) fo
1650 and 2200 nm wavelengths, respectively (Fig. 3). The control leaves ha
highest reflectance and the lowest water content (68%); whereas, the 4
a.i./ha Farnesol treatment had the lowest reflectance, but it had the h
water content (72%). These data are not included in the paper. All Far
treated leaves had a significantly lower reflectance than the control leaves
1650 and 2200 nm wavelengths.

The average dry weights for cotton, 1.05, 1.06, 1,12, 1.06 g/plant {
control, 22.7, 454, and 90.8 g a.i./ha Farnesol, respectively, were not
cantly differently but showed a slightly increasing tendency for the Fa
treated plants, especially for the 45.4 g a.i./ha concentration. The aver:
weights for cantaloupe, 0.95, 1.03, 0.96, and 0.97 for the control an
454 and 90.8 g a.i./ha treatments, respectively, were also nol signi
different. Therefore, Farnesol applied at an optimum coneentration m

crease biomass under drought stress.

Watered plants: Farnesol significantly decreased the average dry we
walered cantaloupe plants, 1.84 g for the control compared with 1.75, 1
1.64 g for the 22.7, 45.4, and 90.8 g ai./ha treatments, respectively.
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decreased transpiration sufficiently to reduce nutrient uptake and photosynthe-
sis. The lower franspiration gave a higher leaf water content which was detected
by the significantly lower reflectance of treated as compared with that of
control leaves at the 1650 and 2200 nm wavelengths (Fig. 1B).

Farnesol treatments affected neither the reflectance of cotton plant leaves
(Fig. 2B} nor their water content. However, Farnesol showed some impact on
the averape dry weights of cotton plants: 1.22, 1.38, 130, and 1.15 g/plant
for the control, 22.7, 45.4, and 908 g a.i fha Farnesol, respectively. Thus, the
22.7 and 45.4 g ali./ha concentrations increased; whereas, the 90.8 g a.i./ha con-
centration decreased the dry weights.

Farnesol should be field tested as an antitranspirant on agronomic and horti-
cultural crops using various concentrations at growth stages ranging from emer-
genee to maturity.
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Ultrastructural Observations on Increase of Cold Tolerance in
Cotton Plants (Gossypium hirsutum L.) by Mepiguat Chloride
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ABSTRACT -

Cotton plants, 19 days after emergence, were treated with mepiguat chloride (MC) at the
rate of 70 g a.i /ha, Seven days later, planis were subjected to & cold hardening process with
15.5°C day (12h) and 1.7°C night (12h) for 10 days then held at -2.2°C for 24 hours, After
the cold exposure, leaf samples were collected from the MC-treated and nontreated plants
for electron micrescopic {EM) and slectrolyie leakage studies.

The MC-treated leaf's plasma membrane was altered by protein aggregation, yvet most of
the plastidal envelope and the thylakoidal system were Intact. The three membrane systems
of the nontreated leaf showed extensive degeneration. The difference belween treated and
nontreated plants was shown by electrolyie leakage and plant mortality data, Nontreated
leaf dizes leaked two times more electrolyte than treated leaf dises, and 60 and 20% of the
nontreated and treated plants died, respectively.

Experimental results indicate thal exogenously applied abscisic acid (ABA)
increased potato frost hardiness (7) and prevented chilling injury in cotton (13),
and mepiquat chloride (MC) increased cotton cold tolerance (4).

Both ABA and MC have antigibberellin activity (15, 16) and increased eold
hardiness is usually accompanied by a greal reduction in gibberellin activity (15).
However, in Acer negundo (maple) the development of cold hardiness was not
related to gibberellin activity reduction (5).

The hasic mechanism for increased cold tolerance is unknown. It is believed
that the phyvsiological basis for cold tolerance must be sought largely at the
molecular level, perhaps mainly in membrane struciure and ensyme gctivity .

Our objective was to study, with an electron microscopic technigue,; differ-
ences in membrane structure of MC-treated and nontreated coiton plant leaves
before and after cold treatment.

MATERIALS AND METHODS

Cotton plant seeds {cultivar, ‘MeNair 220°) were germinated in peal pellets,
and seedlings were transplanted into plastic pots containing a 1:200 mixture of
perlite and Hidalgo sandy elay loam (Typic Calcustolls). A 10-20-5 fertilizer was
added to the mixture al the equivalent rate of 67.2 kg of Nfha, All pots were
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surface irrigated equally every 2 days with rain water until they were used for
cold treatment. "

Twenty uniform plants were selected for experiment 19 days after germina-
tion. Ten plants were spraved with distilled water and ten plants with MC (1,
1-dimethylpiperidinium chloride) at 70 g a.i./ha concentration. Seven days later
the plants were given a cold hardening process with 15.5°C day (12h) and 1.7°C
night {12h) for 10 days, then held at -2,2°C for 24 hours in the dark. Two hours
after the cold treatment, the number of damaged plants was counted, and leaves
of the same chronological age were randomly selected for electrolyte leakage
measurements and for electron microscopic observations.

Five discs, each 15 mm in diameter, were punched out from each of three
leaves with a cork borer, weighed and floated on 20 ml of distilled water. The
amount of electrolyte that leaked out affer 6 hours at room temperature was
measured with a model 31 ¥SI Conductive Bridge (Mention of company name
or trademark is for the readers’ benefit and does not eonstitute endorsement of a
particular product by the USDA over others that may be commercially available).

Stained sections for examination in a Hitachi HU-11E electron microscope
were prepared as follows: leaf tissues were fixed in 4% glutaraldehyde in sym-
collidine buffer (pH 7.4) overnight at room temperature with the buffer vacuum-
infiltrated into the tissues for 30 minutes at the beginning of the fixation; then
fixed-in 2% osmium tetroxide in sym-collidine buffer (pH 7.4) for 1 hour at
room temperature, After dehydration of the tissues in two changes each of 25,
79, and 95% acetone, the tissues were rapidly washed in 10 changes of 100%
acetone and then embedded in Maraglass-655, Ultrathin sections were cut on a
Sorvall-Porter Blum MT-1 ultramicrofome. The sections were mounted on 200
mesh copper grids, stained for 5 minutes in a 50% alcoholic solution of uranyl
acetate and followed by lead citrate staining for one minute,

Table 1. Electrolyte leakage of leaf discs from MC-treated and nontreated
cotton plants before or after cold treatment at 15.5°C day (12h) and
1.7°C night (12h) for 10 days and then to -2.2°C for 24 hours in the

dark.
T0 MC treated Nontreated
{eonductance, umhos/mg of leaf disc % sd)
Before cold treatment 0.176+.042 0.179+.035
After cold treatment 0.878+.130 1.822£.274
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Fig. 1. A portion of cotton leaf cells from MC-treated plant. a) before cold
treatment: all structures were normal, magnification X30,200. b) after
cold treatment: the plasma membrane was altered, but most of the plas-
Lidal envelope and the thylakoidal system were intact, manification
¥19,200. CW-cell wall, PM-plasma membrane, G-granum, T-thylakoid,
PE-plastidal envelope,
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RESULTS

After chilling at 1.7°C for ten nights, littie damage other than slight wilting
was observable on all plants., When the same plants were exposed to -2.2°C for
24 hours 60% of the control plants were killed but only 20% of the MC-treated
planis appeared to be dead. Dead plants showed typical freezing injurv, a dark-
ened, limp and water-soaked appearance after thawing. Control plants’ leaf
discs leaked 10 times more electrolytes than those of nonchilled plants and two
times more electrolyte than those of the MC-treated and chilled plants (Table 1).

No important ultrastructural difference in membrane structure was noticed in
the leaf tissues between the MC-treated and nontreated plants before cold treat-
ment (Fig. 1a). All membrane structures and organelles in the cells appeared to
be normal. After cold treatment, however, the plasma membrane of the MC-
treated leaf was altered (Fig. 1b). The characteristic organization of the unit
membrane was disrupted and densely stained particles appeared in the vieinity of
the damaged plasma membrane, Judged by the staining property and the size,
those densely stained particles could be protein aggf‘egat.es. The normal space
between the cell wall and the plasma membrane disappeared, but most of the
plastidal envelope and the thylakoidal system were inact. This membrane altera-
tion apparently was reversible or could be repaired because some leaves used to
colleet the dises and showed membrane alteration were alive three weeks after
the cold treatment. The three membrane systems of the control tissues showed
an extensive degeneration due to freezing damage (Fig. 2). Most organelles were
disorganized and the most prominent cellular debris was large and darkly stained
irregular bodies. MC-treated plants sustained much less freezing damage than the
nontreated plants at the ultrastructural level.

DISCUSSION

We showed that cotton leaf cell membranes and structures may be injured by
freezing. The plasma membrane was more sensitive to freezing than the platidal
membrane and chloroplast thylakoids. Other researchers made the same conclu-
sion using freeze-injured potato leaf cells {11) and spinach leaf cells (14). How-
ever, some damage and alteration in the plasma membrane may not be lethal.
Theoretically, according to Levitt and Dear (6), low temperature; denatures
proteins reversibly; unmasks reactive SH groups because freeze-dehydration re-
moved cell water; and affects intermolecular bonding caused by SH oxidation by
aggregating proteins irreversibly to kill cells, Since plasma membrane proteins
have not been investigated there is no direct support for the theory. Though it
is known that chemical combination can occur between S atoms of adjacent
protein molecules, the origin of the densely stained particles could not be
ascertained,

Ultrastructural evidence suggests that the inheritance site of extranuclear
temperature-sensitive lethality In the mutants of Nicoliana tabacum L. (tabacco)
is in the chloroplasts (8, B). Also, cold hardening is associated with changes in
chloroplasis (T):  Z2-chloroethyl-trimethyl-ammonium chloride (CCC) treat-
ments of Pisum sativum (pea) leaves changed the structure of their chloroplasts
(10) and absecisic acid (ABA) reduced number and length of stroma thylakoids
and total thylakoid length of developing chloroplasts (2). Therefore, it is
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Fig. 2. A portion of colton leaf cells from nontreated plant showing an exten
sive disorganization of cellular structures due to freezing damage,
magnification X5,200.

reasonable to assume that chloroplast constituents function in cold tolerance
induction. Qur study indicated that chloroplasts of the MC-trealed cotton leaves
were more resistant Lo freezing injury than those of the nontreated leaves.

The increased resistance to cold stress by ABA and antitranspirants is attri-
buted to reduced water loss (13, 1). Gausman, et al, (3) found that MC-treated
leaves retained more water than nontreated leaves {79.7% versus 77.8%). Pincock
and Kiovsky (12) showed that protein aggregation was less likely to occur when
effects of low temperature (slowing down any reaction) and the protection of
the reactive groups by the water molecules were combined. but this aggregation
would result from the increased concentration of the reactive groups on freeze-
dehydration. The increased cold tolerance induced by MC in this study might be
explained partially by a higher leaf water content.

Membrane damage must be due to either lipid or protein changes. Our obser-
vations showed that cotton leaf membranes were damaged by freezing of the
cell’s water to form ice crystals especially in the nontreated leaves. Lipid mole-
cules arve less likely to be altered by ice crystals than protein molecules because
lipids are essentially hydrophobic with little or no freezable water, and they
are unlikely to aggregate by chemical bonding. Our results showed fhat MC
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increased cold tolerance in cotton plants, but more extensive biochemical and
ultrastructural investigations are needed to fully explain the cause of the in-
creased cold tolerance.
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ABSTRACT

Peat moss, filter-press mud (a by-product of sugarcane processing), bark and sand were
compared singly and in combination as growing media for Cheysanthemum morifolivm. A
medium of 1:1(V:V) sand and peat moss was considered standard for comparative purposes,
While all media used were seceptable, growth of plants was significantly greater in mixtures
containing filter press muad.

Peat moss, the main ingredient in most container plant media, is becoming
increasingly scarce, expensive and variable in both chemiecal and physical proper-
ties, Thus, the ornamental plant industry is searching for organic substitutes in
potting mixtures (3).

Sugarcane and lumber mills produce large guantities of surplus by-products,
including bagasse, filter-press mud (FPM), sawdust, wood shavings and bark.
Some of these produets could find a use in the greenhouse and nursery growing
industries (2, 5). The objective of this study was to determine the feasibility of
using FPM, pine bark, and peat moss separately and in combination as a media
for pot-grown Chrysanthemum norifolium.

MATERIALS AND METHODS

Filter-press mud (FPM) was obtained from the Rio Grande Valley Supar
Growers, Inc. of Santa Rosa, Texas. Air dried FPM was crumbled by hand and
sieved through 4 and 8 mesh sereens. Only particles ranging from 3.2 mm to
6.4 mm were used.

Filter-press mud contains varying amounts of precipitated impurities in sugar-
cane juice. It is mixed with small particles of bagasse and the juices are filtered
out. Solids remaining are called “mud™. They are mixed with water and pumped
out as a slurry to an outside pit (1, 4).

Shredded, coarse composted pine bark and composted peat moss were passed
through a 6.4 mm screen. The washed river bottom sand had 49% porosity, was
angular in shape, and was a mixture of quartz, microline, caleite, and mica, Sand
and FPM were steam sterilized for two hours at 100C,

Seven media were combined: all FPM; all bark; all peat moss; 1:1 FPM-bark;
1:1 FPM-peal moss; 1:1 bark-peat moss; and 1:1 sand-peat moss,

Rooted €. morifolium from Peters Bros. Supply in San Antonio, Texas with
6 em top growth were chosen at random and planted singly in 15 em standard
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plastic containers. Treatments were replicated 5 times. Plants were spaced 18 em
apart on elevated benches.

Supplemental light was provided from 10 PM to 2 AM daily during the first
three weeks, Sixty-watt incandescent lamps were spaced 120 cm apart and 60 cm
above the plants. Temperatures were regulated for 23 C during the day and
16 C at night. As individual media became dry, 0.25 liter of water was added to
each container by hand. Fertilization began with the second watering and con-
tinued weekly thereafter. Dosages were 300 PPM of soluble fertilizer, 20-20-20,
manufactured by the “Pronte™ Plant Food Company.

Five weeks after transplanting, heights of plants were measured from soil
level to the tip of apical leaves. Numbers of leaves per plant were also recorded,
Treatments were compared with the standard medium of peat moss and sand by
Tukey’s multiple comparison test at the 5% level of significance.

RESULTS AND DISCUSSION

Chrysanthemums grown in FPM were significantly (P <.05) taller than those
grown in the standard medium. No other significances were found (Table 1),
There were nosignificant differences in the number of leaves on chrysanthemums
among the various treatments. Stem diameters of plants grown in FPM were
greater than those grown in the standard medium (P = 0.05). Therefore, it is
possible that FPM can be substituted for peat moss for production of C. mori-
folium in areas where it can be secured economically.

Table 1. Effect of seven different media on the vegetative growth of C.
maorifolium after five weeks.

Treatment Height (em) No. of leaves Stem diameter
{cm)
FPM 34.5 a% T0.4 Bbla
Bark 226b 582 A2 b
Peat moss 165 b 68.6 A42b
1:1 FPM-bark 2350 H8.6 A6 b
1:1 FPM-peat moss 181b 62.2 A2b
1:1 Bark-peat moss 216Db 60.8 ATb
1:1 Peat moss-sand¥ 201 b 50.8 9B
N.5.

Z Means separated by Tukey’s multiple comparison test (P = 0.05).
¥ Standard medium.
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Under Two Different Fungicide Regimes

Marvin E. Miller
Assistant Professor
Texas Agricultural Experiment Station
Weslaco, Texas TB596

ABSTRACT

Both *New Mexico Yellow Grano' and “Texas Grano 502 varieties of onion exhibited
significant increases in the level of tissue damage by Alternaria porel (EIL) Cif, 4-6 weeks
prior to bulb maturity. Bravo 500 and Manzate 200 treatments delayved the increase of
tissue damaged by A. porri T-10 davs and 3-5 days, respectively, over the untreated controls,
Omece the level of purple blotch had inereased above 10-20%, the percentage of damaged
tissue for all treatments increased at similar rates, A visual disease rating taken one week
prior to maturity indicated that Brave B0O treatments applied on 'New Mexico Yellow
Grano® onions at 3-, 7-, and 14-day intervals had a significantly lower incidence of purple
blotch than did Manzate 200 treatments. Brave B00 treatments applied at 3~ and T-day
intervals had significantly less damaged tizsue than all of the Manzate 200 treatments one
week prior to bulb maturity on both onion varieties and the 14-day Brave 500 treatment
had significantly less damage than the 7- and l4-day Manzate 200 treatments on “Texas
Grano 502" onionz,

Purple blotch, caused by Alternaria porri (Ell) Cif., is a chronic disease of
onion foliage in South Texas that causes severe damage during years when
weather conditions favor disease development (1, 2). Primary infections of
purple blotch generally oecur just prior to bulb formation (3). Fungicide appli-
cations are usually applied first at bulb initiation and continued until the bulb is
mature. Onions are a long season crop, requiring 5-6 months from planting to
harvest; therefore, fungicides must be applied 10-15 times to insure adequate
disease protection.

In this study, two commonly used fungicides, Bravo 500 (tetrachloroi-
sophthalonitrile) and Manzate 200 (zine-manganese salt of ethylenebisdithio-
carbamate), are compared at three different application intervals to determine
the effects of different time intervals on disease control. Data were also collected
on the effeet of fungicides on the increase of foliage damage caused by A. porri
over time.

MATERIALS AND METHODS

Fungicides were applied and evaluated on plantings of ‘New Mexico Yellow
Grano’ (NMYG) and ‘Texas Grano® (TG 502) onions. Plots were arranged in a
randomized complete-block design with three replications per treatment. Each
plot consisted of two beds, 40 feet long and 40 inches wide, with four rows of
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onions per bed. Adjacent plots were separated by two untreated beds which
served as a buffer zone to minimize drift of fungicides between plots and as an
area for inoculum buildup. To insure adequate free moisture for disease develop-
ment, plots were sprinkler irrigated several nights each week for five and seven
weeks on NMYG and TG 502 onions, respectively. The sprinkler system was
operated for 3-4 [ifteen-minute periods each night. Brave 500 and Manzate 200
were applied at the rates of 4.0 pints and 3.0 pounds per acre, respectively. Each
fungicide was applied on 3-, 7-, and 14-day intervals. The fungicides were dis-
persed in water and applied at the rate of 60 gallons per acre through five hollow
cone nozzles (25 core and D-2 tips) per bed under 75 pounds pressure per square
inch at the pump. Initial fungicide applications were made when the bulbs were
% - 1 inch in diameter.

Two different disease ratings were taken: the first at weekly intervals, start-
ing at the first fungicide application and continuing until bulb maturity. Bulbs
were considered mature when 50-75% of the onion tops had fallen over. Five
plants were randomly selected weekly from each plot dnd the percentage of tissue
damaged by A. porri infection was determined for each plant by measuring the
total length of damaged tissue on each leaf and dividing by the total length of
the leaf.

The other disease rating was a visual rating taken one week prior to bulb
maturity. Disease ratings were made for each plot based on an index of 1-10,
where 1 indicated no disease symptoms and 10 indicated complete dieback of
the leaves. This disease rating is the one most commonly used for evaluating the
efficacy of fungicide treatments on onions.

RESULTS AND DISCUSSION

Visual disease raiings taken one week prior to bulb maturity indicate that
Brave 500 treatments resulted in significantly less foliage damage than the
Manzate 200 treatments at all application intervals except for Bravo 500 applied
every 14 days on TG 502 (Table 1). The percentage of foliage damage was
significantly reduced by all Bravo 500 and Manzate 200 treatments over the
untreated controls in both NMYG and TG 502,

There was no significant difference in the incidence of purple blotch between
application intervals with Bravo 500 on TG 502 or with Manzate 200 on NMYG,
The 3-day application interval was significantly better than the 14-day interval
with Brave 500 on NMYG and Manzate 200 on TG 502, On NMYG, all applice-
tion intervals with Bravo 500 were significantly better than all Manzate 200
treatments. On TG 502, however, Bravo 500 applied at 14-day intervals was not
significantly different from Manzate 200 applied at 3-day intervals. All other
Bravo 500 treatments exhibited significantly better purple bloteh eontrol than
did the Manzate 200 treatments.

A better perspective of the effects of fungicides on purple blotch control can
be obtained from the disease ratings taken at weekly intervals. The percentage
of tissue damaged by A. porri increased significantly 4-6 weeks prior to bulb
maturity on both NMYG and TG 502 (Fig. 1). Prior to this time the level of
purple blotch remained fairly constant at 15% or less. When bulbs began to
form, the percentage of damaged tissue increased very rapidly from approxi-
mately 15% to about 50% within 2.5 weeks.
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Table 1. The effects of various time intervals on the efficacy of two fungicides
to control purple blotch.

Disease Index 2
Interval MNew Mexico Texas
Treatment (days) Yellow Grano Grano 502
Bravo 500 3 4.2a¥ 3.7a
7 5.0 ab 33a
14 b5b 4 0 ab
Manzate 200 3 6.5 ¢ 4.8 be
7 6.7 c 5.7 cd
14 T0c 6.2d
Control 7.8d TTe

¥ Disease Index = Scale of 1-10, where 1 = no lesions and 10= complete foliage
dieback. Index made one week prior to bulb maturity.

Z Numbers followed by the same letter are not significantly different at the
.05 level.

Brave 500 and Manzate 200 treatments delaved new infeections of purple
blotch at low levels of infection, Bravo 500 treatments delayed increases of
purple blotch over the untreated controls by approximately 7-10 days. Manzate
200 treatments delayed new infection by 3-5 days.

Onee new infection sites of purple blotch were established on treated onions,
the percentage of tissue damaged increased at a similar rate regardless of fungi-
cide treatment, This does not agree with van der Plank’s (4} concept of the
effects of fungicide applications on disease progress curves. Fungicide applica-
tions should reduce the rate at which a disease increases over time. According to
this concept, the rate of disease increase between a fungicide treatment and the
untreated control should not be similar or equal as these data indicate. An ex-
planation for this disparity is that a few lesions on an onion leaf ean kill a
disproportionale amount of tissue when compared, for example, to a cantaloupe
leafl where many lesions are needed to Kill the leaf. Funglcides do reduce the rate
of increase of new infections in onions; however, this effect is masked and is
only obvious at low levels of infection.

The effect of fungicide treatments is to delay new infections. The measure of
effectiveness between fungicide treatments on onions is the magnitude of the
delay obtained at low levels of infection. Once all leaves are infected, the rate
at which tissue is damaged is similar for untreated controls and fungicide
treatments.
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The difficulty of controlling foliage damage caused by A. porri is illustrated
in Fig. 1. Even though the fungicide slowed the rate of increase of new infec-
tions over nontreated controls at low levels of infections, once several purple
blotch lesions are established on a leaf, these lesions are capable of killing the
entire leaf, This points out the importanee of preventing purple bloteh lesions
from forming on noninfected leaves as long as possible and thus delaying the
death of the leaf.

To control damage caused by A, pord the fungicide must prevent infections
at all sites on a given leal. This type of protection becomes difficult during
weather conditions that are ideal for growth and sporulation of A. porri,
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Effect of Aluminum Tents on the Success of Shoot Tip
Grafting on Avocados in the Late Spring

Norman Maxwell
Texas Agricultural Experiment Station
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Weslaco, TX 73596

ABSTRACT

Avaeado plants tip grafted after early May and placed under aluminum foil tents in a
shadehouse resulted in significantly more successful graft unions than those not placed
under aluminum, Temperatures inside plastic bags with aluminum tents placed over the
avocado grafts were 10 to 12 degrees cooler than temperatures in plastic baps without
aluminum covers,

Avocados (Persea americana) are asexually propagated by budding or grafting
te maintain a uniform horticultural variety, The propagation of container grown
avocado nursery trees in Texas is an exacting operation,

Rootstock seed is available from September through February, Most nursery-
men schedule seed bed plantings so grafting can be started in November and con-
tinued into the late spring (April and May). Successful unions will result 85
percent of the time when the grafting technique described in Texas Agricultural
Progress (2) is used from November through January.

In the early spring {March) it is not uncommon to have ambient temperatures
above 90°F (32°C) and sometimes above 100°F (38°C) for short periods in
several consecutive days (3). The number of hours each day above 90°F (32°C)
increases as spring progresses.

Avocado nurserymen have a problem in obtaining a high percentage of sue-
cessful graft unions when temperatures exceed 90°F (32°C) for long periods of
time, Brierly (1) found that callus formation stops when ambient temperatures
exceed 90°F (32°C), When temperatures exceed 90°F (32°C) grafts in clear
plastic bags will be damaged by heat,

This experiment was designed to find an economical technique of modifying
the microclimate in a shadehouse so that a high percentage of successful graft
unions could be made when ambient temperatures exceeded 90°F (32°C). This
would allow avocado numserymen to lengthen their propagating season and
increase the percentage of successful graft unions in late spring.

MATERIALS AND METHODS
Avocado (ev. ‘Lula’) seeds were planted in January 1977 under shadehouse
conditions in raised seedbeds conlaining peat moss and perlite (1:1v). In prep-

aration for planting, the apical end of the seeds were cut off (about 12" to
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Fig. 1.

A) Avocado grafts enclosed by clear polyethylene bags. B) Avocado
trees after plastic bags have been removed.
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ensure uniform and fast germination. The seedlings were transplanted when
pencil diameter into gallon plastic pots containing the same ‘medium as seedbeds.
The seedlings were grown in the shadehouse until ready for grafting.

On April 20, May 10 and June 19, 60, 100, and 40 seedlings were tip grafted
{2) with the Lula variety of avocado.

The experiment was repeated in 1978 and 1979, with seeds planted in Jan-
uary as previously described.

Graft wood was mature tips of current season wood. Graft wood should have
leathery terminal leaves and mature axillary buds.

All grafts were enclosed with a clear polyethylene bag (Fig. 1A) to maintain
high humidity. After grafting half of the plants from each group were main-
tained under shadehouse conditions and half were maintained under shade-
house plus aluminum foil tents (Fig. 2) to aid in heat reflection. Three strips of

Fig. 2. Grafted avocado trees under aluminum foil tent.
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Table 1. Effect of aluminum tents on the success of shoot tip grafting avocado

seedlings,
%
No. Successful Sueecessiul
Total Grafts Unions Unions
1977
Grafted April 20
Aluminum tent 30 26 N.8. 83
Non-tented 30 18 M.5. Gl
Grafted May 10
Aluminum tent 50 41a% 82
MNon-tented 50 15b 30
Grafted June 15 p
Aluminum tent 20 9a 45
Non-tented 20 1b b
1978
Grafted May 17
Aluminum tent a0 29a 78
Mon-tented a0 12b 24
Grafted June 6
Aluminum tent 30 15a 50
Mon-tented 30 1b 3
Grafted June 21
Aluminum tent a0 15a a0
Non-tented 30 1b 8
1979
Grafted May 3
Aluminum tent 25 20 N.5. 80
Non-tented a5 16 N.5. 64
Grafted May 21
Aluminum tent 25 20a B0
Non-tented 25 Th 28
Grafted June 5
Aluminum tenl 26 15a 60
MNon-tented 26 ib 16
Grafted June 22
Aluminum tent 25 13a 62
Non-tented 25 2b &
Grafted July 11
Aluminum tent 25 18a 72
Mon-tented 2b 2b 8

% Means significantly different at 5% level, Chi-square tesl.
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18 in. wide heavy duty household aluminum foil were taped together with air
conditioning duct tape and placed over a tent frame of wire hoops. The alumi-
num foil was placed so the plants veceived light from the sides. The plants were
left under the aluminum foil tents until new growth was about 1 to 3 inches long
(Fig. 1B). The time required for a graft to unite is usually 30 to 40 days,

Temperature effects were determined using a tele-thermometer with thermis-
tors to monitor temperatures in the halfshade, within the plasiic bag of a graft
under halfshade, and inside the plastic bag of a graft under the aluminum foil
tent in the halfshade. Temperatures were recorded every hour 9:00 AM.
to 5:00 P.M. on August 8-10, 1979,

A 2 x 2 continuency table based on Chi-sguare was used fo defermine signi-

ficance between treatments. Analysis was run separately on treatments by
individual dates.
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RESULTS AND DISCUSSION

Placing grafts under an aluminum tent after May 10 significantly increased
(P = 0.05) the number of successful unions in each of the 3 years of the test
{Table 1).

The micro-climate was changed under the aluminum tents (Fig. 3). Tempera-
tures inside the plastic bag under the tent at the hottest part of the day were
4 - 6 degrees cooler than the ambient temperature in the shadehouse and 10 - 12
degrees eooler than the temperature in the plastic bags not covered by aluminum
foil.

Placing grafts under aluminum foil tents will allow avocado nurseries to graft
in May and June and obtain a high percentage of successful unions,
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ABSTRACT

Seventeen-vearold prapefruil-sour orange trees infected with the citrus nematode,
Telenehulus semipeneirans, were treated with DBCF, Mocap, Nemacur, Temik, or Vydate.
Nematode populations and fruit sizez and vields were monitored for three successive years.
Although DBCP was the only nematicide that reduced nematode populations, a 34% in-
crease In fruit vield was aobtained in the zecond year following treatment with Temik and
Vydate, Apparently, these nematicides lessened the detrimental effects of the nematodes
but reductions in populations were not detected, Mites and insects were controlled through-
oul the test with foliar sprays and presumably had no effect on wvield, Mo yield records
could be collected in the third vear due to fruit loss to Hurricane Allen,

Increases in citrus vields and fruit size and suppression of populations of the
citrus nematode, Tvlenchulus semipenetrans Cobb, have been demonstrated with
sofl treatments of DBCP (2, 4, ), With the cancellation of registration of DECP
and the almost ubiguitous occurrence of the citrus nematode in the lower Rio
Grande Valley {2), research on the efficacy of other nematicides is needed, Re-
cently registered and experimental nonfumigant nematicides, which have varying
degrees of systemic properties, often lack the ability to effeet a quick knock-
down of nematode populations (1, 6). However, the possibility of other modes
of action for effective nematode control needs to be determined. This study
compares the efficacy of unregistered or newly registered nematicides to sup-
press populations of citrus nematodes and to increase fruit yield and size on
grapefruit for three successive seasons,

MATERIALS AND METHODS

Formulations, sources, and rates of nematicides tested were: DBCP (Nemagon
12.1 EC) Shell Chemical Co., 533.7 kg a.i./ha; aldicarb (Temik 15G), Union
Carbide Corp. 5.6 kg ai./ha; ethoprop (Mocap & EC) Mobile Chemical Co.,
9.0 kg aifha; fenamiphos (Nemacur 3 SC), Mobay Chemical Corp., 5.6 kg
a.l./ha; and oxamyl (Vydate 2L), E.I. du Pont de Nemors and Co.;, 1.1 kg a.d./ha.

Mematicides were applied to 17-yvear-old nucellar red grapefruit (Citrus
paradisi Macf.) trees on sour orange (C. aurantium L.) rootstock ona 4.8 x 7.6-m
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spacing. Soil types consisted of Hidalgo fine sandy loam and Hidalgo sandy clay
loam. All nematicides were first applied March 29-30, 1973, DBCF and Mocap
were metered into 15 em of water in a flood irrigation system with a gravity
flow applicator. Temik was chiseled under the soil with a Gandy applicator;
Memacur was sprayed on the soil surface with a herbicide applicator; and Vvdate
was applied as a foliar spray with a Hardie Speed Sprayer. DBCP was not applied
again. All other nematicides, except Mocapin 1979, were reapplied March 27-28,
1979 and April 28-29, 1980. Trees treated with Vydate received a second appli-
cation each year in early June. All trees were watered immediately after nemati-
cide application. Irrigated untreated trees served as controls.

Insects and mites were controlled throughout the growing season with foliar
pesticide sprays to minimize their effects on fruit quality and yield. Kelthane
was applied three times per year either alone or in combination with oil or
Supracide,

Treatments were arranged in a randomized complete block design and repli-
cated four times with two rows of 10-12 trees per plot. Nematode population,
yield, and fruit-size data were collected from the center six trees.

Soil samples for nematode counts were taken at three sites within each plot
and composited. Nematodes were extracted from 100 cc of soil by the standard
Baermann funnel technique. Yield was determined by weighing the fruit from
six individual trees in each replication in December of each year. Fruit size was
determined by sorting fruit with a commerecial sizer.

RESULTS AND DISCUSSION

DBCP significantly (P = 0.05) reduced nematode populations on two sample
dates in 1978 (Table 1). Although no significant reductions in nematode popula-
tions occurred with any nematicide in 1979, the post treatment average indi-
cates that DBCP consistently suppressed nematodes throughout the year. In
early 1980 populations of nematodes from soil treated with DBCP were still
lower than those from the nontreated plots, but by summer and for the re-
mainder of the year populations in the DBCP plots were no longer reduced. No
other nematicide had any effect on nematode populations.

No significant increases in yield or fruit size were obtained with any nemati-
eide in 1978 (Table 2). In 1979 Temik and Vydate caused an average 34%
increase in fruit vield compared to yields from nontreated trees. Only DBCP
caused a significant (P = 0.05) inerease in fruit size. No phytotoxicity was noted
with any materials.

Winds of Hurricane Allen on August 10-12 caused an estimated 20-40% fruit
loss in 1980, This, coupled with an off-year for fruit production probably due in
part to an irregular bearing tendeney of nucellar trees, made yield data un-
reliable for 1980, Yields averaged only T4 kg per tree,

DBECP reduced nematode populations in a relatively short time, which is
consistent with previous reports (2, 4, 5). No other nematicide significantly
reduced nematode populations in this study. However, svstemie, nonfumigant
pesticides have been implicated in causing narcosis or reduced reproduction
rather than a quick kill (1, 3). The effects of Temik and Vydate were apparent
in the second year following nematicide application. Significant increases in fruit
vield were obtained with these compounds despite the failure to decrease
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Table 1. Effect of nematicides on populations of Tylenchulus semipenetrans.”

1978
No.ofn i i 3 + £
Pre- Post-
treatment treatment
Treatment Mar 20 May 15 Sept 18  Dec 26  Ave,
DBCP 9.9 0.4a 0.0 0.5a 0.3a
Mocap 4.3 1.8b 0.6 23.7e 8.7b
Nemacur 7.9 4.3b 0.1 10.1b 4.8b
Temik 6.4 3.0b 0.2 17.2be 6.8b
Vydate 6.3 3.3b 0.1 13.6be 5.6b
MNone 6.3 27h 0.5 13.1be b.4b
NS NS
1979
Pre- Post-
treatment treatment
Treatment Apr 2 Jun 22 Sept 26 Dec 26 Ave,
DBCP 0.3 04 0.3 19 0.9a
Mocap 4.0 3.9 08 7.2 3.9b
MNemacur 75 T 0T 5.5 3.0b
Temik 6.7 16 0.8 6.7 3.0b
Vydate 10.5 25 0.5 7.6 3.4hb
None 8.1 29 1.5 5.2 3.2b
NS NS NS NS
1980
Pre- Post-
treatment treatment
Treatment Mar 6 Jun 13 Sept 3 Dec 8 Ave,
DBCP 2.4a 2.2 3.2 5.6 3.7
Mocap 1.7Th 25 0.3 279 1.8
Nemaeur 15.0¢ 6.6 09 5.0 4.2
Temik 12.3be 3.0 2.8 3.6 3.2
Vidate 3.0b 6.5 1.2 4.3 4.0
None 10.4be 36 2.2 4.6 3.5
NS NS NS NS

% Mean separation by Duncan’s multiple range test, 5% level.
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Table 2, Effect of nematicide on grapefruit yvield and fruit size. 2

1978
Yield Fruit Size ¥
Treatment (kg tree) (% > 9.2 cm)
DECP 133 o6
Mocap 128 48
MNemacur 125 53
Temik 134 B0
Vydate 152 48
MNone 126 45
NS NS
1979
DECP 16Tab bda
Mocap 160ab 28be
Nemacur 180ab 26e
Temik 197b 28be
Vydate 198b 28be
None 148a 40b

2 Mean separation by Duncan’s multiple range test, 5% level.
¥ % of total fruit weight composed of fruit 9.2 em in diam or larger.

nematode numbers. These vield inereases might be attributed to a suppression of
the effects of nematodes since mites and insects were controlled with foliar
sprays during the year. We presume that the miticidal and insecticidal properties
of Temik and Vydate plaved no part in the vield benefit since fruit from non-
treated trees were not injured by any insect or mite pests. The dual effects on
citrus with these two pesticides makes them especially attractive in pest manage-
ment programs on cifrus.
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ABSTRACT

Decline symptoms of leal wilt, defoliation and stem‘dieback were found in eertain areas
of 10 to 12 year-old, closely spaced '‘Redblush’ grapefruit (Citrus paradisi Maof.) trees,
Analysie of zoll cores showed higher clay content under declining than under healthy
trees, Rool densities were greater under healthy trees at all depths. As soil elay content
inereaszed, citrus root density decreased regardless of tree condition. A significant linear
relationship showed tree height was inversely correlated to clay content at the 45-60 cm
depth,

A citrus “decline™ resulting in leaf wilt, defoliation and stem dieback has
been observed in grapefruit trees (Cifrus paradisi Macf.) on sour orange (C.
aurantium L.) in the Lower Rio Grande Valley of Texas (6). These symptoms
were found on 10 to 12 year old close spaced (usually 3.0 x 7.6 m) ‘Redblush’
grapefruit trees in isolated areas of groves which had been machine leveled for
efficient flood irrigation. Trees with decline symptoms were not killed bui
rather exhibited stem dieback in late summer, This was followed by strong
regrowth mainly as suckers along the trunk and main framework in the fall
following heavy rainfall and cooler temperatures. A decline causing similar
foliage symptoms and death of small feeder roots was observed in Texas over 30
years ago (7).

Preliminary investigations of the present decline have ruled out excess salt,
high water table, virus, Phytophthora spp., and nuotritional deficiencies or
inbalances as possible causes (6). Observations of soil profile revealed what
appeared to be abrupt textural changes. Root development is affected by
physical properties of the soil including strength, bulk density and strueture
(4, 8, 9) which are influenced by soil texture (3). It was hypothesized that a
restieted root zone as a result of soil texture and the closeness of the trees
in the high density planting were responsible for the appearance of the decline
as tree canopies closed to form hedge rows. This was further supported by
observations that the decline was most severe in a dry vear when intervals
between irrigations were extended, Moisture stress increased to a point where

' Currently Extension Fruit Specialist, Winchester Fruit Research Laboratory,
Virginia Polytechnic Institute and State University , Winchester, Virginia,
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decline symptoms appeared in certain areas within the grove. Trees along the
perimeter of a grove generally had wider root zones and did not suffer decline.
In one adjacent grove which had shown decline symptoms and where every other
tree had been removed to increase tree rooting zone (6.0 x 7.6 m spacing),
interior trees showed no decline symptoms.

Citrus root development and tree size have been shown to be affected by
restrictions on the root zone (2, 5). Higher root densities due to probable over-
lapping of root systems of adjacent trees were found in close spaced 9 year old
navel oranges {5). Height of orange varieties on rough lemon in an area under-
lain by a lateritic sandy clay (oxiec horizon) decreased with reduced depth to the
clay layer (2).

This study examined the relationship of soil texture, an easily measurable soil
parameter, to feeder root distribution, tree height, and tree vigor of close spaced
10- to 12- year-old grapefruit on sour orange rootstock.

MATERIALS AND METHODS

Two groves with closely spaced (3.0 % 7.6 or 3.7 x 6.7 m), 10- to 12- year-old
‘Redblush’ grapefruit trees on sour orange rooistock showing the described
decline symptoms were selected in two locations of the Lower Rio Grande
Valley of Texas: One in the Texan Garden area of western Hidalge County; the
second north of Monte Alto, 42 km (26 miles) to the east. Four or six declining
and healthy trees were selected for sampling in each grove. Soil cores 10.2 em in
diameter were taken at the dripline on opposite sides of each tree with a rotary
type coring machine to a depth of about one meter. Soil cores were divided into
10.2 or 15.2 ¢m sections for analysis of soil texture and root quantity. Tree
condition (Healthy or declining) and height were also recorded.

Sand, silt and elay content was determined by a modified hydrometer method
(1, 10). Root quantity was determined by first washing the soil sample through a
40 mesh (425 mieron) sieve. Roots and larger particles remaining in the sieve
were separated by shaking in a concentrated CaCla solution. Roots could be
separated since they remained suspended longer than the mineral material. Roots
larger than 2 mm in diameter were discarded. The feeder roots were then dried
and weighed, Root density was caleulated as the quantity of rools per unit
volume of soil.

Linear regression was used to evaluate statistical relationships between root
density, clay content and depth; and also between tree height and clay confent.
Regression lines between healthy and deelining trees at each location were com-
pared by covariate analysis.

RESULTS

Clay distributions differed with depth between healthy and declining trees at
both locations. At Texan Gardens clay contents near the surface were similar for
healthy and declining trees {(Fig. 1). Covariate analysis of the relationship be-
tween clay content and depth revealed statistically differenl slopes, indicating
that the increase in clay content with depth was greater for declining than for
healthy trees. At the Monte Alto loeation, clay content was consistently less at
all depths under healthy than under deelining trees (Fig. 2). This was verified
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Fig. 1. Soil clay content and root density vs depth under healthy and declining grapefruit trees at the Texan Garden location.
Each point is 2 mean of samples taken on opposite sides of each of two trees,
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by covariate analysis which indieated similar slopes, but different
intercepts.

Root densities were generally higher under healthy than under declin-
ing trees at both loeations. At the Texas Garden loeation, covariate analy-
sis indicated similar slopes but different intercepts between healthy and
declining trees (Fig. 1) indicating significantly greater densities of roots
under healthy trees. At Monte Alto, root densities at 10.2-30.5 cm under
healthy trees were exceptionally low (Fig. 2). No apparent explanation
was found, but it may be related to the observed marbled appearance near
the surface which was likely created during land leveling operations. The
regression line of root density vs depth for healthy trees was thevefore
obtained excluding these points. When root density vs depth was com-
pared between healthy and declining trees at Monte Alto, significantly
different slopes were found, thus indicating root decrease with depth was
greater for declining trees.

Root density vs clay content relationships were compared between
healthy and declining trees at each location (Fig. 3). At Texan Garden, no
differences were found. Thus, the relationship between roots and clay at
this location is not associated with tree condition. Data from healthy and
declining trees were combined into one linear equation. At Monte Alto,
the erratic root densities at 10.2-30.5 cm under healthy frees were again
deleted as described earlier. A comparison of the root density vs clay
content relationships at this location between healthy and declining trees
revealed a common slope but different intercepts.

The pooled equation from Texan Garden and the individual equations
for healthy and declining trees at Monte Alto were simultaneously com-
pared to give no differences in slopes, though different intercepts. The
common slope indicates that increasing soil clay content consistently
influences citrus root distribution by decreasing root density (change in
root density per unit change in clay content). Different intercepts indicate
that the total amount of roots is influenced by additional factors which
may include moisture, location, climate and management.

A highly significant linear relationship was found between tree height
and clay content at the 45-60 em depth (Fig. 4). Condition of the tree
correlated with height of closely spaced grapefruit trees. Declining trees
average 3.86 m while healthy trees average 4.5]1 m in height. No declining
trees were found where clay content at 45.7-61.0 cm depth was less than
23.5%, while no healthy trees were found where clay content at this depth
exceeded 26%,

DISCUSSION

Citrus root distribution and tree size were associated with soil texture.
Soil clay content is one of many factors influencing roots; interactions
with other variables affecting root distribution are complex. While soil
strength as a function of clay content could act as a direct physical impedi-
ment to root penetration, texture may also work indirectly by limiting
moisture availability,
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The decline symptoms are probably a function of insufficient mois-
ture. Useable moisture is a dynamic quantity difficult to define and
measure. Textural analysis of soll elay content Is a relatively simple, accu-
rate procedure whose values do not change. An indication of useable
maoisture is discernible from soil elay content, Any measurement of avail-
able moisture does not truly determine that which is useable by the plant,
The soil textural profile has been shown to corvelate with tree vigor.

Solutions for the problem of reduced tree size and vigor due to soil tex-
tural influences primarily involve grove management. Grapelroit Lrees
spaced 3 m apart in the row and restricted to infrequent flood irrigation
appear o require a minimum rooting volume clay content less than
23.5% to a depth of 60 em. If soil sampling prior to establishment reveals
potential problem areas, wider tree spacing should be considered. If evalua-
tion reveals similar soil problems in an established grove, removing every
second or third tree prior to severe decline might be of benefit. In either
case, more lateral area is provided from which the free could utilize
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available moisture. Better water management, such as more [requent
irrigation using less water may also prevent or alleviate decline symptoms,
Hedging and topping to control tree size could also be considered as a way
to maintain a balance between roots and canopy growth.

10
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Citrus Responses to Irrigation: I. Irrigation Requirements;
Daily, Monthly, and Annual Evapoiranspiration Amounts; and
Water Management Recommendations

C. L. Wiegand and W, A, Swanson
Soil Scientist and Biological Technician, respectively,
Soil and Water Conservation Research, Oklahoma-Texas Area,
Southern Region, ARS, USDA, Weslaco, TX T8596

ABSTRACT

Four irvigation treatments — 80, 60, and 40% depletion of plant-available water in the
surface 3 1t of soll year-avound, and one that permitted 805 depletion in summer and win-
ter but B0% in ¢pring and fall referred to as A, B, C and D, respectively — were maintained
for 7 years in Marrs and Valeneia orange and Ruby Red grapefruit. Average annual rrigation
requirement, above the 28.8 average annual rainfall, ranged from 3.4 to 26,6 inches and
number of irrigations per vear ranged from 1 to 9. Water use {(evapotranspiration} of 40
inches per vear for treatment D was & to 8 Inches less per year than for the wetler treat-
ments B and O, and 5 to 7 inches more than for treatment A.

The dats document that a raintess summertime irvigation interval of 4 weeks for mature
grapefruit and 5 weeks for oranges can be tolerated by the trees without affecting current
or future years' production. A water use rate of 0,15 inch per day from June through
September and 0.05 inch per day from December through February is indicated from which
the duration that lrrigations up to 5 inches will last can be caleulated. For grapefruit, in-
creased tree growih and vield were achieved during the early bearing vears by lrrigating
every 15 to 19 davs in summertime raintess periods, & practice that is recommended until
the tree canopies touch in the row or cover about 50% of the ground area. Findings of
earlier workers that 40 inches of effective ralnfall plus irrigation water per year, exemplifled
by treatment D in this study, is adegquate for mature trees are verified:; managed in this way,
5 or more inches of rainfall and/or irrdlgation water per vear percolate below the rool Zome
and prevent salt accumulation.

In the Lower Rio Grande Valley of Texas, irrigation is used to supplement
rainfall in crop production. Annual rainfall ranges from 26.8 inches at Browns-
ville to 17.3 inches at Rio Grande City about 90 miles inland, a decrease of
approximately 1 inch each T miles (17). Most falls in thundershowers 50 that
it is unevenly distributed geographically and seasonally (17). Consequently
experiments of several yvears' duration are required to establish irrigation water
requirements and crop responses (14),

Citrus uses less waler per unit land area annually than other annual (15), or
perennial crops (8) such as pastures (17) or sugarcane (19). The low water use
is attributable to its high leaf resistance to water loss (8). Consequently, it is an
economically important crop in naturally arid areas such as Israel (3, 20) and
Cyprus (21) where citrus is otherwise climatically adapted and irrigation water
supplies are limited.

73



Friend and Hancock (6), estimated that a minimum of 36 inches of water per
vear including effective precipitation is required to sustain large citrus trees in
good production in the Lower Rio Grande Valley. Coit (5) estimated the water
requirement ranged from about 40 inches at San Benito, Tx, to 45 or more
inches at Mission on the western edge of the citrus production area, McDaniels
{16) estimated annual evapotranspiration from citrus orchards in the vicinity of
Weslaco at 39.4 inches. Orton ef al. (17) used long-term rainfall and evapotrans-
piration data from McDaniels (16} to calculate the annual irrigation water
requirement to be 18.1 inches for Hidalgo County, 8.4 inches for Willacy and
Cameron Counties, and 28.1 inches for Starr County.

The tvpical orchard in the Lower Rio Grande Valley is border-irrigated. The
borders are either temporary and constructed for each irrigation or semi-
permanent where weeds are controlled chemieally. Soils used for citrus range in
surface texture from clay loams to loamy sands, with a concomitant range in
water retention characteristics (4). A typical |mgatu:-n application for this cul-
tural system is 6 acre-inches (13).

The Valley’s irrigation water allotment averages about 1.5 acre feet per acre
per vear and farmers in irrigation districts without metered water are often
charged an acre foot of allotment per irrigation. Consequently, water from land
not in citrus must often be diverted to citrus to meet the minimum water
requirement.

The literature indicates that once Valencia orange fruit is set, the Interval
between irrigations can be lengthened with little effect on vield and nondetri-
mental effects on juice guality (7, 10, 11, 21). Irrigation intervals as long as
50 days have been tolerated, the main effect being smaller fruit (21).

Data from Israel document that grapefruit require more water than oranges
{20); vields of oranges generally decreased if greater than 30 inches of water per
year were applied, but there was no yield reduction for grapefruit when 39
inches of water was applied_ Bielorai and Levy (3) found that grapefruit vields
did not differ among trees irrigated on 18, 24, or 30 day infervals but that a
40-day irrigation interval decreased vields significantly, Heller et al. (9) reported
that grapefruit on heavy soils in Israel are usually alternate row-irrigated on 25
to 30 day intervals in summer while on light- and medium-textured soils each
row is irrigated each 16 to 21 days.

The purposes of this paper are to (a) report number of irrigations; measured
water application amounts; and annual and monthly evapotranspiration of Marrs
and Valencia oranges and Ruby Red grapefruit subjected to four irrigation
regimes over a seven year period, 1969-1975, and (b} discuss irrigation manage-
ment recommendations as related to fiming during the year, summer intervals
permissible without affecting yields or quality, irrigation as it augments rainfall,
and differences between oranges and grapefruit.

MATERIALS AND METHODS

The orchard was planted in 1964 on the Valley Soil and Water Conservation
Districts’ Research Farm 4 miles north of Weslaco. The trees were certified,
grafted 2-year old seions on sour orange rootstock. The soil is a Hidalgo sandy
clay loam (Typic Calciustolls). For the first three years trees were irrigated
uniformly. The orchard incorporated a randomized block design of 4 irrigation
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treatments with 3 replications, using Marrs and Valencia oranges (Cilrus senensis
{L.} Osbeck) and Ruby Red grapefruit (Citrus peradisi Mael.). Tree spacing was
15 % 22 It (4.6 x 6.7 m) or 132 trees per acre. Replications were blocks of
16 trees of which the 4 interior trees were harvested and the rest served as buffer
trees. Fertilization was 1.5 Ib N per tree applied in either January or February
each year. Diuron, bromacil + diuron, simazine, and MSMA + sodium cacodylate
plus hoeing were used for weed control. Azinphosmethyl, carbaryl, carbopheno-
thion, chlorobenzilate, dicofol, ethion, formetanate hydrochloride, phosalone,
spray oil and zineb were used at various times for insect control. Copper hydrox-
ide was used for melanose control,

The irrigation treatments were: (A) frrigate all eultivars any time of the year
B0% of the available water was depleted from the surface 3 £t soil layer; (B) irri-
gate all cultivars any time of the year 60% of the available water was depleted
from the surface 3 [t soil layer; (C) trrigate all cultivars any time of the vear 40%
of the available water was depleted from the surface 3 fi of soil; and, (D) — for
Marrs and Ruby Red — irrigate from Nov. 15 to*Feb. 14 and from May 15 to
Aug. 14 when 80% of the available water was depleted from the upper 3 ft of
so0il and from Feb. 15 through May 14 and from Aug. 15 through Nov. 14 at
60% depletion of available water in the upper 3 [t soil layer. For Valeneia
oranges May 15 through Aug. 14 was the only period of 80% depletion; the
remainder of the year irrigations were applied when 60% of the available water
in the upper 3 It of soil was depleted. Treatments are summarized in Table 1.

Table 1. Explanation of irrigation treatments applied to three citrus cultivars.

FAWDZ Treat-  Water applied

Treat-  Surface 3 fi ment per

Cuftivars  ment Saoil Time of year code irrigation

% {inches)
All A a0 Throughout WDE&0 4.8
B 60 Throughout WD60 3.6
B 40 Throughout WD440 24
Ruby Red D 80 Nov.15-Feb 14(W)¥ WDSOW 4.8
& Marrs May 15-Aug.14(5) WDSB0S 4.8
18] Aug 15-Nov. 14(FF) WDGOF 3.6
Feb.15-May14({5p) WDe&0Sp 36
Valencia B0 May 15-Aup.14 WD&0S 48
1] Nov.15-Feb. 14 WDeOwW 3.6
Feb,15-May 14 WDe0sp 3.6
Aug.15-Nov.14 WDE0F 36

% Plant-available water depletion based on water relention at 15 and 1/3 bar,
¥ Guarterly periods are referred to as winter, summer, fail, and spring, respee-
tively,
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A subsurface irrigation line through each variety with an alfalfa valve outlet
in each moisture treatment replicate and a Sparling meter in each line permitted
flood application of 4.8, 3.6, and 2.4 inches of water per application for the 80,
60, and 40% depletion treatments, respectively, in 10 to 20 minutes. Perma-
nently maintained earthen borders enclosed each 16-tree treatment replicate and
the area within each such plot was carefully leveled early in 1968 when the
moisture treatments were imposed. Data are presented beginning with 1969
when the trees began bearing well. Drain lines at the 7 ft depth provided a well-
drained and aerated root zone, .

Records of rainfall were obtained at a Class A weather station about 200
yvards from the orchard.

Soil water content for determining depletion was measured weekly by neu-
tron seattering to a depth of 4 feet by 1 foot intervals and graphed for the
surface 3 ff versus time to display each drying cyele per treatment. When rain
fell, the amount in excess of that required to fill the 3 fi root zone fo feld
capacity was assigned to drainage. Evapotranspiration (ET) was determined for
monthly periods from;

(irrigation-leaching requirement) + (rainfall-drainage) + (difference

in amount of water in the 3 fi deep root zone at the beginning and

end of each month)
where all amounts are in inches. Because periodic heavy rainfall takes care of the
leaching requirement locally, we did not overirrigate for leaching and this term
was zero, The [ast term in the equation is positive if water depletion oceurred for
the month and negative if aceretion oecurred.

Soil samples were taken annually to a depth of 5 ft. for the estimation of
salinity by means of electrical conductivity of the saturation extract.

Tensiometers installed at the 30- and 424nch depths and read and serviced
weekly indicated soil water suction at those depths. The hydraulic gradient
across that depth interval also indicated whether water flow was upward or
downward across the lower boundary of the root zone chosen.

We also calculated daily potential evapotranspiration (PET), the amount that
crops that completely cover the ground would evapotranspire if freely supplied
with water, from the equation (19):

PET = 0.0112(Tm - 20) Rs
where Tm is mean daily temperature “F, and Rs is daily solar radiation expressed
as equivalent depth of water evaporated, The daily calculations were summed
over the number of davs in the month to get monthly values.

All cultivars bloomed in March. Marrs oranges were harvested the second
week in Movember of the year of bloom; grapefruit were harvested the first or
second week of January, and Valencia oranges the second or third week in
March of the vear following bloom.

Significance of treatment effeets on tree response was determined by analysis
of variance and determination of differences among treatments was established
by Duncan’s multiple range tests of ranked means.

RESULTS AND DISCUSSION

The number of irrigations applied varied from 0 in a number of years in
treatment & to 14 in 1974 to the Valencla oranges of treatment C (Table 2).
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Table 2. Mumber of irrigations (I}, inches of water applied (II), and water wse (111} per year
by Marrs and Valencia oranges and Ruby Red grapefruit for four water manage-
ment treatments, 1964075,

L. Mumber of lrrigations per calendar vear.

Ruby Red Marrs Valencia
A B o n A B C i | A B c D
1869 3 7 12 G 1 4 5 3 2 5 9 3
1970 o 7 4 3 0 2 7 3 1 5 @ 4
1971 1 T 10 3 0 5 B 3 1 T 10 4
1972 1 B 10 4 0 4 10 3 3 & 12 7
1973 0 3 6 ' 1] Q 5 1 L1 5 -} 2
1974 3 ) 12 5 1 5 11 4 a 9 14 5
1876 - 4. 4: 8 2 3 4 i 3 a 4 i 3
AVE 1.4 6.3 9.3 57 0.7 3.3 7.8 2.9 h B 6.1 9.4 4.0
IL Imches irrlgation water applied per year.
Rain .
186 1968 157 281 339 268 4.7 1046 197 120 104 197 250 128
27.9 1970 0 244 254 138 o 8.8 17.6 109 .1 200 252 166
286 1971 h 2B 308 133 o 18.4 226 11.3 5.2 276 307 161
d3.1 1872 4.7 284 277 148 0 13.2 22.8 9.5 9.4 280 308 252
43.8 1973 0 120 17.4 7.B 0} 0 12.6 3.4 i 188 1698 7.8
226 1974 1000 329 3446 225 4.6 17.6 28B.4 136 145 358 405 208
27.8 197% 148 1546 16,7 128 148 154 168 126 148 157 170 11.6
2B.8 Avg T.2° 2653 2686 16.0 34 117 241 105 8.6 239.B 266 159
1L, Inches water use (irrigatlon + rainfall - drainage = soil depletion) per year.
1969 328 4B.0 519 435 235 31.2 373 2809 292 394 430 348
1970 2B6 49.5 464 4158 24,7 34,7 42,5 3IGT 320 444 465 418
1971 #2565 6503 G166 374 257 370 47.2 335 323 611 S563 420
1972 31,6 516 482 415 2749 380 451 384 3I6T7 5H1.7 G568 488
1973 39.9 466 449 443 341 344 393 340 398 5056 482 426
1874 284 49,1 491 368 204 335 4165 276 31.8 523 G548 37.9
1975 31.8 33.1 347 324 318 337 350 328 317 330 347 324
Avg 32,2 469 467 386 270 348 41,1 3233 333 461 4805 4041
For Ruby Red grapefruit and Valencia oranges treatiment A, allowed to deplete
4.8 inches of water year-around, was irrigated only 1 or 2 times a year; treatment

B, allowed to deplete 3.6 inches year-around, 8 to 7 times; treatment C, allowed
to deplete 2.4 inches 9 to 11 fimes; and, treatment D, allowed to deplete 4.8
inches prior o irdgation in summer and winter and 3.6 inches in spring and fall
was irrigated 4 times a year, The wettest treatment was irvigated more frequently
and Lhe driest treatment considerably less frequently than the 5 to 7 irrigations
applied in an average vear (1). Leyden (13, 14) reported that for a 20 vear period
of observation, the number of irrigations has ranged from 2 to 8 per vear depend-
ing on rainfall and its distribution. .

During the study average annual rainfall was about 5 inches above the long-
term average of 23.3 inches for Weslaco. In 1969 and 1974 recorded rainfall was
less than long-term average, The guantity of irrigation water applied depended on
both amounl and distribution of the rainfall, Average irrigation requirement
ranged from: 3.4 to 20.1 inches for Marrs, 7.2 to 26.6 inches for Ruby Red and
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Table 3. Average monthly evapotranspiration (inches) for a seven year period for each of
four irrigation treatments and three citrus cultivars, The average potential evapo-
trangpiration per month for the seven veer period is given for comparison.

Cultivar/
Treatment Jan Feb  Mar Apr DMay  Jun Jul Aug Sep Oet Nov Dec

Marrs

AWDE0 110 1,24 156 1.71 2.8 3.12 3.34 334 403 301 162 97

B WDG0 1.77 1.67 2.00 223 3.22 4.30 408 3958 431 375 248 1.0

CWD40 210 190 255 3.27 378 4.30 4.81 4.83 479 408 264 1.81
DWDEOW/ 1.27 1.51 222 242 3.08 3.42 3.62 4.27 458 3.78 212 06
BGOSR /BOSS

GOF

Ruby Hed
AWDED 1.31 1.30 209 1.9% 246 416 362 418 4.27 387 282 1.27
BWDHO 202 201 283 337 487 512 599 611 5.41 442 319 1.6
O, W0 1.88 212 279 385 4.53 518 B8.02 HTHp 495 453 511 196
DWDBOW,1.24 206 299 342 3.4 4.44 366 605 477 4.32 268 1.24
GOSp /BOS)
GOF

Valencia
AWDED 1.21 1.43 1.90 206 2,23 38,08 3.33 4.87 496 371 218 a1
B,WDGO 1.86 214 264 374 444 517 584 BHEGB 553 457 254 1.63
CowWDd40 219 217 3.07 4.02 498 560 566 591 510 445 334 1.94
DWDEOW/ 1,82 1.77 276 3,17 333 407 3388 5.10 499 453 322 1.32
BOSpE0S/
BOF

Potential evapotranspiration monthly average {inches) for the seven year period:
22 2.8 4.5 -] 6.6 71 8.0 7.2 B.6 4.6 3.1 2.4

85 to 26.6 inches for Valencia oranges (Table 2). Valencia oranges overtook
Ruby Red grapefruit in trunk circumference in 1970 but over the duration of
the experiment the two cultivars had about the same ground cover (23). Marrs
trees grew more slowly (23), intercepted less solar radiation, and consequently
required fewer irrigations to maintain the treatment conditions. Aerial photo-
graphs taken periodically during the experiment indicated that border trees
differed little in growth from the treatments of adjacent plots and that border
effects on the interior test trees were imperceptible,

The amount of irmpation water applied to Treatment B (WD6G0) is about the
same as for treatment C (WD40) for the grapefruit and Valencia oranges. Trees
were not water stressed by either trealment; the larger amount of water applied
per irrigation of treatment B was offset by the more frequent but smaller water
applications of treatment C (Tables 1 and 2). The higher irrigation requirement
of treatment C in Marrs, 20.1 inches, versus 11.7 inches for treatment B is caused
by its higher number of irrigations; apparently, evaporation directly from the soil
readily depleted the surface 3 feet of soil by 40% of its available water capacity.

The water use of treatment A in Marrs averaged about two inches less than
rainfall over the 7 vear period whereas for Valencia and Ruby Red water use was
3 to 5 inches preater than rainfall. Treatment D had an average water use for the
seven year period of 33.3, 39.6, and 40.1 inches for Marrs, Ruby Red, and Valencia
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cultivars, respectively (Table 2, part 11T}, Water use for treatment D was 6 to 8
inches less a year on the average than for the wetter treatments B and C and
5 to 7 inches a year more than for treatment A.

Monthly water use was high for June, July and August, reaching a peak of
almost & inches for the two wetter treatments in Ruby Red grapefruit and
Valencia oranges in July, The two drier treatments used less than 4 inches of
water in July. Calculated potential evapotranspiration also peaked in July at
8.0 inches (Table 3).

The average irrigation interval was 15 days for the Ruby Red grapefruit and
Valencia oranges allowed to deplete 2.4 inches of water prior to irrigation
{treatment C), 18 or 19 days for those allowed to deplete 3.6 inches before
irrigation (treatment B), and 32 to 33 days for the treatments (A & D) that
were allowed to deplete 4.8 inches of water from the 3 ft zone prior to irriga-
tion (Table 4). Since for both Marrs and Valencia oranges treatment D yvielded as
well as the wetter treatments (Table 5), it appears that water can be conserved in
summertime by extending the irrigation interval up to b weeks.

Table 4. Irrigation interval {days) in summer {June through August) for each
cultivar and irrigation treatment,

Irrigation treatment
Cultivar A&D B C

Mean (Range} Mean (Range)

Marrs Insuffl. ohserv. 27 (21-34) 17 {13-19)
Ruby Red a2 19 (17-23) 15 (12-18)
Valencia 32 18 (13-27) 15 {9-19)

Mature grapefruit can tolerate moderalely dry conditions in summer and
winter without yield reductions. The average summertime irrigation interval of
32 days shown in Table 3 for treatments A and D is the limiting interval we
recommend. The higher average vields of the wetter treatments in grapefruit
{Table 5) is largely due to the larger yields in the early bearing vears 1970 and
1871 (22).

Far Ruby Red grapefruit and Valencia oranges, the maximum daily evapo-
transpiration rate for the two welter treatments is 0.19 inch per day (Fig. 1).
The two drier treatments have more variable water use rates because they are
affected by amount of rainfall received; on the average the use rate was about
0.15 inch per day from June through September for Ruby Red grapefruit and
Valencia oranges. All cultivars used about 0.05 inch per day from December
through February. At a water use rate of 0.15 inches per day, a b-inch water
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Table 5. Average vield of Ruby Red grapefruit, Marrs and Valencia oranges

under four irrigation treatments, 1969 - 75.

[rrigation treatment Marrs Ruby Red Valencia

(Tons per acre)

A 13.2 be® 213 b 122 b
B 131 ¢ 246a 125 b
c 144a 2432 13.2ab
D 14.2 ab 202 b 136a
Significance level .05 .01 0.10

£ Means separated by Duncan’s multiple range test.
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application would last 33 days in summer and a 4-nch application 27 days. In
the winter period of Dec. - Feb., only the wetter two treatments were ever
irrigated and the average irrigation interval was about 45 days. At a 0.05-inch
daily water use rate, 2.2 inches of water would last 44 days.

In most orchards where the whole ground area is weifed and the irrigation
runs are at least 300 ft long, we estimate that 4 inches of water is about as little
as can be applied per irrigation, that the plant extractable water from the sur-
face 3 ft of citrus soils is about 6 inches, and that the irdgation distrdct policy of
charging an acre-ft of water allotment per acre irrigated encoursges heavy appli-
cations that average about 6 inches,

The largest savings in amount of water applied are achieved by extending the
irrigation interval in summer. For the Ruby Red grapefruit treatment D had an
average irrigation water requivement of 16 inches a year while treatment B
required 25 inches, a difference equivalent to two light irrigations. The water use
was 40 inches in treatment D) and 47 inches in treatment B, a substantial saving
for the treatment allowed to extract most of the available water in summer
before irrigation (Table 2).

Rainfall is a complication in interpreting irrigation responses and making
recommendations. Signifieant rainfall can oecur at any time of the year and
amounl and distribution is unigue for each yvear (Fig. 2). In four of the seven
vears little rain fell the last half of June and throughout July; in all vears there
was enough rainfall in late August or in September to partially eliminate irriga-
tion treatment differences.

Because the trunk circumferences versus cumulative irrigation plus rainfall
graphs (Fig, 3) form such a tight pattern among the treatments it is evident that
rainfall and irrigation water are about equally effective in tree growth. At the
end of the experiment, for a given sum of irrigation and rainfall, Marrs oranges
and Ruby Red grapefruit on the dryv treatment (D) have as large a trunk circum-
ference as the other treatments. This indicates that a greater proportion of the
rainfall was lost to drainage from the wetter treatment as compared with the
driest and that water stress for the driest treatment was not often severe enough
to restrict trunk growth.

Trees grew faster, as measured by trunk circumference and ground cover, the
more frequently they were irrigated. In grapefruit the wetter treatments bore
more heavily, especially until the trees began to erowd each other in the rows
{22). Thus we agree with Bester et al, (2) that a major benefit of drip irriga-
tion systems is on the growth rate of young trees; with Leyden (12} who found
that water savings associated with drip systems result from wetting a smaller
soil area; and with Rathwell and Levden (18) that by the time trees are § years
old and have canopy diameters of about 15 ft the water requirement becomes
about the same regardless of method of application,

Our data on water requirements of grapefruit are in good agreement with
those of Leyden (14). In 1975 he drip-applied 0,11.3, 16.9 and 22.6 acre-inches
of water to grapefruit trees and found that only the 0 treatment differed in
yields from the others; our irrigations ranged from 12.9 to 16.7 acre-inches and
there were no vield differences, In 1976 he drip-applied 0, 4.8, 7.9, 11.3 and
15.8 acre-inches and again found that only the 0 treatment differed in yield
from the others (17.2 versus an average of 214 tons per acre): our irrigation
application rate in 1976 was 4.9, 9.5, and 0.7 acre-inches. The treatment that
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received 4.9 inches of water yielded 22,4 tons per acre whereas the other two
averaged 32.3 tons per acre. Rainfall in Leyden’s experiment was 24 0 and 34 4
inches in 1975 and 1976, respectively; at our test site 27.9 and 32.2 inches,

The data just cited illustrate the importance of rainfall in the irrigation water
requirement in the Rio Grande Valley and the low water requirement (rainfall +
the lowest irrigation amount that gives no yield increase). Defined this way the
water requirement in 1975 for Levden’s experiment was 24.0 inches of rainfall
plus 11.3 inches of irrigation water or 35.3 inches and in 1976 it was 34.4 inches
rainfall plus 4.8 inches irrigation or 39.2 inches. For our studies the water
requirement in 1975 would be undetermined because there were no yield differ-
ences associated with irrgation amounts used: in 1976 it would be 37.1 inches.
Water requirements arrived at in this way are only approximate because water
that drains below the rool zone is not accounted for. This error is offset some-
what by upward flow of water from below the 3 ft root zone into it from
below if depletion of as much as 80% of the water in the 3 ft-deep surface layer
occurs. We estimated for treatment D that up to 15% of the water requirement
per vear could have been met by upward flow. This amount of upward flow
would cause salt accumulation in the root zone if it continued; however, salt
accumulation is not a problem on drained irrigated land in the Rio Grande
Valley because periodic heavy rainfall leaches accumulated salts below the root
zone,

Our data indicate that water use can be estimated at 0.15 inch in summer and
0.05 inch per day in winter and that midsummer irrigation intervals of 4 weeks
for grapefruit and 5 weeks for oranges can be tolerated without affecting current
or future vear’s production or fruit quality.
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Citrus Responses to Irrigation:
II. Fruit Yield, Size, and Number
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ABSTRACT

Yield of fruit, fruit per tree, and average weight of fruit per tree data for Marrs and
Valencia oranges and Ruby Red grapefruit were analyzed by varianee and Duncan'’s multiple
range procedures for annual and seven year responses (o four irrigation regimes. Seven year
average responses showed that irrigation treatment alfected yield per acre of all three cul-
tivars, did not affect number of fruit per tree for any cultivar, and affected weight per fruit
of Valencia oranges and Ruby Red grapefruit, For oranges, o treatment (1) that permitted
BO% depletion of plant-available water in the surface 3 ft of soil in summer and winter and
0% depletion in spring and fall yielded as high as the wettest treatment (C, 40% depletion
vear-around) but for grapefruit the two welter treatments (C) and (B, 60% depletion year-
around at irrigation) yielded 4 tons more per acre. Yield per acre and jts two components,
number of frull per tree and weight per fruit, responded to irrdgation treatments for all three
cultivars only in 18974, a vear in which little rain fell until late in the year. Yield component
analysis showed that vields were mainly associated with the number of fruit per tree,

In part I of this series (8) we gave the irrigation treatments imposed on Marrs
and Valencia oranges and Ruby Hed grapefruit for a seven year period and pre-
sented the number of irrigations, irrigation water requirements and.water use or
evapotranspiration amounts observed and made irrigation management recom-
mendations, In this paper, we summarize the yield of fruit (tons/acre), average
number of fruit per tree, and fruit weight (lbs.) data. The yield data reported
herein and tree growth responses (9) support the irrigation recommendations.

Leyden (4) found no statistically significant yield differences among Ruby
Red grapefruit supplied in 1975 by drip irrigation with 11.3, 16.9, and 226
inches of water in addition to the 24 inches of rain that fell, and in 1976 there
were no yield differences among trees that received 4.8, 7.9, 11.3, and 15.8
inches of water in addition to the 34.4 inches of rain that fell. In both years, the
treatment that received no imrigations differed in vields from all those that
received irrigations. Shmueli et al. (5) found in Israel that Shamouti orange
vields tended to decline when =30 inches of water was applied but that no yietd
decrease was observed when 394 inches of water was applied to Marsh white
grapefruit, In Arizona, twenty years of data showed that yields of Valencia
oranges allowed to water stress from August to February, did not differ from the
yields of trees that were not water stressed any time of the year (3). Stylianou
(7) concluded that four irrigations of 5 inches each during the July to October
dry season supplementing the 12 inches of rain from December to March, were
adequate for Valencia orange production on Cyprus. Bielorai and Levy (1)
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reported that yields did not differ among grapefruit plantings irrigated on 18 to 30
day intervals, but that a 40 day irrigation interval decreased yields significantly.

MATERIALS AND METHODS

Cultural practices and the irrigation treatments maintained are described in
the “Methods™ of Part I of this series of papers. Briefly, the treatments were:

A, water depletion (WD) of 80% year-around at irrigation--WD80

B, water depletion (WD) of 60% year-around at irrigation--WDB0

C, water depletion (WD) of 40% year-around at irrigation--WD40, and

D, for Marrs and Ruby Red grapefruil, water depletion of 80%, in winter

{W, Nov. 15 - Feb. 14) and summer (3, May 15 - Aug. 14), and 60% in
spring, (Sp, Feb. 15 - May 14) and fall (F, Aug. 15 - Nov. 14) - WD
B80W/B0Sp/BOS/60F. For Valencias, 80% depletion was permitted only in
summer with 60% depletion of plant-available water in the surface 3 ft of
soil the other quarters--WD 60W [605p(805/60F.

The 80, 60, and 40% depletions required irrigations of 4.8, 3.6, and 2.4 inches,
respectively, to return the surface 3 ft of sandy clay loam soil to field capacity .

The four vield trees of each of the three replications in each treatment were
individually harvested and the fruit from each tree was weighed, sized, and
counted. Marrs oranges were harvested in November in the year of bloom; Ruby
Red grapefruit and Valencia oranges in January and March, respectively, of the
vear following bloom. However, growing seasons or experiment years are uni-
formly presented for all cultivars according to the yvear of bloom. Yields per
acre are based on 132 trees per acre as provided by the tree spacing of 15 ft x
22 ft.

Analyses of variance (AOV) (6) were run on irrigation treatment effects for
individual years and the average of all years. Duncan’s (2) multiple range (DMR)
tests of treatment mean differences were calculated when AOV results were
significant at the 0.10 or greater probability level. The DMR differences were
imposed at the same significance level as the AOV.

Temperatures were observed at an environmental station within 200 yards of
the orchard throughout the study. A mild freeze occurred in mid-January 1873
during which air temperature was below 28°F for 2 hours; on December 21-22,
1973, air temperature was below 26°F for 6 hours; and in mid-January 1975,
air temperature was below 26° for 4 hours the first night of a freeze and for
2 hours the second night.

RESULTS AND DISCUSSION

The fruit yields (tons/acre) versus time for the three cultivars studied for the
vears 1968 through 1975 are summarized in Fig. 1. The irrigation treatments
were established early in 1968, but the trees were only four years old, so produe-
tion was low for all cultivars, It took the grapefruit until 1969, the Valencia
oranges until 1970, and the Marrs oranges until 1971 to achieve yields represen-
tative of mature trees, The grapefruit and Valencia oranges both produced their
highest average yields, 27.9 and 15.9 tons per acre, respectively, in 1970. The
freeze of December 1973 oceurred following a warm period and was more
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Table 1. Yield of fruit (tons per acre) for three cultivars and four moisture treatments for seven years,

Year Seven year
Variety Treatment 1969 1970 1971 1972 1973 1874 1975 average
Marrs orange A WD80 9.0 12.0 16.1a¥ 15.5 124 10.1 b 174 13.21 be
B, WDe&0 89 10.3 112 b 174 14.0 128 b 17.2 13.12 ¢
C, WD40 9.3 9.6 18.3a 16.2 13.9 18.0a 15.4 14.3%a
D, WDBOW/605p/ 8.9 11.3 15.9a 18.5 134 122 b 19.5 14.24ab
808/60F _ - o
Variety average 9.0 10.8 154 16.9 134 133 17.4 13.73
Signif. level® NS NS 01 NS N8 .05 NS .05
Ruby Red A, WDa0 23.7a 248 b 23.8 21.9 19.0 158 b 19.1 2113 b
grapefruit B, WD60 22.0a 32.0a 27.0 24.7 229 24.5a 18.9 24 5Ta
C, WD40 121 b 30.8a 293 24.8 20.7 21.2a 249 24 32a
D, WDEOW 605p, 21.8ab 289 b 231 235 9.9 21.9a 174 2022 b
B805/60F R
Variety average 216 279 25.8 23.7 181 20.8 20.0 22.56
Signif. level .10 o NS NS NS A0 NS .01
Valencia A, WD8E0 5.5 16.1 14.5 14,5ab 12.3 10.6ab 116 b 1217 b
orange B, WD&0 44 17.0 13.8 1%.3ab 14.0 T4 b 15.5a 124% b
C, WDd0 4.4 14.2 17.1 114 b 14.9 12.6ab 18.2a 13.25ab
D, WDGOW /605p/ 4.6 16.4 13.9 18.7a 11.8 15.2a 14.7ab 13.63a
BOS/E0F
Variety average 4.9 15.9 14.8 15.0 13.3 11.5 15.0 12.88
Signif. level NS NS NS 10 NS .05 .05 A0

L For analysis of variance {AOQV) of treatment (main) effects.

¥ Means not followed by the same arabic letter are different in Duncan multiple range test at the same significance level as in the
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damaging than that of January 1975 and probably contributed to the low yields
in 1974, Field notes on bloom and tree condition fail to corroborate the low
vields in 1973.

The average yield per treatment by vears for each of the cultivars as well as
the seven year treatment average is shown in Table 1. Significant vield responses
to irrigation treatments were observed for Marrs oranges in 1971, 1974, and for
the seven year average, Ruby Red grapefruit responded to irrigation treatment,
but only at the 0.10 probability level in the individual vears 1969, 1970, and
1974; the seven year average was significant at the 0.01 level. For the seven year
average, treatments B and C yielded alike and significantly higher by almost
4 tons per acre than treatments A and D which yielded alike. The Valencia
oranges differed at the (.05 level in yield among treatments in 1974 and 1975;
among years, treatment D had the highest yields and significantly higher than
either treatment A or B, but not different from the 40% depletion treatment, C.

In 1973, highest and lowest yields among replicates of treatments A, C, and
D differed by 10 to 12 tons per acre so that the low average yield of treatment D
was significant at only the 0.13 probability level. *

All cultivars responded to irrigation treatments in 1974. That was the only
year in which less than 2.6 inches of rain fell in each of the first three quarters of
the year. By contrast, in 1973 af least 6 inches of rain fell in each quarter of the
vear and there was no vield response to irrigation.

Over the seven vear period, number of fruit per tree averaged 442 for Marrs,
341 for Ruby Red, and 409 for Valencia (Table 2). Again, 1974 was the only
year in which number of fruit harvested was significantly affected by irrigation
treatment in all cultivars. For Marrs, number of fruit per tree was affected in the
same years, 1971 and 1974, that yield had been and the DMR tests show the
same pattern of differences among treatments as vields did. Irrigation treatments
had little effect on number of fruit per tree in grapefruit, but number of fruit
was affected in 5 of 7 years in Valencia oranges, An alternate bearing pattern
appears to have developed in treatment C of the Valencia oranges. In 1971, 1973,
and 1975 fruiting was heavy (=500 per tree); in 1972 and 1974 fruiting was
light {<Z380 per tree). Treatment D exhibited heavy fruiting in 1970, 1972, and
1974 (=600 per tree) but light fruiting (<7380 per tree) in 1971 and 1973. Low
yields of treatment D grapefruit in 1973 and treatment B Valencia oranges in
1974 resulted from the poor fruit set,

The seven year average number of fruit per tree was not significantly affected
by irrigation treatment {main effect) in any cultivar, However, the treatment x
year interaction was highly significant for all three cultivars indicating that fruit
set was differentially affected in specific years,

Average fruit weight was significantly affected by moisture treatment in 1972
and 1975 for Marrs oranges, but the seven year average was not affected by
treatment (Table 3). For Ruby Red grapefruit, irripation treatment affected
weight per fruit in four of the seven individual years and the seven vear average,
Seven year treatment average fruit weight was in the order C B A D with treat-
ment C fruit at 1.06 Ib per fruit differing in weight from trealment A (.99 Ib per
fruit) and D (.97 b per fruit). The Valencia orange fruit weights were affected
by treatmentis in four of the seven individual years and the seven vear average
weight was affected at the 0.01 probability level. Fruit of treaiment B was
heaviest at .50 Ib per fruit and differed in weight from treatments A (.46 1b per
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Table 2. Number of fruit per tree for three citrus cultivars and four moisture treatments for seven years,

Year Seven year

Variety Treatment 1969 1970 1971 1972 1978 1973 1975 average
Marrs orange AL WDS0 273 366 576a¥ 623 354 309 h B68ab 438
B, WD&0 3oy 335 319 b 622 459 37T h 594ab 430
C, WD40 301 282 63la 441 406 613a 468 b 449
D, WDB0W /603p/ 2563 368 488a 641 389 356 b 674a 451

808/60F P A oo SRgp r=—
Variety average 284 336 203 5E2 402 414 576 442
Signif. level® NS NS .05 NS NS .01 05 NS
Ruby Red A, WDBO 400a 348 340 387 304 192 b 334 331
grapefruit B, WD&60 338ah 446 367 364 389 352a 285 363
C, WD40 302 b 425 395 338 329 2T74ab 370 348
D, WDBOW/60Sp/ 363ab 334 346 425 152 347a 287 322

208/60F eRilicy e o e —
Variety average 351 3a8 362 381 293 291 319 341
Signif, level .10 NS NS NS NS Ril NS NS
Valencia A, WD80O 181 526 414 b a00a 468ab  344ab 368 b 400
orange B, WD60 138 561 379 b 47 2ab 467ab 182 b 485ab 384
C, WDd0 140 447 539 339 b bbGa 378 598a 428
D, WDBOW 60Sp] 141 537 370 b 580a 379 b 514a 458 b 428

808/60F o EEy o PSR ——
Variety average 160 518 425 473 485 357 477 409
Signif. level NS NS 05 10 10 .05 06 NS

2 For analysis of variance (AOV) of treatment effects.
¥ Means not followed by the same arabic letter are different in Duncan multiple range test at the same significance level as in the
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Table 3. Average weight per fruit for three citrus cultivars and four moisture treatments for seven years.

Year Seven year
Variety Treatment 1969 1870 1971 1972 1973 1974 1975 average
............................. IHE oo s e s i i e
Marys orange A, WD80 50 49 A3 39 bY .od b0 LAGak A7
B, WDBD AB AB .53 43 b AT 52 44 b A7
C, WD40 AT 52 44 Hba b2 44 .5la 49
D, WDBOW /60 5p/ .53 48 80 A4 b 53 52 44 b A9
305/60F
Average A9 A9 A48 45 52 49 A6 A8
Signif, level® NS NS NS 05 NS NS 05 N8
Ruby Red A WDS0 B2 b 1.08 1.06 B4 b 96 1.24a .B6 b 28 b
grapefruit B, WDG0 99a 1.09 112 1.03a 80 105 be  1.01a 1.03ab
C, WDd0 96ab 1.10 112 1.11a 97  1.1Bab 1.02a 1.06a
D, WDBOW [605p/ A1 b 112 1.02 B4 b 1.03 a7 e S3ab 9T b
805/60F
Average 94 1.10 1.08 06 96 1.11 856 1.01
Signif. level 10 N8 NS 05 NS 10 05 A1
Valencia A WDED A6 AT .53ab 44 b 40b 46 h A8 46 ¢
orange B, WD&0 A8 A6 .bba A%a ATa .DBa A8 .h0a
C, WD40 47 A8~ A8 b Gla Alab 51 b A8 A8 be
D, WD6OW [60Sp/ .50 A6 5Ta 49 4Ta 45 b 49 A9ab
BOS/6OF
Average 48 AT .63 A8 44 i) 48 A8
Signif. level NS NS 0 10 05 Hi| NS 01

% For analysis of varianee (AOV) of treatment effects.

¥ Means not followed by the same arabic letter are different in Duncan multiple range test at the same significance letter as in the
ADV,




Fruit) and C (.48 Ib per fruit). However, for Valencias the average fruit weights
appear to be confounded by the alternate bearing noted for treatments C and D,

The overall average weight of the Marrs and Valencia oranges for the duration
of the study was the same, 48 lb per fruit. Evidently, these two cultivars pro-
duce about the same size fruit under the same conditions.

Irrigation affected yield per acre of all cultivars, did not affect number of
fruit per tree for any cultivar, and affected average fruit weight of Ruby Red and
Valencia oranges. However, because fruit weight did not vary greatly ameng
treatments, within vear yield disparity was closely associated with a change in
number of fruit harvested. The fact that the seven year fruit weight of Valencia
and Ruby Red responded to moisture treatments indicates that fruit size was
mote consistently affected by irrigation treatment than was number of fruit per
tree.

To examine the relation between production per tree (Ib) and the yield com-
ponents, number of fruit per tree and weight per fruit (Ib), we determined the
linear eorrelation between the following variable pairs for the year 1974: 1Ib
fruit per tree (vield) vs. number of fruit per tree; yield vs average fruit size; and
fruit per tree vs. fruit size. The individual tree data were used, 50 there were 48
ohservation pairs per cultivar, The year 1974 was chosen because it was a year of
low rainfall in which moisture treatment effects were expressed.

The analyses are summarized in linear regression equations and coefficients of
determination, r2, presented in Table 4, It is evident that yvield per tree Is strong-
¥ dependent on number of fruit per tree; the r2 ranged from 0.82%% for Ruby
Bed grapefruit to 0.96%% for Valencia orange. In contrast, weight per fruit
contributed mueh less to yield per tree-r2ranged from 0.02 to 0,36%%.

Table 4. Relationships between yield per tree and fruit per tree, yield per tree
and weight per fruit, and between fruit weight and number of fruit
per tree for three cultivars in 1974,

Inter- Indep.

Cultivar Depend. variable  cept Coef.  variable 2

Marrs Lbs fruit per tree = 55.02 + 0.353 (fruit/tree) 0.862%
Ruby Red = 7202 + 0.835 (fruit/tree) 0.818%#
Valeneia = 26.84 + 0411 (fruit/tree) 0.958%*
Marrs Lbs fruit per tree = 3645 - 3233  (lb/fruit) 0.092%
Ruby Red =4114 - 86.2 (lb/fruit) 0.021

Valencia =519.5 - 680.2 (lb/fruit) 0.364 %%
Marrs Lb/fruit =0.590 - 0.0002 (fruitftree) 0.337%+
Huby Red =1.356 - 0.0008 (fruit/tree) 0.289%+
Valencia = (604 - 0.0003 (fruit/tree) 0.519%#
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For all three cultivars, fruit weight decreased significantly as number of fruit

per tree increased {r2 = 0.29%* or 0.52%*). However, the coellicients are very
small so that [ruit size could not offset a poor fruit set.
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Citrus Responses to Irrigation:
III. Tree Trunk and Canopy Growth
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ABSTRACT

Trunk girth or eciroumference and ground cover by the tree canopies were measured
annually from 1268 through 1976 in Marrs and Valencia orange and Ruby Red grapefroit
plantings subjected to four brrigation treatments. Tree circumference and canopy cover at
the end of the study were in the order Valensia orange 3 Ruby Red grapefruit 3 Marrs
orange and were closely related to irrigation plus rainfall. Drigation water application
amount for the eight year period ranged from 24 inches for the driest treatment of Marrs
orange to 206 inches for the wettest treatment of grapefmit. All trees received 226 inches of
rainfall. The relation betwesn ground cover and tree canopy diameter is given for the 15 x
22 ft tree spacing of the study and the maximum yields of all eultivars are shown to have
occurred when trees touched in the row (55% ground cover). The data suggest that frequent
irrigation of newly planted trees iz desirable to achieve rapid tree sizing for high early
production and that onee lLight is effectively intercepted, less frequent irvigation would help
control tree growth without affecting ylelds.

Citrus trees that are most frequently irrigated usually have the greatest in-
creases in trunk girth or circumference (4,5, 3,9, 7, 1). Hilgeman and Sharp (3)
noted that trunk growth closely reflected the total water applied and that cessa-
tion of trunk enlargement would be a good criterion of irrigation need.

Moderate water stress also reduces the size of the tree canopy compared with
amply irrigated trees (3). The number of fruit per tree is usually not much
affected by moderate water stress but fruit size is reduced (2, 3, 6, T).

Both Hilgeman and Sharp (3) and Stylianou (9) noted that restricting water
in the summer resulted in smaller, more compact trees with dense foliage.

The purpose of this paper is to present the trunk and canopy tree growth data
obtained during a long term experiment in which Marrs and Valencia oranges
and Ruby Red grapefruit were subjected to four different irrigation management
treatments and to briefly discuss their irrigation management implications.

MATERIALS AND METHODS

The irrigation treatments were:

A, water depletion (WD) of 80% vear-around at irrigation-WD80
B, water depletion of 60% vear-around at irrigation-WDG0

C, water depletion of 40% vear-around at irrigation-WD40, and
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D, for Marrs and Ruby Red grapefruit, water depletion of B0% in winter (W,
Mov. 15 - Feh. 14) and summer (S, May 15 - Aug. 14), and 60% in spring
(5p, Feb. 15 - May 14) and fall (F, Aug. 15 - Nov. 14)-WD 80W/605p/
805/60F. For Valencias, 80% depletion was permitted only in summer
with 60% depletion of plant-available water in the surface 3 ft of soil the
other quarters-WD 60W [605p/805/60F,

The 80, 60, and 40% depletions required irrigations of 4.8, 3.6, and 2.4
inches, respectively, to return the surface 3 ft of sandy clay loam soil to field
capacity.

Trunk circumference was measured repetitively at a position 9 inches above
the ground and well above the bud union, where a white line had been painted
around the frunks. A tape graduated in em and mm was used to make the
measurements, and the measured girth was used as the civcumference, even
though some trees deviated from a civcular growth habit. Circumference measure-
ments were made in May, September and December each year. For this paper we
uwsed only the December measurements. The annual measurement in December is
referred to as the “vear end” circumference; the difference between successive
December measurements gives the “yearly increase” in cireumference. For
example, the circumference difference between December 1969 and December
1968 is the vearly increase in trunk cireumference in 1969,

Ground cover changes were recorded photographically. From 1967 through
1970 the photographs were taken in July or August from an aerial lift positioned
over the four yield trees using a 35 mm camera with wide angle lens and Kodak
Plus-X photographic film. For these photographs, the bottom of the aerial lift
bucket was 48 ft above the ground surface and the ground area viewed was only
slightly larger than the 30 ft % 44 [t oceupied by the four yield trees,

After 1970 we relied on aerial photography of the research groves taken
periodically during the summer. We chose the best available from the June
through July period. Altitude of the photography ranged from 2000 to 3000 ft,
The photography was obtained with a Zeiss 9-inch format camera in 1971 and
1975 and a 70 mm Hasselblad in 1972, 1973 and 1974 using various film types.
In making print enlargements for determining ground area occupied by the trees,
care was taken fo maximize the contrast between the plant canopies and the
shadows they cast.

The ground area (Ag) occupied by the 4 harvest trees (30 x 44 t) within each
treatment replication was cut from the prints and weighed on a balance with
1 mg sensitivity. Then the area occupied by only the trees (At) was cut from the
print segments and weighed. The weight ratio (At{Ag) was multiplied by 100 to
obtain percent ground area occupied by the trees.

Since the ground area oceupied by each tree ona 15 x 22 It spacing is 330 ftz,
then the ground area per tree, Ay, as a mean for the four trees was (330 ft2}
{% ground cover/100). Assuming a circular growth habit of the tree canopy we
translated ground cover to diameter of the tree canopy, D, from the equation

D=2y A m
- 1128 /A
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Table 1. Trunk circumference (inches) for three cultivars and four irrigation
treatments for eight vears. Measurements were made in December of
the calendar years shown and are referred to as year-end circumfer-
ences in the text.

Variety |
Treatment 1968 1969 1970 1971 1972 1973 1974 1875

.................... T T T
Marrs
A 10.2 115 126p% 132p 14.0b 15.0b 154b 16.0b
B 106 120 133p 14.2ap 15.ab 16.3sb 174a 17.9a
C 110 125 143a 150a 163a 17.Ta 183a 193a
D 104 120 133b 14.1ab 15.0sb 16.3ab 1T7.1ab 17.8a
Avg, 106 120 134 14.1 151 16.4 1T7.1 17.9
Sig. level NS MNE Nih 05 05 A0 A0 A0
Ruby Red
A 136 156b 17.2b 185b 196k 211b 222b 235b
B 142 16.8a 186a 2022 21.8a 23.3a 2452 26.1a
C 141 16.9a 189 205a 223a 23.8a 26.2a 26.4a
D 13.6 16.0b 18.0ab 19.3abh 20.6ab 22.2ab 23.3ab 24.6ab
Avg. 139 163 182 196 21.1 226 23.8 25.2
Sig. level NS A0 10 i) 05 05 05 KI5
Valencia
A 13.5 16.3 1386 19.6¢  20.7¢ 21.9¢ 32.0b 24.0b
B 1835 165 190 20.9ab 224ab 235ab 26.0ab 25.8ab
C 13.8 169 199 215a 232 24832 26.3a 2Tda
D 131 160 1385 20.1bc 214be 227be 23.6b  24.7b
Avg, 135 164 19.0 20.5 21.9 233 24.5 25.6
Sig. level NS MNE NS A0 05 05 01 0b

% Means in columns separated by Duncan’s MRT at the AOV significance levels
noted at the bottom of each varieties’ column,

The relationship between ground cover and tree canopy diameter is shown in
Fig. 3.

Analyses of variance, AOV, and Dunean’s multiple range tests, MRT (8) were
determined on irrigation treatment main effects for individual vears and for their
effect over the duration of the study,



RESULTS AND DISCUSSION

Trunk circumference did not differ at the 0.05 level among irrigation treat-
ments for any cultivar until 1970, the third year after the irrigation differentials
were established and maintained (Table 1). Significance levels generally increase
with duration of the study for Ruby Red and Valencia oranges indicating a
cumulative effect of irrigation treatment on tree circumference. Grapefruit trees
had larger trunk circumference than the Valencia oranges until 1969. Since then
the Valencia orange trees have outgrown the grapefruit trees. Marrs orange trees
have grown much more slowly than the other two cultivars.

Table 2. Seven-year average year-end trunk circumference and vearly increase
in circumference by irrigation treatments® and cultivars,

Marrs Ruby Red ) Valencia

Year-end Trunk Circumferences, inches, 7-vear average

C16.2 aY C220a C228a
B152b B216a B219%b
D151b D206 b D210¢c
A 140¢ Al19.7¢c A26e

Avg. Yearly Increase in Circumference, inches, T-year average

C 119a C 1.76a C 194a
D 1.05a B 1.70ab B 1.75b
B 1.03ab D 157hb D 166b
A B4b A l4le A 1.50c

Z Capital letters designate irrigation treatments.
¥ Means followed by the same letter in vertical columns are not different from
each other at p = 0.01.

Whereas the trunk circumferences in Table 1 did nol differ statistically,
for any cultivar until 1970, there is significance for annual trunk increase for
Valencia orange and Ruby Red grapefruit in 1969, and for Valencia and Marrs
oranges in 1970 (Fig. 1). By 1971, the annual rate of trunk circumference in-
crease had stabilized at approximately 1.5 inches per vear for the Valencia
oranges and Ruby Red grapefruit and at about 1 inch per vear for the Marrs
oranges. Irrigation treatments B and C did not stress the trees bul Lreatments
A and D did slow growth of the trees unless rain fell. In 1973, a very wet year
with rains well distributed throughout the year, the annual increase in trunk
circumference of treatment A and D trees was not different from that of treat-
ments B and C. In contrast, 1974, a yvear of light rainfall the first 2/3 of the year
there were statistical differences among treatments in growth of the Valencia
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Fig. 1. Annual increase in trunk circumference (inches) for three cultivars
and four irrigation treatments for the yvears 1969 through 1975.
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oranges. There are some inconsistencies in the data because of the sensitivity of
the annual increases to small errors in measurement of trunk circumference or to
tree growth spurts. For treatment C of the Marrs oranges, a trunk enlargement of
1.85 inches In 1970 is followed by a growth of only 0.7 inches, whereas a growth
of 0.55 inches in 1974 is followed by a growth of 1.0 inch in 1975~indicating
the measured trunk circumference was a little high in 1970 and low in 1974
(Fig. 1); the cumulative growth curves plotted from the data of Table 1 are
muech smoother than the graphs of yearly increases.

The T-year average year-end trunk ecircumferences and yearly increase in
trunk circumference data in Table 2 show that irrigation treatment C (40% de-
pletion of the plant-available water in the surface 3 fi of soil year-around al
irrigation) had the largest trunks and annual increases in trunk circumferences
for all eultivars and that treatment A (80% depletion of soil water in the surface
3 ft year-around at irrigation) had the lowest. The intermediate irrigation treat-
ments, treatment B (60% depletion of plant-available water at irrigation year-
around}) and treatment D {30% depletion summer and winter and 60% deple-
tion spring and fall) produced tree growth intermediate between treatments
Cand A.

Except for the yearly increase in circumference of Marrs orange trees, the
Duncan multiple range tests in Table 2 generally show that: the growth of
treatment C trees was significantly greater than that of treatment A and D
trees, but frequently overlapped with treatment B; treatment A trees responded
differently from all other treatments, or overlapped with treatment D; and,
sometimes the growth response of treaiments B and D were similar and differed
from the responses of either treatment A or C.

In Fig. 2, the relation between trunk circumference and cumulative inches of
irrigation water applied during the eight year period, 1968 through 1975, is
presented for each cultivar and irrigation treatment. The data show a much
wider spread in irrigation water applied-from a low of 24 inches for treat-
ment A Marrs oranges to 205 inches for treatment C Ruby Red grapefruit-
than in trunk circumference, which ranged in 1975 from 16 inches for the
treatment A Marrs oranges to 274 inches for treatment C Valencia oranges.
One reason is that the trees also received a total of 226 inches of rainfall over
the B-vear period. Most of the growth of treatment A trees of all cultivars was
due to rainfall received sinee the most irrigation water any cultivar of this treat-
ment received was 60 inches, Cumulative trunk circumference was shown to be a
nearly linear function of cumulative irrigation plus rainfall {10).

The amount of irrigation water applied to treatments B and C and the trunk
enlargement of the Valencia oranges and the Ruby Red grapefruit closely
paralleled each other. The longer interval between irrigations of treatment B
than of treatment C was offset by larger water application on irrigation of treat-
ment B (10) so that amount of irrigation water applied differed little between
the two treatments. Trunk measurements also differed little (Table 1).

The Valencia orange trees overtook the grapefruit frees in trunk circum-
ference in 19639 but the Valencia tree canopies took until 1972 to overtake the
grapefruit in ground cover {Table 3). This was due to the slightly more spreading
growth habit of the grapefruit trees compared with the Valeneia orange trees.

The poorest quality ground ecover data were for the years 1971, 1972, and
1974 hecause of low contrast between the canopy and shadows when the small
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Table 3. Percent ground cover for three cultivars and four moisture treatments for the
wears 1967 through 1975,

Year and Month
Variety! 1967 1968 1969 1870 1871 1872 1973 1974 1976

Treatment Jul Aug  Aug Aug Jun Jun Jul Jun Jul
..................... L=t SRRt L R A U R e
blarrs
A 2.1 159 1%9.8 26,0 25.5 29.9 23.00%  286b 41.9
B 9.9 148 21.6 27.56 an.4 30,7 38.9ab  41.2a 48.2
C 108 172 24.2 a1.1 30.6 42.3 44 Ba 41.1a 53,4
D 102 154 23.5 28.7 31.0 a0.4 40.5a 35.2ab 408
Avg. 100 158 22.3 28.1 29.4 40.8 39.3 37.0 48.3
Sig. level NS NS NE NS NS NE 05 i) NS
Ruby Hed

A " 141 287 35.3b 43.Bb 47,60 48.8c G0.6L 66.2b T2.3b
B 143 30.3 42.3a G65.5a 60,0a 58,3ab 68.4ab  T3.2ab T8.0ab
c 140 283 38.8a 55 1a G4.5a G1.6a T6.4a T7.8a B6.6a
D 13.6 289.2 38.1ab 488ab S4.8sb 52.8be  60.2b G7.1b Ti.4b

Avg. 140 251 339 0.8 LA 554 7 68.4 71.1 T7.1
Sig. level NS NE& A0 01 01 05 € 1] 10 01
Valenola

A BT 224 344 43.2 50L& 54.4 62.6b Gd.8b 77.0b

B 10,3 207 358 47.7 568 60.9 T0.2a ThH.0a B6,Ba

c 10,6 207 34.7 46.1 56.3 65.5 Td.2a T6.4a Hb.4a

o 10.4 208 354 44.9 51.8 64.0 66.5ab  TO0.Bab  T0.9b

Avg, 10,3 21,1 351 45,5 53.7 662 68.1 71.8 B35
Sig. level NS NS NS NE N8 N5 Ao 05 ik

*  Means in columns separated by Duncan’s MRT at the AOV significance levels noted at

the bottom of each column,

scale aerial photography was enlarged. However, the shadows were minimized by
the high sun angle in June and the acquisition of the photography during midday.

The analyses of variance in Table 3 give results reminiscent of the trunk
circumference data of Table 1 in that the frequency and level of significance
increase with time--because ground cover by the tree canopies is cumulative
and growth is responding to irrigation treatments. The driest treatment, A,
differed statistically from the weftest treatment, C, by 1969 for grapefruit, and
by 1973 for both Marrs and Valencia oranges, The Duncan MRT also indicate
that treatments B and C as a pair and treatments A and D as a pair never differed
significantly for any of the cultivars. For all cultivars, the driest treatment, A
(80% depletion of plant-available water in the surface 3 ft of soil before irriga-
tion year-arcund) had the slowest rate of ground cover.

In Fig. 3 tree canopy diameter (ft) is related fo canopy ground cover (per-
cent) for trees spaced 15 x 22 L. At 55% ground cover, the foliage of adjacent
trees planted 15 [t apart in the east-west rows would start touching. This occurred
in 1970 for treatments B and C of the Ruby Red grapefruit, in 1971 for treat-
ments B and C of the Valencia oranges, and had not yvet occurred in 1975 for
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the Marrs oranges. The ground cover percentages in Fig, 3 hold strictly only
until the trees begin touching. A ground cover of T0% corresponds to a caleu-
lated tree diameter of 17 ft indicating that branches of adjacent trees would be
protruding into each other about 2 ft. By then, the individual tree rows have
formed hedge rows.

The intertree competition for light that occurs when foliage begins over-
lapping helps explain qualitatively why yields of grapefruit and Valencia oranges
from these groves has leveled off since 1970 when highest vields occurred,
although conditions that year were also obviously conducive to a large [ruit set.
Since then there has been increasing overlap of tree canopies on their east and
wesl sides. The highest yields of Marrs oranges occurred in 1975 when average
ground cover across irrigation treatments was 48%, corresponding to an average
canopy diameter of 14 fi (11).
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Trunk circumference and ground cover data show that the more Irrigation
water applied, the faster the trees grew. This indicates the desirability of fre-
quent irrigations to achieve rapid ground cover and heavy bearing trees of a
young age. The trees of this study were transplanted to the grove in 1964 and
the Ruby Red grapefruit and Valencia oranges produced their highest yields in
1970. The wetter two treatments in the grapefruit continued to be the heavier
producers through 1973; the picture is not as clear for the Valencias because an
alternate bearing pattern that clearly developed by 1971 in some treatments (11}
may actually have begun in 1970, It took the Marrs oranges until 1975 to achieve
the tree size the Valencia oranges and Ruby Red grapefruit had five years
earlier, but the 17.4 tons per acre yield of the Marrs in 1975 is greater than those
of the Valencias in 1970 (15.9 tons per acre) or 1975 (15.0 tons per acre). The
small tree size of the Marrs oranges suggesis that a spacing of 11 or 12 ft between
rows and trees in the row (360 and 302 trees/acre, respectively) is feasible for
this cultivar-as opposed to the 132 trees per acre in this study-provided there is
no root depth restricting zone in the soil profile and wider row spacing every

. several rows is provided for long term access for eultural operations. The closer
free spacing should give a concomitant increase in tonnage of oranges produced
per acre for at least the first 5 years of bearing.

The tree growth data also suggest that.once an adequate tree size for efficient
light interception is achieved for the planting configuration used, then the fre-
queney of irrigation might be reduced in order to help control tree growth that
is not assoclated with an increase in yield.
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Marrs, Valencia and Buby Red Juice Quality as Affected
by Irrigation Plus Rainfall
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Soil Scientist, Biological Technician, and Research Chemist,
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Soil and Water Conservation Research and Subtropical Produets
Chemistry Research, Oklahoma-Texas Area,
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ABSTRACT

Soluble solids, citric acid, suspended solids, pH, and haringin (grapefruit) of Marrs and
Valencia oranges and Huby Red grapefruit were related to water use or evapotranspiration
(ET) and to the ratic of evapotranspiration to potential evapotranspiration (ET/PET) by
quarterly periods for the crop years 196% through 1975, Evapotranspiration was defined as
irrigation water applied + rainfall-drainage + root zone water depletion between the be-
ginning and ending dates for each quarter. Potential evapotranspiration was calculated from
weather data.

Wetler soil conditions provided by minfall or irrdgation plus rainfall (larger ET and
ET/PET) lowersd the measured julce guality characteristies, except pH, in every quarter
of the vear. For Marrs oranges, ET or ET/PET during the winter quarter preceding bioom
was most closely associated with reduced citrie acid and percent suspended solids whereas
ET and ET/PET during the summer and fall guarters reduced soluble solids more than at
other times of the year. For Valoncias, water conditions during the winter quarter preced-
ing bloom most influenced “brix: during the fall guarter they most influenced citric acid,
suspended solids, and pH; and, during the winter quarter of harvest they mainly affected
jutee yield. For grapefruit, waler conditions during the summer gquarter had the greatest
effect on soluble solids, whereas wel soil conditions during the fall guarter reduced citric
acid, suzpended solids, pH, and naringin more than during other quarters of the year,

Citric acid concentration was the only jwice characteristic for which half or more of
the varlation was accounted for by water conditions. Generally, water conditions during the
fall quarter preéceding harvest had the strongest effect on the juice characteristics of Valeneia
orange and HRuby Red grapefruit. ET/PET, a measure of relative water stress, was more
closely related to juice quality than was ET. The juice quality of Ruby Red grapefruit was
more respongive Lo soil water conditions than that of either orange cultivar,

The minimum water requirement (rainfall plus irrigation) for citrus produc-
tion in the Lower Rio Grande Valley is approximately 100 em (2, 8). About
half the requirement is met by rainfall; average rainfall for the 30-year period,
1931-1960, is 59 em for Weslaco and 49 em for Mission (16). However, rainfall
is unigue in annual distribution and amount each year. In analyzing irrigation
management studies by analvsis of variance (AOV), rainfall is uncontrolled
variation superimposed on the irrgation treatments.

Cruse et al. (5) reported and interpreted the within and among years analyses
of varance of juice characteristics (juice yield, soluble solids, citric acid, sus-
pended solids, ascorbic acid or vitamin C, pH, and naringin content (grapefruit
only) for each of three cultivars (Marrs and Valencia oranges, Ruby Red grape-
fruit) subjeeted to four irrigation management regimes for a seven year period.
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Juice vield and vitamin C did not respond to irrigation treatments, but the
among years AOV showed significant reductions in percentages of soluble solids
{(“brix), citric acid, and suspended solids with increasing irrigation frequeney for
all cultivars,

The purpose of this paper is to reanalyze those juice quality data, except juice
yield and vitamin C, taking rainfall’s contribution to the citrus water require-
ment directly into account.

Previous workers found that increasing irrigation [requency or amount de-
creased soluble solids, citrie and ascorbic acid or vitamin C, and titratable acidity
{13) in juice from Valencia orange, Shamouti orange, and Marsh grapefruit
(9, 10, 13). Results can also be affected by soil type (1), fertilization (12),
application of insecticidal oils (7), and maturity of the fruit at harvest (3, 4).

MATERIALS AND METHODS

The grove was planted in 1964 on the Valley Soll and Water Conservation
Districts” Research Farm 4 miles north of Weslaco. The soil is a Hidalgo sandy
clay loam (Typic Calciustolls). The grove incorporated a randomized block
design of 4 treatments with 3 replications for each of the culfivars, Marrs (15)
and WValencia oranges (Citrus sinensis (L.) Osbeck) and Ruby Red grapefruit
(Citrus paradisi Macf.). Tree spacing was 4.6 x 6.7 m (15 x 22 ft). Replications
were blocks of 16 trees of which the 4 interior trees were harvested and the rest
served as buffer trees. Ferfilization was at the rate of 068 kg (1.5 Ib) N per
tree applied in either January or February each year. Diuron, bromacil + diuron,
simazine, and MSMA + sodium cacodylate plus hoeing were used for weed con-
trol. Azinphosmethyl, carbaryl, carbophenothion, chlorobenzilate, dicofol,
ethion, formetanate hydrochloride, phosalone, spray oil and zineb were used at
various times for insect and mite control, while copper hydroxide was used for
melanose control.

The treatments are summarized in Table 1. Metered irrigation water appli-
cations were 12, 9, and 6 cm depth of water per irrigation for the 80, 60, and
40% depletion treatments, respectively. Records of rainfall were obtained at a
Class A weather station within 200 m of the grove, Table 2 presents the rainfall
recorded by winter, spring, summer, and fall quarters, and as an annual total,
Subsurface drain lines at the 2 m depth provided a well-drained and aerated root
zone,

Soil water content for determining depletion was measured weekly by neu-
tron scattering (19) and amount of water in the surface 90 cm of soil was
graphed versus time to display each drying cycle per treatment. When rain fell,
the amount in excess of that required to fill the 90 ¢m root zone to field capac-
ity was assigned to drainage. The water use or actual evapotranspiration (ET)
was determined by guarterly periods from:

(irrigation - leaching requirement) + (rainfall - drainage) +

(difference in amount of water in the 90 cm deep root zone at

the beginning and end of the guarter)
where all amounts are in em. Because periodic heavy rainfall takes care of the
leaching requirement locally, we did not overirrigate for leaching and this term
Was Zero.
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Table 1. Explanation of irrigation treatments applied to three eitrus cultivars,

PAWD? Water applied

sirface 90 em per

Cultivars  Treatment of soil Time of Year irrigation
(%) (%) {cm)
All A 80 Throughout 12
All B 60 Throughout 9
All C 40 Throughout @
Marrs and D a0 Nov. 15 - Feb. 14 (W)Y 12
Ruby Red May 15 - Aug. 14 (Su) 12
60 Aug. 15 - Nov, 14 (F) 9
Feb. 15 - May 14 (Sp) 9
Valencia 80 May 15 Aug. 14 12
60 Nov. 15 - Feb. 14 9
Feb, 15 - May 14 9
Aug. 15 - Nov. 14 a

Z

Plant-available water depletion based on water retention at 15 and 1/3 bar on
a pressure plate.
Quarterly periods are called Winter, Summer, Fall, and Spring, respectively.

ety

Daily potential evapotranspiration (PET), the amount that crops that com-
pletely cover the ground would evapotranspire if freely supplied with water,
was also caleulated from the equation (11, 18):

PET = 0.0112 (Tm - 20) Rs

wherein Tm is the mean daily temperature (°F), and Rs is daily solar radiation
pxpressed as equivalent depth of water evaporated {Langleys da}r'l.fﬁsﬂ Langleys
r.m'l}. The daily PET values were summed for the number of days in the guarter
to obtain quarterly amounts. The ratio of actual to potential evapotranspiration
(ET/PET) is a relative water stress index, The index value ranged from 1.0 when
there is no stress to 0.4 or lower under extreme drought, Over a quarterly period
including one or more drying cycles, its value would be expected to be infer-
mediate between 0.4 and 1.0.

Because the prebloom and fall irvigations of treatment D began Feb. 15 and
Aug. 15 (Table 1), respectively, this treatment determined the beginning and
ending dates of the guarters into which the year was divided. The quarters are
described and defined in Table 3. All cultivars typically bloomed in March, Marrs
oranges were harvested the second week in November of the year in which they
bloomed, grapefruit the first or second week of January, and Valencia oranges
the second or third week in March of the calendar vear following bloom. There-
fore, the grapefruil and Valencia orange juice guality data for a given crop sea-
son were related to ET and (ET/PET) for five quarters--from the winter guarter
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Table 2. Quarterly and annual rainfall, in em, for seven yvears, The years begin
November 15 and end November 14.

Crop Nov.15-Feb.l4 Feb.15-Mayl4 Mayl5-Aug.14 Aug.15-Nov.l4 Annuaf

year® (Winter) (Spring) {Summer) (Fall) total
....................... S e i S R e
1969 6.0 26 7.3 213 43.8
1970 11.7 8.5 20.6 33.9 4.7
1971 0.8 10.1 26.9 31.0 68.8
1972 76 211 41.5 149 85.1
1973 16.0 26.8 36.6 325 1119
1974 3.0 5.8 6.5 41.2 56.3
1975 6.8 11 39.2 234 T0.5

£ Based on the calendar year in which bloom ocecurred.

of or preceding bloom through the winter quarter of or preceding harvest (Table
3). The water use data for the winter quarter of harvest, Q5, for one crop vear
was also the prebloom winter quarter, Q1, water use data for the next crop
year’s juice characteristics.

The juice characteristic data were analyzed by multiple step-wise linear
regression procedures according to the model:

juice quality parameters = a,, + b(Q1) + ¢(Q2) + d(Q3) + e(Q4) + £(Q5)
where the juice quality parameter was, in tumn, “brix, citric acid, suspended
solids, pH and naringin (grapefruit only) and Q1. .. Q5 represent either (ET) or
(ET/PET) for the quarterly periods defined in Table 3. Since there were 7 years
of data and 4 treatments there were 28 observations per analysis within each
cultivar.

The first fruit harvest utilized was in 1969, All fruit in the blocks being har-
vested were picked “clean the tree™ and passed through a mechanical sizer and
fruit counter. Size of oranges analyzed for juice quality was 200-125 (7.8 to
9.0 em diamter) and for grapefruit it was 7054 {11.0 to 12.1 cm diameter).
Sixty fruit in each treatment replicalion were randomly chosen for analysis.
Some 15 to 20 fruit of each variety were taken for priming the extractor.

Fruit were washed on a set of motor-drven brush rolls and drain-dried.
Samples were weighed and juice extracted in an FMC Model 021 B in-line state
test extractor. Sucrose equivalent sugar in degrees brix, referred to as soluble
solids was delermined with a Bausch & Lomb Abbe 3-L refractometer and cor-
rected to 20°C. Citric acid was determined by titration with standardized
sodium hydroxide solution to pH 8.2-8.3 as indicated by a Coming Model 7
pH meter and reporfed as precent anhydrous citric acid. pH of the juice was
determined with the same meter.

Pulp (suspended solids) was determined by centrifuging 50 ml of well-
agitated, deaerated juice in an International Centrifuge size 1, type 5Bat
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Table 3. Definition of gquarterly periods by which rainfall and water use data
were summarized.

Water use
periods Quarters used by cultivar

{Quarters) Definition Marrs  Valencia Ruby Red
Nov. 15 - Feb. 14 Winter of bloom, @1 @1 g1 Q1
Feb. 15 - May 14 Spring, Q2 Q2 Q2 Q2
May 15 - Aug. 14 Summer, @3 Q3 Q3 Q3
Aug 15 - Nov. 14 Fall, Q4 Q4 Q4 Q4
Nov. 15 - Feb. 14 Winter of harvest, Q5 Q5 {4153

1300 rpm for 10 minutes, The solids reading obtained was doubled and reported
as a percent by volume. Juice yields were obtained by weighing the whole fruit
sample prior to extraction, allowing the extractor manifold to drain for 70
seconds, welghing the juice in a tared container, dividing the net juice weight by
the net sample weight and reporting the result as a percent. Naringin was run by
the Davis test (6) and reported as parts per million (ppm).

RESULTS AND DISCUSSION

Rainfall received by guarterly and annual peiods for each of the seven crop
vears of the study is summatized in Table 2, The wettest year was 1973; rainfall
totaled 112 ¢m and was well distributed in all four quarters. The next wettest
year was 1972 but most of the rain fell in the spring and summer guarters. In
1974 the first three quarters were dry but excessive rain fell in the fall.

The average evapotranspiration (Table 4) for the four irrigation treatments
for the seven year period was 86 ¢m for the Marrs oranges, 107 em for the
Valencia oranges, and 105 em for the Ruby Red grapefruit. Valencia and Ruby
Red trees were about equal in ground cover and considerably larger than Marrs
orange trees, Water use (Table 4) was higher than average during quarters of
heavy rainfall because water was readily available for evaporation directly from
the soil surface as well as for transpiration in all treaments. The coefficients of
varation (cv.) of guarterly and vearly means of four irvigation treatments
(Table 4) show that the biggest disparity in water use among years, relative to
the mean value, oceurs in the winter quarter (c.v.=35%) and that water use is
most similar in the fall {e.v.=17%) when rainfall usually contributes much of the
citrus water requirement.

The ET values are similar among cultivars in 1975 because thal year we
switched from scheduling irrigations on the basis of neutron scattering detfer-
minations to scheduling based on the Jensen-Haise method (11, 18} which
utilizes a time-of-year dependent crop coefficient and weather data. The same
erop coefficient was used for all three cultivars. Because the Marrs orange trees
covered less of the ground than the other two cultlvars (20), a different crop
coefficient would have been appropriate for this cultivar. Also, Nixon and Smith
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{14) reported that the Jensen-Haise procedure used underestimates PET by
about 20% from October through April for south Texas; this error contributes fo
the low annual total in 1975.

The linear correlation coefficlents, r, between water use (ET) by guarterly
periods and soluble solids, citric acid, suspended solids, pH and naringin of the
juice at harvest of Marrs and Valencia oranges and Ruby Red grapefruit are given
in Table 5. Similar analyses but for actual to potential evapotranspiration ratio
(ET/PET) versus these same parameters of juice quality are presented in Table 6.

Winter of bloom water conditions correlated negatively with the citric acid
and suspended solids content of Marrs orange juice, whereas wetter summer
water conditions reduced soluble solids (Tables 5 and 6). For Valencia oranges,
ET each quarter correlated negatively with citric acid content but ET/PET related
to citric acid only for the summer and fall quarters. ET/PET in fall was also
negatively correlated with suspended solids and pH. Winter of bloom ET/PET
correlated negatively with soluble solids.

For Ruby Red grapefruit both ET and ET/PET each quarter affected citric
acig but the relation was strongest for the fall quarter (r=-.793 for ET and -.854
for ET{PET); citric acid decreased in every case as wetter conditions were pro-
vided by rainfall, or by irrigation plus rainfall. Soluble solids also decreased as
wetter soil conditions were provided-as indicated by larger ET or ET/PET-
during summe: fall, or winter of harvest. Suspended solids were significantly
decreased by wedter fall conditions. Maringin content of grapefruit juice was
negatively correlated with spring and fall ET and with summer ET/PET.

In the above findings, the correlations are negative between soil water avail-
ability, as expressed by ET or ET/PET, and all the juice quality characteristics
measured except pH. Oranges are generally recognized as more drought tolerant
than grapefruit. The lower frequency of occurrence of significant correlations
for oranges than grapefruit in Tables 5 and & support this observation. The
linear correlation coefficients, although statistically significant, are generally low
except for eitric acid. This indicates that citric acid content is closely associated
with availability of water to the trees. Most of the variation in the other juice
characrerislics is due to unconsidered factors; the guarterly time period of data
summarization is inappropriate; or the influential factors are not closely asso-
ciated with soil water conditions, Within years analyses would help remove the
vear Lo year variation, but there was an insufficient number of observations
within vears for meaningful analysis. The low coefficients of variation (Table 5)
show that seluble solids, citric acid, suspended solids, and pH were stable across
the seven vear period; consequently there is little variation to explain. Naringin
content of grapefruit does have a large coefficient of variation (34%).

The multiple regression equations, relating juice quality to evapotranspiration
(ET) and to the ratio of actual to potential evapotranspiration {ETfPETj by
quarterly periods, for which the coefficients of determination {Fl } were statis-
tically significant are given in Table 7. The equations are limiled to those that
included only two guarters and the guarters whose coefficients are significant
by a t-test are underscored. For Marrs oranges, ET/PET explains more of the
variation in percent solids than does ET. For Valencia oranges, the variation
attributable to ET/PET was significant for percent solids, juice yield and pH
whereas it was not for ET; the amount of variation explained by ET and by
ET/PET was about the same for brix and citric acid. For the grapefruit, the
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Table 4, Quarterly and yearly evapotranspiration (ET), as the average for four
irrigation treatments, of three citrus cultivars over the 7 year study

period.
Nov. 14- Feb,15- May 15- Aug. 15-

Crop Fehb. 15 May 14  Aug. 14 Nov. 14 Yearly

Cultivar  vear {Winter) {Spring)  (Summer) {Fall} amount

.................. N S e

Marrs 1969 10.0 15.1 23.9 27.3 76.1
1970 11.0 178 28.6 319 89.1
1971 8.1 16.2 404 318 86.5
1972 12.9 232 35.9 283 100.3
1973 15.6 16.0 27.4 286 87.6
1974 11.3 154 248 28.0 795
1975 10.9 178 313 243 843
Avg. 114 17.3 259 28.6 86.2
ev.(%) 37 28 23 17

Valencia 1969 11.3 18.0 324 30.8 92.5
1970 11.6 19.7 340 1.6 1029
1971 15.9 249 35.8 383 1147
1972 14.0 28.4 41.9 38.5 122.8
1973 20.8 225 36.1 35.3 114.7
1974 14.6 227 395 7.6 114 .4
1975 114 18.0 30.7 24.2 84.3
Avg. 14.2 22.0 35.8 346 106.6
ev.(%) 32 27 21 18

Ruby Red 1969 11.3 223 39.1 352 108.3
1970 16.5 20.1 35.0 36.6 108.2
1971 12.6 26.2 343 33.8 106.9
1972 14.2 276 374 32.8 112.0
1973 17.6 19.9 37.8 349 110.2
1974 13.7 206 36.2 34.7 105.2
1975 115 17.8 31.0 24.2 845
Avg. 13.9 221 35.8 33.2 105.0
cv.(%) 34 30 23 16

115



Tahle 5. Statistically significant linear correlation ecoefficients (r) between evapotrans
piration by quarterly periods and soluble solids, citric acid, suspended solids,
pH, and naringin of the juice at harvest for Marrs and Valencia oranges and
Ruby Red grapefruit for 7 seasons, 1969 through 1975, Means, standard devia-
tion (5.D.) and coefficients of variation x 100 (e.v.) are also provided for juice
characteristics,

Soluble Citric Buspended Haringin
solids acid solids

Cultivar Size Quarterly period bnrix % L) pH ppm

-------------- Foowaa s assje sas bss

Marrs 200 Winter of bloom, Q1 - ~428*T 421+ - MaAY

Spring, Q2 - - - -
Summer, 3 - A28* - -
Fall, Q4 - - » .
Mean 10.26 55 17.43 4.20
5.D, 50 .03 1.53 27
cwd%) BT 5.4 . B.B 6.4
Valencia 200 Winter of bloom, Q1 =454 ~dd1* - - NA
Spring, Q2 - ~493%* - -
Summer, Q3 - g4z - -
Fall, Q4 - -EhEm* - -
Winter of harvest, Q5 - =~421* - -
Mean 11.22 0.82 16.10 3o
5.0, 0.560 0.08 2,06 0.3
c.v.(%) 4.5 9.8 12.8 7.7
Ruby Red 70 Winter of Bloom, Q1 = 402* - - -
Spring, Q2 . - 51g** - = =BT
Summer, Q3 -0.621** =578%= - - -
Fall, Q4 =0.608** =703+ 0472 * . - GORE*
Winter of harvest, Q5 -0.413* =443 - - =
Mean 7.36 1.18 12.33 3.34 1533
5.D. 0.50 08 1.56 024 51.6
cv. (%) 5.3 6.7 12.6 B.7 33.6

L p(0.05)*% = 0.367; r(0.01)*%* = - 470: n = 28
¥  Maringin determined only for the grapefruit.

variation explained by ET/PET was siﬁniﬁicmt at the 0.01 probability level for
all five juice characteristics whereas R“ was significant at the 0.01 level for three
juice characteristics using ET in the regression analyses. Consequently, ET/PET,
the ratio of actual to potential evapotranspiration related more closely to juice
characteristies than did evapotranspiration, ET.

The order in which the quarters were entered in the regression equa-
tions and their underscoring indicate that, for Marrs oranges, the winter quarter
preceding bloom (Q1), was most influential for citric acid and percent solids,
whereas water availability during the summer and fall quarter most decreased
soluble solids. For Valencias, water availability during the winter of bloom (Q1)
most affected soluble solids; the fall quarter (Q4) most influenced citric acid,
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Table 6.

Statistically significant linear correlation coefficients (r) between actual to potential evapotranspiration (ET/PET) by

quarterly periods for a T-year study period and soluble solids, citric acid, suspended solids, pH, and naringin of juice at
harvest of three citrus cultivars. Overall means and standard deviations among treatments for ET/PET are also provided.

ET/PET Soluble Citric Suspended Naringin
Mean Standard solids acid solids
Cultivar Size Quarterly period deviation  “Brix A % pH ppm
L) L 1 e v o S T e T AR O F i i S R R
Marrs 200 Winter of bloom, Q1 52 2b - -.399% - g G - NA
Spring, Q2 49 12 - - -
Summer, Q3 i | A2 - 431% - - -
Fall, Q4 71 a3 - ~3Td*
Valencia 200 Winter of bloom, @1 T .28 - 452% - NA
Spring, Q2 .62 A6 - - -
Summer, Q3 62 A3 41T - -
Fall, @4 .66 A5 BT - 460% +.544%%
Winter of harvest, @5 .76 .27 - - -
Ruby Red 70 Winter of bloom, @1 76 .28 - -370% - -
Spring, Q2 52 A6 .54 3%+ -6l - -
Summer, Q3 62 A3 - B53#* - 5EE*E - - AT THE
Fall, Q4 B3 AT - DARH - BR4%% . BREFE +.452% -
Winter of harvest, Q5 5 29 -4 31% - 457T% - - e
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Table 7.

Regression equations and coefficients of determination (R2) relating juice characteristics to evapotranspiration (ET) and
to ratio of actusl to potential evapotranspiration (ET/PET) by guarterly periods for three citrus cultivars. Equations are
limited to the two most influential quarters, and quarters whose coefficients are significant by a t-test are underscored.

Regression Regression 9%
Cultivar Fruit size variable quations R

Marrs 200 ET Brix = 11.933-0.030{Q3)-0.028(Q4) 0.222%
Citric acid = 0.567-0.006(Q1)+0.002(Q3) 0.246%

Percent solids = 20.513-0.127(Q1)-0.057(Q4) 0.203%

ET/PET Brix = 11.513-1.722(Q3)-0.936(Q4) (0.225+*

Citric acid = 0.555-0,092(Q1)+0.123(Q3) 0.284%
Percent solids = 20.958-2.880{Q1)-2.386(Q4) (.34 2%%
Valencia 200 ET Brix = 11.567-0.077(Q1)+0.035(Q2) 0.3224%
Citric acid = 1,149-0,008(Q4)-0.002(Q2) 0.446%*

ET/PET Brizx = 11.473-0.100{Q1)+0.868(Q3) 0.260%
Citive acid = 1.188-0.334(04)-0.120(Q3) .49 +=*

Percent solids = 21.546-7.881(Q4)+1.814(Q5) 0.268%

Juice yield = 57.575-6.721(Q5)+7.619{Q3) 0.280*
pH = 2.983+1.427(Q4)-0.400(Q5) 0.402%%
Ruby Red T0 ET Brix = 10.806-0.056(Q3)+0.039(Q1) 0.460%%
Citric acid = LEET-:I].UIG{QQ-{].DUE{QE} 0,64 2:+%

Percent solids = 18.286-0.169(Q4)+0.075(Q2) 0.276%

pH = 2.916+0.036(Q4)-0.022(Q3) 0.234*
Naringin = 315,7-8.256(Q4)+3.110(Q3) 0.458%%
ET/PET Brix 10.667-2.835(03)+0.623(Q1) 0.382%%
Citric acid = 1.546-0.369(Q4)-0.062(Q5) 0.769%*
Percent solids = 16.543-6.76%(Q4)+2.373(Q3) 0.416%*
pH = 2.784+1.260(04)-0.786(Q2) (.315%m*
WNaringin = 245.4-216.6(04)+141.5(Q3) 0306w

Z  R2(0.05)* = 0.199; R4(0.01)** = 0.298




suspended solids and pH; and, the winter guarter mainly affected juice yield.
For grapefruit, the summer quarter (Q3) most affected soluble solids, whereas
the fall gquarter affected citric acid, suspended solids, pH, and naringin the most.

The R2 values in Table 7 are the proportion of the sum of squares attribut-
able to regression. ET explaiins 44.6% and ET/PET 49.1% of the variation in
citric acld content of the Valencia oranges, and they explain 64.2 and 76.9%,
respectively, of the variation in citric acid content of grapefruit juice. Citrie
acid content, the only characteristic for which hall or more of the variation is
explained by soil water conditions, is the juice guality most closely related Lo
soil water availability.

Our findings indicate that water conditions during the fall quarter (G4 ) most
influence the juice characteristics of Valencia orange and Ruby Red grapefruit.
Though harvested in later quarters, the fruit is sizing rapidly in fall. The negative
linear correlation coefficients between ET and ET/PET and ail the juice charac-
teristics, except pH, indicate that the fruit enlarge disproportionately more than
the content of soluble solids (brix), citric acid, suspended solids, and hydrogen
ion concentration (pH) increases at this time of vear,
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for Suppression of Citrus Rust Mite

Victor French
Associate Professor, Texas A&I University Citrus Center
Weslaco, Texas TA596

ABSTRACT

Vendex 4|..@ {fenbutatin-oxide) and Vydate L'EI {oxamyl} were evaluated for efficany
against citrus rust mite, Phyllocoptrutae oleivora Ashmead, in full seazon trials on grapefruit,
Vendex 4L at 2.0 Ib aijacre applied at ca, 10-week Intervals, provided full season rist mite
suppression in 1979, Vendex 4L at 1.0 lb ai/acre was less effective, with efficacy against rust
mite declining at -8 weeks post spray, Three applications of Vydate L at 1.0 b aifacre, pro-
vided effeclive rust mite suppression in both 1979 and 1980, The residual effectivensss of
Vydate L was not enhanced by the additlon of 1.0 Ib aifacre of chlorobenzilate 4E. The
percent of rust mite damaged fruit at harvest was lower from all Vendex 4L and Vydate L
spray treatments than from untreated controls in both seasons (P=0.05).

Vendex 4L® (fenbutatin-oxide) and Vydate L@l {oxamyl) were registered for
use on Texas citrus in early 1981, Vendex 4L, a contact acaricide, was labelled
for the control of citrus rust mite, Phyllocoptruta oleivora (Ashmead), and
Texas citrus mite, Fuletranyehus banksi (MeG). Vydate L, a foliar-applied sys-
temie pesticide, was labelled for control of citrus rust mite and citrus nematode,
Tylenchus semipenetrans Cobb. Both chemicals have been included in sereen-
ing trials at the Texas A&I University Citrus Center and this communique
reports on their efficacy against the citrus rust mite, Preliminary results of
trials with Vydate L and a wettable powder formulation of Vendex (50 WP} on
mites were published previously (3, 4). Data on Vydate’s efficacy against citrus
nematode are reported elsewhere (7, 8, 9).

MATERIALS AND METHODS

Vendex 4L formulated as 4 1b ai/gal liquid and Vydate L formulated as 21h
aifgal liguid were evaluated in full season rust mite suppression programs.
Initial spray treatments were applied at postbloom and reapplications made as
needed during the season with either a John Bean F-357 CP Speed Spr&yer@ or
a Lockwood Hardie Super 40 Sprayer@ . Nozzle adjustment, pressure and
sprayer speed through the orchard were regulated Lo apply 250 gal facre, Efficacy
of each acaricide against rust mite was determined by pre-and-post treatment
mite eounts made at ca. 3-week Intervals. Rust mite counts were made on leaves
in early season and on fruit in mid-and-ate season. A 10X handlens with a 1 em
grid was used to count mites in 3 fields on the bottom of each leaf and one field
on the top, median and bottom of each fruit. One hundred leaves and/or fruit
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were examined per treatment replicate. Counts were subjected to analvsis of
variance and separated by Duncan’s Multiple Range Test.

Rust mite feeding damage (russeting) was assessed on harvested fruit from
test trees in December. One hundred fruit randomly selected from each ireat-
ment were rated for damage severity. Russeted fruif would be marked as U. 5.
772 grade fresh, or used for processing.

Vendex Spray Trial — In 1979, a spray trial comparing Vendex 4L and
Vendex BOWP formulations for suppression of rust mite was conducted in a
Block of 20-year-old Ruby Red grapefruit trees (25 X 30 £t spacing). Treatments
and rates (ai per/acre) were: no freatment; Vendex 4L (1.0 & 2.0 Ib); Vendex
50 WP (2.0 1b); and Vendex 50 WP (2.0 1b) plus Nu-film® Extender (3.0 pts).
The latter material was added to determine if it would incresse residual effec-
tiveness of Vendex 50 WP. Treatments were arranged in a randomized complete-
block design with 3 replications. Individual plots were 3 rows of & trees each. All
plots were separated by untreated guard rows to minimize spray contamination.
Initial sprays were applied on May 3, 1980, Treatments were reapplied on July 7
and September 24, Counts of citrus rust mite were not made after the last spray
date,

Vvdate L Spray Trial — Spray trials with Vydate L were conducted in 1979
and 1980, Vydate L applied alone and as a tank mix with chlorobenzilate 4E
(standard scaricide), were tested for rust mite efficacy in a biock of 25-
year-old Ruby Red grapefruit trees on 40 X 24 [t spacing. Treatments and rates
{aifacre) were: no treatment; Vydate L (1.0 1b); Vydate L (1.0 Ib) plus chloro-
benzilate (1.0 1b); and chlorobenzilate (2.0 |b). Treatments were arranged in a
randomized block design with two replications on plots of 18 trees each. All
plots were separated by untreated guard rows to minimize spray drift. In 1979
treatment sprays were applied May 7, July 9, September 24, and in 1980, on
May 1, June 9, and October 7. Mite counts were not continued after the last

spray.

RESULTS

Vendex Trial — Both formulations of Vendex (4L and 50 WP) at 2.0 lb
aifacre, applied at ca. 10-week intervals, provided full season suppression of
citrus rust mite (Table 1), Vendex 4L at 1.0 Ib aifacre gave shorter residual
mite suppression, with efficacy declining at 6-8 weeks post spray. Performance
of Vendex 50 WP was not enhanced with the addition of Nu-film® spreader
sticker,

The percent of rust mite damaged fruit at harvest was lower (P=0.05) in all
Vendex treatments than in the untreated controls (Table 1). No phytotoxicity
was observed after any spray treatments.

Vydate L Trials — Suppression of citrus rust mite with Vydate L at 1.0 1b
aifacre was superior to that obtained with chlorobenzilate 4E at 2.0 Ib aifacre
in both the 1979 and 1980 seasons (Table 2). Efficacy of Vydate apainst rust
mite extended through 6 weeks post spray. The residual effectiveness of Vydate
L against rust mite was not enhanced by the addition of 1.0 Ib aifacre of chloro-
benzilate 4E,

The percent of rust mite damaged fruit at harvest in both 1979 and 1980 was
lower (P=0.05) from the Vydate L and Vvdate L plus chlorobenzilate 4E
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Table 1. Counts of citrus rust mite on mature Ruby Red grapefruit trees sprayed with Vendex 4L and Vendex 50 WP and from
untreated trees April-Sept, 1979,

No. of rust mite/em2

Rate 5/3 T a/24

Ib aif Spray Spray Spray Percent®
Treatment acre (-1)% [(+4)¥ (+8) (+3) (+6)  (+10) Russet
Vendex 4L 1.0 0.0a% 0.0a 9.5b 1.1b 6.8a 9.4b 21h
Vendex 4L 2.0 0.1a 0.0a 0.2¢ 0.0b 0.2b 5.3be 16h
Vendex 50WP 2.0 0.2a 0.0a 0.2¢ 0.1b 0.6b 0.5c 8h
Vendex 50WP 20+ 0.0a 0.0a 0.3¢ 01k  0.1b 3.5¢ 13b

+ Nu-Film 3.0 pt

Untreated 0.1a 0.3a 25.1a 25.0a 6.7a 29.3a Bba

% Prespray count on leaves.

¥ Weeks post spray, counts made on fruit,

% Percentage of fruit down graded to US#2 fresh or process fruit due to rust mite injury; 100 fruit evaluated per treatment.
W Treatment means per column separated by Duncan’s Multiple Range Test at P=0.05.
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Table 2. Counts of citrus rust mite on mature Ruby Red grapefruit trees sprayed with Vydate L and chlorobenzilate 4E and from
untreated trees, April-Sept., 1979 & 1980,

1979 No. of rust mite /em2
57 T/9 924
Rate Spray Spray Spray
b ai/ Percent®
Treatment acre (-1)# (+2)¥ (+4) (+6) (+8) {+3) i+8) Russet
Vydate L 1.0 0.0 0.0aV 0.1a 1.1b 7.8b 0.3b 3.1e 17e
Vydate L + 1.0+ 0.0 0.0a 0.0a 0.2b 10.9b 0.0b D4de be
chlorobenzilate 4E 1.0
Chlorobenzilate 4E 20 0.0 0.0a 0.1a 1.3b 17.5a 3.0b 33.2a 63a
Untreated - 0.0 0.1la 0.4a 6.4a 16.8a 324a 22.7b 43b
1980 51 6/9 1047
Spray Spray Spray Percent®
(-1)% (+2)¥ (+4) (+3) (+8) (+10) (+14) Russet
Vydate L 1.0 0.2p%W 0.0b O4e 0.0b 0.0b 0.0b 2.8¢ 12¢
Vydate L + 1.0+ 2.7a 0.0b 1.5¢ 0.3b 1.2b 0.9b T.6b 23b
chlorobenzilate 4E 1.0
Chlorobenzilate 4E 2.0 24a 0.2b 17.3b 34b B.la 0.3b 1.3c 18be
Untreated . 24a 1.9a £9.9a 17.2a 1.0b 4.Ba 1B.6a 33a

2 Prespray count on leaves.
¥ Weeks post spray, counts made on fruit.

X Percentage of fruit down graded to US 2 fresh or process fruit due to rust mite injury; 100 fruit evaluated per treatment.
W Treatment means per column separated by Duncan’s Multiple Range Test at P=0.05,




treatments than from untreated controls (Table 2). In 1979 the percent of
damaged fruit from the chlorobenzilate 4E treatment exceeded that from the
untreated controls. Phytotoxicity was not observed following any spray
treatment.

DISCUSSION

Both Vydate L and Vendex 4L performed well against citrus rust mite and
have some advantages over other acaricidal formulations currently used on
Valley citrus. While Vydate L kills rust mite on contact, it is also absorbed by
the foliage and translocated systemically downward in the tree to affect rooi
feeding citrus nematodes. However, the most consistent suppression of citrus
nematode has been at rates generally higher than used for rust mite eontrol,
with fruit yield and size increases in some seasons following Vydate's use (7, 8).
Vydate L provides initial knockdown but little residual suppression of Texas
citrus mite {1). It has shown efficacy against the citrus mealybug, Planococcus
cifri Risso (5). .

Advantages of liguid formulations over wettable powders include: 1) liquids
can be accurately measured in the fleld volumetrically; 2) liquids are not as
easily wind bome as are wettable powders and a formulator working with the
liquid is therefore less likely to contact toxicants. In recent years, Vendex 50WF
has been marketed in 1.0 |b water soluble bags to cireumvent the aforemention-
ed problems. This has forced growers to use 1 Ib of Vendex, or multiples of
1 Ib, since opening bags and weighing of partial amounts not only defeats the
purpose of the soluble bag, but is specifically prohibited by labelling. More-
over, there have been oceasions when the bags did not completely dissolve
resulting in the clogging of the sprayer’s filtering system.

Vendex S50WP has demonstrated efficacy against Texas citrus mite (2), and
is of low toxicity against certain beneficial insect species, such as the brown
lacewing, Sympherobius barberi (Banks) {6).
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ABSTRACT

Mycorthizal fungi were associated with citrus in all of the Z0 orchards sampled in the
lower Rio Grande Valley of Texas, Eight species forming vergieular-arbuscular mycorrhizae
were ldentified. Glomus microcorpue, G, etunicatus, and . fageiculatus were the maost
commaonly found species,

Citrus, like the majority of flowering plants, is normally infected by fungi
forming vesicular-arbuscular mycorrhizae (4, 6, 8, 9). These beneficial fungi
stimulate growth of citrus in nutrient-poor soils by increasing the efficiency of
nutrient uptake(4). Mycorrhizal fungi are largely nonspecific and have extremely
wide host ranges (2). In addition, a single plant species may be infected with
several species of mycorrhizal fungi (5). Several species of mycorrhizal fungi
associated with citrus roots or soil in both California and Florida have been
identified (6). The purpose of this study was to discover the cceurrence of
mycorrhizal fungi associated with citrus in South Texas.

MATERIALS AND METHODS

Four to six 500g soil samples were collected from each of 20 eitrus orchards
across the eitrus belt of the lower Rio Grande Valley of Texas. The area within
the survey was approximately 25 by 90 Kilometers, All trees, whether varieties
of oranges or grapefruil, were grown on sour orange (Cifrus aurantium L.} root-
stock. Seil lexture ranged from sandy loam to sandy clay. The soil pH was
T-8. Samples in each location were pooled and serecned through a series of
sieves by the procedure of Gerdemiann and Nicolson (1). Citrus roots, the
adhering soil, and spores, when present, were placed next to the roots of
one-week-old sudangrass (Sorghum vwlgare Pers) seedlings. The inoeculum and
roots of the seedlings were wrapped in filler paper and planted in sand in 12 cm-
diameter plastic pots. The inoculum lrom each pooled sample was divided into
two pot cultures. Sudangrass seedlings were grown in a greenhouse at tempera-
tures ranging from 22 to 36°C and watered when necessary with a dilute Hoag-
land's solution (3) minus phosphorus,

Soil samples from each potl cullure were collecled 10-12 months aller inocu-
lation. Each sample was screened for spores which were examined under a
microscope for identification,
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RESULTS AND DISCUSSION

More than one species of mycorrhizal fungi was identified in 13 of the 20
orchards. Eight total species were identified (Table 1). In comparison, seven
species were identified each from California and Florida citrus. Each citrus area
contains species not commonly found in the other two.

Table 1. Occurrence of mycorrhizal fungl in citrus orchards of Texas, Cali-
fornia, and Florida Z.

Orchards containing species (%)

Texas California Florida
My ecorrhizal fungi {20 orchards) {79 orchards) (66 orchards)
Glomus consiricfus 0 av 1
. etunicatus 45 b 21
G, fasciculatus 25 B4 14
. macrocarpus b 10 15
. microcarpus 56 28 a
7. monosporus 0 10 0
. mosseae 15 0 9
Gigaspora heterogama 10 0 0
., margarita 5 0 50
Sclerocystis coremioides 16 0 0
S. sinuosa 0 5 15

Z (alifornia and Florida results from reference no. 6.

Glomus microcarpus Tul. and Tul., a species commonly associated with citrus
in California but rarely found in Florida (7), was the most common species
found in Texas citrus (Table 1). Sporocarps were frequently produced in pot
cultures. Other species that were commonly recovered included G. etunicatus
Becker and Gerd. and G. fasciculatus (Thaxter sensu Gerd.) Gerd. and Trappe.
Spores of (. etunicatus were produced abundantly in pot cultures. No sporo-
carps were observed. Spores of G. fasciculatus were either produced singly in the
soil or in dense sporocarps.

Less commonly recovered species (from two or three orchards) included
Glomus mosseae (Nicol, and Gerd.) Gerd. and Trappe, Gigaspora heterogama
{Nicol. and Gerd.) Gerd. and Trappe, and Sclerocystis coremicides Berk and
Broome. Spores of Glomus mosseae were larger than those reported from
Florida citrus. The average size for spores of . mossege in Texas was 268 um;
spores from Florida citrus averaged 102 um (6). Fair numbers of sporocarps
were produced by S. coremioides in pot culture.
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Very few spores of Glomus macrocarpus Tul. and Tul, and Gigespore margarita
Becker were recovered, (Figuspora margarita was identified by a single spore.

There was no diseernible pattern of distribution of individual species over
the citrus-growing area of South Texas,

Each area, Texas, California, or Florida, has a unique list of mycorrhizal
fungi on citrus, Texas citrus contained three species not found associated with
Florida citrus, However, two of these species, Gigaspora heterogama and S,
coremioides, have frequently been found in other locations in Florida (7).
Four species in Texas, Glomus mosseae, Gigaspora helerogama, G, margarila,
and 5. coremioides, have not been found in California citrus soils. One of the
major mycorrhizal fungi of California citrus, Glomus conslrictus Trappe, was not
found in Texas. The major citrus-infecting fungus in Florida, Gigespora mar
garifo, appears to be rare in Texas citrus.

Pure pol cultures (a single fungus involved in the mycorrhizal association) of
Glomus microcerpus, . etunicatus, G. fasciculatus, G. mosseose, (Figaspora
heterogama, and 8. coremicides are being maintained on sudangrass al the
Citruz Center.
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ABSTRACT

A 27 year study of Ruby Red grapefruit on sour orange or cleopatra mandarin rootstock
grown under chemical weed control with no tillage, clean cultivation or sod culture was
made. Mean vields over 21 seasons and 3 weed control systems from trees on S0Ur orange
were greater than those from trees on eleo, Trees under chemical weed control outyielded
other systems, {(P=0.01). During the past 12 years, a period free of freezes or hurricanes,
trees on cleo rootstock and under chemical weed control averaged 21.5 tons an acre, those
on sour 18.5, (P=0.05). On medium textured soils and under proper management cleopatra
mandarin can be an alternative to sour orange rootstock,

Historically Texas eitrus has been on sour orange (30) (C. aurantium L.)
rootstock almost exclusively. In the early 1940% the citrus industries of Argen-
tina and Brazil, which were also predominantly on SO, were being devastated by
the virus disease tristeza (1, 6). The potential threat to Texas citrus led to
establishing in 1947 the USDA Rootstock Investigation in Weslaco (11). The
project’s primary purpose was to test the adaptability of tristeza-resistant root-
stocks to Texas conditions (2). In the early vears of these studies Cleopatra
mandarin (CLEO) (€. reticulata Blanco) looked promising and following the
1951 freeze was widely used by nurserymen in the Valley. Many orchards
established at that time incorporated SO and CLEO rootstocks into their design.

Wherever citrus is grown studies have been conducted comparing various
weed control svstems, often referred fo as cultural practices. Norris and Smith
(10) in Florida reported that a system of minimum cultivation gave the highest
vields on Lakeland fine sand. Permanent sod was best on rolling land in Gayndah,
Australia (4). Similady in Japan (12) a 12 vear study found vields preatest
with clover sod. Cary’s (3), 20 years study in New South Wales, Australia com-
paring tillage and non-tillage on sandy clay loam soil, found that bare soil with
no tillage provided the highest yvields. The work reported here evaluated grape-
fruit production on S0 and CLEO rootstocks planted in medium textured soil
and maintained under 3 weed control systems.

MATERIALS AND METHODS

Ruby Red grapefruit (C. paradisi Macf) on 50 or CLEO rootstock were planted
on Hidalge sandy clay soil (Typic Calciustolls) in November 1953, Spaeing was
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20 X 22 ft with 28 trees a row and rootstocks alternating in the row. At time of
planting 3 cultural practices were established on four-row-plots: 1) Chemical
weed control with no tillage (CWC) was maintained with ‘weed oil, a contact
herbicide, until 1958 when it was replaced with residual herbicides; 2) Clean
cultivation (CULT) was disced down the row and across rows thru the first
4 years after which tree size precluded travel across rows. Plots were disced 6 to
10 times a year. In sod culture (SOD) weeds were allowed to grow then mowed
or shredded as needed. Weeds were cut 6 to 10 times a year. Nitrogen fertilizer
was added in December or January each year. The rate averaged 1.21b N a tree
and ranged from zero in 1962 following the January freeze to 1.9 in 1963.

Annual rainfall over the 27 years ranged from less than 8 to more than 39
inches. The number of irrigations ranged from 1 to 8 and the total water (ppt +
irrigation) from 39 to 55 inches, Thru age six, trees on SOD usually required one
movre irrigation a year than did trees on bare soil plots (7). By 9 years-of-age,
trees had grown together in the row and tree canopies covered move than 50% of
the soil surface, Differences in soil moisture depletion between the weed control
systems were no longer present. .

Yield records have been taken on an individual tree basis in the two center
rows of each plot since 1959, Fruit has been sized into 3 classes; less than 96,
96 to 80 (3-3/16 to 4-3/16 inch diam.), and greater than 80. Citrus fruit must
meet state maturity standards until 15 December each vear to be marketable,
The standards include percent juice, percent soluble soilds, and ratio of solids
to acid. In the eardy years of this study fruit was sampled every 2 weeks begin-
ning about mid-October and continuing until maturity standards were metl or
15 December was reached.

Where appropriate, data were subjected to analysis of variance and means
separated by Duncan’s Multiple Range Test.

RESULTS AND DISCUSSION

Extreme weather events affected production on several oceasions during the
27 year history of this orchard. During a local freeze on 1 December 1957
temperature minimums were 20°F on S0D, 25° on CULT, and 26° on CWC.
Trees on sod were damaged severely and commercial production delayed a year
or two, The major freeze of January 1962 with minimums recorded at the 5 ft
level of 10.5°F on 80D, 12.5° on CULT, and 15 on CWC injured SOD the
most, CWC the least, and CULT intermediately . The same temperature relation-
ships between cultural practices has occurred on all nights of radiation cooling,
Hurricane Beulah, September 1967, resulted in 40 to 60% fruit loss in the
orchard. All these weather induced reductions in yields are included in the
long-term record,

Initially there were 28 trees of each rootstock culture combination except
CLEQ/CWC which had 25 and CLEQ/CULT which had 23. Loss of original test
trees has been minor over the 27 year span of the orchard as the percentage of
original trees surviving in 1979 reveals (Table 1). All of the losses are considered
to have been freeze related.

The highest yield could be found with virtually any of the culture frootstock
combinations in a given year {Table 2). In 17 of the 21 seasons highest yields
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Table 1. Survival of Ruby Red grapefruit trees on sour orange.or cleopatra
rootstock and grown under three soil management systems, 1953-
1979,

Cultural System®
Hootstock

Rootstock CWwC CULT S0D Avg
aSurviving at age 27

Sour 96 93 93 04
Cleo 96 104 82 92
Cultural

Svstem Avg 96 98 a7

2 CWC = chemical weed control with no tillage
CULT = ¢lean eultivation
50D = sod culture

#

were on S0; in 4 seasons on cleo. Averaged over both rootstocks highest yields
occurred 11 fimes under CWC, T times on 50D, and 3 on CULT,

The effect of the January 1962 freeze is readily apparent in Table 2. Yields
for 2 or 3 vears following the freeze were directly related to the amount of
freeze injury sustained by the particular combination of culture/rootstock.
Wood damage was heavy on S0D, less on CULT, and least on CWC, Trees on
CLEQ/SOD were damaged most severely; trees on SO/CWC the least. By the
third crop after the freeze trees on SOJCWC produced 17 tons an acre, 80% of
their pre-freeze average (9).

Rootstock effect averaged over 21 seasons showed yield of trees on SO much
superior to CLEO (Table 3). This highly significant difference can be attributed
to a strong negative interaction between CLEQ and 500D, the result of the freeze
damage mentioned above. Only in the last 5 years has the combination CLEO x
50D produced satisfactory yields (Table 2).

Cultural systems, averaged over the 21 seasons and 2 rootstocks separate into
2 statistical classes with CWC outyielding CULT and S0D. On S0 there were no
significant differences between cultural systems; on CLEO there were § statis-
tical separations with CWC > CULT = 80D,

In an effort to remove or reduce the influence of the January 1962 freeze on
the data, yields for the last 12 seasons, 1968 thru 79, have been analyzed sepa-
rately (Table 4). During this period trees were 16 to 27 vears old, and void of
major natural hazards such as freezes or hurricanes. The magnitude of the yields
in Table 4 indicate that production was maintained at a high level under most
rooistock/culture combinations. Over these 12 seasons SO again gave better
yields than CLEQ (P=-0.05). Cultura! practices averaged over the 2 rootstocks
separate into the same 2 statistical classes as in Table 3, CWC > CULT = 50D,
Within cultural systems there were significant interactions for each rootstock.
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Table 2. Yield of Ruby Red grapefruit on sour orange or cleopatra mandarin
rootstock and under chemical weed control with no tillage, clean
cultivation, or sod culture, 1959 - 1979, Weslaco, Texas.

Sour Orange Cleopatra Mandarin

Year® Age Cwc  CULT 50D CWC CULT 50D

(Tons an Acre)

1959 T 21.7 18.6 141 10.8 8.0 5.7
60 8 223 18.5 18.3 16.8 13.3 127
61 9 19.9 204 215 17.6 17.9 17.0
62 10 0.5 0.1 01 o 0 0
63 11 2.4 1.1 04 2.9 1.3 14
64 12 17.0 11.0 9.2 11.9 3.2 14
65 13 21.7 244 19.4 21.1 15.2 121
66 14 188 185 10.7 174 14.7 9.4
67 15 7.5 114 131 8.1 7.2 5.7
68 16 216 23.3 227 21.9 17.9 12.2
69 17 19.3 19.9 18.2 19.8 124 286
70 18 244 214 209 26.2 15.5 4.8
71 19 16.8 12.8 13.5 16.1 4.5 24
72 20 228 20.5 227 25.7 154 10.%
73 2 18.1 18.4 17.8 13.7 121 12.3
74 22 21.5 20.8 273 23.6 15.5 8.8
75 23 16.3 16.0 245 20.3 21.7 18.0
76 24 22.0 18.2 28.7 30.4 220 21.3
T 25 13.2 16.1 268 19.7 20.1 18.7
T8 26 10.5 126 26.8 19.6 20.0 17.6
79 27 15.8 186 277 22.3 23.3 18.3

21 yr ave 16.9 16.4 18.2 17.4 13.4 10.2

% Year refers to vear of bloom
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Table 3. Averape annual vield of Buby Red grapefruit growing on two root-
stocks and three cultural systems, 1959-1979, Weslaco, Texas.

Cultural system?®

Rootstock
Rootstock CWC CULT 50D Avg
(Tons an acre)
Sour 16.9 AY 164 AB 182 A 17.2 A
Cleo 174 A 134 BC 102 D 1368
Cultural
System Avg 17.3 A 149 B 142 B

? CWC = chemical weed control with no tillage,
CULT = clean eultivation,
50D = sod culture.

¥ means separated by DMRT (P=0.01)

Table 4, Average annual yield of Ruby Red grapefruit growing on two root-
stocks and three cultural systems, 1968 thru 1979, Weslaco, Texas.

Cultural system?®

Rootstock
Rooistock CWC CULT 50D Avg
{Tons an acre)
Sour 18.5 bY 1820 23.0a 199a
Cleg 215a 16.7 ¢ 1234d 16.8b
Cultural
System Avg 200 a 175hb 17.7h

2 CWC = chemical weed control with no tillage,
CULT = clean cultivation,
S0D = sod culture.

¥ means separated by DMRT (P=0.05)

135



With CULT and SOD trees on 50 outyielded trees on CLEOQ, but under CWC
trees on CLEOQ, from age 16 to 27, averaged more tonnage than trees on S0,
21.5 and 18.5 tons an acre, respectively.

Mean fruit size for the 12 seasons 1968 thru 1979, was alfected by root-
stock and culture with differences significant at the 5% level (Table 5). Over all
cultural systems trees on S0 produced a higher percentage of the crop in size
96 to 80 than did trees on cleo. Considering cultural systems over both root-
stocks the highest percent of fruit size 96 to 80 occurred with CWC. Caleulat-
ing from Table 4, the tonnage produced in size 26 to 80 followed the same
pattern as percentage with respect to main effects: 30 15.2 tons an acre, cleo
12.4; CWC 16.0, CULT and SOD each 12.8. Trees on 50 produced the most
fruit of sizes 96 to 80 in 7 seasons, those on CLED in 1 season, and in 4 seasons
there were no differences. Wtih respect to cultural system effect over both
rootstocks, trees on SOD actually produced the highest percent 96 to B0 in more
seasons than did CWC, five as opposed to four, although the 12 year average
favored CWC. Weather factors, which were not .considered here, apparently
interact differently with the different eultural systems (5).

There were no consistent differences in maturity related to rootstock or
cultural system. In most yvears fruit from this orchard did not pass state maturity
standards before 15 December,

There is no universal weed control system for citrus orchards (3,4, 9, 10, 12).
Factors such as soil type, topography, rainfall pattern and Intensity of rainfall
would influence the choice at a particular location. With SO, over the long term,

Table 5. Percent of crop in size classes 96 to 80 (3-6/16 to 4-2/186 inches)
averaged over 12 seasons, 1968-7T9,

Cultural system?®

Rootstock
cCwC CULT S0D Avg
(Percent of crop)
Sour 82 a¥ 77 a T7a T9a
Cleo T8a 69 b 65 ¢ b
Cultural
System Avg 80a 73b Tlb

Z CWC = chemical weed control with no tillage,
CULT = ¢lean cultivation,
S0D - sod culture,

¥ means separated by DMRT (P=0.05)
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one weed control system was as good as another in this study. However, under
freeze conditions SOD is colder than the other systems so that short term differ-
ences may arise. Since the occurrence of the next damaging freeze cannot be
predicted the choice of SOD represents a considerable gamble.

There 1s no reliable record of the number of acres planted to CLEQ in the
1950%. However, commercial experience with CLEQ at that time was disastrous
for growers, Tonnage was light, fruit was small, trees showed [oliar svmptoms of
iron chlorosis all or part of the year. In some cases the chiorosis was followed by
dieback which eventually resulted in stunted trees. By 1960 most orchards on
CLED were considered problem orchards and afier the freeze of January 1962
most of the commercial CLEO was pushed out. The orchard reporied on here
provides the only known continuing record of production of grapefruit on
CLEG in Texas. By age 9 CLEO was producing more than 17 tons an acre re-
gardless of cultural system (Table 2). By the fourth season after the freeze the
eombination CLEQ/CWC was producing over 20 tons an acre and for the last
12 years this combination was in the top statistical tlass {Table 4).
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ABSTRACT

Twelve-year-old *Valencia' orange trees spaced at 15 X 20 ft in cast-west rows were
hedged on the north side, south side, both sides or left unhedged in February, 1978, Hedging
one side removed about 12% of the canopy volume, Yields for all treatments the next
seagon were gréater than prehedging yvields, but there were no yield differences among treat-
ments when averaged over 4 successive seasons. Hedging Inereased the proportion of fruit on
the bottom-inside of the canopy, especially on trees hedged on the north side. Fruit size was
increased the season after hedging in trees hedged on the south side and both sides, In north-
gdde hedged trees fruit size decremsed the season after hedging, then increased almost 50%
the next year. These results suggest a direct response of shoot growth and fruiting to changes
in light intensity and direction. The factors which underlie the reported variations in
of “Valencias' to hedging and topping are discussed,

Mearly all the world’s major citrus areas grow “Valencia’ orange, Citrus sinensis,
(L) Osbeck, and in many, tree size has been controlled by hedging and topping.
The following general conclusions can be drawn from the reports on hedging and
topping (4, 6,12, 13, 16, 19, 20, 21, 22, 24, 25):

1. Yields in the year following severe hedging and topping are reduced rough-

ly in proportion to the amount of foliage removed.

2. Treersize is best controlled by starfing a hedging and topping program

early and maintaining size with regular, light hedging therealter.

3. Hedging at a 10-15° angle from vertical is superior to a vertical or more

steeply angled cut.

4. Better light penetration after hedging and topping usually improves fruit

quality by changing the distribution of fruit within the tree canopy.

Outside these general conclusions, differences in hedging and topping results
outweigh similarities. Hedging young or old "Valencia® trees in California gen-
erally reduced long-term yields while the effect on fruit quality was inconsistent
(8, 9, 10}. In Florida, on the other hand, *Valencia® vields averaged over the 3 to
4 post-hedging years, were higher than unhedged trees (1, 22). The effect on
fruit quality was again varied though one report stated hedging improved quality
but not yields (2). In a conference on hedging and topping, Florida growers re-
ported a wide range of techniques and results (3). Researchers in Australia showed
hedging and topping consistently improved “Valencia® yields, fruit quality and
broke a strong biennial bearing pattern (4, 6, 26).

Since reports of hedging in Texas have been limited to pruning nursery trees
or those damaged by insects, wind or freezes, the results of hedging ‘Valencia®
oranges are described and compared to those reported from other citrus areas.
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MATERIALS AND METHODS

Twelve-year-old *Valencia® orange trees (ca. 15 £t high x 20 ft wide) on sour
orange (Citrus aurantium) rootstock were hedged in February 1978, about 2
weeks after harvesting a rather light crop. The canopies of the trees, spaced at
15 ft x 20 fi, had closed together in the east-west oriented rows. Four treat-
ments: hedging the north side only, south side only ; both sides and an unhedged
control were replicated twice on randomly selected rows, Rows nol in the experi-
ment were hedged on both sides. Yields and other data were taken from 2
randomly selected trees in each row,

The orchard, at 26” M. latitude and T4 ft altitude, was under chemical weed
control and flood irrigation. The predominant soil type was sandy clay loam
(Hidalgo series).

The cubting boom of the hedger, constructed at the Citrus Center, was
inclined 10° from the vertical (Fig. 1). Since the cut at the bottom was 4 ft
deep, hedging one side removed about 12% of the canopy volume. Fruit were
harvested from the north and south half of each *lree by sections: bottom-
outside, bottom-inside, top-outside and top-inside. Bottom fruit was that har-
vestable from the ground (ca. the lower half of the canopy); outside fruit, that
within arm’s reach of the canopy edge. Yields by number and weight of fruit
were recorded just before hedging and in late February the next 3 years. Where
appropriate, standard analysis of variance, regression and mean separation statis-
tical methods were uzed.

RESULTS

Averaged over 4 seasons yields were not affected by hedging {Table 1). While
most of the yield variation was due to differences between seasons, there were
several significant comparisons in the hedging treatment x season interaction,
Contrary to common experience, none of the hedging treatments reduced
yields in the season after hedging, 1978, The unhedged trees® yields were most
irregular primarily due to the low pre-hedging harvest, Hedging the north side
of the trees resulted in the least yield variation over the seasons.

The percent of fruit on the bottom half of all trees gradually increased after
hedging (Table 2). By 1980, the proportion of fruit on the bottom-inside had
doubled, due primarily to a gradual reduction in the percent of top-outside fruit.
All hedging treatments exhibited a similar change in fruit distribution which was
substantiated by a significant interaction between hedging treatments and
ZEA50ns.

The analysis of variance (not presented) showed hedging changed the north-
south distribution of fruit within the canopy. Before hedging, 40% of the fruit
was on the north and 60% on the south half of the tree. Averaged over the 3
post-hedging years, the north-half had 47% of the fruit compared to 53% for the
south half. Of the main factors and interactions contributing to the variability
in fruit distribution, 28% is assoclated with canopy position and another 205
to the position x hedging treatments x seasons interaction.

Canopy and season were the dominant factors influencing average fruit
weight. Hedging did significantly modify the seasonal responses, however, with
northside and both-side hedged trees showing the most variation between
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Fig. 1. Hedging machine constructed at Texas A&I Citrus Center. The 14 ft
boom holds seven 28-inch diameter circular blades powered by a 46 HP
engine.

seasons (Table 3). The effect of hedging on fruit weights averaged over 4 years
was not particularly striking. The bottom-inside produced the largest fruit, fol-
lowed by top-inside with outside significantly smaller (Table 4). The average
weight of fruit on the south side was slightly larger than north-side fruit. The dif-
ference was consistent for all canopy locations and was not altered by either
season or hedging treatments. The improved light penetration resulting from
hedging adjacent rows increased the yields of unhedged trees six-fold (Table 1).
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Table 1. The number of fruit® harvestedftree by season and hedging treat.

ment,
Hedging Treatment
Season North South Both Unhedged Season
Side Side Sides Mean
1977 376BC ZB0AB 312B 96A 2804
hefore hedging
1978 A88CDE 848H 584CDEF G40EFGH 640C
1879 624DEFG T36FGH T36FGH 824GH T28C
1980 424BCD J68BC 456BCDE  400BC 4168
Treatment 4884 560A E5H2A 44447

mean

"

Z Means of 4 trees per treatment except for following treatments, 1977-78:
both sides and unhedged m = 2 trees; north side m = 3 frees. Season and
treatment means separated by Dunecan’s Multiple Range Test, 1% level,

Table 2. Distribution of fruit within the canopy of Valencia orange trees over

four seasons.
% Fruit by Location in Canopy?
Season Bottom Bottom Top Top
Outside Inside Outside Inside
1977 20BCD 124 41H 27CDEF
before hedging
1978 22CDE 19ABC 38H 21BCD
1979 30EF 14AB 37GH 19ARBC
1920 23CDEF 2TDEF J0FG 20BCD
Location 24B 18A 36C 22AR

Mean

Z Means combine all hedging treatments and are separated by Duncan’s Mul-

tiple Range Test, 1% Level.

142



Table 3. The effect of hedging on Valencia fruit size (Ib/fruit) over tour

seasonss,
Hedging Treatment
Season North South Both Unhedged Season
Side Side Sides Mean
1977 A42CDE ATABC AB6AB A1BCD S94A
1978 JbA AJCDEF ABEFG A3ICDE AZB
1979 H1G A3CDEF  A46DEFG 42BCDE ABC
1980 ATDEFG . 47DEFG  49FG ATDEFG 47C
Treatment -
mean A4 AR A2A AGE A4AB

2 ~Means separated by Duncan's Multiple Range Test, 1% Level.

Table 4, “Valencia® fruit size (Ib/fruit) by location in tree canopyZ.

Bottom Top
Outside Inzide Outside Inside MNorth-South
Mean
MNorth Side 40 A8 39 45 48
South Side A1 52 40 AT A5
Location A0A A0C 394 468

Mean

Z =Means, averaged over 4 seasons and all hedging treatments, are separated by
Dunean’s Multiple Range Test, Locations = 1%, North-South = 5% level.

DISCUSSION

Data from a previous experiment showed the yields of these ‘Valencia’ trees
had declined progressively the 3 years before hedging and reached a minimum in
1977. Over the same period the percent of fruit in the top of the tree canopy
rose from 50 to 65% while bottom fruit decreased proportionately, Hedging
appeared to reverse this pattern. The data also suggest hedging the north side of
trees of this size, spacing and row orientation, had a more sustained though less
dramatic effect than hedging the south side, to wit the nonsignificant yield
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differences between 1977 vs. 1978 and 1979 vs. 1980 for northside hedged
trees compared to the others.

An explanation may be the way growth patterns reaet to changing light con-
ditions, As in Australia and California, the most vigorous shoot growth oceurs on
Texas citrus trees in early spring (7, 11). In 1977 this was about 3 weeks after
hedging. At our latitude in early spring the south side of trees in east-west rows
are exposed to full sun all day while the north side is shaded {17). From early
May through late August when the second, less vigorous “June” flush oceurs, the
north side of the trees receives more direct sunlight, These differences in light
intensity and direction in the spring would tend to produce eadier and more
vigorous, compact growth on the south side while on the north side, shoots
would start growth later and have longer internodes. The resultant regrowth
would make a denser more uniform canopy on the south compared to a more
open, protracted canopy on the north. This response was supported by data
from an experiment involving 12-vear-old grapefruit trees hedged in December
{14). In late March the new shoots on the south side of trees in east-west rows
were twice the length of north-side shoots. By July, however, the shoots on the
north side were half apain as long as those on the south side. For the June flush
this growth response could be reversed with shoots on the north being shorter
and more compact than those on the south side. Since the June flush is usually
less vigorous, the resultant canopy surface and shading effects would be quite
different from the spring flush. Thus after hedging, the south side of the tree
would recover leal area and fruiting capacity move rapidly than the north side,
However, selfshading on the south side would zoon tend to reduce fruiting
while in the more open north canopy light penetration might be sufficient for
sustained, uniform fruiting.

Another indication of the subtle relationship of light, shoot growth and fruit-
ing was the significant interaction of hedging treatments x canopy location x
seasort on fruit distribution (data not shown). The season after hedging, the
percent of fruit on the bottom inside of north-side hedged trees increased from &
to 16 compared to an average increase of 3% in this location for the other treat-
ments, The percent of [ruit on the bottom inside and to a lesser extent, bottom
outside of both north and south-side hedged trees fluctuated much more than
trees hedged on both sides or unhedged. Bacon (5) felt a reduced photosynthate
supply was tesponsible for the poor regrowth and flowering following fall hedg-
ing. Being directly affecied by light, photosynthate production and use could
underlie the fruit set and distribution responses cited above,

The increases in the proportion of fruit on the bottom and inside of the tree
canopy following hedging can account for most of the significant changes in
average fruit weight. The rate of recovery of leaf area with respect to fruit load
would also be important. In 1978, for example, fruit size on south-side hedged
trees was maintained in spite of the large increase in fruit numbers while fruit
size on north-side hedged trees decreased. By 1980 the full recovery of leaf area
coupled with a reduced fruit load resulted in uniformly good sized fruit on all
trees regardless of hedging treatment.

Ideally, a careful, step-hy-step reconciliation of world-wide results of hedging
and topping Valencia oranges should produce a formula with which the opti-
mum response to hedging and topping could be attained. The state of the art
{or science) has not yet reached that point.
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One problem is the lack of agreement on the purpose and place of hedging
and topping in the culture of citrus. In practice, citrus trees are hedged or
topped when crowding or shading demands, yet research has consistently empha-
sized the merits of early and systematic hedging and fopping fo maintain free
size (2, 12, 13, 25). A California study concluded hedging and topping couldn’t
be economically justified on the basis of yield and fruit quality improvement,
yet Florida growers felt hedging and topping were profitable because they im-
proved fruit quality, yields and the effectiveness of other cultural practices
(1, 2, 3, 15).

Secondly, a conclusive comparison of hedging ‘Valencla® oranges in Texas
with other areas is precluded because all relevant data is either not considered
or not included in most reports on hedging and topping citrus trees. For exam-
ple, improved light penetration into the tree canopy is a frequently cited benefit
of hedging and topping, but there is no data to document this conclusion.
Seldom iz sufficient information provided to permit evaluating resulis on the
basis of changes in light conditions. .

The factors which might affect the responses of ‘Valencia® oranges to hedg-
ing or topping are grouped below into four general categories with examples
of their pertinent components:

1. Geographical. These include the gross determinants of light and tempera-
ture such as latitude, atmosphere, altitude as well as regional elimatic
characteristics,

2. Locational. The local site and orchard characteristics whieh influence the
meso and micro-environment of the trees, e g. topography, soil type and
surface, tree size, age, and spacing, row orientation, and canopy density.

3. Physiological. Primarily those internal tree processes which interact with
the effects of hedging and environmental factors to produce an observed
response, e.g. stage or rate of growth, carbohydrate levels, growth regula-
tor gradients, flowering or fruiting status, cropping pattern and rootstock/
scion relationships.

4, Cultural. Production practices like irrigation, fertilizing, pesticide or
growth regulating sprays, type of hedging or topping equipment, which
affect tree or fruit development directly or via some physiological process.

I made a checklist of 12 of these factors in order fo compare point by point
my results with reports from Australia, California and Florida. At best, informa-
tion on 8 of the 12 factors was noted; the average was only 6. The degree of
latitude could be approximated from an atlas. Altitude and slope were never
mentioned, yet these together with atmospheric conditions and time of year
determine the intensity, quality and incidence of sunlight (23). Other factors
seldom mentioned were tree size and row orientation, canopy or foliage density
and cropping pattern. Until these information gaps are filled, the experimental
results of hedging and topping citrus will be difficult to reconcile and the prac-
tical results unpredictable.
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ABSTRACT

Oneyear-old ‘Ruby Red' grapefruit (Citrus poradisi Macf.) trees on 20 rootstocks given
trickle and flood irrigation with Rio Grande River water alone and with 500 ppm chloride
{CI) or & ppm boron (B) were exposed to a radiation freeze that reached a minimum of
-5.6%C (22°F) for 3.6 hr at this test site. Freeze injury menged from twig injury to trees
killed to the bud unlon, Significant rootstock difference in cold tolerance cccurred in each
of the trestments, Overall, trees on Cleopatra mandarin (€, reticulata Blanco), Rangpur lime
selections (O, reticulota var, austera Swing. hyb.), citrumelo W-2 (P, trifoliate X C, poradisi
Mact,), and Rusk citrange [Poncirus trifoliata (L.) Raf. X C. sinensis (L) Osbeck], root-
stocks hed good eold tolerance, while those on Trover and Carrizo citrange [Poncirus
trifoliata {L.) Raf. X €. sinensis (L.) Ogbeck]. alemow (C. macrophyila Weater), and FPon-
derosa, Iran, and Golden DiGeorgio Lemon [C. limon (L.} Burm. f. hybh.] rootstooks had
poor cold toleranes, The influence of rootstock and irrigation method on seasonal leaf CI°7
and B content of the trees was highly significent; bui despite obvious content differences
between the dver water and the CI' - or B-treated trees, the influence of CI” and B on the
cold hardening of this mroup of rootstocks did not differ significantly. However, the in-
fluence of CI" and B on cold hardiness of these rootstocks was demonstrated when correla-
tion eoefficients for leaf O or B content vs, freeze injury were determined separately for
the rootstocks with low CI and those with high C17 content.

Freezing temperatures thai severely damage citrus are a major problem in
commercial production of citrus in the United States (2, 4, 9, 15). Salinity is
also a problem in isolated areas, and chloride salis have been found to affect the
ability of citrus trees to cold harden (7, 8). Citrus specles vary considerably in
cold hardiness (5, 11), and when they are grafted, the rootstock affects their
cold hardiness (1, 15, 16) and salt toleranee (3, 6). Consequently, plant breeders
have been using cold and salt tolerance as well as other traits in the selection of
parental material for their crosses (5). Salt-tolerance tests of various selections
from the Florida Citrus Breeding Program were in progress when a natural freeze
occiirred on December 20-21, 1973 (13). The salt toléerance and mineral uptake
of this group of rootstocks have been reported (10, 14). This paper reports on
the cold hardiness of these voung ‘Ruby Red’ grapefruit trees as influenced by
rootstock, trickle and flood irrigation, and Cl” and B in the irrigation water.
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MATERIALS AND METHODS

One-year-old, ‘Ruby Red' grapefruit (Cifrus paradisi Macf.) trees grafted on
the following 20 rootstock selections: Troyer SF(52-2, Troyer SF{52-1, Carrizo
8F/52-14, Carrizo SF/52-16, Carrizo SPB 330, and Rusk HF 7-16-15 citranges
[Poncirus frifoliste (L) Raf. X C. sinensis (L.) Osbeck]; H-181 and Texas
glemows (C. maocrophylla Wester); Iran lemon HF 2.9-3, Ponderosa lemon,
lemon hybrid Golden Di Georgio, rough lemon variant DBI-407, Heyman’s
red rough lemon, rough lemon 5-514-28-12, rough lemon 5-514.29-13, and
rough lemon S-5PB-51-2 [C. limon (L.) Burm. f. hyb.]; citrumelo W-2 (Pon-
cirus trifoliats X C. paradisi Maef.); Rangpur SF/19-22 and Rangpur H-44 limes
{C. reticulata var, austern Swing. hyb.); and Cleopatra mandarin (C. reticulata
Blanco) were treated with trickle and flood irrigation of Rio Grande river water
alone and with C1” and B added as previously described (10, 14).

The tests started June 2, 1973 and by November 14 had received 13 irriga-
tion treatments and 53.6 cm (21 in.) of intermittent rains. Trees were evaluated
and sampled on Aupust 20 and again on Navember 14 and the leaf samples
were prepared and analyzed for 17 and B content by previously described
methods (10).

A radiation freeze on Deecember 20-21, 1973 (13) caused a wide range of
freeze injury to trees in the salt-tolerance tests in progress. Tree freeze injury
was estimated visually after buds appeared on live wood as follows: 0 =
injury; 1 = completely defoliated; 2 = defoliated with 25% terminal twigs killed;
3 = 50% of tree killed; 4 = 75% of tree killed; 5 = tree killed to the bud union,
Freeze injury data were analyzed as a split split-plot and uptake data as a split
plot. Rootstock means were compared with Duncan’s multiple range test at
0.05% probability or better. Correlation coefficients were determined between
freeze injury and leaf CI" or B content in November of trees of (a) the group of
rootstocks that took up little CI (lemons and hybrids, limes, and alemows);
{b) the group of rootstocks that took up excessive C1° (trifoliate hybrids) and
Cleopatra, and (c) all rootstocks combined.,

RESULTS

Trees received 20 days of mean night temperatures below 12°C (54°F) and
day temperatures below 27 C (80°F); and during the 5 days preceding the
freeze received 66 hr of 12.8°C (55°F) or below and 38 hr of 7. 2°C {45 F) ar
below. The freeze of December 20-21, 1973, was a radiation type freeze (13)
and temperatures, which are generally cnlder at ground level, reached a low of
5.67C (22°F) that lasted 3 - 1/2 hr at a 1.8-m (6 £t} level at the test site. There
were highly significant differences in freese injury in all fests among rootstocks
but not between irrigation method or treatment. An interaction on freeze injury
existed between rootstock and irrigation method. In November, rootstocks
differed significantly in C1" and B content with irrigation method in the river
water and CI° tests but not in the B test. There was an interaction on leaf B
content between rootstock and irrigation method only in the river-water test.

Freeze injury to the young trees (henceforth referred to by their rootstock)
ranged from defoliation with some terminal twig injury to trees killed down lo
the bud union, and the degree of cold hardening induced by each rootstock
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varied in the CI°, B, and river-water tests (Table 1). The rootstock means of all
tests combined show that the Trover citranges were injured the most and the
other citranges (exeept Rusk}, both alemows, Ponderosa lemon, Iran lemon, and
lemon hybrid Gelden Di Georgio had similar injury. Cleopatra mandarin had the
least injury; and both Rangpur Limes, Citrumelo W-2 and Rusk citrange had
injury almost equal to that of Cleopatra. The rest of the lemons and hvbrids had
intermediate injury.

Trees showed seasonal differences in C1” and B content, vigor and expression
of loxocity symploms. Leal C1” and B levels were lower in November than in
August. However, vigor was lower in November than in August in trickle and
flood irrigation of both Cl" and B tests.

In November, leaves of trees in the CI” and B had 2 times more C1” and up to
8 times more B respectively, than those in the river water test (Table 2). Root-
stock CI” content ranged from .08 to 31% and B content from 134 to 218 ppm
in the river-water test; CI" content from 0.14 to 0.66% in the CI° test; and B
content from 430 to 1131 ppm in the B test. Within each test, the citranges
generally had 2 times as much Cl” and only slightly less B than the lemons and
hybrids.

Correlation coefficients for leal Cl” or B content vs. freeze injury ratings in
the river water test, when calculated for all rootstocks combined and for 2 root-
stock groups separately (Table 3), were highly significant for CI° content in all
groups exeept the trifoliate hybrid group with trickle irrigation; but were signi-
ficant for B content only in the 2 separate proups with flood irrigation. In the
Cl° test, correlations between CI° content and freeze injury were significant
mainly in the trifoliate hybrid group. In the B test, correlations between B con-
tent and freeze injury were significant only in the trifoliate hybrid group with
trickle irrigation.

DISCUSSION

In previous salt-tolerance tests, observations and leaf samples were taken at
the end of the test in August; however, at this time, the trees were not in the
same condition as when they went into the winter months (November). There-
fore, this study reports on the condition of trees in November in relation to
freeze injury sustained in December. The radiation freeze of December 20-21,
1973, with minimums ranging from -6.7 to -3.9°C (20° to 25°F) across the
citrus area of Texas caused various degrees of fruit and tree damage to mature
commercial orchards and killed many young trees in new plantings, especially
those in low areas with poor air drainage. The rootstocks tested here, all with
varying degrees of inherited cold hardiness and a wide range in ion-uptake char-
acteristics, included trifoliate hybrids, which were generally CI° pumps; lemons
and hybrids which took up excessive B; Rangpur limes and Cleopatra mandarin,
which screen out C17; and alemow, which screened out B. Neither the Cl" nor B
treatments augmented freeze injury to the trees over that to trees in the river-
water tesis, although there was an obvious difference in Cl" and B in their leaves
just before the freeze. The differences induced by CI°, B, and irrigation treat-
ments, which were small and not significant, were overshadowed by the highly
significant rootstock differences and the inleraction between rootstock and
irrigation method.
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Table 1. Freeze injury to one-vear-old ‘Ruby Red’ grapelruit trees on 20 rootstock selections treated with trickle and flood

irrigation of Rio Grande River water and with 500 ppm CI" (NaCl + CaClg) or 6 ppm B (HgBOg) added.

River water test Chloride test
Citrus rootstock variety Trickle Flood Trickle Flood Trickle Flood of all tests
Citranges
Troyer 5F(52.2 4.7 a% 44a 3.6 abe 50a 43ab 3.5 abe 434
Troyer 8F/52-1 £.2ab 45a 40a 4.8 ab 4.3 ab 3.6 ab 4.2 A
Carrizo 8F/52-16 4.0 ab 3.0 abede 3.7 abe 4.7 ab 4.3 ab 3.4 abe 3.8 AB
Carrizo SF|52.14 3.6 abe 44a 3.2 abed 4.3 ab 4.0 ab 3.4 abe 3.8 AR
Carrizo SPB 330 3.7 abe 2.8 abede 3.3 abed 4.6 ab 2.5 be 3.4 abe 3.4 ABCDE
Rusk HF 7-16-15 2.9 be 3.4 abed 14e 2.1 de - ¥ 2.9 abe 24 EF
Alemows
H-181 2.6 be dlabede 4.5a 4.2 abe 39abe 34 abe 3.6 ABC
Texas 3.3 abe 2.9 abede  4.2ab 4.4 ab .- 2.8 abe 3.0 ABCD
Lemons & hybrids
Iran lemon HF 2-9-9 4.1 ab 4.2 ab 45a 3.4 abed -- 39a 404
Ponderosa 3.2 abe 3.9 abe 3.2 abed 3.5 abed .- 3.3 abe 3.4 ABCDE
Lemon hybrid golden DiGeorgio 3.2 abe 3.0 abede 3.8 abe 3.4 abed 3.9abc 3.4 abe 3.4 ABCDE
Rough lemon variant DBI-407 3.1 abe 28abede 2.5 bede 3.9 abc 47a 3.0 abe 3.3 BCDE
Heyman’s Red Rough lemon 3.1 abe 2.6 bede 3.1 abede 3.9 abe 3.2abe  3.8ab 3.3 BCDE
Rough lemon 5-514-29-13 3.5 abe 3.1 abede 2.6 bede 3.4 abed 39abc 2.9abe 3.2 BCDE
Rough lemon 5-514-29-12 3.0 abe 3.2abede 1.8de 3.0 bede 3.5abe 8.4 abe 3.0 BCDE
Rough lemon 5-SPB-51-2 29bc 2.5 bede 2.6 bede 3.7 abed 22¢ 2.9 abe 2.8 CDE
Citrumelo )
i W-2 2.6 be 2.3 cde 2.2 cde 2.5 cde 4.0 ab 2.0 be 26 EF
mes
Rangpur SF/19-22 20¢ 2.1 de 2.1 ede 3.4 abed 29be 3.2 zbe 26 EF
Rangpur H-44 3.1 abe 2.0de 2.1 ede 3.2abede 2.6 be 2.0 be 25 EF
Mandarin
Cleopatra 3.4 abe 15e 1.8 de 1l6e -- 17¢ 20F

% Mean of 5 single-tree replications except Texas alemow, which had 2 in the Cl” and B tests. Scale:

defoliated 1009%; 3 = b

nmge test at 5% level (lower casae} and 1% {upper case}

- = Rootstocks not included in trickle-irrigation treat

0 = no freeze injury; 1 =
killed; 5 = killed to bud union. Rootstock mean separations within columns by Duncan’s multiple
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Table 2. Chloride and boron content in November in leaves of one-year-old ‘Ruby Red’ grapefruit trees on 20 rootstocks tested
with trickle and flood irrigation of Rio Grande River water alone and with 500 ppm CI" or 6 ppm B added,

Chloride contenl (% dry wit) Boron content (ppm drv wt)
iver water test Chloride test River water test Boron test
Citrus Rootstock Variety Trickle lood Trickle Flood Trickle Flood Trickle Flood
Citranges
Trover SF/52-2 0.30a% 0.25h 053a 0.60a 168 cd 148fp 640 ed 680 ed
Trover SF/52-1 0.31a 0.30a 0.57 a (.64 a 159 bed 163 cdefp 630 d 642 cd
Carrizo SF/52-16 0.24h 0.23be 048a 062a 181 abed 154 efg 813 abed 697 ed
Carrizo SF/52-14 0.27Tab 024b 0528 063 a 170 abed 163 cdelg T97 abed 827 abe
Carrizo SPB-330 0.28ab  0.23 be .53 a 0.66a 1394 167 bedefg 1,090 a 693 ed
" Rusk HF 7-16-15 0,24 b 0.1%9cd 048a (.56 ab 174 abed 184 abedef  -¥ 666 cd
2IMDWS
H-181 0.12d 012 efg 0223 bed 0.28 de 144 ed 159 defg old d 4304d
Texas 0l4ed 0.09fg 0.26 bed 0.28 de 182 abe 134 g s 439d
Lemons & hybrids
Iran lemon HF 2-9.9 0.17 ¢ 012efg  01%ed 0.29de 185 abe 207 ab - 930 abe
Ponderosa 012d 0Oldef 047a 045be 209 a 218 a -- 1,131 a
Lemon hybrid DiGeorgio 0114 0.10fg 0.15d  0.25de 149 ed 195 abed 734 bed 821 abc
Rough lemon variant DBI-407 0.11d 010 fg 0.26 bed 0.24 de 166 bed 197 abed 1,039 ab 1,066 ab
Heyman's Red Rough lemon  0.12d 009 fg 0.19bed 0.28 de 163 bed 203 abed 787 abed Y12 ed
Rough lemon S-514-29-13 0i11d 011 efg 0231 be  0.25de 1566 ed 189 abedef 1,013 ab 728 bed
Rough lemon 5-514-28-12 0,114 0.10fg 0.33b 0.22 de 160 bed 198 abed 1.000 ab 875 abe
o Rauglh lemon S-3PB-51-2 0114 009 fg 0.20 bed 0.25 de 169 abed 178 abedef 980 abe 883 abe
trumelo
" W.2 0.18¢ 0.16 de 032b 0.36 cd 172 abed 191 abede 824 abed 702 ed
imes
Rangpur SF/18.22 0.10d 008 g 024 bed O.dde 159 bed 153 efg TE5 abed 824 ahe
= Rma,gd pur H-44 0.10d 0.08¢g 0.154d 015 169 abcd 180 abedef 819 abed 694 cd
andarin
Cleopatra 011d 0091 01%bed 0.1Be 00abh  215a - - 810 abe

£ Mean of 5 single tree replications except Texas alemow, which has only 2 in the 1" and B tests. Rootstock mean separations
within columns by Duncan’s multiple range test at 5% level.
y--= Hootstocks not included in trickle-irrigation treatment.
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Table 3. Correlation of freezing injury with chloride and boron content in November in leaves of young ‘Ruby Red’ grapefruit
trees on 20 rootstocks treated with trickle and flood irrigation of Rio Grande River water alone and with 500 ppm CI°
or 6 ppm B added,

Freeze injury vs. leaf Cl” content Freeze injury vs, leaf B content

Rootstock groups Trickle Flood Trickle Flood
Chloride Test Boron Tesi
All rootstocks 0.12NS§% 0.52% 0.34 NS 0.08 NS
Lemons ¥ 0.07 NS 0.09 NS 0.03 N5 0.22 NS
Trifoliate hybrids * 066+ 0.91 = 0.87 ®# 0.43 NS
River Water Test River Water Test

All rootstocks 0,64 *# 0.65 *= . 0.26 NS 0.18 NS
Lemons 0.70 ## 0.86 ## 0.02 N8 0.50 +
Trifoliate hy brids 0.60 N5 0,88 #= 0.57 NS 0.80 *

. +=10%; " = 5%; ** = 1% of significance; NS = not significant.
¥ Includes lemons and hybrids, limes and alemows.
% Includes trifoliate hybrids and Cleopatra.




The rank in freeze injury of this group of rootstocks, even though some have
favorable and some unfavorable inherited cold hardiness, was very similar to the
rank in CI” levels in their leaves, Correlation coefficients for freeze injury vs. leal
1" or B content were caleutated for all rootstocks combined in each test to see
how much the Cl” or B in the tree foliage affected the cold hardiness of this
proup of rootstocks {Tabie 3). Coefficients indicated that B did not affect the
cold hardiness of these trees; however, Cl” affected their cold hardiness when CI
levels in the irripation water were low. When CI° levels in the irrigation water
were high, only flooddrrigation treatments showed a O1° effect. The effect of
high leal O levels on the eold tolerance of trees in flood irrigated plots is in
agreement, with previous tests (8); and, in these tests, the range in CI" content
and cold tolerance was as wide in the trickle irrigated plots as in the food-
irrigated plots. When scatter diagrams were plotted of freeze injury vs. leaf CI°
content of the rootstocks in the individual tests, the points representing each
rootstack were segregated into 2 groups, the trifoliate hybrids, with high leafl
Cl" levels, and the lemons and hybrids, with lower leaf C1° levels; both groups had
similar ranges in freezing injury. )

Correlation coefficients caleulated for the 2 separate groups of rootstocks
disclosed the influence of th CI" and B on the cold hardiness of these rootstocks.
Although the lemons and hybrids fake up little CI°, their cold hardiness is
affected by smaller amounts of CI° than required to affect the cold hardiness of
the trifoliate hybrids which take up more CI°, Leaf CI° levels above 0.17% of
trees on lemons and hybrids are already in excess and have already induced their
maximum effect on the cold hardiness of these trees. On the other hand, levels
up to 0.66% CI" in trees on trifoliate hybrids will augment cold injury to differ-
ent degrees. Leaf B levels affected cold injury but primarily that of trees on
trifoliate hybrids. Correlation coefficlents also showed how CI° and B affected
the severity of freezing injury differently when water was applied by flood and
trickle methods.

The influence of Lthe individual rootstocks on the freezing injury of the young
trees as affected by C1°, B and irrigation method is summarized in Table 1. Of
particular interest is the cold hardiness of Rusk citrange and Rough lemon
8-514-29-12 in the CI° treatment, and the lack of cold hardiness of Citrumelo
W-2 in the B treatment and Cleopatra mandarin in the river water treatment
with trickle irrigation. Apparently the high moisture conditions around the roots
created by trickle irrigation affected the rootstock’s influence on the abllity of
these trees to cold harden, Overall, Rusk citrange HF 7-16-15 and Citrumelo W-2
were more cold hardy than the rest of the trifoliate hybrids and, like both Rang-
pur limes, which are generally thought to be not very cold hardy, were about
equal to Cleopatra mandarin, which was the most cold hardy of this group of
rootstocks. Redblush grapefruit trees on Rangpur mandarin lime rootstocks
have tolearted 5.4°C (22.8°F) for 4 hrs. in field cold hardiness tests with only
55 to 85% leaf injury and a trace of twig injury and those on Troyer citrange and
sour orange had less injury (16). However, trees on Rangpur mandarin lime root-
stock can not tolerate lower freezing temperatures because during the 1362
freeze, when temperatures reached -11.°C (12.0°F) in some areas in Monte Alto,
sis-year-old nuecellar and virus infected trees had 50% of the 2.4 to 2.6 in. diam.
limbs injured compared to 50% of the 1.5 to 2.4 in. diam. limbs of trees on
Cleopatra mandarin; and the twelve year old trees on Rangpur mandarin lime

166



had 50% of the 4.3 in. diam. limbs injured and &7% of them died (18). Also, 200
Rangpur mandarin lime seedlings 24 to 28 - months old were killed fo the
ground while trifoliate hybrids had only a trace of twig injury (17). Other tests
are needed to establish lower and upper limits of (1" and B in the irrigation
solution that will affect the cold hardiness of the more commonly used root-
stocks, especially the trifoliate hybrids, which have good cold hardiness in
California.
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ABSTRACT

Nineteen Star Ruby orchards in the Lower Rio Grande Valley of Texas were surveyed to
determine fruit set percentage and time of fruit drop, No location in the Valley had better
producing trees than any other. Initial fruit set taken 4 weehs after full bloom was 9 8%,
decreasing to 2.6% by mid-September,

Low fruit production of Star Ruby grapefruit (Cilrus paradizi Macf.) is an
apparent problem in the Lower Rio Grande Valley. The extentl of the problem
and the underlying causes are unknown. One way of studying the problem is to
observe a representative sample of Star Ruby orchards and determine precisely
how they perform in terms of fruit production. This survey, based on a represen-
tative sample of the 4500 acres planted with Star Ruby, sought to answer several
questions:

1. Do Star Ruby trees set more fruit in one Valley location than another?

2. What is the average fruit set of Star Ruby trees in the Valley?

3. When does the greatest fruit drop occur?

MATERIALS AND METHODS

Nineteen Star Ruby orchards comprising ca. 1200 acres were selected to
represent the Valley. The survey included orchards as far north as Texan Gardens
and as [ar south as Brownsville (Fig. 1). In each orchard six trees were randomly
selected for flower and fruit counts. On each tree four branches with at least
100 flowers each were selected. The branches were tagged and the flowers
counted. Four, 12, and 20 weeks later the fruit on each tagged branch was
counted, Selected tree branches were counted weekly to determine when fruit
drop occurred,

RESULTS AND DISCUSSION

Although there were differences in fruit set among orchards, no general
Valley location was better than another. Final fruit set percentages ranged from
0 to 11.4% Valley wide. Differences among individual orchards could be a
reflection of care practices, soil conditions, budwood source, or many other
[actors.
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Fig. 1. Location of Star Ruby orchards (shaded stars) included in the survey.
Shaded circles are major towns, from east to west: Brownsville,
Harlingen, Weslaco, Edinburg, McAllen, and Mission.

Mean fruit set 4 weeks postbloom was 9.8%. The final fruit set determined
September 17, 1981, twenty weeks after flowering, decreased o 2.6%. This
value is higher than fruit set percentages for some other citrus cultivars, Valencia
and Washington navel oranges in California had mature fruit percentages of 1.0%
and 0.2%, respectively (3), while Shamouti orange in Israel had a mature fruit
percentage of 2.2 - 5.3% (2).

Weekly fruit counts on tagged branches showed that the majority of fruit
dropped early in development (Fig. 2). This drop of immature fruit, often called
“June drop”, occurred from mid-tolate April. After this period, fruit are more
likely to withstand adverse environmental conditions, such as high temperatures
and water stress, and develop into mature fruit.

These results suggest that Star Ruby does not have a fruit set problem. It
must be kept in mind however, that this is a relatively small sample during a
single season. Further study is ongeing to better understand factors invalved in
the fruit set of Star Ruby (1).
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Fig. 2. Fruit set of Star Ruby grapefruit. Each point is the mean of 48 indi-
vidual counts made on 12 trees.
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ABSTRACT

Star Ruby grapefruit flowers cross-pollinated with Hudson or Ruby Red grapefroit
pollen resulted in more fruit produced than did flowers that were self-pollinated. Star
Ruby lacks the abillty to set frult without pollination. Cross pollination, using Hudson
pollén, resulted in fruit that was larger than fruit resulting from self pollination. The number
of seeds per frult was not significantly affected by pollen donor,

Star Ruby grapefruit, a recently introduced cultivar derived from irradiated
seeds of Hudson grapefruit, has been commercially available since 1970, During
this time, particularly the last 3-5 years, unfruitfulness has been an apparent
problem in some orchards.

The cause of unfruitfulness in Star Ruby is unknown. Speculation has en-
compassed the full range of causes from soil nutrient deficiencies to lack of
stress to nuecellar vigor, None of these explanations can be ruled out with avail-
able evidence. The intent of this study was to 1) estimate the ability of Star
Ruby to set fruit without pollination and 2) determine whether pollination,
either self or cross, is important in the fruit set of Star Ruby as has been found
with Clementine mandarin (8) and Orlando tangelo (5).

MATERIALS AND METHODS

Hand pollinations were performed on flowers of ten-year-old Star Ruby trees
at the Texas A&I University Citrus Center in Weslaco, Texas on March 24, 1981,
during full bloom. Trees were selected that had similar histories and yield
records. Pollen-bearing stamens were hand collected from Ruby Red, Hudson,
and Star Ruby fowers. Pollen from these three sources was placed on the
stigmas of Star Ruby flowers, This procedure was carried out on 25-50 tagged
flowers of two separate trees for each pollen donor. After each hand pollina-
tion was complete, the flower was depetaled. To simulate fruif set without polli-
nation, 26-50 tagged flowers of two Star Ruby trees were emasculated and de-
petaled. No attempt was made to isolate the treated flowers since bees are not
attracted to depetaled citrus flowers and eitrus pollen is not distributed effec-
tively by wind (2). The percent of fruit set as a result of open pollination was
estimated by counts of fruit in September on branches tagged during full bloom
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when flowers were counted, Fruit diameter measurements were made ca, every
two weeks until September 4 when the final fruit set was determined and the
fruit were cut open to determine the number of seeds per fruit,

RESULTS AND DISCUSSION

Pollination is important to obtain fruit set in Star Ruby and the pollen
souree made a distinet difference in fruit set {Table 1). The fruit set percentages
shown here are extremely high, most likely due to the favorable conditions pro-
vided by hand pollination. Star Ruby flowers pollinated with Hudson pollen set
and retained about three times more fruit than self-pollinated flowers. Star Ruby
trees in this study did not set fruit when left unpollinated. Star Ruby was
derived from Hudson grapefruit seed that had been irvadiated with thermal
neutrons (3). Because of this close relationship, one might not expect Hudson
to be an efficient cross pollinator.

The number of seeds per fruit was not increased by cross pollination, This
contrasts the results found in other similar studies (5, 6, 7). It may be that more
seeds are present initially in cross-pollinated fruit, but degenerate at an early
stage, If a comparison is made between the cross pollination treatments (Hudson,
Ruby Red) and the self pollination treatment (Star Ruby), a significantly higher
number of seeds are found in the cross pollinated treatments, suggesting that
cross pollination does increase seed number to some extent, but not to a level
that would make the fruit commercially seedy.

Fruit resulting from flowers cross-pollinated with Hudson pollen were larger
than self-pollinated fruit (Fig. 1}, Again, the initial presence of developing seeds
may be important. Krezdorn (4), Cameron et al. (1), and Soost (6) found sig-
nificant correlations between seed number and fruit size in the Orando tangelo,
Valencia orange, and Clementine mandarin, respectively, but this was not
ohserved here,

Table 1. Percent fruit set and number of seeds per fruit from hand poilina-
tions of Star Ruby prapefruit trees.

% Fruit Set
Pollen Soures (asof 9/4/81) No. of seeds/fruit
Hudson 59.7 a® 1.8
Ruby Red 36.0b 1.7
Star Huby 140¢ .8
Open Pollination 29¢ 1.7
Mon-pallinated 0d -
N.S.

& Means separated by Duncan's New Multiple Range Test, 5% level,
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Fig. 1. Diameters of Star Ruby fruit resulting from pollination with three
pollen donors. Bars represent + one standard deviation.

Star Ruby grapefruit lacks the ability to set fruit without pollination. Pollina-
tion especially eross-pollination, is important to obtain optimum fruit set. If pol
pollination can be controlled, e.g. bees, then cross pollination may increase fruit
production, Cross pollination does not increase the number of seeds per fruit to
levels that would make the fruit commercially seedy.
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ABSTRACT

Stem length, stem caliper and total root system dey weight of sour orange (Cilrus guran.
Heenn oL} seedlings Increased greatest when grown in medivm containing composted barlg,
perlite and sand than in media of various combinations of peat moss, perlite and sand,
MNutrients at 300 PPM N, P and K applied weekly gave inoreased growth over other schedul-
ing. A medium contalning bark with nutrdents applied weekly gave maximum seedling
growth,

The realization of container citrus nurseries will require a growing medium
having the desired physical properties while maintaining the most favorable
chemical conditions for plant growth. Maintaining the necessary available plant
nutrients for an indefinite period under a variety of conditions can be accom-
plished by adding them at the lime of medium preparation and/or by periodic
nutrienl applications. Mixes developed and compared for citrus (2, 8, 9, 10),
that require a complex of liquid nutrients (6) which are diffieult to obtain may
preclude the general acceptance of these media, Research using annuals, foliage
plants and woody ornamentals has indicated increased growth in media amended
with composted bark (1) and suppressive effects on certain pathogens (3,4, 5, 7).
Composted pine bark has been shown to suppress Phyvtophthora and Pythium
root rots (3).

This work was initiated to determine the optimum pofting medium and
nutrient program for container citrus trees in the Lower Rio Grande Valley of
Texas.

MATERIALS AND METHODS

A factorial experiment using 5 potting media and 5 levels of fertilizer was
designed with 10 replications per factor. The potting materials were: Canadian
peat moss, perlite, composted pine bark and Rio Grande River sand. These
materials were measured by volume and combined in a mixer (Table 1}.

Uniform seediings of sour orange (Citrus curanfium L.) were selected from a
seedbed and planted in 5 gt. plastic containers. The experiment was conducted
in a shadehouse covered with 55% shadecloth, Plant height was measured 1 week
after planting in June when the first fertilizer treatment was applied. In early
November, shoot lengths, stem diameters (caliper) 15 em above the soil line
and total root system dry weights were measured.
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Table l. Composition of potting medium and fertilizer treatments.

Medium treatment by volume

Medium 1 peat moss, perlite (1:1)

Medium 2 peat moss, perlite, sand (1:1:1)

Medium 3 peat moss, perlite, sand (1:1:2)

Medium 4 composted pine bark, perlite, sand (1:1:1)
Medium 5 sand

Fertilizer treatment

Mutrient A  Control, no added nutrients

Nutrient B 19-6-12 time releass

Mutrient C 1-week interval with 20-20-20 at 300 PPM N
Nutrient ' 2-week interval with 20-20-20 at 300 PFM N
Mutrient E 4-week interval with 20-20-20 at 300 PPM N

Each of 5 nutrient treatments (Table 1) was applied to a block of 50 container
trees composed of 10 plants of each potting medium. Treatments included a
control receiving no added nutrients, Osmocote’ 19-6-12 slow release at the
recommended rate of 8 1bs per cu vd incorporated in the medium, and a water
soluble 20-20-20 analysis applied at 300 ppm N at intervals of 1, 2 and 4 weeks.
Soluble fertilizer treatments were applied until leaching, and other plants were
watered weekly or as needed between fertilizer applications.

RESULTS AND DISCUSSION

Shoot length increase for medium 4 containing bark was significantly superior
to all other media (Table 2), Plants in medium 4 also produced the greatest
shoot extension, stem caliper and root weight.

Fertilizer treatment C produced plants with the greatest shoot growth and
caliper. The weekly application of soluble nutrients resulted in betfer shoot
growth than the other treatments. Root weights were significantly greatest for
treatments C and E. The non-fertilized control was the poorest,

Interaction between media and fertilizer treatment was not significant. Com-
bined effects of medium 4 and nutrient treatment C yielded the largest seedlings
with respect to shoot extension, caliper and root weight (Table 3).

Significantly greater plant growth and development of container citrus
trees oceurred in medium 4 containing bark and nutrient treatment C applied
weekly at 300 ppm N, P and K. Although shoot extension is important for
developing new leaves and is one measure of growth, sufficient stem diameter is

! Mention of a product does not constitute a recommendation or endorsement
of the product by the Texas Agricultural Experiment Station and does not
imply its approval to the exclusion of other products that may be suitable,
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Table 2. Influence of various potting media and fertilizers on growth of sour
orange seedlings in containers.

Medium
Shoot Stem Root
Treatment length{cm) diam{cm) dry  wi(g)
1 91 ct 28b 26 b
2 88¢c .26 be 25b
3 1186 29h 29hb
4 I7.2a A9 a 45a
5] 86¢ 22¢ 31lb
Fertilizer
Shoot Stem Root
Treatment length{cm) diam(cm) dry wi(g)
A 1.7 a2 21¢
B 104 ¢ 23 32b
C 202 a 37a 37a
D 132b 28 b d0b
E 10.0¢ 26 e 38a

Z Mean separation in columns by Duncan’s multiple range test, 5% level,

necessary for propagation by budding or grafting, Only medium 4 and nutrient
treatment C produced seedlings with stem diameters ususally exceeding 0.5em, a
caliper size acceptable for budding.

These results indicate that bark could be added to or substituted for peat
moss in potting mix 2, and the resulting medium could produce a larger plant in
less time.
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Table 3. Influence on growth of sour orange seedlings by combinations of
5 media and 5 fertilizer treatments.

Shoot Root
Fertilizer Medium Length(cm) Caliper{cm) Dry wiig)

A 1 31 b 32
2 1.8 - 1.6
3 0.9 - 1.6
4 1.0 - 1.6
5 1.8 - 26
B 1 8.7 .24 2.2
2 45 .08 1.8
3 91 .26 27

4 15.9 a2 414d

5 13.6 26 50¢
C 1 121 32 25
2 18.8 cd? A29hb 3.5
3 2810 A0 b 35

4 316a A9 a 6.8a
5 10.6 a5 2.0
D 1 104 2T 21
2 118 .29 28
3 139 28 3.3

4 212¢c 39 b 4Te
i 8.1 A8 24
E 1 11.1 27 3.4
2 71 25 3.1
3 7.3 21 3.3

4 16.1d A5k 5.5b
5 8.2 .20 3.5

% Mean separation in columns by Duncan’s multiple range test, 5% level.

¥ Plant calipers less than .05 em.
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Errata

Vol. 34, 1980, page 73

Table 2 should read as follows:

Canopy
Volume Z(m?)

Container grown 18.62 a¥
Field grown 24.15b
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Ruby red
yields, juice

quality, and water use are reported on beginning on page 73. {Photos by Ron

Bowen USDA-ARS, Weslaco.)
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JA MAR PRTG, CO., HARLINGEN, TR

ON THE COVER
Citrus trees planted in 1964 were photographed in 1965 (top), 1969 (bottom)
and 1975 (front cover). There are 8 rows each of Marrs orange (le
grapefroit (middle), and Valencia orange (right). Tree growth






