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Aims and Objectives of the Society

The purpose of the Rio CGrande Valley Horticultural Society is the
advancement and development of horticulture in the Lower Rio Grande
Valley. It is the aim of the Society to stimulate interest in research and
its practical application to Valley problems with fruit, vegetables and
ornamentals.

At monthly meetings subjects of interest are presented by special-
ists in their fields. These presentations are followed by open forums.
The Newsletter announces and discusses the monthly programs and
brings other news of interest to Society members,

The Society has sponsored 24 annual Institutes, where outstanding
speakers From all parts of the country present new developments in the
Held of horticulture. Panel discussions, social get-togethers and a barbe-
que round up the all-day program,

Talks given at the Institute and reports of Valley research are pub-
lished in the Jownal of the Society, which provides a continuing record
of horticultural progress in the Valley.

Anyone interested in horticulture can become a member of the
Society. The annual fee is 84,00, which includes the Jowrnal. Applications
for membership, and annual dues should be sent to the Secretary-Treas-
urer, Rio Grande Valley Horticultural Society, Box 107, Weslaco, Texas.
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FRANK JOHN SCHUSTER

Recipient of the
Arthur T. Potts Award
1970

Frank John Schuster is one of the
Rio Grande Valley's largest farmers,
both physically and economically. He
is & man ever preoccupied with im-
provement of the industry and his
adopted country. He is a civic as
well as business leader and a coop-
erator in all his affairs,

Frank Schuster was born in Yugoslavia but was reared in Austria
and considered himself an Austrian until he came to the United States
in 1935 at the age of 15

He has been fmmin%: here ever since. Most of his land is located
along U. 5. 281 south of San Juan. Schuster raises a wide variety of
vegetables, palm trees and livestock.

Schuster has conducted many vegetable trials on his extensive farms
in cooperation with Texas A&M University and the U. 5. Department
of Agriculture. He has been a member of the National Vegetable Ad-
visory Committee for six vears and is past president of the Rio Grande
Valley and Hidalgo County Farm Bureau. Schuster has been a leader
in promotion of the All-Valley Winter Vegetable Show at Pharr.

Schuster pioneered in vegetable mechanization through system ap-
proach. He is an active member of the Texas Fruit & Vegetable Growers
& Shippers, and chaivman of the Marketing Advisory Subcommittee to
the Rio Grande Valley Research & Extension Center. and chairman of the
agriculture committee of the Valley Chamber of Commerce.

The Schuster Farms has been a showplace for many tours and
demonstrations of ideal growing and harvesting techniques. He was
one of the first to undertake land levelling and drainage of heavy clay
soil,

He is a leader in the Santa Gertrudis Cattle Breeders Association.

Schuster’s enthusiasm for all he undertakes is contagious and his
participation in any project adds substantially to its prospects for success,

Schuster’s family includes his wife, a son Frank Jr., and two daugh-
ters, Kathv, a senior, and Becky a Junior at Trinity University,
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Program of the Twenty-fourth Annual
Institute of the Society
January 27, 1970

MOBRNING FROGERAM
Charles Rankin — Chairman

Addres sof Welcome ____T. D. Longhrake, President
Rio Grande Valley Horticultural Society
Cooperative Packing of Citrus Joe Rawls, Manager

]-',dmburg Citrus Assn., Edinburg

Citrus Processing, Future Needs in Texas  Harold Bryant, Manager
Texas Citrus Exchange, Edinburg

Economiecs of Cold Protection
in Citrus . Dr. Chan Connolly, Assoe, Professor
Texas A&M University, Weslaco

Impact of lmports and Es
of Fruits and Vegetables on
South Texas . Dr. A, Clinton Cook, Chief
Fruit and Vegetable Branch
Foreigh Agricultural Service, USDA, Washington, D.C.

Farmers and the Legislatore —... Raul Lomgoria, State Representative
15th District, Edinburg

Citrus Crop Forecasting Douglas Murfield, Mathematical Statistician
Texas Crop & Livestock BReporting Service
USDA, Austin, Texas

Presentation of Arthur T. Potts Award President Tom Longhrake

AFTERNOON PROGRAM
Dr. R. M. Menges — Chairman

Special Award by USDA
Growers Organization .. Frank Schuster, Farmer
San Juan, Texus

New Technigques in Harvesting
South Texas Onions Wayne LePorl, Agricultural Enginecr
Texas A&M University, College Station
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Effect of Amistad Dam on Water Supply
to Lower Rio Grande Valley Tate Dalrymple
Court ﬁmmmtf,d Spccml Watermaster
MeAllen, Texas

The Valley Master Drainage System Roy Ussery
Agricultu:al Engineer
Weslaco, Texas

Questions and  Answers

EVENING FROGRAM
Dr. John Fucik — Chairman

Falms and Native Trees for
South Texas — George Pletcher, Past President
Texas Nurserymen's Association
Harlingen, Texas

Demonstrations on Floral Arcangements Mrs. G. Browning Smith
Vice President
Texas Garden Clubs, Harlingen, Texas
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ADDRESS OF WELCOME
24th Annual Hortieultural Institute

MR. T. D. LONGBBRAKE
President
Rio Grande Valley Horticultural Society

On behalf of the Rio Grande Valley Horticultural Society, 1 want
to open this 24th Annual Institute with a warm and hearty weleome to
all of you. We hope that this day will be fruitful and rewarding to
those who have come to share knowledge, and for those who have worked
s0 hard to make this meeting possible.

All the speakers on our program are experts in their field. The
subjects to be discussed include: legislation, fruit and vegetable imports
and exports, farm organizations, mechanization developments, irrigation
witer reserves, drainage plans. citrus marketing and processing, crop
forecasting. The evening program will emphasize the ornamental nursery
industry and demonstrations on floral arrangements,

Over the past years the farm vote has been decreasing, and wants
and needs of labor and urban population has received more emphasis.
It is evident then, that the agricultural population must hecome more
market oriented, while continuing to adapt new technigues in produc-
tion. Competition from other production areas and especially imports
and exports are continuing to narrow the margin of profit. As producers
of food products, we must become familiar with the needs and desires
of the housewife, the ultimate consumer, so that our products reach the
market at the right place at the right time of the right quality and the
right volume at the right price.

To those here today who are not members of the Horticultural
Society, we urge you to join. The annual dues are only $4.00 per year.
This entitles one to receive the monthly newsletters and a copy of the
annual horticultural joumal. Those who wish to join or renew mem-
berships, please see the ladies at the desk near the entrance.

I would like to express my appreciation to the speakers on the pro-
gram; to the morning, afternoon and evening chairmen; to the lady
registrars; to the various committee chairmen and members who have
made this meetin ible. Also to the Texas A&I Citrus Center for pro-
viding the use of their facilities.

I now turn the morning program over to Mr. Charles Rankin, Mr.
BFD of radio and television in South Texas.
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Nucellar and Old-line Red Grapefruit:
Yield and Growth!

Ricmanp A, Hewxsz®

Abstract:  Fruit yield, size, and tree growth of 12 nucellar red grapebouit se-
lectinns, originating from 7 old-line varieties, were compared in a planting with one
old-line, At 5 years of age there was no signiticant ditference in yicld between the
ald-line and 2 of the nucellar selections. By the Sth year all 12 noeellar selections
signifivantly outyielded the old-line. The nucellar slowest to come into bearing was
the one most recently derived from seed. There was a wide spread in yield hetween
the highest and lowest producing trees in each selection every vear. Nucellar amel
old-line selections produced the same proportion of fruit of marketable size for fresh
shipment, Nucellar trees grew taller, wider, and had greater trunk diameters than
the old-line trecs.

INTRODUCTION

The term “nucellar citrus trees” describes a unigue character of
some citrus varieties. Most of the embryos in the seeds of commercial
orange and grapefruit varieties develop wholly from tissue of the mother
tree (5, 7). They are genetically identical to the mother tree, having
acquired no genes or characters g‘um pollination and subsequent fertili-
zation, These embryos are formed from the nueellus and are termed
nucellar emhryos and the seedlings from them are called nucellar seed-
lings. Trees propagated with buds from nucellar seedlings are called
nucellar trees, to distinguish them from trees propagated with buds from
the mother or old-line trees. Nucellar and old-line will be used herein
to identify trees with these separate modes of origin.

Although genetically identical with the cold-line, the nucellar trees
express a pronounced juvenile growth in their early vears which decreases
as the trees mature (3, 4, 5. 6). The more obvious juvenile characters
associated with the newly developed nucellar trees are: a rapid growth
rate, upright habit of growth, thorniness, slowness to fruit, and aiternate
bearing in the early vears. In older nucellar trees, especially after re-

eated propagation and repropagation, these characteristics are modified

1, 3). The quality, size, and shape of the fruit on older nucellar trees
is comparable to that grown on the old-line trees of the same variety (2,
10).

Most citrus viruses are not transmitted through the seed to the
seedling, Thus nucellar trees are generally free from the virus diseases
that are inherent in many old-lines, This is valuable when varieties must
he grown on rootstocks that are not tolerant of these viruses.

1 Cooperative cittus research of Texos A&L University Citrus Center and Texas Agri-
cultural Experiment Station, Weslaco,
2 Professor of Agriculture and Director, Texas A&l University Citrus Center, Weslaco.
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Besides their freedom from virus diseases the most valuable attri-
butes of nucellar trees are their exceptional tree vigor and high fruit
yields (1, 2).

Nucellar selections are rapidly displacing old-lines in many citrus
areas (7). In 1968 California nurserymen were propagating most of the
orange and lemon trees and many of the grapefruit and mandarins from
trees of known nucellar origin (1),

The Texas A&l University Citrus Center has a program to test nu-
cellar citrus trees for use in the Lower Rio Grande Valley. This report
covers a part of that work

MATERIALS AND METHODS

In Texas the term red grapefruit covers an assemblage of varieties
that originated in the late 1920's and early 1930%s as bud mutations (7.9).
These varieties, no longer distinguishable from one another by quality,
generally share the two names Redblush and Ruby Bed (7. 8). Twelve
nucellar red grapefruit selections grown from seed of seven of the old-line
varicties, along with one old-line red grapefruit, were planted in a per-
formance test at the Texas A&l Citrus Center, Weslaco, Texas, in June,
1960. These selections, with the approximate year of seedling origin for
the nucellar clones, are listed below.

Selection Approximate Year Seed Planted
A, Nucellar California Bed No. 3 1945
B. % Redblush (RFR13T3) 1850
C. " Bedblush (CCR24T2) 1853
1. " Redblush ( CCR23T2) 1953
E. i Redblush (CCR22T5) 1853
F. - Redblush ( CCR20T3) 1953
G. ® Riddle Redgold 1950
I N Fawcelt Red 1955
I. " Shary Red 1952
I = Langford Red Neo. 1 1949
K. ” Curry Red Radiance 1950
L 2 Ruby Red 1949
M. Old-line Buby Red N/A

Selection A is a nucellar Redblush clone that originated from seed
planted in California (3). All other nucellar clones are from seed planted
in Texas. Selections B. G, |, K, and L were obtained from Dr, E. O.
Olson, USDA, ARS, Weslaco, Seeds for selections B. ], and L were
planted by the Texas Agricultural Experiment Station, Weslaco. Seler-
tions C, D, E, F, and H were grown from seed at the Texas A&l Citrus
Center, Weslaco. Selection F was grown from sced at the Law nursery
at McAllen and the old-line Ruby Red was obtained from the Hughes
nursery, Elsa.

The trees were propagated on sour orange rootstock and planted
in Hidalgo sandy clay loam. The test planting was grown under sod cul-
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ture during the first four years, and then converted to chemical weed

control with no tillage. The trees were frozen to their insulating wraps

in January, 1962, at 18 months of age. Ounly nitrogen fertilizer has been

applied at the rate of 1 to 132 Ib of N per tree per vear from age three to
¢ present date.

The rows in the planting run from east to west. The tree spacing
is 22 x 20 ft, or L trees per acre. When the trees were 7Y% years old,
February, 1968, the branches were touching across the 22 ft rows and
they were hedge-pruned on the north and south sides to 7 ft from the
trunk. By February, 1970, it was necessary to hedge them again and
this time they were cut back to 6 ft from the trunk.

Thirteen trees of each selection were planted in a 13 x 13 Latin
Square, Where applicable the data were subjected to analysis of vari-
ance and the means were ranked by Duncan’s multiple range test. The
fruit was harvested each year in December,

RESULTS AND DISCUSSION

The average yield in pounds per tree for each test selection is shown
in Table 1. They are arranged in order of rank for each year. The first

Table 1. Ranking of average vields of one old-line and twelve nucellar
selections of red grapefruit through six seasoms. Trees planted in 1960.1

Selection - Yield in H.}-ftreex -
1o 1955 1965 1967 1968 1869
314 a 1

M B8 M 99 a M 221 a A A 356 a F 854 a
A1 A B9 ab A 173 ab F 295a G 336 a L 651 a
B O E 55 ab 3 147 be L 250 ab I 334 a G 650 a
[ E 32 b T 128 hed I 280 ab I 312 ab E G648 a
oo D27 b B 104 od B 274 ah B 310 ab C 831 a
E O F 287 b C 103 od G 267 ab K 310 ab ] 619 a
F 0 G 287Th E 04 ed 1 260 ab L 304 ab B 607 a
G o0 ] &7 h D 03 wd T 259 ab J 303 ab D 6 a
H O C 24b F &7 d 17 247 ah M 302 ab K 591 a
1 0 L 24 b I 68 E 245 ab E 298 ab I 584 a
] o K Te L 67 d M 240 ab C 285 ab H 574 a
ko0 I f o E 67 d K 206 b F 244 he A BB3 a
L0 H 0 H 10 H 123¢ H 195c¢ M 352 b

* Numbers in each column followed by the same letter are not significantly
different at the 1% level according to Duncan’s multiple runge test,

1 4 Nueg Calif. Red No. 3 T Nuc, Fawcett Red

—

B Nug Bedblush (RFRIATS) I  Nuc Shary Bed

C  Nuc. Bedblush [(CCR24T2 J  MNue Langford Red No. 1
D MNuc. Hedblush }CCRQ&TE} K  Nuo, Corry Bed Radiance
E  Nue. Redblush ( CCRZEZTS) L Nue. Roby Red

F Nue, Redblush (CCR20TS) M Oll-ling Ruby Bed

G Nuc. Riddle Redgold



harvest was in December 1964, when the trees were four years old. The
growth lost because of the 1962 freeze and less than ideal growing con-
ditions under sod culture the first four years could have contributed to
the slow start in fruit production. The old-line Ruby Red was the only
producer the first year with an average of 7 lb of fruit per tree.

In 1965 there was no statistical difference between the yields of the
nucellar California Red No. 3, the nucellar Redblush (RFR13T3), and the
old-line Ruby Red. The nucellar Fawcett Red had no yield. The nu-
cellar clone from the earliest planted seed had the highest ranking of the
average vields and the clone from the latest planted seed was not yet
bearing. The yield of the old-line would equal 5 tons per acre at this
spacing.

In 1966 the difference between the vield of the old-line Ruby Red
and the nucellar California Red No. 3 was not significant. The nucellar
Fawcett Red still showed a slowness to come into bearing and produced
the least amount of fruit.

In 1967 the crop was severely reduced because of a hurricane in
September, The total crop loss could not be determined because of the
rain and standing water that followed, but it was estimated to have been
95 to 35 percent, The remaining crop was harvested and, despite the
hurricane loss, all selections had inereased yields over the previous vear.
The differences in vields between the first eleven ranked selections were
not statistically significant. 1n looking only at the ranking of yield aver-
ages the old-line dropped to eleventh place.

By February 1965, before the trees bloomed, the branches of the
nucellar trees were touching across the rows and it was necessary to open
a passageway for equipment. The trees were pruned to seven {wt from
the trunk to open an eight-foot middle. Most branches cut from the trees
were typical fruiting wood and would have borne some fruit. Pruning
of the old-line Ruby Red trees was minimal because the canopies were
smaller than the nucellars. Thus, pruning was expected to favor the old-
line in comparison with the other varieties,

In the 1968 harvest all but one selection increased in average yield
from the previous year, There was no significant difference hetween the
yield of the old-line and 10 of the nucellars. Again the nucellar Fawcett
Fed had the lowest ranked average and the nucellar California Red No. 3
the highest. Nucellar Redblush (CCR20T3) dropped to 12th from sec-
ond the previous year,

In the ninth year, 1969, all nucellar selections had significantly high-
er yields than the old-line. The differences among the nucellars were
not significant, Nucellar Redblush (CCR20T3}, which had dropped to
12th in 1968, was first ranked this year. The nucellar California Red No.
3, which had ranked first the previous two years, was lowest of the
nucellars, All showed a substanital increase in production over the pre-
vious year. The nucellar Fawcett Red, which was now eleven vears from
seed, no longer had the lowest yield.
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The yields reported here are tor a 22 x 20 ft tree spacing. At other
spacing these vields could be altered by the amount of Sl'lming required,
competition for space above and below the ground, and other factors.

The yield in tons per acre for the ninth vear, 1969, was calculated
from the tree averages, and is shown in Table 2. The highest ranked,
nucellar Redblush { CCR20T3), produced 327 tons, the lowest ranked
nucellar, California Red No. 3, produced 28.1 tons, and the old-line Ruby
Red produced 17.6 tons per acre and ranked the lowest of all the selec-
tions.

The cumulative yield in tons per acre for all years is also shown in
Table 2. The nucellar California HRed No. 3 ranked first with 73.8 tons,
In 13th place nucellar Fawcett Red had 45.1 tons. In 11th place the old-
line Ruby HRed had 61.0 tons per acre.

Every vear each selection had a wide range of vields between the
lowest and highest producing trees, { Table 3). The range was greater in
the early vears but even in the ninth year the highest vielding trees
generally had double the amount of fruit of the lowest, Such variation
makes it difficult to make definite statements about citrus production
at an carly tree age and when only a limited number of trees are used for
a test or observation.

The distribution of fruit sizes for 1968 and 1969 are shown in Table
2. Percentages were caleulated on a weight basis. In 1965 the size sepa-
ration vsed was the commercial size per box of 96 and larger. In 1969
we lowered the size separation to 112 and larger. Although marketing
restrictions usually limit minimum sizes to 96's, because of our December
harvest, a measurement of size 112 and larger would give us a better
indication of marketable size fruit for January and Febroary, These dif-
ferences were not subjected to statistical analysis but the data indieate
that in these two seasons there was little difference in fruit size among
all selections. Fruit sizes were generally small in commercial groves in

1968, hut not in 1969,

The average trunk diameters four inches above the bud union, meas-
ured 10 years after planting, are shown in Table 2. The average diameter
of each of the 12 nucellurs was within a range of 1.7 inches and statistical
analysis showed all were significantly larger than the old-line.

Tree height was measured 10 years after planting. The nucellars
avergged 17 ft, with a range of 16 to 158 ft. The old-line ranged from 12.5
to 16.5 ft and averaged 14 ft. Width of the trees was not measured be-
cause of pruning,

On the basis of data presented for the nine years of this study some
conclusions can be drawn.

The greater the span of time between planting a seed and the growth
and propagation and repropagation of a nucellar red grapefruit clone, the
shorter the time for young trees to equal or exceed the old-line in pro-
duction.
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Table 2. Yields in tons/acre at 9 years of age, cumulative yields through 9 years, distribution of fruit size at
harvest time, and tree growth at 10 years for one old-line and twelve nucellar selections of red grapefruit.

YIELD! CUMULATIVE YIELD! FRUIT SIZE: TREE, GROWTH?
Torns/!Acre Tons/ Acre 1968 1969 1870

SELECTION ath Year All Years % Size G564 % SBize 1124 Trunk Dia. (Inches)

A, Nuc, Calif, Red No. 8 258.1 T3.8 42 a4 0.2

B. Nuc. Redblush { RFRIST3) a0.4 G7.5 514 a3 0.6

C. Nuc. Redblush (CCR24TZ) 315 G5.1 i) a5 9.6

D. Nue. Redblush ( CCREZ3ITZ) 30.0 3.0 i 5] a6 10.1

E. Nue. Redblush { CCR22TS) 32.3 65.7 59 a8 9.2

F. Nue, Redblush (CCR20TS) 327 63.3 (i 96 9.3

G, Nuc, Riddle Redgold 335 71.3 G4 94 9.8

H. Nue. Fawceett Red 28.7 43.1 i) 93 10.5

I. Nuc. Shary Red 20.2 62.5 &8s a7 38

J.  Nuc. Langford Red No. 1 305 66.7 [i5] 93 0.6

K. Nuc. Curry Red Radiance 28.5 59.5 GG 56 0.6

L. Muc. Buby Hed 325 86.3 70 95 9.4

M. Old-line Ruby HRed 17.6 61.0 55 95 6.7

1 Based on 100 trees/acre, 22 x 20 ft spacing.
2 Percent by weight of commercial fruit sizes at December harvest.
8 Truck diameters measured four inches above bud. union, June 1970,



Table 3. Range of individual tree yields for one old-line and twelve nucellar selections of red grapefruit
through five seasons. Thirteen trees of each selection were planted in 1960

Bange of Tree Yields in Ib/Tree

1969 1965 1966 1967 1968
Selection Lotw-High Low-High Low-High Loas-High Low-High
A, Nue Calif. Red No. 3 0 — 157 42 — 247 B2 — 485 151 — 534 336 — 755
B. Nuc. Bedblush {RFRI3T3) 0 — 208 39 — 177 115 — 425 101 — 515 493 — T43
C. Nuc. Redblush {CCR24T2) 0 — 154 26 — 375 91 — 288 183 — 515 415 — T20
D. Nue. Redblush {CCR23T2) 0 — 154 24 — 235 105 — 409 242 — 450 465 — 202
E. Nune. Redblush {CCR22TS) 0 — 166 32 — 234 84 — 373 121 — 479 438 — 771
F. Nuec. Redblush {CCR20TS) 0 — 240 40 — 191 188 — 386 143 — 366 512 — BT
G, Nue, Riddle Redgold 00— 76 38 — 284 150 — 574 121 — 480 523 — 787
H. Nuc. Fawcett Red - 2 0n— 23 24 — 340 40 — 266 416 — T4l
I.  Nuc. Shary Hed 0 — 54 4 — 115 102 — 460 183 — 446 445 — 659
J. Nuc Langford Red No. 1 0 — 99 28 — 388 101 — 417 231 — 520 436 — 509
K. Nue. Curry Red Badiance 0 — a7 18 — 138 71 — 441 183 — 515 410 — 775
L. Nuc. Ruby Red 0 — 138 15 — 172 185 — 363 201 — 575 332 — 534
M. Old-line Ruby BHed 10 — 236 7o — 291 1668 — 217 221 — 373 240 — 478




Differences in vield between nucellar clones originating from seven
different old-line red grapefruit varieties could not be attributed to
varictal differences.

Ditferences in vield between nueellar clones of red j.,“l'a}iln-.'fi'u]'t could
be attributed to the length of time since the trees were derived from
seed. These differences disappeared with age of the trees.

Trees of the same age and origin varied widely in fruit production
in any year through nine years of age but these differences were more
pronounced in the early years. Care should be taken in drawing con-
clusions on vield when a small number of trees make up a test popula-
tion.

Nucellar and old-line red grapefroit trees of the same age and in
the same planting produced the same proportion of fruit of marketable
size for shipment,

Nucellar red grapefruit trees grew faster than the old-line in tronk
diameter, tree height, and tree width. This should be taken into com-
sideration when tree spacings for nueellar plantings are planmed,
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The Performanece of Old-Line and Young-Line
Valencia Orange Trees on Five Tristeza-
Tolerant Rootstocks in the
Rio Grande Valley!

H. K. Wurscuer and A, V. Sooni?®

Abstract: A comparison of 13-vear-old old-line and young-line Valencia orange
trees om Morton, Troyver, Cleopatra, Natsn Mikan, and Ponkan rootstocks with trees
on sour orangs showed that Morton and Trover citranges could replace sour orange
without decreasing yield or froit quality, Old-line trees on Morton ontprodoced
trees on sour orange rootstock by 26%., Old-line trees had 15-30% smaller canopies
than nucellar trees but produced [rom 26-60% more fruit over a S-year period.

INTRODUCTION

The presence of tristeza virus in several citrus varieties (6) is a
constant threat to the Texas citrus industry, with 999 of its trees budded
on sour orange, a rootstock susceptible to the tristeza disease. The most
efficient vector of this virus, the brown citrus aphid ( Aphis citricidus),
has not been found in Tesas so far. Natural spread of the discase has
not yet become a problem, but less efficient aphid vectors, such as Aphis
gossypii, are already present and may eventually bring about widespread
infection, particularly ameng sweet oranges.

The best defense against tristeza is to plant trees on rootstocks which
tolerate the virus. Since 1945 the USDA, in cooperation with the Texas
Agricultural Experiment Station and Rio Farms, Inc., has conducted tests
to find tristeza-tolerant rootstocks equal or better than sour orange for
vield and fruit quality. Seven of 16 rootstocks sereened in prior tests ap-
peared immune or at least tolerant to the disease (8). The subject of the
present report is performance of old-line and young-ling Valencia orange
trees on five of these rootstocks and on sour orange in a feld tial,

MATERIALS AND METHODS

Seedlings of six rootstock varieties, sour orange, Citrus aurantivm L.
‘Morton’ and “Troyer’ citranges, Poncirus frifoliata (L.) Raf. x C. sinensis
(L.}; Natsu Mikan’, C. natsudaidai Hayata, a pummelo-like chance hy-
brid from Japan; ‘Ponkan” and ‘Cleopatra’ mandarins, C. reficulata Blan-
co, were budded with old-line and young-line Valencia orange in 1957,

1 Cooperative investigations of the Crops Research Division, Agricultural Research
Service, U, 5. Department of Agrienlture, the Texas Agricultural Experiment Sta-
tion, and Rio Farms, Inc, Weslaco, and Monte Alto, Texas,

2 Research Horticulturist, Crops Research Division, Agricultural Research Service,
U. 5. Department of Agriculture and Citrus Manager, Rio Farms, Inc., Weslaen
and Monte Alto, Texas, respectively,
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The bud sources were registered trees thought to be free of exocortis,
xvloporosis, and psorosis viruses (7). Later indexing, using the newer,
more sensitive citron method, showed, however, that the old-line bud
source carried a mild strain of exocortis. The trees were planted at Monte
Alto, Texas, in April 1958, The cxperiment contained three two-tree plots
of each rootstock-scion combination in a randomized block design. The
trees were frozen hack to the main scaffold limbs during the 1962 freeze.
Grove care included applications of 70 lhs/acre of N, four or five flood
irrigations with Rio Grande river water (7({-1500 ppm total salts) per
vear, and insecticide sprays as needed. Yield records were kept over the
S-year period, 1966-T0. Fruit quality measurements were made in March
1969 and 1970, Fruit size, peel color and thickness were determined on
153-Fruit samples from each plot; fruit weight and juice data are based
on 60-fruit samples from each plot. A protolype commercial juice ex-
tractor? ( FMC Corporation, Winterhaven, Florida ) was used. The width
and height of the trees were measured in March 1970 and their canopy
volume was caleulated by the formula width? x height = 4.

RESULTS

Both old-line and young-line Valencia trees on Morton and Troyer
citrange rootstock produced as much or more fruit than trees on sour
orange (Table 1), Fruit quality was also comparable (Table 2), Of the
fruit-quality factors, only size and total acids were influenced by the
rootstock, Trees on Morton eitrange produced the largest fruit, but the
differences in fruit diameter were small. Morton and Natsn Mikan root-
stocks lowered the total-acids level but not enough to canse significant
differences in the Brix/acid ratios.

Fruits from nucellar trees were heavier, but only slightly larger.
They had thinner rinds and tended to be less acid {Table 2). The old-
line trees outvielded the nucellar trees on all rootstocks tested although
their canopy volume was 23% smaller (Table 1). The size differences
hetween nucellar and old-line trees varied from 26% on Natsu Mikan
rootstock to 159 on sour orange.

DISCUSSION AND CONCLUSIONS

The results show that Trover and Morton citranges could possibly
replace sour orange as a rootstock for Valencia orange in Sonth Texas
without lowering vield and fruit quality. Valencia trees on these citrange
rootstocks have also been reporl'e:(ll to produce well in Florida {4} Their
main advantage is tristeza-tolerance, but they are apparently not com-
pletely immune to severe strains of this virus (1), Tﬁey cannot he used
with tops infected with severe strains of exocortis virus, but the mild
strain present in the old-line scions in the present test did not produce
any specific symptoms. Trees on citrange rootstocks, when irvigated with

¥ Mention of a trademark or proprietary product does nol constitute a goarantee
or warranty of the product by the U, 5 Department of Agriculture, and does not
imply its approval to the exclusion of other products that may also be soitalle
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Table li.s Five-year cumulative yield and size of 13-year-old old-line and nucellar Valencia orange trees on six
rootstocks,

Old-line Nucellar

Cumulative yield ftree Volume of Cumulative yield/tree Volume of
Rootstock I1966-70 in TO-Ib field boves  canopy (m3) 1966-70 in 7006 field bozes canopy (m?)
Sour orange G.8ah 10.9ab 4.3hc 12.8a
Morton citrange B.6a 11.5ab B.8a 14.5a
Cleopatra mandarin 4.4h 12.0a 2.8cd 14.8a
Troyer citrange G.2ab 12.8a 4.9h 15.1a
Natsu Mikan 4.0be 9.5b 2.5d 15.2a
Ponkan mandarin 2.4de §.8¢ 1.7d 12.Ta

Tatal mean S.da 11.0b 3.8k 14.2a

® Mean followed by letter “a” is significantly different (at the 5% level) from those means not having “a"; those followed by
“L” are significantly different from those not having “Bb7, ete
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Table 2. Means of fruit quality in crop vears 1969 and 1970 of old-line and nucellar Valencia oranges grown
on six rootstocks,®

Frait  Fruit Rind Total
dia, weight Peel thickness  Jeice!Fruit seluble Total  Briz/Actkl
Raotstock Seton type  (em) {é color {mm) fml) % Juice solids % acids % ritio
Soromnge Ol %5 I T B &1 BE B3 &% i
vncellar ! 2, A : 53, i i 4
Mean®® A T ] 5.0 80.4a _ 54.7a__ 1282 93ab __ 13.9a _
Maorton akl-lim gg %;E‘i { 3.6 gl.ﬁ gi.? {%.? gg 14.4
citrange Muce! d 1 33 9.3 z 2 g 14.5
Mean 7.0 178.3a J-1 3.5u 90.3a 53.%a 12.7a B8k 14.5u
Cleopatra Cﬂﬂ—]iﬁ 6.7 163.1 ] 3.3 84.6 514 12.5 6 13:1
mandarin Nnce 6.9 177.9 ] 33 56.3 519 124 84 14.9
Mean 68bc __ 170.5a ] 33a 8551 5l7a__ 135 90b T4,0n
& Trover Old-line 6.8 170.1 } 34 824 50.6 15.0 83 14.0
citrange Nucellar 7.0 184.7 8.3 90.9 51.1 125 o2 13.7
Mean G.9ab 177.4a 1 3.4a B6.7a 505 _12.8a H3ab 13.9a
N QR 8 w1 § 4 mom ow on
‘ucellar X : : E v ; p X
Mean - 6.7 164.7a 1 33a 848z 534a  123a A8h l4.1a
Fonkan Old-line 6.8 169.8 { 3.4 87.8 4.0 12.7 LG 13.5
mandarin Nueellar 6.7 1647 4.3 1.9 51.9 12.8 47 133
Mean f.8he 167.3a J-1 .40 H4.9a 53.0a 12.8a HTa 13.4n
Seion means——0Old-line B.8a 167.5b | 3.39 A5.da 52.5a 12.6a D3a 13.7a
Scion means Mucellar 6.89a 176.7a I 3.24h 88.4a 52.Ta 12.6a B0k 14.2a

" ® Each value based on thres samples, one from each of three two-tree plots,

e Apan followed by letter “o" is significantly different [at the 5% level} from those means not having “a™; those followod by
“L are significantly different from those not having “b", ete.

eed pool color ratings according to Harding, et al. (5],



brackish water, tend to scenmulate high levels of sodium and ehloride in
their leaves (3). On calcareous seils they are somewhat susceptible to
fron-deficiency chlorosis {2). Morton fruits sometimes contain very few
seeds which might make large-seale propagation difficult.

In view of these drawbacks, it would be unwise to suggest wide-
spread substitution of sour orange by Morton and Trover citrange root-
stocks at this time. The 267 higher yields on Morton roostock, however,
warrant further trial plantings on this rootstock, Should there be an
outhreak of tristeza, sour orange can be replaced with Morton and
Troyer without causing a decline in yield and fruit quality of Valencia
orange.

Trees om Cleopatra, Ponkan, and Natsu Mikan rootstocks were less
productive than trees on sour orange, and these varicties are apparently
not suited as rootstocks for Valencia orange in South Texas. It appears
that the mild strain of exocortis virus present in the old-line trops caused
stunting on Natsu Mikan and Ponkan rootstocks.

The greater productiveness of the old-line trees as compared to the
nucellar Valencia trees could he further increased on a per acre basis
because their smaller size permits closer planting. Reducing the planting
distance within the row to 12 ft. from the commonly used 15 ft. would
raise the number of trees to 145 per acre, 29 more than the usual 116 with
current planting practices,
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Cultural Revolution in the Orchard'?

R. F. Levypex?®

Abstract:  Orchards, in the past, have been maintained ehiefly under the tra-
ditional cultural system of clean cultivation, The literature dealing with  orchard
cultural practices indicates that soil physical conditions are best maintained under a
non-tillage program. The only justification for cultivation in an orchard is to control
wieeds, Modern herbicides have made weed control without tillage a practicality.
Properly used, herbicides have no detrimental effect on froit guality or guantity.
Under chemical weed control with no tillage pewly planted trees grow  fuster and
have higher yields in the early years than under any other coltural system. A change
in orchard enltural practices from the traditional clean cultivation to chemical weed
contral with no tillage is taking place.

INTRODUCTION

Cultural revolution in the orchard implies a complete change in
orchard cultural practices. In the past orchards were maintained under
the traditional practice of clean cultivation. Owver the yeuars tillage and
cultivation have been the subject of numerous scientific investigations,
results of which have been too long overlooked,

Caole, in 1939 (3) discussing soil structure and cultural practices
states that the number of tillage operations performed is more often
based on habitual practice than on a consideration of the soil physical
conditions to be obtained. He considered many tillage operations to be
entirely unmecessary. Russell in 1938 (12) pointed out that suitable cul-
tivation, when soil moisture is in the optimum range, can, in some soils,
increase the amount and stability of aggregates. But, more often than
not, soil moisture is not in the optimum range at the time of tillage. The
result is a reduction in aggregation. Baver II) has said that soil physical
condition tends to deteriorate under usual tillage operations.

With regard to cultivation as it applies specifically to orchards, Hil-
gard (4) in 1906 reported that excessive cultivation, as then being prac-
ticed in California orchards, resulted in serious losses of organic matter
and nitrogen during the hot, dry summers. He held these losses respon-
sible for the small fruit sizes erowers were then complaining about. That
sounds familiar. IHere, 60 years later we still have growers complaining
about small sizes.

In 1930 Veihmer and Hendrickson (18) stated that the only purpose
of tillage in an orchard was to control weeds, About this time Cali-
fornia workers began recommending reduced tillage for orchards.

1 Presented at the Twenty-third Annnal Horticultural Institute, Rio Grande Valley
Horticultural Socicty, “’t:.l;l:mtls, Texas, January 21, 1969,

¥ Cooperative citrus research of Texas A&T University Citrus Center, Weslaco, and
Texas Agricul‘turat Experiment Station of Texas A&M University, Weslaco.

¥ Professor of Agriculture, Texas A&l University Citrus Center, Weslaco,
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In deciduous orchards much of the same picture was developing (15,
16). Workers in New York demonstrated in 1935 that soil structure,
porasity, and organic matter were better maintained under non-tillage
than under clean cultivation. Pennsylvania workers reported similar
findings. From West Virginia in 1940 came a report dealing with 63
orchards. Under clean cultivation as opposed to non-tillage, organic
matter was reduced, non-capillary porosity was reduced, and soil bulk
density was increased. Michigan workers reporting on a 25 vear orchard
study indicated that there was a gradual reduction in permeability and
loss of soil structure under clean cultivation as compared to non-tillage,

Tillage and traffic in the orchard greatly increased soil bulk density
and reduced permeability according to California reports (10,14.17).
Compaction was much greater in the cultivated middles than in the tree
row. The long-term effect of tillage in many orchards was the formation
of a compacted layer. In the Lower Rio Grande Valley, Pickett (11) in
1946 was recommending shallow cultivation for orchards.

As I have tried to indicate, between 1900 and 1950 a great deal of
literature was published pointing out the desireability of reducing or
eliminating tillage in orchards. Apparently not many people were con-
vinced by the early work. Since 1950 the volume of published work deal-
ing with orchard cultural practices has not let up,

In California citrus the earlier finds did make an impression. By the
1930°s non-tillage was beginming to take hold. At first diesel oil or heater
oil was used to control weeds. This was later fortified with dinitrophenol
or pentachlorophenol. Eventually a separate petroleum fraction, now
known as weed oil, came into use. By 1949 about 50,000 acres, out of
330,000 acres of citrus in California were under the system of weed
oil and no tillage (5),

The real impetus to non-tillage in citrus came in the early 1950
with the advent of the substituted urea and the triazine herbicides,
karmex and simazine. Here were broad spectrum herbicides which, at
rates tolerated by citrus trees, could provide virtually vear-long weed
control. With these materials, and others which have since been added
to the list of approved herbicides, citrus growers can successfully estab-
lish and maintain chemical weed control with no tillage in their orchards.
Currently about two-thirds of the citrus acreage in California uses the
system of herbicides and no tillage.

Widespread use of the newer herbicides naturally raised the ques-
ton to fruit quality McCarthy et al (8) compared karmex-no tillage,
weed oil-no ti]llage, and clean cultivation in a lemon orchard. Owver a
five year period there were no significant differences in lemon fruit
quality. Jones et al (6) reporting on the long-time fertilizer experiment
with navel oranges at Riverside, state that by 1954 water intake had be-
come a problem on certain plots, These plots were split; one portion re-
ceiving chemical weed control with no tillage, the other remaining under
conventional tillage. Ower a Tour year period water intake improved
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measurably on chemical weed control-no tillage plots, The better mois-
ture relations were apparently reflected in fruit quality. Fruit from plots
under herbicides with no tillage had thinner peel, higher percent juice.
and a higher ratio than did fruit from ecultivated plots.

Regarding iy]'e]cl, a recent Australian report (2) concerning a citrus
experiment established in 1941 indicates that the highest yields and the
best quality fruit came from plots under chemical weed control with no
tillage.

In Florida 313] more rapid growth of young orange trees and greater
vield in the early vears was found where herbicides and no tllage was
used as compared to clean cultivation. Improved growth of young trees
has also been reported for deciduous fruits, In Oregon (9) significant
differences were found in the growth of apple trees from planting
thmurih four years-of-age under various cultural systems. Greatest total
growth over the four years and greatest annual inerement occwrred on
plots under herbicides with no tillage. Maximum differences oceurred
in the first two vears, emphasizing the need for adequate weed control
in new plantings. Continued significant differences in the third and
fourth year indicate the need for continued weed control if maximum
arowth is to be realized,

Karmex was registered for use in California citrus in 1953 following
about five years of research. There now exists in California some 15
vears of commercial experience and about 20 years of research experi-
ence, In the Lower Rio Crande Valley we have five vears of commercial
experience and ten vears of research experience. When used as recom-
mended, herbicides are in no way detrimental to citrus trees or fruit,

EXPERIMENTAL RESULTS

The first coltural practice experiment at the Citrus Center, set out
in 19533, compares the systems: chemical weed control with no tillage,
sod culture with no tillage, and clean cultivation, In the latter practice
cultivation is performed only when necessary to facilitate other opera-
tions. In practice this has varied from five to eight times a year. In 1960
a second trial, involving the three cultural systems in four replications,
was set out on the South Research Farm.

Following the freeze of January 1962 we found, in line with our ex-
perience in earlier, less severe freezes, that the amount of freeze injury
varied with cultural practice: the greatest damage oceurred under sod
culture, the least under chemical weed control with no tillage, and an
intermediate amount under clean cultivation. With a bare soil-no tillage
system a small but real temperature difference is found on nights when
temperatures critical to citrus are reached. The bare, undisturbed soil
serves as a heat sink, absorbing radiant energy during the hours of sun-
light, and releasing the energy as heat when radiation conditions prevail
at night. Chemical weed control with no tillage is a means of gaining
some cold protection. '
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Tree growth under the three cultural systems is presented in Table
1. Significant differences in trunk diameter were found at four, five, and
six years-of-age. Trees from plots under chemical weed control with
no tillage were the largest in each instance. Yield at five and six years-
of-age, for the same trees. is presented in Table 2. In both years the
greatest vield was found under chemical weed control with no tillage.
Yield difference in these early years is directly related to the difference
in tree size: the larger trees simply have more bearing surface and ac-
cordingly carry a larger crop (7).

Yield from the older experimental block for the period 1959-69 is
presented in Table 3. The major freeze of January 1962, which dras-
tically reduced vields for at least two seasons, and hurricane Beulah,
Septemnber 1967, which resulted in a large and variable loss of that year’s
crop, are of course included in the ten year period being considered,
With these setbacks chemical weed control with no tillage produced
an annual average for the ten years of 15.4 tons an acre; one-half ton
mclrro than clean cultivation and two and a half tons more than sod
culture.

Differences in freeze injury and in rate of recovery are apparent from
the vield records. In 1962-63. the first season following the freeze, all

Table 1. Growth of young Redblush grapefruit trees under three cul-
tural systems at 4, 5, and 6 years from planting,

" TRUNK DIAMETER (inches)

CULTURAL SYSTEM

4 yrs. 5 yrs. B yrs.
Chemiea]l Weed Control 34 a 5.4 a Tl a
Clean Cultivation 24 b 41 b 61 b
Sod  Culture 19 b 30 b 48 ¢

i’-]"l.e?djng down, entries having the same subscript do not differ significantly at
3% level

Table 2. Yield of young Redblush grapefruit trees wnder three cul-
tural systems at 5 and 6 years from planting. Tree spacing 16 x 22 ft.,
giving 123 trees/A.

CULTURAL SYSTEM

YIELD=

5 yrs. £ urs.
Wi Tree  Tons!Acre b/ Tree  Tons/Acre
Chemical Weed Control 210 a 125 a 238 a 139 a
Clean Cultivation 22 h 13 b 163 b 92 b

Sed Culture 9 b s h 29 ¢ a6 «

%Reading down, entries having the same subscript do not differ significantly
at the 5% level.
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30 test trees on chemical weed control plots contributed to the yield while
only a few trees on clean cultivated or sod culture plots contributed. The
differences persisted into the second and third seasons. By 1965-66, the
fourth season after the freeze, all trees had recovered to at least pre-
freeze levels.

Following a severe freeze prices are likely to remain relatively high
for a few seasons. The average on-tree price to the grower for the 196263
season was $100 a ton. At this rate chemical weed control grossed $50 an
acre. Clean cultivation and sod culture, with about 100 Ib. an acre, prob-
ably would not have been harvested commercially. The next season the
average price was $76 a ton. Retwms were $154. 86, 35 for chemical weed
control, clean cultivation, and sod enlture respectively. In 1964-65 with
the average price at $51 retums were $571 an acre for chemical weed
control, $364 for clean cultivation, and $456 for sod eulture. That such
differences in gross returns are important to the grower scarcely needs
to be pointed out.

The cultural revolution in the orchard is taking us from the stage of
extreme soil manipulation, as under clean cultivation, to the stage where
soil manipulation is virtually eliminated. The new system gives us faster
growth of newly-planted trees and with it greater vields in the early
vears, The new system offers some measure of cold protection in that
the amount of freeze damage is reduced and full production is restored
sooner. Grower experience in the Lower Rio Grande Valley since 1583
has shown that, with proper management, chemical weed control with no
tillage can be a more desirable and a more economical erchard cultural
practice than clean cultivation or sod culture.

Table 3. Yield of Redblush grapefrnit on sour orange rootstock under
three cultural systems. Trees planted in 1953 spaced 20x22 ft, giving
100 trees/A.

SEASON YIELD
CwWo CcULT S0D
Wb/Tree Tonfacre  Ib/Tree Tonfacre  IbfTree Tonfacre

1959-60 434 1.6 a72 18.6 282 I4.1
1460-61 443 22.3 370 15.5 366 185
1561-62 387 19.9 4085 20.4 430 21.5
1962-63 11 0.5 1 .05 1 0.05
1563-6G4 44 2.4 22 1.1 10 (L5
1964-65 340 17.0 220 11.0 1748 2.9
LS5 434 21.7 488 244 390 19.5
L9E6-6T a7 18.8 368 18.4 214 10.7
1967-85 150 7.5 228 11.4 252 12.6
19468-69 4350 225 492 24.6 454 297
Ten yr avg 308 15.4 207 14.8 253 128
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Evaluation of Spray Equipment for Pesticide
Application to Citrus'

Rex B. Remkivc?

Abstract: A Five year experiment testing eight tvpes of crchard sprayers was
conducted in a grapebuit orchard at Texas A&L University Citrns Center. Two
SPTAYETS SPraying dii'utc — a Hardie with hand puns and a Hardie with oscillating
boom, and six sprayers spraving concentrated mixtures — the 207 and 367 fan Econ-
Cr-Mist, the R.S5.M., the Lachazette, the John Bean 200 TR, and the John Bean 757
were evaluated. All sprayers effectively controlled Texas cibtrus mites and brown
soft scale.  Althongh armored scale infestations showed considerable yearly varia-
tion, the John Bean, Hardie, and R.5M. spravers consistently gave good contral of
this pest,” The Econ-O-Mist performed erratically on armored scale and the Lacha-
zette gave significantly poorer comtrol than the other spravers the one year it was
tested, Concentrate spravers offer the grower an economical method of pest contol,

INTRODUCTION

The application of pesticides to control insects and mites is necessary
for sucfn:ssllfll citrus production. These applications are usuvally made
three or four times during the year. In recent seasons a diminishing
labor supply has forced the abandonment of most hand spray operations
and growers have had to obtain spray coverage by mechanical means.

Mechanical spray applications may be grouped according to their
meaiﬁ‘ EF distributing the pesticide to the tree and fruit. In general these
Wi [-H

1. Hydraulic dilute — pesticide camied in a dilute mixture,
high gallonage, under high liguid pressure.

2. Air blast dilute — pesticide carried in a dilute mixture, high
gallonage, under high air volume,

3. Air blast concentrate — pesticide carried in a concentrated
mixture (2X to 90X), low gallonage, under high air
volume,

4, Aerial concentrate — pesticide carried in a very highly concen-
trated mixture, very low gallonage, distributed by air-
plane or helicopter flying at low levels over the tree
tops.

In Texas, two principal pests, the Texas citrus mite, Eutetranychus

banksi {McGregor), and the rust mite, Phy!!omfm‘um oleivora | Ash-
mead ), are not difficult to control by spray application. Their active

1 Cooperative eitrus research of Tesas A&L University Citrns Center and Texas Agri-
cultural Experiment Station, Weslaco,
? Asgistant Professor of Agriculture, Texas A& University Citrus Center, Weslaco,
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movement can carry them to the site of spray deposit and there are a
number of effective miticides ll"ﬂn:::al'au:;i::1155.&:5l available. Less than com-
lete wetting of the tree can provide a measurable and often satsitactory
ﬁave] of control for mites. Brown soft scale, Coccus hesperidum
(Linnaeuns), are easily killed with one of several effective insecticides
and are not as difficult to contral as the armored scale.

Because of their feeding habits and their protective cover, armored
scale insects, primarily California red scale, Aonidiella aurantii (Maskell),
are the most difficult pests to control. Once past the crawler stage the
fernale scale settles in one location on a leaf, fruit, or branch and pro-
ceeds to feed and rear young without moving from that spot. Since the
scale do not roam to feed chemicals applied for control must be deposited
on or at the site of the seale, For armored scale in Texas, control is based
primarily on the suffocating effect of petroleum spray oils. To assure
good armored scale control it is necessary that all the fruit, leaves, and
branches be thoroughly covered with spray material.

Years ago it was found necessary to thoroughly spray citrus trees
to control seale insects and this had to be done with dilute sprays using
hand guns {5). As mechanical sprayvers came into use it was found that
better oil deposits resulted when air blast dilute spravers were driven at
forward speeds under 1.2 mph than when higher gallonage was applied
at higher forward speeds {4}, Several models of air blast concentrate
sprayers were reported to give satisfuctory coverage with parathion
sprays {6). Recently helicopter applications were found to control citrus
rust mite but were not effective in controlling armored scale (1), Two
air blast concentrate sprayers were reported as effective as dilute sprayers
in controlling scales and mites in Florida (2). In Texas another com-
centrate sprayer was found as effective as hand gum dilute spraying for
the r:mltrcg of rust mites, Texas eitrus mites, and brown soft scale, but
not as effective for comtrolling California red scale {3).

In 1984 the Texas A&I University Citrus Center established a pro-
gram for evaluating sprayers for citrus. Special emphasis was given to
comeentrate spraying because of its saving of labor,

MATERIALS AND METHODS

Sprayers were tested in a grapefruit orchard that had been planted
at the Citrus Center in 1953, Individual plots for each treatment and
non-sprayed check were three tree rows with 25 trees each in 1965 and
1966, and two tree rows with 12 trees each in the yvears thereafter. The
test block design was completely randomized with three replications of
cach spraver treatment.

Leaf samples were examined at various dates after treatment for rust
mites, Texas citrus mites, and brown soft scale. Because the complete
spray program followed in each test provided control of these pests with
all types of spravers used this data is not included. To produce clean
fruit a sprayer must control armored scale. This was the basis for these
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tests, Armored scale populations were determined in December by
counting the number of clean fruit (5 scales or less) in a 50 fruit sample
taken at the 5-6 foot level from the outside to the center of the tree from
random trees in each plot.

The sprayers® tested were:

Hardie hydraulic sprayer using hand guns operated at 500 psi

Hardie hydraulic sprayer equipped wit’l?'i a Randell oscillating boom
operated at 500 psi

Econ-0-Mist air blast concentrate sprayer with a 29 inch fan

Econ-0-Mist air blast concentrate sprayer with a 36 inch fan

John Bean 737 air blast spraver

John Bean 200 TR air blast sprayer

B.S.M. air blast spraver

Lachazette air blast sprayer

RESULTS
1965 and 1966 Tests

Two sprayers were tested: a Hardie hydraulic dilute sprayer with
a hand gun application operated at 500 psi and an Econ-O-Mist air
blast concentrate sprayer with a 29 inch fan set to spray at 40X concen-
tration,

Four applications were made each year as follows:
Time Material per Acre

April: 10 gal spray oil, 10 1b Zineb, 14 Ib Tribasic Copper
Jume: 15 gal spray oil, 1 gal Ethion

August: 2 gal Guthion

October: 5 gal spray oil, 19 1b Sevin, 1 gal Ethion

The same amount of material per acre was applied with each
machine cach vear but in different amounts of water.

As seen in Table 1 both the Hardie hand gun application and the
Econ-0-Mist with 29 inch fan at 40X concentration gave significant
control of armored scale over the untreated check in both years of the
test, In 1966 the performance of the Econ-O-Mist did not match the
previous vear, producing only 159 scale-free fruit, and was less effective
than the hand gun spray.

1967 Tests
In 1967 the Hardie sprayer was equipped with a Randell oscillating

3 The author wishes to express his appreciation to Tide Chemical Co., Edinburg;
Don Lindsley Spraving Service, Monte Alto; Jimmy THIL Ine, MceAllen; Herman
5. Mayeanx, Haringen: and FEdge-Rite Corp., Brownwood for the loan of the
spraving equipment used in these experiments,
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boom, A John Bean 757 air blast sprayver with nozzle adjustment to spray
a BX concentration and an R.S.M. air blast sprayer set to spray a 14X
concentration were included in the test. The Econ-O-Mist with 29 inch
fan set to spray at 40X concentration was included in the test for the
third year,

Only three applications were made due to Hurricane Beulah and the
excessive rainfall afterward. The applications were as follows:

Thne Material per Acre

April; 12 gal spray, 12 Ib Zineb, 17 Ih Trikastic Copper
June: 18 gal spray oil, 1% pal Ethion
Aungust: 2 gal Guthion

The same amount of material per acre was applied with each
machine but in different amount of water, thus the difference was only
in the type of sprayer and the spray concentration.

Table 2 shows the Hardie with oscillating boom dilute and the John
Bean 757 air blast sprayer at 6X concentration gave significantly better
control of armored scale than the Econ-O-Mist concentrate sprayver and
the check. The R.5.M. concentrate sprayer at 14X concentration was
statistically as good as the Hardie ané the John Bean 757 but not sig-
nificantly hetter than the Econ-O-Mist, The Econ-O-Mist was statistical-
ly no better than the check,

'{'gﬁtge 1. Armored scale control with different sprayers in 1965 and

Forwared
Sprayer Concentration  Speed GalfAere T Seale-free Froiix
1S 196G
Hardie hand gun 1X N/ 1000 2 a Bl a
Econ-0O-Mist 29" fan 40X 1.1 mph 25 Gl o 15 b
Check =<1 b <1 =

Means in a colummn bounded by the same letter do not differ sigmificantly at
the 1% level according te Duncan's Multiple Range Test,

Table 2. Armored scale control with different spravers in 1967,

Forward
Sprayer Concentration  Speed Cal/ Acrve % Scale-free Fruiis
Hardie Boom 1X 1.1 mph 1200 B2 a
Tohn Bean 757 (i 1.2 mph 200 BZ a
R.5.M. 14% 1.1 mph A5 G al
Econ-0-Mist 297 fan 40X 1.1 mph 30 52 he
Check 15 ¢

x i-ﬂ*an.*s |:|.-nu_ude:c’l b- tTu} samu- letter do not dif!.':.-_r ﬁig-niﬁcnntly it the 1% level
accorcding to Duncan’s Multiple Range Test,
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It is interesting to note that the Hardic spraver equipped with a
mechanical oscillating boom performed as well as in previous years when
the sprayer was equipped with hand guns. The hand gun operation was
with three men while the sprayer equipped with oscillating hoom re-
guired only one man,

1968 Test

A Lachazette air hlast sprayer, manufactured in France, was made
available for testing in 1968. It applied a 22X concentration spray mix,
The John Bean 200 TR air blast sprayer was used in the 1968 experi-
ment instead of the John Bean 7537 but with the same 6X concentration.
The R.SM. was in the test but this vear at 10X concentration. The
Econ-O-Mist was not available for testing. The Hardie with oscillating
boom was again used spraving dilute.

Material applied per acre and dates of application were as follows:

Time Material per Acre
April: 15 gal spray oil, 15 Ib Zineb, 21 1b. Tribasic Copper
June: 93 gal spray oil, 1 gal Trithion

Aungust: 4 b Guthion W.P.
December: 1% gal Kelthane, 10 1b Sevin

Note in Table 3 that the only significant difference among the spray-
ers was between the John Bean 200 TR at 230 gallons per acre and the
Lachazette. All sprayers provided better control than the check. Except
as noted, there were no differences between the other spravers,

1969 Test

In 1969 an Econ-0O-Mist was again available for testing, but this time
it was a machine with a 36 inch hlower fan. It was set to spray at 60X
concentration. The Lachazette sprayer was withdrawn from the tests.
The Hardie, John Bean 200 TR, and R.5.M. sprayers were the same as
in the 1968 test,

Table 3. Armored scale control with different sprayvers in 1965,

Frrwre
Sprayer Concentration  Speed Gal/Aecre %% Scole-free Fruif=
John Bean 2000 TH X 1 wmph 250 2 a
Hardie Boom 1X 1 mph 1500 04 ah
R.5.0. 10X 1 mph 150 77 ab
Lachazette 22X 1 mph 67 50 h

Check m o

% Means hounded hy_tlw.-_s:mu letter do not differ significantly at the 1% level
according to Duncan’s Multiple Range Test.
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Material applied per acre and dates of application were as follows:

Time Material per Acre
April: 15 gal spray oil, 15 1 Zineb, 21 Th Tribasic Copper
Jumne: 22 gal spray oil, 1 gal Trithion

August: 4 b Guthion 509 W.P. -+ 4 pts Acaraben
October: 10 1b Sevin, 132 gal Ethion

This was a year of low armored scale infestation as seen in the high
percentage of seale-free fruit in the check (Table 4). There were no
significant differences between spravers, but all sprayers differed sig-
niticantly from the wnsprayed check,

DISCUSSION

In all of these experiments Texas citrus mites and brown soft scale
were controlled with comparatively small amounts of water in the spray
mixture, The Econ-O-Mist at 60X and 40X concentration, the B.S.M. at
14X and 10X, and the Lachazette at 22X, achieved control of Texas citrus
mites and brown soft scale using only 25 to 150 gallons of complete spray
mix per acre,

It was apparent that the magnitude of infestation of armored scale
varied considlcrably from vear to vear, In 1969 499 of the fruit in the
check plot was classed as scale free fruit while in 1965 and 1966 less than
1% of the fruit in the check plot was scale free. The results suggest
that in years of relatively light infestations applications of high concen-
trate spray mixtures would achieve better armored scale control than
in yvears of heavy infestation. Whether the low scale infestation or the
368”7 fan accounts for the improved performance of the Econ-O-Mist in
1269 over previous years can only be determined by further testing,
These tests indicate that overall satisfactory pest control can be achieved
with concentrate spravers in most yvears. Because they use less water
and labor, concentrate spravers offer the grower a means of lowering
the cost of his spraying operation without sacraticing cHective pest
control.

In addition to cost and effectiveness several other factors will in-
fluence the growers selection of spraving equipment. A major considera-

Table 4. Armored scale control with different sprayers in 1969,

Forwpard
Sprayer Concentration  Speed Gal/Aere % Secale-free Fruit®
Hardie Boom 1X 1 mph 1500 100 a
John Bean 200 TR BX 1 mph 250 9 a
Econ-O-Mist 36" fan GO 1 mph a5 97 a
R.5.0L 10X 1 mph 150 85 a
Check 49 b

* Means bounded i:«ly the same letter do not differ sig'njfin;::l.ntly- at the 1% level
aceording to Doncan’s Multiple Boange Test.
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tion is the number of acres he will be spraying. A one-sided machine
takes nearly twice the time to cover a given acreage as a two-sided spray-
er. A rule of thumb used in other citrus areas is to have a two-sided
sprayer for each 500 acres of trees. The age and size of the trees and
row :'-i]'?ﬂ('ingi_.{ will affect the choice of spray pattern and height and the
size of the sprayer. Finally the variety and the quality of the fruit de-
manded by the market the grower is supplying may limit his selection of
spray equipment. If he intends to market his fruit through gift shippers
the most effective sprayer will be needed to produce large crops of high
quality fruit. For less extensive operations smaller sprayers than the ones
described are available for any size orchard. Usually though these
smaller units tend to increase labor requirements, For some orchard
gwmers the best solution may be to hire their spraving done. There are
many custom operators in the Valley who will do this work.
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Distribution and Control of the Citrus Nematode
in the Lower Rio Grande Valley of Texas!

C. M. Heawn?

Abgtract; The citrus nematode [ Tidenchulus semipenetrans Cobb) was found
in 9% of the orchards sampled in the Lower Rio Grande Valley. Nematicides ap-
plied in irrigation waber or disked into the soil around Valencia orange trees resnlted
in significant yield increases ranging from 258 to 41.2%, Nematode counts indicated
that after 14 months good control persisted.

INTRODUCTION

The citrus nematode ( Tylenchulus semipenctrans Cobb) occurs in
most citrus production areas of the world. Several workers (1, 4. 5)
have shown increases in quality and guantity of citrus by control of the
citrus nematode. In 1950 Godfrey and Waibel (2) reported the first
oceurrence of the citrus nematode in the Lower Rio Grande Valley, They
stated that this confirmed a long-time suspicion that the nematode was
present in the Valley. Sleeth () demonstrated that orange and grape-
fruit trees planted in fumigated soil showed an increase in growth from
3.2 percent for Valencia orange to 406 percent for red grapefruit when
compared with trees planted in non-fumigated soil. This paper reports
the estent of the citrus nematode in the Lower Rio Grande Valley, its
mntm} with nematicides, and the vield increase as a result of nematode
control,

MATERIALS AND METHCODS

Soil and root samples were collected at 100 locations throughout the
Lower Rio Grande Valley to study the distribution of the citrus nema-
tode. Roots were stained with lactophenol and acid fuchsin for identi-
fication of citrus nematode females. Soil for nematode analysis was
processed by a centrifuge technigque (3), Chemicals applied were 1.2
dibromo-3-chloropropane { Nemagon EC-2)?, O,0-diethyl 0,0 (methyl-
sulfinyl jphenyl phosphorothicate | Dasanit)®, ethyl 4-({methylthio)-m-
tolyl  isopropyl-phosphoromidate (Bay  65135)%  and  2-methyl
1-2( methylthio j propionaldehyde-O{ methyl  carbamoyl joxime { Temik)?
Each material, with the exception of Temik, was applied in the irrigation

water with a Carter-o-matic® insecticide applicator in May 1968. Temik

1 Cooperative investigations of the Crops Reseprch Division, Agricultural Research
Service, U. 8 Department of Agriculture, the Texas Agricoltural Experiment
Station, and Rio Farms, Inc., Weslaco, and Monte Alto, Texas.

2 Nematologist, Crops Hesearch Division, Agricultural Research Service, U, 5. De-
partment of Agriculture, Weslaco, Texas,
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was api!;?]icd to the surface with a Gandy? fertilizer applicator, disked-in to
a depth of 4 inches, and watered with an equal amount of water as with
the liquid materials, The experiment was a randomized complete block
design in which treatments consisted of an irrigation block of 20 trees
per row spaced 15 feet apart, replicated three times, At time of treat-
ment the Valencia orange trees (Cifrus sinensis (L.) were § years old,
planted on sour orange (C. auranfium L.) rootstock. Each year’s data
were taken on the number of boxes per treatment {20 trees), average
size and weight of the fruit, and nematode population during the year.

BESULTS AND DISCUSSION

The citrus nematode was found in all citrus growing areas of the
Lower Rio Grande Valley from Mission to Bay View, Texas, In 10 of the
100 archards sampled, the citrus nematode was not detected. Effect of
the varicus nematicide treatments are shown in Table 1, All chemicals
and rates used significantly (.05 level} increased the yield of oranges in
this test on the second erop after application. These increases ranged
from 41.2% with Bay 651358 at 20 Ib/A to 25.89 with Dasanit at 20 Ib/A,
Of the chemicals tested, DBCP { Nemagon EC-2}* is the only material

Table 1. Increase in yields of Valencia oranges due to applications of
nematicides,

Frudt
Boxes Weizlt Circumference
Nemeticide and rate {20 trees) [G) [em)
Bay 68135 — 20 1h/A 538 ha 1725 221
Nemagon — 5 gal/a 4896 b 153.4 22.4
Dasanit — 10 [h/A 45.00 b 175.0 22.0
Drisanit — 20 Ih/A 42,6 b 1715 219
Temik — 10 1b/A 441 h 176.5 22.1
Temik — 20 1h/A 46.8 b 177.2 228
Check 318 a 1684 21.7

# Means with a letter in common do not differ at P = 05 according to Duncan’s
Multiple Range Test,

¥ Experimental gquantities of Nemagon EC-2, Dasanit and Bay 68138, and Temik
were supplicd by Shell Chemical Co., Chemagro Corp., and Union Carbide Corp.,
respectively,  Mention of u trademark or proprietary product does not constitute
a puarantee of wirranty of the product by the U, 5. Department of Agriculture,
and ;h}c:; not fmply its approval to the exclusion of other products that may also be
suitahle,

4 This is a report on the current status of research involving use of certain chemicals
that require registration under the Federal Insecticide, Fungicide, and BRodenticide
Act. It does not contain recommendations for the vse of soch chemicals, nor does
it iml:gi-' that the uses discussed have been registered.  All uses of these chemicals
must he registered by the appropriate State and Federal Agencies hefore they can
be recommended,
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registered by the USDA for use on citrus. An increase in fruit weight
and size was also noted with each chemical, but these differences were
not significant. In Arizona, (¥Bannon and Reynolds (4, 5) have shown
increased vields in Navel oranges (C. sinensis (L.) Osbeck) when in-
fected trees were treated with DBCP. Baines et al. (1) in California in-
creascd yields in Valencia oranges and two lemon varieties, using vari-
ous methods of DBCP application.

Control of the citrus nematode with the nematicides tested is shown
in Table 2. Nemagon and Bay 68138 reduced the initial population by
the largest percent, and these two treatments were still showing the best
control at the last sampling date. Annual vields from these sites will
be taken until no differences are found, Other workers (4, 5) have
found that single applications of DBCP increased citrus vields in nema-
tode-infected citrus for as long as 5 vears.

Table 2. Contrel of the citrus nematode with nematicides.

Hﬁﬂrpﬁ;;{ .Drxts

Nematicide and Rate 7-16-68 1-13-69 4-1-69 B-T-60
Bay 68138 — 20 Ih/A B33a 1,015 4012 867
Dasanit — 10 [hi/A T7.566 2,300 10y, 160 1,567
Dasanit — 20 Ih/A 2,353 (.616 8,643 883
Memagon — 5 gallA 1,034 766 2,30 233
Temik — I Th/A 4500 4033 3,460 4212
Temik — 20 Ih/d 1,464 3,100 5064 2,167
Check 5,023 16,543 15,5879 2,450

a Average mmmber of nematodes/ 100 ¢ soil <+ 3 o oot (3 reps, ).

LITERATURE CITED

1, Baines, R. C,, L. H. Stolzy, R. H. Small, S. B. Boswell, and G. E.
Goodall, 1960, Controlling citrus nematodes  in
established orchards. The Calif. Citrograph 45:338,
400, 402, 404-406.

2. Godfrey, G. H., and C. W. Waibel, 1950, The citrus nematode in
the Lower Rio Grande Valley of Texas. Texas Farm-
ing and Citriculture 2{10):11.

3. Jenkins, W. R. 1964. A rapid centrifugal-flotation technique for
separating nematodes from scil. Plant Dis. Reptr,
45:692,

4, O'Bannon, John ., and Harold W. Reynolds. 1963. Response of
Navel orange trees to a postplanting application of
DBCP for control of the citrus nematode. FPlant Dis.
Reptr, 47:401-404,

34



, and . 1967. The effect of chemi-

6. Sleeth, Bailey.

cal treatment an Tylenchulus semipenetrans and cit-
rus tree response during 8 years. Nematologica
13:131-136.

1958. Soil fumigation increases growth of citrus
replants. Jour. Rio Grande Valley Hort. Soc. 12:53-
56,



Detection of Foot Rot Disease of Grapefruit Trees
with Infrared Color Film!

H. W. Gavsman, W. A, Arien, R, CarpeEnas,
and R. L. Bowex?

Abstract:  Spectrophotometric measurements of individeal leaves of grapefroit
trees revealed that foot rot affected light reflectance, transmittance, and absorptance
in the visable range of the spectrom, 400 to 750 wm. On photographs taken with
Kodak Ektachrome Infrared Acro Film, Type 5443, and a llig|1t-ﬂr11nj_;:.' filter: (ap-

prosimately 100% absorption edge at 500 nm), foot-rot-infected trees appeared as

white images compared with red images for healthy trees.
INTRODUCTION

Citrus foot rot is a fungal disease caused by Phytophthora citro-
phihorg (Sm. & Sm. ) Leonian and Phytophthora parasitica Dast '), These
fungi produce a gummy exodate at or near the graft union on citrus
trees; wood rots underneath, leaves lose color, and decline sets in.

Phytophthora parasitica is the primary causal agent of foot rot in
Florida®. This is also apparently true in the Rio Grande Valley of
Texas®,

This paper relates fooi-rot-induced changes in grapefruit leaves
with: (A} infrared color film sensing of reflectance from overflights of
a grapefruit orchard and (B} spectrophotometric measurements on in-
dividual leaves.

MATERIALS AND METHODS

An overflight of a grapebruit citvus orchard, Citrus paradise Macf.,
MNucellar — CES-3 selection of Bed Blush on Citrus aurantinm Linn,
Sour Orange rootstock, near Monte Alto, Texas was made at an altitude
of 2,000 ft., with clear to moderate haze, at 11:29 am., central standard
time, December 3, 1968, in the easterly direction. Photographs were

1 Contribution from the Soil and Water Comservation Research Division, Agricultural
Fesearch Service, USDA, in cooperatiovn with the Texas Agricultural Experiment
Station, Texas AdM University, This study was supported in part by the National
Aeronautics and Space Administration under Contract No. 160-75-00-07-10

2 Rescarch Plant Physiclogist, Physicist, Plant Physiologist, and Photographer, re-
spectively, USDA, Weslueo, Texas TH596.

3 Private communiques with Dr. G, G. Lyons, Jr. and N, P, Maxwell, Texas Agri-
cultural Experiment Station, and DDr. T, K. Watscher, U, 5. Froit, Vegetable, Soil
and Water Research Laboratory, Weslaco, Texns.
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taken with a Zeiss, 6-in. focal length camera, using 9%6-in, Kodak Ekta-
chrome Infrared Aero Film (EIR), Type 8443% and a Zeiss D light-
orange filter, approximate 100% absorption edge at 500 nanometers
{ nm 5,

EIR color film has three image layers sensitized to green, red, and
infrared radiation(®). A light-orange filter, Zeiss D, Kodak Wratten No. 12
or 15 or equivalent, is used over the camera lens to absorb approximately
100 9 of the blue radiation to which all three layers are sensitive. Upon
processing, process E-3 yellow, magenta (purplish-red), and eyan
{ greenish-blue ) positive images appear in the green-, red-, and infrared-
sensitive layers, respectively. The relative exposure produced in each
film layer determines the many possible colors or tonal responses.
Healthy plant leaves reflect “brightly” in infrared which produces a
light-toned cyan image allowing the red formed in the other layers to
predominate,

Fifteen leaves each of approximately the same size and age were
collected from a footrot-infected tree and a healthy tree (normal ap-
pearance by visual observation) five days after the overflight. The
toot-rot-infeeted tree had sparse foliage and was blooming profusely:
its leaves were vellowish-white, and its trunk was partially girdled by
a foot rot lesion. Spectra were determined on five leaves randomly
selected from each group of 15 leaves.

Spectral diffuse reflectance on upper (adaxial) surfaces of single
leaves and transmittance were measured over the wavelength interval
500 to 2500 nm with 2 Beckman Model DE-2A spectrophotometer equip-
ped with a reflectance attachment. Data have been corrected for decay
of the Mg( referencel® to obtain absolute radiometric values,

The data were analyzed statistically,

RESULTS AND DISCUSSION

Spectrum colors can be combined to give nonspectrum colors. A
proper mixture of blue and red produces magenta, and a proper combi-
nation of red, blue, and green gives white light. Reflectance of radia-
tion from aerial photographs of footrot-infected trees produced white
images, mmpurccf with red images for healthy trees, on processed EIR
color film used with a Zeiss D, light-orange filter having an approxi-
mate 100% absorption edge at 300 nm. Exposure of the vellow, magenta,
and cyan dye layers on the film to green, red, and infrared radiations,
respectively, gave the proper combination of blue, green, and red colors
Ea] produce white light or a white-appearing image on the processed
ilm.

4 Trade names and company names are included for the benefit of the reader and
do not imply an endorsement or preferential treatment of the product listed by the
1. 8. Department of Agricalture,

5 1.0 nanometer = 1.0 millimicron {mu) = 0000 micron (u).
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Figure 1 is a negative print from an EIR color }Tﬂﬁiﬁ‘ﬂ;ﬂ from an
overflight of a grapefruit orchard, showing images of dark-appearing

{white on EIR color film) foot-rot-infected trees, center, and white-ap-
pearing (red on EIR color film) healthy trees. Various degrees of white-

Figure 1. Kodak Ektaprint from a Kodak EIR positive from an overflight of a
grapefruit orchard showing imu%{:ﬁ of dark-appearing { white on EIR positive ), foot-
sut-infected trees, center, snd white appearing (red on EIR positive) healthy trees.
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appearing trees were detected among the expected red-appearing trees
on the EIR color film. An outstanding example of a very white-appear-
ing tree found on the color film is represented by the dark tree in the
upper center of the black and white negative print. Investigation revealed
that this tree and others like it had foot rot, Their leaves were chlorotic
(vellowish-white) in contrast to the dark-green foliage of healthy trees,
Fig. 2. None of the trees investigated were completely girdled by foot
rot, and as is characteristic for footrot-infected trees {1}, only part of
their feliage was chlorotic.

Other disturbances to citrus trees may also cause chlorotic leaves(?),
Their distribution or location in the canopy. however, appears to be dif-
ferent in comparison with chlorotic leaves on foot-rot-infected trees.

Leaves of approximately the same age and size were sampled from
the infected tree and from the healthy tree above and next to the af-
fected tree in the same row, Fig. 1. Spectrophotometric measurements
over the wavelength interval 500 to 2500 nm on individual leaves indi-
cated that main differences in response, statistically significant, p = .01,
were in the visible region. Accordingly, reflectance and transmittance
spectra were oblained over the wavelength interval 400 to 750 nm.
Data, mean values for five leaves for each spectrum, are presented in
Table 1. The leaves of the foot-rot-infected tree, compared with leaves

Figure 2. Negative print of Ektachrome color (film type B) photographic com-
parison of white grapefmit leaf on left (vellowish-white on color film) from foot-
rot-infected tree with dark leaf on vight {dark-green on color film) from healthy

Lrec,
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Tuble 1. The spectra over wavelength interval 400 to 750 nm of foot-rot-infected, vellowish-white grapefruoit
leaves, compared with healthy, dark-green leaves. Each spectrum is the mean for five leaves.

Waeelength, nm
Leaves Bl 450 500 S50 Gl G0 T 750

_ _ = = = = = = = = Reflectance { Percent ) - - - = = = = - - -

Infected 4.56 5.14 15.56 44.68 41.14 25.64 56.06 fil.85
Healthy 4.44 4,88 5.56 13.30 7.42 472 27.38 G052
Difference J2 3.28 13.00 3158 33.74 22,95 24,65 — 4

- — = = — — — — — — Transmittance (Percent) - - = = = = = = = =
Infected 0 1] 2.08 16,70 15.06 5.28 24.34 28.24
Healthy ] 1] 0 .18 0 0 494 25.62
Difference 0 0 2.8 16.52 15.06 5.28 18.40 262

- = = = — — — — — = Absorptance (Percent)2 - — — — — — — — — —
Infectsd 95,44 91.86 TH.46 38.62 43.75 63,10 19.60 10.88
Healthy 556 95.12 94,44 86.52 02,58 05.28 B67.68 1346
Difference —12 —3.28 —15.68 —47.90 —48.80 —32.15 —48.08 —2.58

a Absorptance — 100 — (%% framsmittance +  reflectance],
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of the healthy tree, had higher mean values of 3.3, 31.4, and 23.9% for
reflectance; (10 and higher mean values of 16.5 and 8.3% for transmit-
tance; and lower mean values of 3.3, 47.9, and 32.2% for absorptance,
at 450 (blue), 550 (green), and 650 (red) nm wavelengths, respectively.

SUMMARY

Remote sensing with EIR color film may be useful for determining
the amount of foot rot damage in ecitrus orchards in the Lower Rio
Grande Valley. On photographs taken with Kodak Ektachrome Infrared
Aero Film (EIR crﬁnr}, Type 8443, and a Zeiss D light-orange filter
(approximate 1007 absorption edge at 500 nm), foot-rot-infected trees
appeared as white images compared with red images for healthy trees.

Leaves of grapefruit trees infected with foot rot were yellowish-
white in contrast to the dark-green leaves of healthy plants. Spectro-
photometric measurements of the reflectance, transmittance, and absorp-
tance of individual leaves showed differences in the visible range of the
spectrum (400 to 750 nm). At the 450 (blue), 550 (green}, and 650
(lxcljl nm wavelengths, respectively, reflectance was 3.3, 314, and 23.9%
higher; transmittance was 0,0, 16.5, and 8.3% higher; and absorptance
was 3.3, 479, and 32.2% lower for the foot-rot-infected than for the
healthy leaves.

CONCLUSION

Foot rot disease of citrus can be detected with aerial photography
using EIR color film and a light orange filter. The chlorotic foliage of
an infected citrus tree gives a white image on the developed film in
contrast to a red image for the foliage of a healthy tree.
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The Control of Mature Grapefruit Droppage
with 2,4-D!

Jonx E. Fucix®

Abstract: For three seasons  the effect of 2 4-Dichlorophenosvacetic  acid
(2,4-12) on drop of mature grapelmit was studied. Spravs of 5 to 16 ppm 24-12
plus Foli-gard or Multi-film Buifer X adjovants were applied on two dates, One
season the growth retardant Alar-85 wes also incleded, Results showed froit drop-
page varies considerably from wvear to vear, s inversely related o oumber of froit
on the tree, but does not increase as frdt sive inereases, In bwo of the three years
the 24-13 significantly lowered the percent of fruit drop over the whole harvest
period,  However, For any single cmmting date, with one exception, no significant
differences between treatments and oo meaningful effects of the adjuvants or dates
of a]i:plimfiun were detected, The results suggest further festing osing more trees
and higher concentrations of 2,4-13,

INTRODUCTION

Trees on which citrus is stored for late harvesting often lose much
fruit. Losses range from 15 to 307 in Florida and California, while in
Texas grapefruit droppage thmu%h March may exceed 25% (2, 4, 5, 13).
Sprays containing 2.4-Dichlorophenosvacetic acid (24D} or 2,4,5-Tri-
chlorophenoxyacetic acid &2,4,5—'1‘} have effectively reduced droppage of
oranges and lemons in California, Florida, and Japan, and of grapefruit
in California but not in Florida (5, 7, 9, 11, 13, 14). Since much of Texas
grapefruit is harvested late, the effect of 24-D on fruit drop would be
of interest to Valley citrus growers,

MATERIALS AND METHODS
1966-67

The 14 vear-old Redblush trees used were in two adjacent east-west
rows under sod culture, The test variables were 8 and 16 ppm of 2.4-D:
two adjuvants, 25% Foli-gard®, an isopropanolic amine anti-transpirant,
and 0,057 Multi-film Buffer X% a non-ionic wetting agent; and two ap-
plication dates, November 15 and December 9, 1966, There were eight
treatments plus the control and four replicates of each, Treatments and
replications were randomly assigned. Since the trees had been frozen
in 1962 and had only four vears top growth, 6 liters of solution per tree
were sufficient to wet the foliage.

A lithium salt of 2.4-D° was used in the first application and a low

1 Cooperative citms research of Texas A&T University Citrus Center and Texas Agri-
cultural Experiment Station, Weslaco.

2 Associate Professor of Agrienlture, Texas A&I University Citrus Center, Weslaco.

3 Supplied by E-Z-Flow Chemical Company, Lexington, Kentucky,

4 Supplied by Colloidal Products Corp., Sansalito, California.

5 Supplied by Valley Solvent Company, Conihes, Trexas.
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volatile butyl ether ester® for the second application. These were the
only forms of 2. 4-D available at the time.

Fifteen fruit on the lower half of each tree were tagged at random
for drop counts, This system was necessary because of the heavy sod
cover which made recovery of dropped fruit difficult. Later the number
of the original 15 fruit remaining was used to calculate percent drop.

The November application was made from 9 to 11 AM, the tempera-
ture was 70-75 F, the relative humidity (R.H.) was 85%, the wind was
S.E. at less than 3 mph and the sky was clear. In December the 2,4-D
was applied at the same time of day. temperature was 65-69 F, R.H. 55%,
and the sky clear. By late afternoon December 9 a cold front moved into
the Valley. Temperatures fell to 50 F and the R.H. to 257,

15965-69

The test was done in a hlock of 18 year-old Redblush trees on the
Citrus Center's South Hesearch Farm. A water solution of the butyl
ether ester of 2 4-D was used at 5 and 10 ppm. The fivst application was
December 10, 1968, from 4-5 PM. The temperature was 72 F, the B.IL
765, and the sky cloudy, Ten liters of solution were used per tree. The
second applieation was made on January 8, 1969, from 4-5 PM; the tem-
perature was 70 F, B.H. 70%, and the sky overeast. A 2000 ppm Alar-557
spray with 1 ppm Multi-film Buffer X surfactant* was included in the
second treatments. The single-tree replications for each treatment were
randomly assigned within the test block.

When the initial 2,4-1 application was made the dropped fruit under
each tree was counted and removed; and this was repeated for each
counting date, In July 1969, a final count was made and the fruit was
harvested. Both the number and weight of fruit was recorded. The
initial fruit load was obtained by adding the accumulated fruit drop to
the mumber of fruit harvested. Drop percentages were based on the
initial fruit load,

1969-70

The 1969-1970 tests were conducted at the same location as the
previous year., A water solution of 10 ppm of the butyl ether ester of
2.4-D was applied on December 12, 1969 and January 20, 1970. Four
single-tree replications were used for the controls and for each 2-4-D
treatment. On January 20, 0.1% Multi-film Spray Modifier?, a non-ionic
surfactant, was added to the 2.4-D solution spraved on two of the four
trees treated. Twenty liters of solution were used per tree.

At the time of application, 4-3 PM December 12, the temperature
was 72 F, the R H. 547, the wind S.E. at 2-3 mph, and the sky sunny

& Trade name, “Esteron”, mfg. by Dew Chemical Company. Sample supplied by
BRedbarn Chemicals, Ine., Elsa, Texas,
T Mfg. and supplied by United State Bubber Company. Nangatuck, Conn.
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with scattered clouds. The trees were sprayed at 4-5 PM on January 20;
the temperature was 70 F, R.H. 71%, the wind 5.E. at §-10 mph and
the skv cloudy with intermittent sumn.

An initial count of dropped fruit was made on all trees when the
first 2,4-D 5|]')i'}l}’ was applied and counts were made approximately every
two weeks thereafter as in 19658-69.

For all tests a portable 3 hp piston sprayer was used to apply the
spm{fs. The 400 psi pressure developed by the sprayer was adequate
tt: obtain good coverage of the trees,

Data for each counting date were subjected to analysis of variance
to determine treatment effects. Differences between treated and control
trees over all dates were analyzed by the "t test (10). Other com-
parisons were made by standard regression or correlation technigues
{18). When percentages ranged from below 10 to more than 30% the
values were transformed as described by Snedecor (12).

RESULTS AND DISCUSSION

Characteristics of Fruit Drop

The solid lines in Fig. 1 represent the normal seasonal fruit drop for
1966-67, 1965-69, and 1969-70. Data from another experiment were nsed
for the 1966-67 curve since the control trees for the 2.4-D test did not
have a typical drop for the season (4). The curves are similar in that the
drop rate during the winter months increases slowly then accelerates with
warm weather. The coincidence of this increased rate of drop with the
maximum spring growth and blossoming, indicated by the arrows, is con-
sistent for all seasons. The major differences between the curves are the
initial percent drop and the time when the drop rate accelerates.

The relationships between yield, fruit size, and drop are shown in
Table 1. A significant negative regression of number of fruit on average
fruit size reported by others was substantiated in 1968-69, but not in
1969-70. The lack of significance in 1969-70 was probably an effect on
the yvoung fruit of not harvesting the 1968 crop until July, 1969. A sig-
nificant negative correlation of —458 between the 1968-69 and 1969-70
individual tree yields supports the premise that the late harvest reduced
the next season’s yields.

The negative regression of number of fruit on percent drop in 1968-
69 sugpests that trees with a small crop lose proportionately more bruit
than trees with a heavy crop. This relationship was not repeated in 1969-
70}, again, a probable result of late harvesting on the new crop.

The relationship between average fruit weight and percent drop in
1968-69 should be significant since it is derived from the regressions of
number of fruit vs percent drop and number of fruit vs average fruit
weight both of which were significant. Another interpretation of this
relationship is that the larger the fruit the greater its chance of drop-
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ping. My data cannot test this hypothesis, but such a relationship has
not been proposed by others (8). Furthermore, if this were true, the
percent drop in 1968-69 (Table 1) should have exceeded that for 1969-
i)

The Effect of 24-D Sprays
1966-67

The effects of 2.4-1 and other variables on the percent of grapefruit
dropped on the six counting dates is shown in Table 2. The average
pereent drop from the 2.4-D treated trees was significantly less than the
control trees, but there was no difference between the 8 and 18 ppm
sprays. Neither the date of the 2,4-D application nor the adjuvants sig-
nificantly affected drop over the test period. When the percent drop
for each counting date was analyzed, no significant differences were ob-
served between any of these variables except between Foli-gard and
Multi-film Buffer X on March 21. This 3.3% difference was significant
at the 107 level.

While comparisons among the treated trees in this test are accep-
table, it was noted above that the percent drop on the control trees was
at}crlpical, probably because the method employed for evaluating drop
did not provide a fair sample. Also the test trees were inadvertently har-
vested early which precluded an assessment of the treatments on final
yields. Based on reports from California (14) reductions in grapefruit
dro 1:5 this magnitude could be expected from the 241D concentrations
applied.

In the fall of 1967 I noticed an unusual number of off-bloom fruit
on several trees sprayed with 16 ppm 2.4-D. While this might have been
Ezlrtiy a consequence of Hurricane Beulah in September, it could also

ave been caused by a low volatile form of 2.4-D8. Therefore, concentra-
tions of this formulation of 2.4-D were reduced in subsequent experi-
ments.

1965-69

The 2.4-D treated trees had consistently less drop than the control
trees | Fig. 1). Over the period covered this difference was very highly
significant. The average reduction in fruit drop due to 2,4-D ranged
from 44% in January to 22% in May, There were no significant differ-
ences between 5 and 10 ppm 24-D nor between the two dates of ap-
plication. Over the same period the Alar-85 treated trees also showed
significantly less fruit drop than the controls but not less than the 2,4-D
treated trees.

There was no significant difference in the percent drop for each
counting date between any treatments. This inconsistency with the sea-

8 Personal conversabon with C. W, Coggins, Jr., UCR, at the Tnternational Citrus

Svmposium, March, 1968,
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Table 1. The relationships between vield, average fruit weight and percent drop of mature Redblush grapefruit.
Regresston of:
Average Yield/ Tree Average No. of Fruit  No. of Fruit  Avg. Fit, Wt
No, Fruit Ihs Average % Dirop on on an
Season (Tnitial) {Final) Fruit WE. (Apr. 20) Avg. Fr. Wi, %% Drop e Drop
. —_— ——
= 1968-69 207 318 1.19 17.0 —.Tageee —.633° Agn®
1969-70 658 593 113 21.4 — ABENS. — 346N.8. 5 S.

see® Gignificant at 1% level,
® Significant at 10% level.
M.E. Not Significant.




sonal results suggested that the control and treated trees were not random
selections from the same population, My calculations showed initially
less fruit on the control trees than on the treated trees. The inverse re-
lation between fruit load and percent drop could account for the heavier
fruit drop from the control and the lighter drop from the treated trees.
A statistical analysis of the initial number of fruit, however, revealed no
significant difference between trees. From this the among trees varia-
tion in percent drop for each date was assumed to be sufficient to make
differences between treatment means undetectable. To overcome this,
future tests should include more trees per treatment,

1968-70

Although the 24-D treated trees, Fig. 1, had a lower percent drop
than the control trees, this difference over the season was not significant,
Analysis of the percent drop for each counting date, however, showed a
slight effect (significant at 10% ) for the second application of 2,4-D.
This reflects a change in the rate of drop rather than Ei[{'erﬂnm:t in total
drop on that date. From January 20 to February 2 the average weekly
drop for the contral and the first application 2,4-D trees went from .66
to 1.43% and .76 to 95% resp-er:tive}y while for the second application
2.4-1) trees the rate increased from .96 to only 1,10%. At this point the
curve for the 2.4-D treated trees crosses and remains beneath the curve
for the control trees. Thus under certain conditions, low concentrations
of 2,.4-D may have only a short residual effect on fruit drop. The 2.4-D
may have to be applied early in the harvesting season hefore fruit drop

Table 2. The effect of date of application and adjuvants on 2,4-I sprays
applied to control mature grapefruit droppage, 1966-67.

Percent Fruft Drop on
Dee  Jan  Jan Feli  Feb  Mar  Statistical
Variable 20 i) a0 3 B2 A Difference

241 Concentration

Momne 2.2 2.7 2.7 2.5 7.1 88
Avernge: 816 ppm {0 0.2 (h4 LLE: 2.0 4.6
& ppm 0 0.4 0.8 0.8 2.6 4.5
MN.5,
16 ppm 1] f 0 ] 13 4.4
Dates of Application
MNov 15 ] 0.4 0.4 04 LT 3.0 -
Dec 8 0 0 04 04 22 62 o
Adjuvant
Foli-gard 0 04 (.4 0.4 1.3 6.0 i
Multi-film Buffer X 0 0 04 04 26 T8 o




begins to accelerate as reported by Iwasaki (9). Fig. 1 indicates that
this may be most important in years when droppage has reached 4-6%
by late November,

In California 2,4-12 is applied to oranges and grapefruit trees in the
spring to increase fruit size (15, 17). Since they were applied in winter,
the 2,4-1D sprays in my tests should not have affected size. Nevertheless,
the average weight of the fruit from the trees treated with 2,4-D and
Altar in 1968-69 was analyzed in 1970, No significant size or vield dif-
ferences accreditable to the previous year’s treatments were found.

CONCLUSIONS

The pattern and extent of grapefruit droppage varies considerably
from year to yvear. During the winter months the droppuaze rate increases
slightly and usually accelerates with warm weather., The increased rate
of drop coincides closely with spring growth initation and flowering,
The percent of the total fruit that fall decreases as the number of froit
per tree increases. The percent drop is not directly related to the size
of the individual fruit. In two of the three vears 2,4-I spravs significant-
Iy reduced fruit drop. This affect appeared greatest in years of naturally
heavy drop, and when the 2410 was applied before the period of ac-
celerated drop began. Under certain conditions the spray seems to have
a short residual effect.

Neither the experience of California nor Florida researchers regard-
ing the use of 2,4-D to prevent mature grapefruit droppage seems to ap-
ply to Texas. My 2,4-1D sprays were more effective than those in Florida,
but not as good or consistent as those in California (5, 14). While T sus-
pect climate is the major factor affecting response, varietal differences
have been noted by other workers (9, 11). The concentrations of 2.4-I
used are in the range of the California recommendations (17). Although
high concentrations of 2.4-D and 245 T produce adverse affects in cit-
rus, 15-30 ppm 2,4-D would likely reduce drop without causing harmful
side effects (2, 6, 16).

Significant decreases in fruit drop on individual counting dates
might be detected by using more trees per treatment.

Before 2,4-D can be used commercially on citrus in Texas, approval
of U. 5. Food and Drug Administration is necessary. Whether 24-D is
compatible with pesticides used in Texas as is true in California needs
to he investigated (15).
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Retail Sales Responses Related to Grade Changes
for Fresh Texas Grapefruit

Joun P. Nicmors!

Abstract;  An important aspect of marketing fresh Texas grapefruit is the sys-
temn of grades used to determine a marketable product, The purpose of this study
was to cxamine the sales respomse at retail to a change of grade marketed from a
Combination grade to U5, No. 1 grade. It was observed that the relationship be-
tween gracde and per customer sales depends on the nature of the market and degree
of competition from other grapefruit supply areas. A significant inerease in soles
per customer of Texas grapefruit, rciuteg to & change in grade from Combination
to U5, Mo, 1, was ﬁhsunrr_xip:mder conditions of stromg competition from other supply
areas. Where no such competition existed, no significant change in sales was Fromicl.
This is of wajor importance to the Texas citrus industry as it develops o marketing
prograom geared to the requirements of & rapidly expanding production potential,

INTRODUCTION

Grapefruit produced in the Rio Grande Valley area of Texas has
traditionally been marketed fresh in Southwest markets with some move-
ment into the Midwest, Eastern, and Northwestern areas, Since 1960
the grades under which Texas fresh grapefruit could be shipped have
been regulated by a Federal Market Order. This order establishes the
specifications for the grades shipped. In addition to U.S5, No. 1, U.S. No.
2 and U.5. No. 3 grades, a Combination grade has been permitted con-
sisting of a mixture of U.5. No. 1 and U5, No, 2 grade fruit with a
specitied minimum percentage of U.S. No, 1,

While it was thought to be beneficial during short crop years to
market a Combination grade thus spreading the value of the No. 1 grade
Fruit, the changing marketing enviromment created by rapidly expand-
ing production required a different approach with regard to grade stand-
ards. Thus begimming with the 1965-69 season, the Combination grade
was discontinued and all fresh grapefruit were marketed in conformance
with specifications for U.5. No. 1, U5 No. 2, and U.S. No. 3 grades. It
wis the purpose of this study to evaluate this change in permissable
grading systems and determine its effect on retail sales of fresh Texas
grapefruit,

METHODOLOGY

An experiment was designed to test sales responses to the two dif-
ferent grade svstems at the retail level. Two test markets were selected
each providing a different marketing environment. Dallas, Texas was
selected as a market where Texas grapefruit has in the recent past com-

L Asgistant Professor, Department of Agricultural Economics and The Texas Agri-
cultural Market Research and Development Center, Texas A&M University,
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posed much of the total supply of gl:apcl:ruit { Table Iﬁ:q Kansas City
was sclected as a test market in which Texas grapefruit has represented
a relatively small share of the market.

Twelve stores were selected in each market representing a cross-
section of all income levels and geographic areas. Tll?;: experiment was
conducted in these stores over a ten week period in late Winter and
early Spring of 1969, Two grade systems were employed in supplying
Texas grapefruit to the stores (See Figure 1), Grade system 1 providec
U.S. Combination grade fra efruit inﬁmlk and U.S. No. 2 grade grape-
fruit in 20 pound sacks. C}jmdf: system 1l provided U.S. No. 1 grade
grapefruit in bulk and U.S. No. 2 grapefruit in 20 pound sacks, The
marketing of other grapefruit was continued as normal for all stores.

A continuous eight week period was divided into two four week
sub-periods. The twelve stores were divided into two equal groups. The
two grade systems were then assigned to the store groups and sub-
periods as shown in Figure 1. The systems were rotated so that each
store was exposed to each system for a period of four weeks. The same
pattern was employed in both market areas.

Weekly records were kept of prices and shelf space allocation for
all grapefruit items. Data were also collected wee!dy on volume sold
by each store of all grapefruit items as well as competing fresh fruit
{apples, oranges, aud%ananas}, The standard audit method of relating
inventory change to deliveries and spoilage was used to derive sales?
The number of customer transactions for each store was recorded on a
weekly basis, Newspaper advertising for grapefruit and competing pro-

Table 1. Unloads of fresh grapefruit for two selected markets, by state
of origin, 1965-1969.

Dal, * Kansas City

Florida Florida
Year Texas and other Texas and other
1965 53.2 46.8 8.5 93.5
1966 T4.8 252 238 T6.2
1967 BE.6 11.4 255 T45
1968 T4 22.6 20.1 799
1964 £9.1 1605 33.0 63.0
Average T8.6 214 23.2 T6.8

Source: Fresh Froit and Vegetable Unload Totals for 41 Cities. U.S.D.A, Consumer
idggr.ﬁng Service. Fruit and Vegetable Division. Washington, D. C. 1965-

2 The combination prade was comprised of a minimum of 8 percent U5, No. 1
fruit and the rest U5, No. 2.
¥ Sales — Beginning inventory 4+ Deliveries — Ending Inventory — Spoilage.
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duects was observed and the amount recorded weekly for both the test
stores and competing stores,

Observation of the effect of grade on retail sales of grapefroit re-
quired analysis of the data in a manner which removed the influence
of other related variables. Both quantitative and qualitative variables
were involved thus requiring the use of an analysis of covariance model.?
This model allows an examination of the relationship between two vari-
ables while holding the others constant. The data collected provided
weekly observations for each store on each of the variables noted above,
Thus there were 86 observations available for analysis for each market.
Separate analvses were run for each city so that the influence of dif-
ferences in tvpe of market could be examined.

RESULTS

The differing historical supply source for the two markets is indi-
cated in Table 1. An analysis of the sales of the cooperating stores dur-
ing the test period revealed a different situation (Table 2). In the Dallas
test stores, Texas grapefruit represented a very high proportion of the
grapefruit purchased while in the Kansas City stores a smaller propor-
tion, though still 4 majority, was Texas grapefruit,

The deviation from historical averages for each market which was
ohserved in the test stores may be explained in two ways, First exami-
nation of the trend in Table 1 reveals that during the test year, 1969,
unloads of Texas grapefruit in both cities represented the largest pro-
porticn in the recent past. Thus while sales of Texas grapefruit in the
Kansas City test stores indicated a Texas share of unloads much larger
than the averapge in the past, part of this was due to a basic trend which
shows Texas’ share of the unloads increasing in that market.

Figure 1. Design of experiment for the evalvation of two grade sysbems:
Application of treatment between store groups and over time,!
Time Period 1 Time Period 2

Grade Grade
5 y A
Shove Croug System 1 Syatean 11
Store Group B Grade Grade
Svstem IT System 1

1 Grade System I = U8, Combination grade and U.5. No. 2 grade.

Grade Systemn 11 = 1.5, No. 1 grade and U5 No. 2 grade,

4 For a diseunssion of covariance analysis see W, G, Tomek, “Using Zero - one Varia-
ables with Time Series Data in Regression Equations,” Journal of Farm Econcmics,
Vol XLV, No. 4, November, 1963, pp, 514-822,
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Beyond this, however, is an additional cause. The stores included in
the market test were required to carry certain Texas grapefruit items in
order to complete the experiment. Some of these items had not been
carried by these stores in the past and were not being carried by other
non-participating stores. In effect, due to the nature of the experiment
itself, the test stores were “forced” to carry additional Texas grapefruit
items. This resulted in an observed share of sales for Texas grapefruit
whiclzhlwas much greater than the historical averages for the market as
a whole.

Convariance analysis. The final equations developed for each market
for examination of the effect of grade on retail sales of grapefruit arve
shown in Table 3. The regression coefficients and an indication of their
statistical significance are given for each variable. A “t” test was used
to examine the significance of most variables. Because grade and income
variahles are specially constructed “dummy” variables, a “F” test was
emploved in examining their statistical significance.

The dependent variable for each equation is termed “test grape-
fruit.” This term refers to the Texas grapefruit items in each store which
were actually involved in the experiment and were, depending on the
store and period, either of U.S. No. 1 or U.8. Combination grade. This
variable was measured in terms of pounds sold per customer per unit
of time.

Variables significant at least at the 5 percent level of significance
in the Dallas equation were price, income, and the sales volume of
Florida grapefruit, apples, anc{] oranges. In the Kansas City equation
}:ﬂf_‘e, shelf space, grade, income and the sales volume of Florida grape-
ruit were significant at least at the same level.

The variable of primary interest in this analysis is the “dummy”
variable for grade, T]'llis variahle was constructed so that a value of one
was used in association with the U.S. No. 1 grade and a value of zero
in association with the U.S, Combination grade. Thus a positive sign
of the coefficient indicates an increase in sales of “test” grapefruit” is
associated with the U.S, No. 1 grapefruit relative to the Combination
grade, This variable was not significant in the Dallas equation but was

Table 2. Grapefruit sales in test stores by market and state of origin,
Tanuary 25, 1969-April 15, 1969

Market
Source Dallag Kangosy City
—poroent—
Texas 88.5 G0

Florida 1.5 401

Source: Computed from audits of 24 Test Supermarkets.
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highly significant in the Kansas City analysis. The magnitude of the
coefficient indicates that the volume sold per customer was 0.01175
pounds greater on a weekly basis with the No. 1 grade than with the
Combination grade. This represents a 28.5 percent increase when com-
pared with average weekly sales per customer of 0.0414 pounds of “test
grapefruit.”

The coefficient for the price variable was observed to be highly sig-
nificant in both equations, These coefficients when related to average
volume sold per customer yield price elasticities of demand of —1.25 in
Dallas and —1.27 in Kansas City. Thus, the demand for these “test
grapefruit” items was somewhat elastic at the retail level.

An analysis of the effect of the grade change on sales of other
grapefruit in the Kansas City market was conducted in view of the sig-
nificant relationship observed between grade and “test grapefruit.” The
sales of U.S. No. 2 grapefruit packaged in 20 pound sacks was examined
first to determine if any mbsl-itution%(l‘ad oceurred when the sales of “test
arapefruit” increased as a result of the grade change. An equation simi-
lar to those in Table 3 was estimated which revealed a coefficient for
the grade variable which was not significant. In other words the analysis

Table 3. Results of analysis of co-variance for “test grapefruit,” by city.

Regression Cu.efﬁcgﬂ:s

Variable Dallast Kansas City?
Intercept Value 01009 0.0746

[ bs. fenstomer/ week )

Price {cents/1h.) —00EeT e —0.00554"°
Shelf Space ([t2) 0.0074 0.00206°°
Grade 00023 0LOLITE®"
Income (high) ﬂ.ﬂl’?’ﬁ!u (.01938] "
Incomne {low) —0.0295] (r00 104 |
Sales of Apples 0.03087"° —0.0445

{ Ihz, feustomer/week )

Sules of Oranges 0.n9s1° (0424

{ Ths_ f custoamer S weel )

Sales of Bananas —iL0654 0055

{ 1bs./ customer/ week )

Sules of Florida Grapefruit —1.402%" —(r 1005
{1bs./customer/ week e

1 B2 = 55

2 R2 = a7

®  Significant at the 5 percent level
®® Sipniticant at the 1 percent level
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showed no significant relationship between the grade of “test grapefruit”
and the volume of No. 2 grapefruit sold per customer.

An additional equation was estimated to examine the relationship
between grade and the volume sold of all Texas grapefruit in the Kansas
City test stores. This included both the “test grapefruit” and all of the
U5, No. 2 grapefruit. The coefficient for grade in this equation was
significant at the 10 percent level indicating that the increase in “test
grapefruit” sales per customer resulting from the change to U5, No. 1
grade actually shows up in total Texas grapefruit sales per customer as
well, The magnitude of this coefficient relative to average per customer
sales of Texas grapefruit indicates about a 14 percent increase in total
Texas grapefruit sales in the Kansas City test stores associated with the
change to U5, No. 1 grade.

CONCLUSIONS AND IMPLICATIONS

The key factor in evaluating the results discussed above, lies in
relating the effect of grade on grapefruit sales to the differences in mar-
ket areas examined. It was observed that the change in grade system
had a highly significant effect on per customer sales not only of the
directly affected prapefruit item, but also of total Texas grapefruit in
the test stores in the Kansas City market, At the same time no significant
effect was observed in Dallas, The primary difference in the nature of
the two markets lies in the fact that Dallas has long been dominated by
Texas grapefruit whereas Kansas City has been predominately supplied
with Florida grapefruit.

On the basis of the results, it is concluded that the effect of grade
on sales of Texas grapefruit is related to the type of market and compe-
tition from other grapefruit supply areas. In a market where strong com-
petition exists from supply areas with established standards of quality,
the sales of Texas grapefruit can be increased by supplying a U.S. No. 1
grade instead of a Combination grade, In a market where Texas grape-
fruit has long been accepted and has no competition from other supply
areas, the sales are not affected by a change in grade from Combination
to U.S. No. 1.

The major implication of these conclusions becomes apparent when
the rapidly exanding Texas grapefruit production is considered.® The
Texas citrus industry has recovered from the short supply vears of the
early 1960°s. Tt is moving toward a situation where a large supply of
orapefruit will require that new markets be carved out in areas that in
recent years have not heen users of Texas citrus. Strong preferences and
supplier arrangements have developed for erapefruit from other areas.
It is apparent from the findings of this study that development of these

8 See Chan Connolly, “Projected Citrus Supply for Rio Grande Valley, Texas: 7 Year
Period 19658-69 to 1974-75." Journal of the Rio Gronde Valley Horticultural Society,
Vol 23, 1969, pp. 18-23,
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new markets will be facilitated by the change from the shipment of the
Combination grade to the shipment of the U5 No. 1 grade grapefruit.
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Citrus Supply Variation
Cuan C, Connory!

Abstract:  The annual supply of Texas oranges and grapefmit has more varia-
tion than any other U.5. citrus supply state. Since supply continuity is a necessary
condition for generating maximum economic retums in o market ordented  cconomy,
the lack of supply continuity in the Texas citros industry ereates unique challenges
to Texns citrms marketing firms,

INTRODUCTION

Supply continuity, though not a sufficient conditon, has become
a necessary condition for the succesful marketing of fruit and vegetables
in a market oriented economy which now exists in the United States,

Texas now has over a half century of commercial citrus marketing
experience. The purpose of this inguiry was to measure Texas’ citrus
supply continuity with that of other competing production areas.

The major current supply of United States citrus is produced in the
states of Florida, California, Arizona, and Texas. Florida is the dominant
su}l}pl state producing almost 76% of the total US. orange supply and
a little more than 72% of the US. grapefruit supply for the 1969-70
marketing season. Texas produced about 2.5% of the total U.S. orange
supply and almost 16% of the total grapefruit supply. (6)

METHODOLOGY

The degree of supply continuity by citrus supply areas was measured
by the utilization of a less squares linear regression equation. Data was
obtained from the Crop Beporting Board, Statistical Reporting Service
of the U.8, Department of Agriculture.

The mathematical model was as follows:

(1} ¥Y=a+ht +u
Y = Supply in tons
a = Level of linear regression line
b = Slope of linear regression line
x = Time in seasons
u = Stochastic disturbance term

Two sets of coefficient of variations (CV's) were computed for two
different time periods. The 51 year time period 1919-20 to 1969-70 cover-
ed the entire time period during which the Texas citrus industry had
commercially marketed citrus. During this period, three (3} severe

1 Associate Professor, Texas ASM University Agricultural Rescarch and Extension
Center at Weslaco,
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freezes were experienced.? The second time period was a 20 vear period
1929-30 ta 1948-49 during which no severe freeze oceurred.

As the CV's are a relative measure of dispersion, the magnitude of
each supply area’s CV is directly comparable with the CV of any other
supply area.

RESULTS

The annual supply of oranges and grapefroit from Arizona, Cali-
fornia, Florida, and Texas for the 51 year period 1919-20 to 1969-70 are
graphically presented in Figures 1 and 2. It is observed that all supply
states lack some annual supply continuity,

2,000 ——stamaa A rprong

e ]

920 192530 193940 194530 1959-60 196870

Seaion

Figure 1. Variation in Omnge Supply By Major States, 51 Year Period 1919-20
to 1965-T0.

Source:  ULS, Department of Agriculture, Citrus Fruits, SRS, Statistical Bulletin
Mo, 380, January 1967 and subseqguent supplements, Washington, D.C.

2 A severe freeze is defined as o temperature of 21°F, or lower for a period of four
hours or more,
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The computed statistics for mathematical model (1) are tabulated
in Tables 1 and 2 for the 51 and 20 vear periods, respectively., The CV's
for both periods are presented in Table 3. (1, 2, 3, 4, 5, 6)

Texas as a citrus supply area had the largest CV for the 51 vear
period 1820-21 to 1969-T0, Texas orange supply variation was about five
times greater than that of California, and a little more than double that
of Arizona. Texas grapefroit supply variation was almost six times great-
er than that of Florida, more than four times greater than that of Cali-
fornia, and more than double that of Arizona, Table 3.
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Figure 2. Variation in Grapefruit Supply By Major States, 31 Year Period
191520 to 19689-T0.

Source:  ULS, Department of Agicnlture, Citrus Fruits, SRS, Statistical Bulletin
MNo. 380, Janvary 1967 and subseqguent supplements, Washington, 1.
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When the citrus supply variations were measured by supply areas
for the 20 year period 1929-30 to 1945-49, during which no severe freezes
ocewrred, Texas citrus supply variatiom was also greater than that of
other supply areas® However, the magnitude of the Texas grapefruit
supply CV was considerably less than the Texas orange supply CV, Table
3, During the 20 vear no severe freeze period, Texas orange sup 31y
variation was almost seven times greater than that of California, -'il'lt!.l a
little less than three times that of Arizona, However, the Texas grape-
fruit supply variation was about double that of Florida, a little greater
than either that of California and Arizona,

Table 1. Computed statistics for linear regression trends, 51 year period
1919-20 to 1969-70.

.'-:'.ujlpi.g.r_ Area

anel  Kined a
of Citrug i I ¥ - RE
United States Tons Tons Tonx Tong
Oranges 550,507 121,739 3,654,851 657,817 B8
Grapelfruit 3ET, 4606 a7.810 1,331,628 431,564 B2
Artzona
Oranges — 20,775 2,207 35,511 23477 G
Crapefruit 9,581 2105 63,069 20,404 53
Californin
Oranges 1,081,820 8516 1,208,985 409,219 09
Grapefroit 8,100 2,565 T3.517 20,810 2
Florida
Oranges —517.591 108,218 2,241 992 580,577 B8
Grapefrit 167.290 31,155 G611, 743 196,172 A5
Texas
Oranges 89,093 1,807 83,177 106,504 A5
Grapefroit o 1ThE3 2354 238801 2ER.STT a1

Note: Model Y =a 4+ bx 4+ n

When: ¥ = Supply in tons

a — Level of linear regression trend line in tons
b = Slope of linear regression trend line in tons
x = Time in Season
1 = Stochastic distorbance term

B2 = Coefficient of determination
Y = Mean in tons

8. = Standard error of estimate in tons

Source: U8, Department of Agriculture, Statistical Reporting Service, Statistical
Bu]]étjn 0. 380, Jammry 1967 and subsequent supplements, Washington,
I, G

3 Non severe freezes did ocour that damaged froit
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With severe freezes removed from the model, Texas annual grape-
Fruit supply variaion declined. This indicates that severe freezes and
degree of grapefrit supply variations are associated. However, by re-
moving the severe freezes in the model for oranges, annual supply varia-
tion did no tdecline to the same magnitude, This suggoests tllml: Texas
anmual orange supply variation was associated with other variables than
severe freezes?

Table 2. Computed statistics for linear regression trends, 20 vear period
1929-50 to 1945-49.

Supply Area

anel Kined

af Citrus a b Y B B
United States Tons Tons Tonz Tions
Oranges 1,081,337 184,415 3,017,685 324,519 92
Crapefroit 264,508 108,747 1,416,650 240 364 Bit
Arizona
Oranaes — 3,608 2,269 20,212 7,430 BT
Crupefruit 6,238 BG,150 70,503 23,177 T2
California
Oranges 1,051,128 45,540 1,557,197 288 4753 A8
Grapefroit 31,190 3 R6H 71,806 18,158 JG53
Florida
Oranges 108,598 118,317 1,351,225 213,028 .02
Crapefruit 286,526 40,758 S, 000 139,673 B2
Texas
Oranges 26,051 L0077 131,888 139,727 16
Grapefruit —58,638 48,569 465,040 155,790 _E
Note: Model ¥ = a 4 bx <4 u
When: ¥ = Supply in tons
a = Level of linear regression trend line in tons
b = Slope of linear regression trend line in tons
¥ = Time in seasom
u = Stochastic disturbance term
R?* = Coefficient of determination
Y = Meaan in tons
8,y = Standard error of estimate in tons

Somrce: 118, Department of Agriculture, Statistical Reporting Serviee, Statistical

Bulletin No. 380, January 1967 and subsequent supplements, Washington,
D. C.

Individuals that were associated with the Texas citrus industry during the 20 year
peried 1920-30 to 1945-49 are unable to explain the relatively high variation in
the annunal supply of oranges. Some of the variation in orange supply may be
cansed by the ofange being more sensitive to non-severe freezes than grapbroit.
The annual rate crange grove plantings may be another variable. Neither of the
variahles can he quantified.
4
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CONCLUSION

Texas supply of citrus has more annual supply variation than any
other U.S. supply area. This lack of supply continuity places a greater
marketing task on Texas citrus marketing tirms.

Since supply continuity is a necessary condition in generating max-
imum economic returns, the Texas citrus industry is faced with the de-
velopment of market strategy that will minimize the effect of this con-
straint. Processing a larger portion of the Texas supply and storing it
provides one alternative in market strategy, Marketing the Texas citrus
processed supply through a national marketing firm offers another al-
ternative for market strategy.

The development of marketing strategy for Texas citrus in the future
to minimize the lack of annual supply continuity presents unigque chal-
lenges to marketers.

Table 3. Anmnual supply variation by four major U.S. orange and grape-
Fruit states and aggregate U.S, for a 51 year and a 20 year period.

{51 wvear period =
(20 year perind =

192021 to 1969-70 ;

1926-30 to 1945-40
51 Your

30 Year

Supply Area o
and Kin Variation Variation
of Citrus cvi cyi
United States Percent Percent
Cwwanges 17.99 10,753
Grapefruit 3240 17,60
Arizana
Oranges G611 36,76
Crapefruit 46.47 32,73
California
Oranges 31,50 18.54
Grapetruit 28,44 25.34
Florida
Oranges 25.89 1583
Grapefruit 20.59 17.26
Texas
Oranges 125.34 10594
_ Grapefruit 120.24% 3550

Mote: 51 vyear period 1920-21 to 1968-T0 is a long run time period during which

three severe freezes oceurred,

A year period 192930 to 1948-49 is a long run time period during which

no severe freczes occurred.
5

1 OV = Coefficient of variation = y-x+y

Source: Tables 1 and 2
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Share of U.S. Orange and Grapefruit Supply
Contributed by Four Major States

Cuan C. Conwory?

Abstract:  During the 51 vear period 1918-20 to 1968-70 Florida was the domi-
nate orange and grapefruit U.S, supply state, Florida's ceange share of 61,34 per-
cent and California’s share of 3554 percent together represented almost 97 percent
of the aggresate US. orange supply with Texas and Arizona representing less than
3 percent.

Florida’s share of the aggregate U.5. grapefroit supply of 72.22 percent and
Texas” share of 18,01 percent together contributed more tllmn 90 percent of the U5,
supply with California and Arizona representing the balance, The recent three year
period 1967-68 to 1969-T0 indicated very little c%lmngc! in the relative position of each
of the four major citrus supply states for oranges and grapefruit. There 8 no indi-
cation that these relative positions will change in the near futore,

INTRODUCTION

The share of the aggregate U.S. supply of oranges and grapefruit
produced by each of the four major citrus supply states is a major vari-
able that is considered in the development of market strategy by each
supply state. A major citrus supply state is in a strong position to de-
velop an image for its orange and grapefruit products and to allocate
resources for advertising and promotion of its product. A minor supply
state is not in a position to compete with the allocation of resources of
the magnitude afl the major supply state for advertising and promotion
and as a consequence, alternative market strategies need be employed.

This paper quantifies the orange and grapefruit supply share that
each of the four major citrus supply states contribute to the aggregate
U.S. supply during a long run period compared to a recent three year
period. The findings may then be utilized in the future market strategy
by each of the major supply states.

METHODOLOGY

The share of the aggregate U.S. orange and grapefruit supply pro-
duced by each of the four major citrus supply states was measured by
the utilization of a simple linear regression equation. Annual orange and
grapefruit production data pub]isﬁ:zd by the U.5. Deprtment of Agri-
culture, Statistical Reporting Board, Washington, D. C. was used. (1,
2,3, 4,5 6) The mathematical model was as follows:

(1) Y=a +bx+u
where:
Y = Annual supply in tons

1 Agsociate Professor, Texas A&M University Agricultural Research and Esxtension
Center at Weslaco,
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a = Intercept of linear regression line
b = Slope of linear regression line

x = Time in seasons

1 = Stochastic disturbance term

The earliest season for which citrus supply data is available for
Texas is 1919-20. Starting with this season ang comtinuing through 1969-
70 represents a long run period of 51 years for Texas. The orange and
grapefruit annual supply data for the three other major supply states
were analyzed for the same period.

RESULTS

The statistics for equation 1 are presented in Table 1 for all four

Table 1. Computed statistics for orange and grapefruit linear regression
trends for aggregate U.S. and four major supply states, 51 year period
1919-20 te 1969-70,

.‘:'um;Fy e - o
and Kined —

of Citrus a ] ] Syn Rz
United Statey Tons Tons Tons Tong
Oranges 550,507 121,734 3,654,851 657817 B
Grapefruit 46T 466 AT.810 1,351,825 431,504 G2
Arizona
Oranges — 20,775 2,207 35,511 23ATT .66
Crapefruit 9,381 2,105 3,004 29,494 a3
California
Oranges 1.051,820 5,516 1,298,985 405,218 LK
Grapefruit 5,100 2565 73,517 20,910 i
Florida
Oranges —517,501 108,218 2.24] 902 BHRO5TT .S§
Grapefruit 167,260 31,155 081,743 196,172 B3
Texas
Oranges 29,083 1,807 85,177 106,804 5
Grapefroit 179,854 2,354 238,801 288,577 11
' Note: Model Y =a + b x + u '
When: Y = Supply in tons
a = Level of Linear regression trend line in toms
b = Slape of Linear regression tremd line in tons
¥ = Time in season
B2 = Coefficient of determination
; — Mean in tons
8, . = Standard error of estimate in tons

Source: Computed from data published by United States Department of
Agriculture, Crop Reporting Board, Statistical BReporting Service,
Statistical Bulletin No. 280 and subsequent supplements, Washing-
ton, DLC,
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major citrus supply states and aggregate U.S. for both oranges and grape-
fruit. Florida had more annual growth as an orange and grapefruit sup-
ply state than any one of the oﬁ'xer major supply states. During the 51
vear period 1919-20 to 1969-70, Florida had an average annual increase
of 108,219 tons of oranges and 31, 155 tons of grapefruit. Florida's aver-
age annual orange and grapefruit supply was 2,241 992 and 961,743 tons,
respectively, Florida was the dominate orange supply state during this
51 year long run period contributing 61.34 percent of the aggregate U.S.
orange supply ang 72.22 percent of the aggregate U.S. grapefruit supply.
Florida and California together supplied almost 97 percent of the ag-
gregate supply of oranges, Table 2,

Texas' share of the aggregate U.S. orange and grapefruit supply
was 2.33 and 18.01 percent, respectively, Table 2. Arizona represented
the smallest supply state for both oranges and grapefrnit. During this
51 vear long run period both Arizona and Texas were minor supply states
for oranges.

Florida and Texas together supplied more than 90 percent of the
aggregate U5, grapefruit supply.

For the most recent three year period 1967-68 to 1969-70 Florida
and California continue as dominant supply states for oranges and Flor-

Table 2, Annual average U.S. orange and grapefruit supply by four
major states, 51 year period 1919-20 to 1960-70.

Average Annual  Percent af U.S:

Supply States Supply Total Supply
United States Tong

Orange 3,654,851 100,00

Grapefruit 1,231,625 10000
Arizoma

Orange 33,511 (08

Crapefruit 63,089 474
California

Orange 1,2598 885 53,54

Crapefruit 73,517 5.52
Florida

Oramge 2,241,002 fil.34

Grapefruit 061,743 T2.2%
Texas

Orange 85,177 2.33

Grapefroit 239,801 15.01

Source:  Computed from data published by U, 5. Department of Agriculture, Sta-
tistical Reporting Service, Statistical Bulletin No. 380 and subsequent sup-
plements, Washington, 1), C.
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ida and Texas as the major supply states for grapefruit. The relative
puosition of each state as an orange and grapefruit supply state for the
3 year period 1967-68 to 1969-70 is similar to position as a supply state
during the 51 year period, Tables 2 and 3.

CONCLUSIONS

For the 51 year period 1919-20 to 1969-70, Florida was the dominant
orange supply state with California following in second place. Florida’s
share of the aggregate U.S. orange 5“13-‘13' of 61 percent, and California’s
share of 36 percent, together provided almost 897 I!I)E]'EEl'lt of the aggre-
gate U.S. orange supply. Arizona and Texas together supplied less than
3 percent.

Florida’s grapefruit supply for the same long run period contributed
more than 72 percent to the aggregate U.S. grapefruit supply followed hy
Texas supply of about 18 percent. Florida and Texas together provided
more than 90 perecent of the aggregate U.S. grapefruit supply.

The relative share of each orange and grapefruit supply state for
the recent three year period 1967-68 to 1969-70 made very little change
compared to the 51 year period. For the three year lperii:rd, Florida and
California’s share of the aggregate U.S. orange supply was a little more
than 95 percent, and Florida's and Texas' share of the aggregate U5,
grapefruit supply was a little more than 87 percent.

Table 3. Annual average U.S. orange and grapefruit supply by four
major states, 3 vear period 1967-68 to 1968-70.

Auej-‘-::;;' Annual Percent af U.s.

Supply States Srpply Total Supply
United States Toms

Orange 7,100,933 100,00

Crapefruit 2,057,267 100,040
Arizona

Orange 169,934 2,80

Grapefruit 44,833 4.85
California

Orange 1,306,000 18.39

Grapefruit 161,767 7.56
Florida

Orange 5,463,000 7693

Grapefruit 1,555,667 T5.61
Texas

Orange 162,000 2.28

Grapefruit 240,000 11.66

Spuree:  Texas Department of Aﬁ.‘llhﬂ'ﬁ and U. 5. Department of Agriculture,
Texas Citrus May 1, 1870,

70



R —

!_-u

LITERATURE CITED

U, S. Department of Agriculture, Citrus Fruits by States 1909-10 to
1964-65, Statistical Reporting Service, Statistical Bul-
letin 380, January 1967, Washington, D. C.

U. S. Department of Agriculture, Citrus Fruits by States, 1964-65 and
1965-66, Statistical Reporting Service, October 1966,
Washington, D. C.

U, 8. Department of .gg;riculture, Citrus Fruits by States 1965-66 and
1966-67, Statistical Beporting Service, October 1967,
Washington, D. C.

U. S. Department of Agriculture, Citrus Fruits by States 1966-67 and
1967-65, Statistical Reporting Service, October 1968,
Washington, D. C.

U. S. Department of Agriculture, Citrus Fruits by States 1967-68 and
1968-69, Statistical Reporting Service, October 1969,
Washington, D, C.

U. 8. Department of Agriculture and Texas Department of Agricul-
ture, Texas Citrus, Statistical Reporting Service, May
1, 1970, Austin, Texas.

7l



Effect of Heater Placement on Temperature Rise
Inside Citrus Trees in the Lower Rio Grande Valley

Norsman P Maxwerr, Hemwz WurscHer, THoMmas Haves
and ArT SHULL!

Abgtract: A pressurized pipeline heater, bumning diesel [uel, wos tested in the
1970 winter to determine its effectiveness for increasing temperatures inside the
canopy of grapefruit trees under radiant low temperature conditions. With proper
heater placement, using one heater burning 1.2 gallons and producing 162,000 B.T.1.
per hour for every two trees, the mean temperature was increased 5-7°F within a
12-foot diameter ares inside of trees in & hedge-row citrus planting of 116 trees per
acre.

INTRODUCTION

Protection against severe freezes is one of the primary problems of
the Texas citrus industry. Only trees whose large limbs and trunks remain
undamaged during a severe fieezc can be brought back into commercial
production, Therefore development of orchard heating systems which
give protection to the framework of the trees is important,

Earlier research in the Rio Grande Valley has shown that the most
effective spot to place heat sources is under the canopy 3 to 4 feet north
and northwest of the trunk (1). Two heaters placed at this location
with a 0-5 miles per wind, producing 40,000 B.T.U. per hour gave a
mean temperature rise under the tree of 53-7°F throughout a 12-foot
diameter.

During January and February 1970, personnel of the Texas A&M
University Agricultural Research and Extension Center at Weslaco, the
USDA, [jl't.‘rps Hesearch Division and Rio Farms, Ine, tested the “Spot
Heater™, a pressurized pipeline heater system that burns diesel oil. The

erformance of the system under climatic conditions similar to radiation
treezes in the Rio Grande Valley, the number of heaters per acre needed,
and their placement in relation to the trees were the objectives of the
present investigation,

METHODS

The orchard heater system used in the test (Spot Heaters. Inc,
Sunnyside, Washington) consisted of cone-shaped stack heaters 3 feet

1 Assistant Professor, Texas A&M University Agricoliural Research and Extension
Center at Weslaco, Research Horticulturist, Crops Research Division, Agricultural
Research Serviee, U.S. Department of Agriculture, Weslaco, Aassistant Professor,
Texas A&M University Agricultural Hesearch and Extension Center ot Weslaco,
and Manager, Citrus Department, Rio Farms, Inc., Monte Alto, Texas,

2 Mention of a trademark name or & proprietary product does not constitute a guar-
antee or warranty of the product by the USDA, and does not imply its approval to
the exclusion of other products that mayv also be suitable.
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hiﬁ]ﬁ, pressure-fed through polyvinvlchloride pipelines from a central
bulk tank. The heaters burned diesel oil and heat output was regulated
by changing the pressure.

The test was conducted on 214 acres of close-planted (15 x 25 feet)
red grapefruit orchard. The interlocking 14-year-old tree canopies were
12-15 feet in diameter and about 10 feet high. Chemical weed control
maintained the orchard relatively weed free.

Four trees in the heated area had thermometers with an accuracy
of =%"F suspended at the 5-foot level in the center of the tree and 3
and 6 feet from the center in all four quadrants of the tree. One tree in
an unheated part of the orchard had three thermometers at the 5-foot
level, in the center of the tree, and 6 feet north and south from the
center,

A Beckman and Whitley recording anemometer on the north side
of the heated area recorded horizontal wind speed and wind direction
10 feet above the top of the canopy.

Heaters were placed at several locations in relation to the trees.
On the west side of the heated area, one heater was placed 4 feet out-
side the dripline at the southwest corner of the test tree and another
4 feet from the dripline at the northwest corner of the tree north of the
test tree (Figure 113.

Wesk Tree

"
45,09

=
Edga of Canopy

49,50 .29
+5.5¢
; Average temperature rise over
| anhlent temperature inside
et tres at 5 foot level in a 12

foot dismeter circle was 5.4°

Figure 1. Average rise in temperature inside of tree over ambient temperature for
the test period.
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In the center of the heated area two heaters were placed about 4
feet from the foliage borderline at the southwest and northwest corners
of two test trees. These heaters, however, were placed near the dripline
and in a niche between two trees instead of in the space between the tree
rows (Figure 2).

On the east side of the heated area, one heater was set 3.5 feet from
the dripline at the northeast corner of the test tree and another was
placed 3.5 feet from the dripline at the southeast corner of the tree south
of the test tree (Figure 3).

The heaters were lit at 4:15 AM. on the morning of February 17,
when the ambient temperature fell to 40°F, After 45 minutes, sufficient
time to bring the heat output of the heaters to its maximum, the first
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Figure 2. Average rise in tempetature inside of tree over ambient temperature for
the test period.
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thermometer readings were taken. Temperatures were also recorded at
5:30 and 6:00 A.M., 75 and 105 minutes after lighting the heaters. The
test was terminated at 6:15 AM.

The heaters were operated at a 180 psi pressure, which gave a
burning rate of 1.2 gallons of oil per heater per hour which produced
162,000 B.T.Us. The 61 heaters per acre provided one heater for every
bwo frees.

During the test period the sky was clear and the ambient tempera-
ture averaged 38.3°F. The recording anemometer showed a variable
windspeed of 3-6 miles per hour coming from the southwest. Although
the test was conducted at air temperatures above the freexing point, it
wis shown by Haddock (2) that tEe heat necessary for a given increase
in air temperature varies little when initial air temperatures are in the
20-40°F range.

RESULTS AND DISCUSSION
Figures 1, 2 and 3 give the means of results obtained during the
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Figure 3. Average rise in temperature inside of tree over ambient temperature for
the test period.
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heating test, The results in Figure 1 and Figure 2 show that, even
though the heaters were placed approximately the same distance from
the edge of the canopy, the heater in the tree row as shown in Figure 2
caused a greater temperature increase inside the tree. When the heaters
were placed on the leeward side of the tree, as shown in Figure 3, very
little Eeat reached the interior of the canopy. Part of the temperature
rise in the east tree was probably due to convected heat from the row
west of the test tree where the heaters were also on the east side of the
trees.

CONCLUSIONS

The data in Figure 2 show that in a citrus orchard spaced 15 x 25
feet, one heater, burning diesel fuel in excess of one gallon per hour,
will be required for every two trees to obtain the 5-7'F temperature
rise needed to prevent major wood damage during severe freezes. Al-
though the cil-burning heaters used in the test cannot be placed under
the canopy where they would be most effective, they should be placed
as close as possible to the trees and not in the middle between the rows.
The angle between two tree canopies appears to be the heater location
which gives maximum temperature increases under the canopy.
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Low Temperature Risk Associated with Citrus and
Fall Tomato Production, Weslaco, Texas

Taonmas L. SrorLeEper!

Abstract: Enowledge of the probability of low temperature ocourrence in a
geographic area is an aid in formulating some subjective expectation with respect to
potential crop damage or loss from a freeze. This paper presents low temperature
probabilities and other associated statistics for Weslaco, Texas. The within year
periods of analvsis are November through March and November only. The former
is appropriate for citrus production, the latter is appropriate for fall tomato produe-
Hom,

INTRODUCTION

Ability to deliver consistent quality and quantity of product over
time is one of the more challenging and important aspects of the success-
ful firm engaged in marketing and/or production of fruits and vegetables,
Historically, some supply (quantity) variability and quality variability
in these commodities in Texas can be attributed to freezes.? The purpose
of this paper is to provide additional information concerning the risk
associated with the occurrence of low temperatures® Although the oc-
currence of freeze damage to a particular crop is an uncertainty because
freeze damage is a function of factors other than temperature, tempera-
ture probabilities are indicative of the potential for crop loss due to
freeze.®

SCOPE AND METHODOLOGY

This paper presents low temperature probabilities estimated from
monthly extreme minimum temperature data recorded at Weslaco, Texas
for the 50-year period November through March 1920-21 to November
through March ?‘369-70. Two types of probability are presented. Ome
type is the probability, P, that some particular temperature, x, will occur
in any one year. Another type is the probability, W(v), that some par-
ticular temperature, x. will occur at least once within v years. Also pre-
sented is a complementary statistic computed from P and called a “re-
turn period.” The return period, denotes T(x), is the number of years
that will elapse, on the average, before a temperature will occur which
is less than or equal to some particular temperature x,. The statistics of
extremes are utilized to analyze the monthly extreme minimum tempera-
ture data. The Fisher-Tippet Type 1 extreme value function is the ap-

1 Assistant Professor, Department of Agricultural Economics, Texas A&M University,
College Statiom, Texas.

2 For cﬁ:u{fummtuti:m, see (1),

& Some information is already available, For example, see (2.4},

4 For other factors affecting frecze damage, see (4, p. 19).
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propriate statistical distribution for minimum temperatures. The parame-
ters of the distribution were estimated by Lieblein’s fitting procedure.®

PROBABILITIES FOR NOVEMEBEER THROUGH MARCH

The probability of a particular low temperature occurring and the
associated return period for that temperature at Weslaco, Texas is pre-
sented in Table 1. The range of the monthly extreme minimum tempera-
tures for Weslaco from November through March 1920-21 to November
through March 1969-70 was from 35 to 16. Accordingly, the probability
of occurrence of each temperature in the range of the actual data is
presented (Table 1}, along with the retorn period in years for each
temperature.

Haddock has comupted the probability of ocourrence of certain low
temperatures for Wesluco using data for November through March 1933-
34 to 1962-63 (2, 4). Haddock’s probahilities of temperature ocourrence
are generally higher than the ones presented in Tables 1 and 3. Had-
dock’s estimates are accurate but differ from those presented here for two

Table 1. Probability and return period for selected minimum tempera-
tures, Weslaco, Texas, November through March.

a. ) Pr;:bﬂgﬁﬁ-u a_f

Temperature temperaturs Return period

aCeurring Tix}
a3 8849 1.0
a4 AT1 1.0
a3 B2l 1.1
32 837 1.2
31 724 1.4
30 606 1.8
26 A8T 2.1
28 SSH0 2.6
a9 200 3.4
26 218 4.6
a5 A6 5.2
24 118 8.5
23 Ea 11.6
22 063 16.0
21 S 221
20 33 ST
189 23 426
18 017 59.3
17 Az 828
18 009 115.1

Source:  Computed fromn minimimn extreme monthly temperatures for the 5ﬂ-1)*ea1r
period 1920-21 to 1969-70, Texas Agricultural Experiment Station, Weslaco,
Texas.

5 A computer program was devised to calculate these parameters and associated sta-
!-j,stifc_g_:l The program and a more detailed explanation of caleulations are contained
in
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reasons, First, Haddock used data spanning a 30-year time period con-
trasted to the 50-year time period used for caleulation of the probabilities
presented in this article. Second, the Lieblein weights utill{zed in the
caleulation of the probabilities presented here differ from those utilized
by Haddock., The weights utilized here are more accurate but were not
available when Haddock computed his probahilities.

The probability that a particular temperature will occur within a
certain time periody for Weslaco is presented in Table 2. Again, these
prohabilities are computed for each temperature in the range of the data.
Interpretation of these two ty[llﬁs of probability (Table 1 and 2) is illus-
trated in the following example. Suppose a firm engaged in production
and/or marketing citrus in Weslaco, Texas is interested in the likelihood
of crop loss from a freeze. Suppose the manager of the operation decides
that 21° F. is the relevant critical temperature to consider given the
unique aspects of the operation (variety, age of the grove, etc.).f That
is, 21° F. represents the critical temperature which, in his judgment.
may extensively damage the crop.

From Table 1 the probability that a temperature of 21° F. or below

Table 2. Probability of selected low temperatures occurring at least
once within a certain time period, Weslaco, Texas, November through

March.

Temperature Probability of Tempersture Oceurring At Least Onee Within
I Year 3 Years 5 Years & Years 10 Years

35 o] 10 Lo 1.0 1.0
34 A7 1.0 1.0 1.0 1.0
33 a2 1.0 1.0 1.0 1.0}
32 B4 1.0 1.0 1.0 1.0
31 T3 Rab 1.0 1.0 1.0
30 81 B4 LY 1.0 1.0
20 AL BT A7 1.0 1.0
24 A48 T8 H1 a5 Raly]
27 20 iz B2 A4 A7
2h 2z a2 TT H6 a1
25 16 1 st TG 53
24 12 B2 AT T2
23 E] 24 i 51 50
22 06 A8 25 40 48
21 05 13 a1 a1 37
20 03 ] A5 23 25
18 02 AT 1 17 21
18 02 05 15 Rk 16
17 .0 04 1] R 12
16 01 03 D4 o7 Rikd

Source: .C:mpu.tet:l“i;rnm ‘minimum extreme mr.r_nthly t‘;'li}emmrcs for the S0-year
period 1920-21 to 1953-T0, Texas Agricultural Experiment Station, Weslaco,
Texas,

& Generally, 21° F. is cors'dered the relevant eritieal temperature for severe freeze
damage in citrus in the Bie Crande Valley (4, p. 19},
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will oceur during the citrus season is .05. Of course, the probability that
a temperature of 21° F. or below will not oceur is .93, The return period
for 21° F. is 22.1 years (Table 1). This means that about 22 years will
elapse, on the average, before a temperature equal to or below 21° F.
will occur. Thus, the manager might anticipate crop loss due to low
temperatures about once every 22 years,

The W{v) statistic for v = 1, 3, 5, 8 10, 15, 20, 25, 30, and 35
years is given in Table 2. Note than when v = 1 then W{v) equals the
probability of that temperature ocewring, As an interpretive example,
the W(v{lsmtistic for v = 5 is .21. This means that there is about a 20
percent chance of 21° F. or below occurring at least once within 5 years
during the citrus season in Weslaco.”

PROBABILITIES FOR NOVEMBER

The probability of a particular low temperature occurring at Wes-
laco, Texas and the associated return period for that temperature for
November only is presented in Table 3. The range of November extreme
minimum temperature for Weslaco from 1920 through 1969 was from 51

Table 2. ({continued) Probability of selected temperatures occurring at
least once within a certain time period, Weslaco, Texas, November
through March.

Temperature Probability of Temperature Oceuwrring At Least Once Within
15 Years 20 Years 25 Yeors 30 Years 35 Years

a5 L. 1.0 L. 1.0 1.0
a4 1.0 1.0 1.0 1.0 1.0
33 1.0 1.0 L. 10 1.0
a2 1.0 1.0 1.0 1.0 1.0
31 1.0 1.0 1.0 1.0 1.0
30 1.0} 1.0 1.0 1.0 1.0
oy 1.0 1.0 1.0 1.0 1.0
25 1.0 L0 1.0 1.0 1.0
27 8 1o 1.0 1.0 1.0
26 08 99 1.0 1.0 1.0
25 B3 a7 80 1.0 1.0
24 A5 2 kel RaT i)
23 T4 B R4 83 6
a 62 i A .86 L0
21 Al il i 5 50
20 35 49 A6 2 J60
18 A0 a8 A5 i1 | 56
18 23 29 it Al A5
17 AT 29, 26 31 A5
14 12 A6 20 a3 26

Source:  Computed from minimum extreme monthly temperatures for the 5'-']—])»'1.'31‘
pericd 1920-21 to 1969-70, Texas Agricultural Experiment Station, Weslaco,
Texas.

T Contion must be exercised in comparing the W) statistic with the retom
period since the underlying distsibution is asymmetric, See (8, p. 3 or 5, p. 11],
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to 30. In addition to the probability of occurrence of each temperature
in the range of the actual data, probabilities were computed for the ex-
trapolated values of 29°, 26° and 23" (Table 3). The probabilities and
return periods for these values should not be considered as precise as the
comparable statistics for temperatures within the range, Of course, the
interpretation of the statistics in Table 3 is similar to those in Table 1.

The probability of a particular temperature ocewrring at least once
within v years for November is presented in Table 4. For example, the
probability of 32" F. occurring at least once in November within 5 years
ies .44, 10 years is .69, and 15 years is .33. Again, interpretation of prob-
abilities in Table 4 is similar to interpretation of Table 2.

The probabilities for November are useful for firms engaged in the
=enduction and/or marketing of fresh fall tomatoes.

Table 3. Probability and return period for selected low temperature
occurring in November, Weslaco, Texas.

Probability of
Temperature temperTire Return period
ocourring
5l 1.0 1.0
50 1.0 1.0
45 1.0 1.0
45 83 1.0
47 80 1.0
46 H55 1.0
45 14 1.1
44 B56 1.2
43 JTHd 1.5
42 03 14
41 617 1.6
40 532 19
39 451 2.2
38 A78 2.6
a7 413 32
A6 257 5.9
35 K 4.5
34 168 5.4
33 A37 T3
32 10 9.1
31 B8 11.4
30 070 143
29° A6° 16.7°
an® 03 33.3°
23° A1® 100.0°

® These are extrapolated values and should not be considered precise.

Source: Computed from minimum extreme monthly temperstures for the 50-vear
_ riod 1920-21 to 1969-70, Texas Agricultural Experiment Station, Weslzco,
CXas.
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CONCLUSIONS

Although an analysis of extreme minimum temperatures does pro-
vide objective information concerning the occurrence of low temperature
in a geographic area, subjective judgment must still enter into expecta-
tions about future crop damage or loss from freezes. There is no exact
way to predict where or when a damaging freeze will occur. At best,
analysis of historical data provides a means of indicating the potential
frequency of occurrence of future events.
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PI:E;I;HFJHR; uf Tr.’-n?pmm:e Gccw:ring At Least Onee Within
1 Year 3 Years 5 Years 8 Years 10 Years 15 Years

5] 1.0 Lo 1.0 Lo 1.0 1.0
al 1.0 1.0 1.0 L0y 10 1.0
48 1.0 1.0 1.0 L 1.0 1.0
45 9 L} 1.0 L.ty 1.0 1.0
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4 a3 Ak 98 1.0 L. 1.0
a9 45 H4 85 g L0 L.
48 38 il Al B85 9 L0
a7 A1 65 A5 A3 08 1.0
a6 28 s 2T Al 45 L5
a5 21 al 59 A5 a1 1o
3 A7 43 1 i A4 84
33 Jd 36 a2 68 i B
332 A1 29 A4 A1 it A3
31 08 24 a7 a2 .60 T3
a0 7 an 31 A4 .52 i

Source:  Computed from minimom extreme monthly temperetures for the 50-year
period 1920-21 to 1969-70, Texas Agricultural Experiment Station, Weslaco,
Texas.

82



4. Orton, Robert, et. al., Climatic Guide, The Lower Rie Grande Valley
of Texas, MP-841, Texas A&M University, College
Station, Texas, September, 1967,

5. Sporleder, Thomas L., TEMPROB: A Fortran IV Program for Calcu-
lating Temperature Probabilities from Extreme Mini-
mum Temperature Data, Texas Agricultural Market
Research and Development Center Technieal Report
No. MRC-70-3, Texas A&M University, College 5ta-
tion, Texas, July, 1970.

i. Vestal, C. K., “Fitting of Climatological Extreme Value Data,” Cli-
matological Services Memorandum Number 89, U.5.
Weather Bureau, August, 1961.



Temperature Inversions in the

Lower Rio Grande Valley!

Roserr F. Levoeny and Ricmarn A, Hewsz?

Abstract:  Temperatures were measured at varions heights above und on all
cold nights From 1958 to 1970 at Weslaco and from 1988 to 1970 at Adums Gardens
antd Sharyland. Data are separated into hours in the 34 to 30 F range and hours
below 30 F at the 5 ft level. Most cold nights in the Lower Rio Grande Valley were
in the 34 to 30 F range. These are of particular concern to vegetable growers, Tem-
peratures critical for citrus, these below 30 F, were a small percentage of the total
cold hours. The frequency of temperature inversions, their strenpgths, and their dis-
tribution through the night are shown,

INTRODUCTION

Temperature inversions are important in any attempt to protect
crops from damaging cold. They occur at night as a result of the cooling
of the earth’s surface through the loss of heat by radiation to the open
sky and the subsequent cooling of the air that comes in contact with this
surface. The air at lower levels becomes colder than the air above, up
to 100-200 ft. Such a condition is the inverse of natural adiabatic cool-
'Elg, hthe gradual decrease in temperature that normally occurs with

eight.

Conditions favoring the formation of temperature inversions are:
clear sky, low wind velocities, low relative humidity, and high pressure.
Any change in conditions causing an inversion will affect the strength
of that inversion,

The strength of an inversion is the difference in air temperature be-
tween ground level and the height where normal adiabatic cooling
resumes. For crop protection purposes, inversions are measured from
some height near the ground, e.g. 3 ft, to a height usually not more than
50 ft above the swface, For low growing crops temperatures between
the surface and 5 ft are important. The citrus grower is more interested
in the inversion measured between 5 and 30 ft. Inversions may form
when temperatures are not low enough to freeze vegetation, but it is
when there is strong radiative cooling and frost damage is a threat that
temperature inversions become important,

Even high, thin cirrus clouds can intercept and reflect heat lost by
radiation. The formation or passag;e of clouds has a modifving influence
on temperature that is decreasing because of radiative cooling. Air move-

I Cooperative citrus resesrch of Texas A&T University Citruz Center and Texas Agri-
ecultural Experiment Station, Weslaco,
2 Professor of Agriculture and Director, Texas A&I University Citrus Center, Weslaco,
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ment causes turbulence which mixes the warm air aloft with the cold
air below. While this does not stop radiation cooling, it modifies the
rate of temperature drop at the lower levels.

An understanding of the inversion characteristics of an area is help-
ful in planning and using cold protection systems. Temperatures 1, 5,
and 28 ft above ground ﬁave been reported for all nights from 1958 to
1963 when 32 F or less was registered at the 5 ft level at Weslaco, Texas
i(3). On the coldest night of the major freeze of January 1962, Young
found that when the wind subsided, air temperature 20 and 40 ft above
ground was 5 to 8.5 F warmer than at the 7 ft level in an orchard at
Monte Alto, Texas (5), On a night of variable windspeed and direction:
the inversion diminished during periods of higher windspeed and re-
formed during periods of lower windspeed; air temperature at tree height
increased during periods of high windspeed (1). The greater turbulence
at higher windspeeds mixed the warm air from the upper layers with the
cold air below. The breaking up of an inversion by natural wind move-
ment provides the same beneficial effect as a wind machine. Other
workers have measured and reported inversions present during particu-
lar tests of cold protection systems in the Lower Rio Grande Valley (2,
4,8,7).

PROCEDURE

At the Citrus Center we have measured air temperature at various
heights since 1958 when a 30 ft windmill tower was erected near an
orchard. Minimum registering thermometers in inverted L-shelters were
secured to the tower 1, 5, 10, 15, 20, and 28 ft above ground. In 1959,
U. 8. Weather Bureau Cotton Region Instrument Shelters were installed
on the tower 5 and 28 ft above ground. Recording thermographs pro-
vided continuous temperature records. Since 1966, towers fashioned from
three utility poles, with shelters 3 and 45 ft above ground, equipped with
recording thermographs, have been in operation during the winter
months. The towers are located at: Adams Gardens, south of Highway
83, bhetween Harlingen and La Feria; Citrus Center South Research
Farm, south of Highway 83 on Farm Road 1015, between Weslaco and
Mercedes; Sharyland Orchards, four miles north of Highway 83 on Farm
Hoad 494, between Mission and MeAllen.

The arca under and around the inversion towers is maintained in a
sod or short turf condition,

Whenever the temperature at 5 ft was 34 F or below at any inversion
tower, regardless of wind or sky condition, the inversion was measured
and the total number of hours of inversion was recorded. Nights are
included when these temperatures were reached for only one or two
hours. The data are divided into hours when temperatures were between
34 and 30 F and when they were helow 30 F and further divided into
early night, 8§ PM - 1 AM, and late night, 1 AM - 7 AM. The presenta-
tion gives the frequency of inversions, their strengths, and their distri-
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hution through the night, Records for Weslaco are from 1938 to 1970,
and for Adams Gardens and Sharyland from 1966 to 1970,

RESULTS

At Weslaco, the 34 - 30 F range occurred in 11 of the 12 winters,
below 30 F in 6. At the other locations, 34 - 30 F oceurred in all 4 win-
ters, below 30 F in 2 at Adams Gardens and 3 at Sharyland,

Inversions between 5 and 28 ft at Weslaco, 1958 to 1966. Inversions
at Weslaco from 1958 to 1966, measured between 5 and 28 ft, are shown
in Fig. 1. Involved were 7 winters with 24 nights, including those that
were windy and overcast as well as nights of radiation cooling. The
solid part of the bar in the figure represents hours when the temperature
at the 5 ft level was less than 30 F; the cross-hatched portion, hours in
the 34 to 30 F range.

In the early night there were 51 hr in the 34 - 30 F range. Sixteen
hours with no inversion were recorded on 3 windy, overcast nights, one
of them the first night of the major freeze of January 1962, In the late
night there were 73 hr in the 34 - 30 F range with 21 hr of no inversion.
These 21 hr were accumulated on 7 nights, the second night of the 1962
freeze and 6 others when clouds appeared and windspeed increased re-
sulting in a complete disruption of tEe inversion.

BPM -1 MM Z M -T7 MM
WESLACD

Total Hours
— e E ™3 {95
=1 th v =]

(E ]

0
0 2 4 &5 8 10 12+ 02 4 6 B W 12+

Inversion F Inversion F

.1esst.i1an3ﬂlF 311‘.031]1—'

Figure 1. Total hours of inversions of different strenpths, measured between
5 and 28 ft whenever 5 ft temperatures were 34 - 30 F and below 30 F, Left: early
might, & PM - 1 AM. Right: late night, 2 AM - 7 AM. At Weslaco, 1958 to 1966,
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The total number of hours when temperatures were 34 - 30 F and
less than 30 F and the percentage of these hours with inversions of 5 F
or more, 1 - 4 F, and less than 1 F are presented in Table 1. Inversions
of 5 F or more are shrong inversions and of value when cold protection
systems are used. Inversions in the range 1 - 4 F represent mostly transi-
tional stages during which the inversion is either building or breaking,
Inversions of less than 1 F are essentially no inversion, and were genem%—
Iy associated with windy or cloudy conditions.

With a total of 124 hr in the 34 - 30 F range strong inversions
were present 317 of the time, the transition stage 39%, and no inversion
30%., While most of the cold hours oecurred in Iate night, the distribu-
tion of inversion strengths was similar in both parts of the night. Tem-
peratures less than 30 F occurred for 44 hr; strong inversions were present
45%, and no inversion 43% of the time. Strong inversions were present
55% of the hours early in the night. No inversions were present 347%
of the hours late in the night.

Inversions bhetween 5 and 45 ft at Weslaco, Adams Gardens, and
Sharyland, 1966 to 1970. From 1966 to 1970 the 45 ft towers were used
at three locations. At Weslaco temperatures 34 to 30 F occurred in every
winter for a total of 13 nights; below 30 F in two of the winters for a
total of 4 nights. At Sharvland 54 to 30 F oecurred in each winter for a
total of 9 nights; below 30 F in three winters on 4 nights. At Adams
Gardens 34 to 30 F occurred in each winter for a total of 13 nights; be-
low 30 F in two winters on 2 nights,

While no extreme cold of long duration ocemred between 1966 and
1970 the rate of accumulation of cold hours was similar to that in the
period 1958 to 1966, At Weslaco there were 165 hr below 34 F during
eight winters from 1958 to 1966 and 97 hr during four winters in the
1966 to 1970 period,

Table 1. Total hours when temperatures at the 5 ft level were 34-30 F
and less than 30 F and the percent of these hours when inversions were
5 F or more, 1-4 F, or less than 1 F. Weslaco, Texas, 1958 to 1966.

ﬁme’ o To_tai H -'.Im

S#r;gfh ;Iﬂwmnn e

5 pr more 140 4 Le.w f..ﬁ:m 1
(percent of tofal hours)
34 to 30 F
BEPM -1 AM 51 a7 42 31
2 AM - T AM T3 a3 a8 29
less than 30 F
8 PM -1 AM a0 53 15 a0
2°AM - T AM 24 42 4 54
# Mensured betwern 5 and 28 ft
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In Fig. 2 the inversion strength between 5 and 45 ft and the total
hours when the temperature was less than 34 F are presented for cach
location, and for early and late night. The solid portion of the bar
represents hours when temperatures were less than 30 F; the cross-
hatched, hours in the 34 - 30 F range.

Mast of the cold hours ocourred in the late night. No hours below
30 F occwrred in the early night. Only at Sharyland were there any cold
hours with no inversion in the early night. On virtually all cold nights
inversions were building during the early hours. The number of hours
with strong inversions in the second half of the night indicated that the
inversions tended to persist.
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Temperatures below 30 F occurred for only 10 hr at Sharyland, 5
hr at Weslaco, and 2 hr at Adams Gardens. These have heen included
with the hours in the 34 - 30 F range and are presented in Table 2 as
Liours below 34 F. At Weslaco, with a total of 97 hr, strong inversions
were present 635 of the time, the transitional stage 33%, and no in-
version 4%. At Adams Gardens, with 958 hr, strong inversions were
present 36% of the time, the transitional stage 59%, and no inversion
3% . At Sharyland, with 55 hr, 33% had strong inversions, 44% transi-
tional, and 21% no inversion. The distribution between early and late
night was similar at Weslaco and Adams Gardens, At Sharvland inver-
sions were absent a greater percent of the time in the early night than
in the late night.

DISCUSSION

At Weslaco, during the 12 winters from 1938 to 1970, there were 42
nights with a total of 265 hr when temperatures 34 F and below were
recorded. Stmn% inversions were present 46% of these hours and no
inversion 22% of the hours. There were 13 nights with a total of 55 hr
of temperatures below 30 F. Strong inversions were present 367 of
the time and no inversion 427%.

At Adams Gardens the inversion pattern was similar and of about
the same frequency as at Weslaco.

Sharvland had the least number of hours below 34 F, The inversion
pattern differed somewhat from that at the other locations in that in-
versions formed later in the night and did not have strengths over 10 F.
The difference can be partially accounted for by changes in land uvse in
the vicinity of the tower. At the time of installation, when the Shary-
land tower bordered om a pasture and a fallow field, the inversion pat-
tern was similar to that o} the other locations where the towers were

Table 2. Total howrs when temperatures at the 5 ft level were 34 F
or less and the percent of these hours when inversions were 5 F or more,
1-4 F, or less than 1 F. At Weslaco, Adams Gardens, and Sharyland,
1966 to 1970.

Eomt;u Time Total Hours ‘itf_t'nﬁ?h af fnnef:wﬁ;f"
3 or more 1ted less than 1

(Percent of total hours)
Weslaco 5 PM-1 AM 23 T4 26 0
2 AM-T AM T4 60 35 5
Adams Gardens 8 PM-1 AM 16 A4 56 0
2 AM-T AM 82 34 i1} i)
Sharyland 8 PM-1 AM 11 a6 9 55
2 AM-T7 AM 44 34 52 14

# Measured between 5 and 45 fi,
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in areas having a short weed and grass cover during the winter months,
The following spring an orchard was planted on three sides of the tower
and chemica% weed control with no tillage was established. The next
winter the inversion pattern changed. The bare. undisturbed soil in the
orchard absorbed heat well during the hours of sunlight and radiated
the stored heat on nights of radiation cooling, Since such a soil stored
more heat than a less efficient absorher the surface did not become as
cold under radiation cooling as would a recently cultivated or sodded
soil. With the lower air layers cooled more slowly inversions did not
develop as early and were not as strong as they were over other sur-
faces. At the Citrus Center when a tower was moved into an orchard
under chemical weed contral with no tillage the inversion pattern
changed radically. The temperature at the 5 ft level over the undisturbed
orchard soil on nights of radiation cooling was from 1 to 5 F warmer
than the 5 ft temperature over an open, sodded area.

When temperatures at the 5 ft level are 34 F or lower and typical
frost or radiation conditions exist, temperature inversions frequently
develop. Inversions exist because of rapi(% cooling of the lower air layers
and, since this is where the plants are, the need for cold protection in-
creases in the presence of strong inversions. Fortunately, any cold pro-
tection system is more efficient when inversions are present. The natural
disruption of an inversion during the night by twrbulence usually modi-
fies temperatures and is to the grower’s advantage.

Temperatures from 34 to 30 F are important to vegetable growers
with tender crops since under radiation conditions temperatures at the
1 ft level are typically several degrees colder than those at the 5 ft level.
At Weslaco, between 1958 and 1970, there were 29 nights in the 34 - 34 F
range. Ten had strong inversions during all the cold hours; another seven
had strong inversions during some of the cold hours. This suggests con-
siderable potential for protecting low growing crops from frost damage.

Temperatures below 30 F are critical for citrus. In the Lower Rio
Grande Valley only a small portion of the total cold hours and total cold
nights are in this range. In 12 winters there were 535 hr below 30 F as
compared to 210 hr in the 34 - 30 F range. Widespread damage to citrus
occurred on one occasion during the period of record, the January 1962
freeze. The coldest and most damaging night of that freeze had strong
inversions and properly used cold protection systems afforded some pro-
tection even under these extreme conditions. On several other occasions
hetween 1958 and 1970, minor cold injury to citrus was reported in
scattered loeations in the Lower Rio Grande Valley., These occurred on
nights of radiation cooling when cold protection systems would likely
have prevented or reduced the damage sustained.

The authors wish to acknowledge the assistance provided by the
following: Sharyland Nurseries and Crockett Groves, Inc, for providing
sites for towers, Mr. W. T, Ellis and Mr. Blaine H. Holcomb for pur-
chasing a recording instrument to replace one stolen from a tower, and
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Central Power and Light Company for supplying and erecting utility
poles for the inversion towers.
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A Field Test of Several Freeze Protectant Sprays
on Young Grapefruit Trees

Jomnx E. Foox

Abstract:  Solutions of Foli-gard, an anti-transpirant; TD 692, experimental
growth regulator; L-cysteine and L-ghitamic acids; decenylsuecinic acid and FXT-X,
a fermentation process by-product, were spraved on voung grapefroit trees prior to
a forecasted freeze. After three weeks of alternating warm and coal weather freez-
mﬁ temperatures did occur, None of these materials provided any real significant
reduction in freeze injury to young shoots nor did they influence subseqguent tree
growth, Because of certain consistent effects four of the materals might he worthy
of further testing,

INTRODUCTION

The search for methods of protecting citrus from freeze injury has
oceupied citrus scientists throughout much of the world,

The conventiomal approach to citrus freeze protection is to modify
the weather by heating, sprinkling, using wind machines, windbreaks
and other devices. A second approach is to desensitize the trees to low
temperature effects by indueing dormaney, preventing intracellular wa-
ter from freezing, or preserving cell structure and function. Under the
second approach some growth regulators, particularly maleie hydrazide,
have shown promise in inducing dormancy (2, 5, 20). The use of
decenylsuecinic acid (DSA) to protect eell membranes from disruption
by freezing has been unsuccessful in limited trials with citrus (11, 22).
Preventing Hssue dessication, which usually accompanies or follows
Freezing, by anti-transpirant sprays has protected some plants from
winter injury (6). Anti-transpirants can reduce water loss from citrus,
but they have not been effective in freeze protection (7).

Much research has been done on the changes a plant undergoes with
the onset and perpetuation of dormancy, on a plant’s response to freez-
ing, and on the nature of freeze injury (14, 16, 23). Generally increases
in cold hardiness are accompanied by increases in cell sugars, conduc-
tivity of the cell sap, membrane permeability to polar substances, and
decreases in the "unhound” water within the tissues (13). Russian
workers have found that a decrease in free amino acids accompanies
increased cold hardiness in apple buds (15). In eitrus, increases in

1 Cooperative citrus research of Texas A&l University Citrus Center and Texas Agri-
cultural Experiment Station, Weslaen,
2 Aszociate Professor of Apricalture, Texas A&T University Citrus Center, Weslaeo,
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suftars, electrical conductivity, and “hound” water accompany increased
cold hardiness (10, 24). While most of these phenomena are apparently
responses to weather changes, the possibility of blocking or enhancing
these natural plant responses remains a plausible and attractive challenge
to plant scientists (8§, 9, 17). This paper reports the effectiveness of
several materials in protecting the voung shoots of grapefruit trees from
freeze injury under Held conditions.

MATERIALS AND METHODS

The trees used in this test were 10-month-old nucellar Redblush
grapefruit planted 4 ft apart in a hedgerow in the South Research Farm
of Texas A&l University Citrus Center, Weslaco. The hedgerow ran
north and south between an open field and a blacktop highway, Within
the row 11 plots of four consecutive trees each were selected. Each plot
was separated by one or two guard trees. Beplications were randomly
assigned to the four trees in each plot and treatments were randomly
assigned to the plots,

The materials tested for freeze protection are listed in Table 1. Ac-
cording to the manufacturer TD 692 had shown growth regulator and
frost protection effects in preliminary tests on deciduous trees. An in-
crease in tissue sugar content was noted on treated plants. Foli-gard is
an isopropanolic amine anti-transpirant which has proven effective on
certain ornamentals (18). L-cysteine and L-glutamic acid are two of the
basic amino acids found in proteins and were included because of evi-
dence linking proteins with cell hydration-dehydration processes and
hecause of the role lipo-proteins play in membrane function. DSA was
included because it increased freeze resistance of apple and peach
blooms (11), FXT-X is apparently a by-produet of a fermentation pro-
cess, Its formulation and nature were not supplied by the manufacturer
who only noted that it seemed to impart frost resistance to St. Augustine
turf, Multi-film Buffer X is a non-ionic surfactant commonly used in
pesticide sprays. Ewvidence that DMSO facilitates movement of sub-
stances through plant and animal tissues is well-documented (1),

On Jamuary 16, 1967 freezing temperatures were forecast for the
mid-Rio Grande Valley for the evening or early morning of January 18-
18, In view of this forecast the test materials were prepared and applied
to the trees with a 2 gal garden sprayer between 4 and 5 PM, January
168. The trees in treatments 1A and 1B each received 1 liter of solution
while the rest of the trees received 0.5 liter cach, The temperature was
62 I, the RH. 60% and the wind was S.E. at 8-10 mph. There was a
bright sun and seattered clouds.

The cold weather forecast for January 18-19 did not materialize.
Typical alternating warm and cold periods prevailed until a cold fromt
with freezing temperatures moved into the area on February 6. Mini-
mum temperatures of 24-26 F were registered on the morning of Febru-
ary 8 by sheltered thermometers near the treated hedgerow. A tempera-
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Table 1, Dcscriptii:ﬁn,_mnﬁeﬁtmﬁcln and source of expeﬁmental freeze protectant sprays applied to Redblush

grapefruit trees,

Treatment MATERIALX Concentration Additives® Source of Material
1A TD 602 1 ppm None Pennsalt Chem. Corp.,
Bryan, Texas.
1B TD 832 1000 ppm None - Same as above
2A Faoli-gard 0% Mone E-Z-Flow Chem. Co.,
Lexington, Kentucky.
aB Foli-gard 405 MNone Same as above
84 L-cysteing 2000 ppm 10% Dimethyl- Amine acid:
sulfoxide Pfanstieh]l Lahs., Inec.,
(DMSO) Wankegan, Ilinois.
DAISO:
Crown-Zellerbach
Lumber Co., Chem. Div.,
Camas, Washington,
3B L-cysteine 2000 ppm 0.5% Muld- Muld-film Buffer X:
film Buffer X Colloidal Prad. Corp.,
Sausalite, California.
4 Decenylsuccinic 0L.5% 0.3% Multi- DEA:
acid (DDSA) film Buffer X Humphrey Chem. Corp.,
MNo. Haven, Connectieut,
5A L-glutamic 200 ppm 0,5% Mult- Amino acid:
acid film Buffer X Pfanstiehl Labs., Ine,
Wankegan, Illinois,
5B L-glutamic 1000 ppm 10% DAMSO Same as above
aci
G FXT-X 255 0.5% Multi- FXT-X:
film Buffer X Conservation
Products Corp.,

San Antonio, Texas,

* All solutions were made l.lp_‘w_iﬂl tap

water to the final concentrations indicated,



ture resumé of January 16 through February 8 follows:
Daytime Temp Range (F) Nightime Temp Range (F)

January 16-26 60 - 80 50 - 60
Janunary 27-29 55-75 38 - 55
January 30 -

February 5 60 - 80 50 - 60
February 8-5 45 - 65 24 - 45

Freeze damage was assessed by determining the percentage of dead
and injured shoots on each of four randomly selected branches on each
tree. Injured shoots were those whose tips or leaf margins were killed
by freezing. The average length of new shoots was also determined by
measuring 10-20 live shoots on each of these branches. The above data
were collected on February 16 and 17. In July, 1968, the height of each
tree and its trunk diameter one inch above the bud union were meas-
ured to determine if any of the treatments had influenced subseguent
srowth of the trees.

For statistical analysis the percent values for the dead and damaged
shoots were transformed to angles by the equation, angle = Are sin
' percent value (19). All the data were subjected to analysis of variance
to evaluate treatment differences (3). Where appropriate, Duncan’s
Multiple Bange Test was employed to separate differences between
treatment means (12).

RESULTS

The amount of freeze injury sustained by the treated trees and the
subsequent shoot growth are shown in Table 2. With such a wide range
in the number of shoots killed or damaged on individual trees significant
differences would not be anticipated. Consequently the statistically sig-
nificant difference in the percentage of shoots damaged between the 407
Foli-gard treated trees and the 100 ppm TD 692 and FXT-X treatments
is difficult to interpret, especially since there were no significant differ-
ences in the number of shoots killed or in shoot length. Considering,
however, the total dead and damaged shoots the ten treatments except
for glutamic acid with DMSO and TD 692 {100 ppm) seem to segregate
into two groups, those showing considerably less and those showing some-
what more injury than the controls. The sharp increase in damage
between DSA and the controls emphasizes this break. It appears some
treatments may have increased wﬁile others decreased the trees sus-
ceptibility to this particular freeze, but only further testing can determine
the accuracy of t‘}lis observation,

The average shoot length showed no evidence of being affected
by the treatments. An examination of the trees 10 days after being
sprayed showed no obvious growth effects from the treatments,

The assessment of growth in the vear succeeding treatment was
mide because there appeared to be marked differences between the
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]g]mt:f:-s of trees in the hedgerow, This observation was not supported
v differences in tree height and trunk diameter (Tahle 2).

To test the possibility that freeze injury might be related to the
tree’s vigor or overall growth capacity the multiple correlation between
percent dead and damaged shoots, shoot length and trunk diameter was
examined, If the tree’s vigor influenced freeze injury or conversely if
freeze damage affected subsequent growth it should be reflected in
significant correlations between these factors. This multiple correlation
wis caleulated and the results indicated no significant relationships be-
tween any of the factors mentioned,

DISCUSSION

Although many factors have been implicated in a plant’s ability to
resist freezing recent reviews suggest that no single factor is responsible
but several act in concert and all are affected by macro and micro cli-
matic effects (14). Also the behavior of cell water at freezing tempera-
tures is not well understood (4, 16, 25). Though Levitt indicated that
artifically increasing the sugar concentration in plant tissues seldom in-
creased freeze resistance, the induction of this process in the plant still
remains plansible (13, 21). Field testing of any methods that could
affect these processes remains a valid adjunct to basic studies in plant
hardiness.

While this experiment was intended to test the short term value of
these materials for freeze protection, the change in weather dictated it
be a study of residual effectiveness. None of the sprays displayed any
unusual long-lasting freeze protecting qualities since there was no con-
silstant treatment response between the percent dead and damaged
shoots.

The treated trees did tend to fall into two distinct groups relative
to the controls, those showing less freeze injury, shorter new shoot
rrowth, and greater tree growth and those having more freeze injury,
onger new shoots, and less tree growth. Further testing would be ne-
cessary to determine whether these materials might offer short term
freeze protection or consistently influence citrus trees’ response to low
temperatures. On the basis of these results Foli-gard, L-cysteine, DSA,
and perhaps L-glutamic acid would seem the most promising materials
to use again,
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Table 2. The effects of experimental freeze protectant sprays on freeze injury, new shoot length and growth
of Redblush grapefruit trees.

Treatment % Shoots % Shoots Total Dead Shout Avg. Trunk Ava, Tree
Damagedw Dead + Damaged f-en Diameter® Heighe*
Na. Description Shoots {Cm J' {Cm.) {Ft.)
28 40% Foli-gard 0.0 a 5.3 5.3 2.9 7.1 17
5A L- glut‘arnm xul:ld 0.2 ab 7.1 7.6 243 6.1 A.6
Multl ??m}l
3A L-cysteine 448 ab 0.7 6.4 1.0 7.1 7.6
i 2000 ppm —+
DMSO}
5B L-glutamic acid 5.4 ab 11.6 199 3.4 6.8 7.6
flﬂﬂﬂ' ]}ZDIIFI'-I‘l +
< 3B L—cysi:eme 5.8 ab 0.5 71 2.6 7.0 77
{ 2000 pom T
Multi-film
24 20% Foli-gard 6.0 ab 1.6 8.3 Lo T4 B3
4 Decenylsuccinic 6.6 ab L1 8.0 3.0 6.5 7.1
aci
7 Control 6.6 ab 7.0 16.2 2.7 .4 7.2
1B TD 692 10,00 ab 1.7 26.6 2.6 G4 6.8
( 1000 ppm
1A TD 6892 118 b 21 14.7 2.8 7.1 T3
(100 ppm)
& FXT-X 140 ¢ 7.1 242 3.2 6.6 7.0
ey NEE N.SE NEE N.8Z N.SZ

w Values followed by a conunon letter are nut st&tisnmlg‘
% Tree height and diameters were measured in July, 196

ol mgmflcanﬁy different at 1% level.
z N,S. — no significant difference.

different at the 1% level using Dunean’s Mulliple Range Test,
ca. 18 months after freatment.
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Association of Tobacco Ringspot Virus with
Blossom End Rot of Watermelon!

Cravpe E, THoMAS?

Abstract: A small ficld of “Charleston Grey” watermelon {Citrullus lanatus
[Thunh.] Manst, ), in which there were both blossom end rot and TRSV was studied,
OF 604 melons harvested, 21% were pimpled, 18% had blossom end rot, 9% had
visible symptoms of both pimples and blossom end rot, and 52% showed no symp-
toms of cither disease. Watermelon fruits infected with TRSV may be more sus-
ceptible to blossom end rot than are fruits that are free of the virus

INTRODUCTION

In the Lower Rio Grande Valley, where blossom end rot of water-
melon (Citrullus lanatus [Thunb.] Mansf.) is prevalent, there is also a
high incidence of tobacco ringspot virus (THSV) infection. This in-
vestigation was conducted to determine what association might exist
between blossom end rot and TRSV infection,

MATERIALS AND METHODS

A small field of “Charleston Grey” watermelon, in which there were
both Blossom end rot and TRSV was chosen for study. Counts were
made of the total number of fruits harvested, the number with blossom
end rot, and the number with visible symptoms of TRSV, or pimples {1).
Fieces cut from melons served as the inoculum source for local lesion
assay hosts of TRSV in the greenhouse.

RESULTS AND DISCUSSION

Of 694 melons harvested, 219 were pimpled, 18% had blossom end
rot, 9% had visible symptoms of both pimples and blossom end rot, and
520 showed no symptoms of either disease. Inoculations from these four
categories of fruits from this field had the following results:

Category of melon Percent recovery of TRSV
Healthy 13
“Pimpled” 46
“Blossom end rot” 45
“Pimples” and “blossom end rot” 25

Obviously, visual appraisals do not detect all virus-infected fruits,

1 Cooperative investigations of the Crops Besearch Division, Agricultural Research
Service, U, 8§ Department of Agriculture, and the Texas Agricultural Experiment
Station, Weslaco, Texas,

2 Research Plant Pathologist, Crops Research Division, Agricultural Research Serv-
fce, U. 5 Department of Agricolture, Weslaco, Texas.
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since 13% of those categorized as “healthy” showed positive viral infec-
tion. Also, the virus was recovered from only 46% of the fruits with
visible symptoms of infection. The most important result, however, was
the recovery of TRSV from 45% of the melons with symptoms of blossom
end rot only. The importance of this can be seen if one considers that
this category would be considered “healthy” if visual appraisal only were
used to detect the presence of TRSV. The fourth category, “pimples and
blossom end rot,” vielded a 25% recovery of the virus. The explantation
of this rather low percentage of recovery may lie in the fact that fruits
with these symptoms were often more completely decayed at harvest
than were other fruits, thus yielding poor tissue for virus recovery.

Watermelon fruits infected with TRSYV may be more susceptible
to blossom end rot than are fruits that are free of the virus. This may be
due in part to an upset of normal morphological development in TRSV-
infected fruits (Figure 1).

LITERATURE CITED

1. Rosberg, David W. 1953, Association of a strain of the tobacco
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Figure 1. Malformed fruit of Charleston Grey watermelon with blossem end rot
and TRSV infection,
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Conditioning Onion Bulbs in a Mechanized
Production System

Wayne LePori, Cuarces Brown and Paurn Leeregr!

Ahgtract:  Artificial conditioning tests on freshly harvested onions has shown
that bulbs can be adequately prepared for grading in 45 hours or less using heated
forced air. Air temperatures near 95° appear to be most desivable and air flow rates
ahove T ofm per cubic foot onions does not appear to reduce conditioning time.  Other
information is included in this paper which may be useful in design of artificial
conditioning systems.

INTRODUCTION

South Texas has gained a reputation for producing mild, sweet
onions. These high-quality onions are in great demand in the early
spring since Texas is the only state where onions are being harvested for
2 to 3 months each year, These factors have contributed in making onions
the leading vegetable crop produced in the state.

The major criticism of Texas™ short-day onions is their keeping qual-
ity. Sometimes the onions deteriorate in shipment, and this is primarily
attributed to improper curing caused by adverse weather conditions.
Harvesting practices vary, but most onions are field cured in sacks. High
humidity and warm temperature exist at harvest time, and these condi-
tions are conducive to infection of bulbs with decay organisms., Rainfall
at harvest time also increases the risk of losses due to these decay or-
Eanism.

To maintain stable prices and good markets, the keeping quality of
Texas onions must be improved. Artificial conditioning of bulbs at har-
vest has potential of reducing problems of bulb decay during the mar-
keting process. In addition, it provides a method to reduce risk of losses
from rains and permits a more uniform flow of onions through the pack-
ing shed during adverse weather conditions. With mechanized harvest-
ing, artificial conditioning is anticipated to be more important in pre-
paring bulbs for grading and reducing risk of losses,

Although several commercial installations are in operation in South
Texas, engineering design information is lacking. Optimum air flow
rates, air temperatures, resistance to air flow through bulbs and con-
ditioning time need to be estabilshed for designing an efficient condi-
tioning svstem,

Experiments in artificial conditioning of onion bulbs have been

1 Authors are respectively, Research Associate, Research Assistant, Agricultural En-
pincering Department, Texas A&M University and Associate Professor, Texas AdM
University Research and Extension Center, Weslaco,
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initiated at Texas A&M University in conjunction with mechanical har-
vesting tests. The purpose of this paper is to present preliminary results
from these tests.

PREVIOUS WORK

Most artificial conditioning studies have been devoted to controlling
decay organisms in storage onions. These studies }1, 3, 4, 6) have shown
that forced-air systems can be used to satisfactorily cure onions for stor-
age where field curing was unsatisfactory. Results of several studies
are summarized below.

In California, Hoyle (4, 5, 7) found that artificial curing was high-
ly satisfactory even w]:';’ere green tops were added. He used a sack dryer
with air at a rate of 1 cfm per pound onions and temperature maintained
between 105° and 118°F. Early Grano Variety onions were included
in the tests and he concluded that bulbs could withstand 115°F for as
long as 16 hours without damage.

Rosberg and Johnson (8) compared infra-red to several other
methods including heated forced air for curing South Texas onions. A
three-minute exposure time was found to be adequate to control neck
rot with gas-fired infra-red maintained at 250°F. Neck rot was also ade-
quately controlled using air maintained at 116°F to 118°F at a rate of 16
cfm per pound omions for 24 hours.

In Oregon, Vaughan, Cropsey and Hoffman (9) have studied ef-
fects of artificial drying in the control of neck rot in stored onions. Their
studies included experiments with onions topped immediately after lift-
inE. Sixteen to 24 hours curing time gave excellent control of neck rot
where air temperature was maintained at 115°F, but up to 72 hours was
required where air temperature was 95°F. Shrinkage losses due to arti-
ficial drying were negligible in all cases.

Franklin, Works and Williams (3) conducted experiments in arti-
ficial curing of Yellow Sweet Spanish Onions for storage in Idaho, They
used natural air at the rate of 1.5 efm per cubic foot of onions to cool
bulbs to 33°F to 35°F as well as cure bulbs for storage. After onions
were cured, air flow rates could be reduced by approximately one-half
for aerating onions in storage.

Ang, Isenberg and Hartman (1) have studied effects of air tempera-
ture, humidity and firmness of bulbs in curing storage onions in New
York. They concluded that the best treatment for curing onions was a

erature of 50°F and 50 to 65 percent relative humidity. With these

tem
mngltions and an air flow rate of 0.05 cfm per pound of onions, approxi-
mately 15 days were required to cure bulbs.

OBJECTIVES OF ARTIFICIAL CONDITIONING

Artificial conditioning is nsed in this paper to denote the prepara-
tion of bulbs for grading after harvesting. Curing or drying are terms
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commonly used to describe the time period between harvesting and
grading. Curing has been defined as a moisture removal process, but no
index has been established to indicate degree of curing. Personal judge-
ment through visual inspection is the most common method used by
researchers and industry personnel, to evaluate degree of curing.

Appearance of bulbs is an important factor affecting sales, so the
primary objective of any process after harvesting should be to obtain
an appealing appearance and maintain keeping quality of bulbs. Arti-
ficial conditioning includes this among the objectives which are sum-
marized as follows:

1. Dry outer skin and toughen bulb to prevent damage in grading
and marketing.

2. Dry neck to destroy and prevent entrance of decay organisms,

3. Dry soil adhering to bulb so that brushes in grading lines can
clean bulbs,

4. Improve keeping quality and maintain clean appealing appear-
ance of bulbs,

EXPERIMENTAL FROCEDURES

Onions used in conditioning tests were mechanically harvested with
the TAMU Experimental Onion Harvester, Roots were not clipped ex-
cept for these cut by the digging blade of the harvester. Bulbs were
transferred to conditioning bins by hand and doubles, seedstalks and
other culls were removed at that time.

The conditioning unit is shown in Figures 1 and 2. Rate of air flow
through onions was measured with an orifice attached to the intake duct
of the fan. An LP gas heater with modulating control valve heated air
to desired temperature in the intake duct. Since air was heated in the
intake duct, the fan mixed air thoroughly to provide uniform air tem-
perature before it was forced through the onions.

Three bins having a volume of approximately 33 cubic feet each,
provided a 12 foot column of onions. Air was blown horizontally
through onions and a layer of foam rubber inserted above the onions
to prevent air channeling along the top surface. Each bin was weighed
at the beginning and end of tests, and capacity of the three bins when
filled was approximately 1.75 tons,

Wet-bulb and dry-bulb temperatures were measured for outside
air and air leaving onions. Dry-bulb air temperatures were measured
with thermocouples at depths of 0, 4, § and 12 feet. Temperatures ap-
proximately 1% inch deep in onion bulbs were also measured at 0, 4, 5
and 12 feet,

After completing a conditioning test, bulbs were graded at a com-
mercial packing house and a portion of the bulbs nsed in a small mar-
keting test.
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Figure 1. Experimental artificial conditioning it showing heater  duet, fan,
transition duct, bins and instromentation.

Figure 2, Experimental artificial conditioning uvnit showing onions where air is
lewving bing,
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OBSERVATIONS

Resistance of onions to air flow is shown in Figure 3. Resistance
will vary slightly with size and amount of trash in onions, but this curve
should permit an estimate for unsized field run medium and large
onions. Larger installations may have less channeling of air along sides
and this could cause higher values than those shown, However, system
static pressure is essential in selecting a fan for a specific design and
this curve is included for determining an estimate of resistance to air
How through the onions,

Air flow rates are also important in system design and fan selection,
but optimum air flow rate for rapid curing has not been determined from
the limited tests conducted to date. Air channeling within the onion mass
is evident and flow rates must be adequate to provide conditioning of
the entire mass. However, flow rates higher than 7.0 cfm per eubic foot
of onions have not appeared to deserease conditioning time within the
test unit. Bulb maturity at harvest is the most important factor affecting
conditioning time, and the more immature bulbs require longer times.

The changes which occur within the onion mass during condition-
ing is illustrated in Figures 4 through 7. These data were obtained from
transplanted Yellow Granex onions harvested when less than 15 percent
of the tops were lodged. Artificial conditioning began immediately after
harvesting,

Air temperatures at various depths within the onions are shown
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Figure 3. HResistance of air flow throngh field mon medivm and large onions.
109




in Figure 4. The evaporative cooling effect on air temperature is very
evident in the first few hours of conditoning. Temperatures approxi-
mately 14 inch below surface of onion bulbs are shown in Figure -é By
comparing Figure 4 to Figure 3, it is seen that bulb temperatures rapid-
lv approach air temperature.

Early tests revealed “over-conditioning” when air temperatures were
maintained at 105°F. Apparently several ﬁt}rers were partially dried and
created loose fitting exterior scales. As the exterior scales continued to
dry after grading, they exhibited a wrinkled or “dimpled” appearance.
Reducing air temperatures resulted in a firmer bulb, In the test shown
in Figures 4 and 5, air temperature was reduced to 95°F when bulb
temperature reached 100°F. Natural air could probably be used much
of the time for conditioning except when humidities are extremely high.

Percent saturation of air entering and leaving onions is shown in
Figure 6. The moisture in the air leaving onions has a decreasing trend
over the entive conditioning pericd and even drops below that of air
entering onions for a short time period. During this period. the onions
are taking moisture from the air rather than giving off moisture, This
is more evident when the approximate curve of the percent moisture
removed from onions, Figure 7, is examined. During the period from
approximately 44 hours to 52 hours, moisture was being added to ondons
ani; conditioning beyond 44 hours in this case was apparently of little
ViLe,
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Figure 4, Temperatures of aiv thronghout conditioning wnit during artificial con-
ditioning test where air flow rate was 7 CFM per cubic foot of onions,
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SUMMARY

From observations of conditioning tests, it appears that heated forced
air can be used to adequately condition bulbs for grading. Bulb matur-
ity was observed to be the most important Factor affecting conditioning
time. However, with air flow rates of approximately 7.0 ¢fm per cubic
foot of onions and air temperature maintained at 95°F, freshly harvested
onions ean be conditioned in 48 hours or less,

Tests need to be established to indicate bulb maturity at harvest
and degree of curing of bulbs prior to grading and shipping. Moisture
content in the neck of bulbs appears to have potential for such a test.
A standard establishing maximum moisture content permitted in necks
of onions hefore shipment might offer the industry a more adeguate
means of controlling quality.

Examples of conditions occurring within the onion mass during an
artificial conditioning test are given to provide a more thorough under-
standing of the process, Some of this information should be useful in
design of artificial conditioning systems.

QUMULATIVE PERGENT MOISTURE LOSS
BASED ON INITIAL WEIGHT
w
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Figure 7. Approximate weight loss of onions during conditioning. Values were

determined from air conditions entering and leaving onions,
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New Techniques in Harvesting South Texas Onions'

Wayxe LePors, Pavr Leeper and Puice Hoscoop?

Abstract:  Design principles and field test results for an experimental onion
harvester are presented. The machine digs, lifts, tops and conveys bulbs to bulk
bins which are used to haul them from the field, Field tests revealed bulbs can be
aceurately topped so that there are less than 2.5 percent bulbs with neck length of
more than bwo inches. The machine provides a potential for mechanically harvesting
Texas onions when hand labor is no longer available or economical,

INTRODUCTION

With approximately 28,000 acres and 20 million dollars in value,
Texas leads a?] other states in value and acreage of onions produced (5}.
Approximately 80 percent of the state’s onions are produced in South
Texas which has a reputation for producing high quality, sweet onions.

All of the onions produced in Texas are presently hand harvested.
Sixteen man-minutes of labor are required for harvesting a 50-pound
sack. Ninetv-five percent of this time is consumed in pulling the onions,
clipping tops and roots and sacking (4). Increasing cost of hand labor
and decreasing availability of seasonal labor makes mechanizing the har-
vest phase of production economically attractive.

Work has been initiated at Texas A&M University to develop a
mechanized onion production system with emphasis on mechanizing the
harvest. The purpose of this paper is to deseribe principles of a har-
vesting machine which has been developed and tested at Texas A&M
which appears to have potential for mechanizing the onion harvest.

HARVESTER REQUIREMENTS

A harvesting machine must satisfy many requirements before it can
be incorporated into a production system. There are several unigue
factors that must be considered in relation to mechanizing onion harvest-
ing in Texas,

Harvesting practices vary but are influenced primarily by market
prices. Lodged tops are an indication of natural bulb maturity, and when
a field has approximately “50 percent tops down” it is considered mature
enough for harvest. It is not uncommon for early fields to be uprooted
or undercut before natural maturity occurs to force maturity and take

1 Authql:rrizu_-d for publication by Texas Agrienltural Experiment Station as Technical
Article

2 The authors arve respectively, Research Associate, Agricoltural Engineering Depart-
ment, Texas A&M University, Associate Professor, Texas A&M University Research
and Extension Center al Weslaco and Professor and Head, Agricultural Engineer-
ing Department, Texos A&M . University,
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advantage of high, early-market prices. At this stage of maturity, many
bulbs have large green tops and a harvesting machine must be capable
of operating where these green tops exist. All onions shipped from
Texas have uniform neck lengths and rools completely removed which
provides a uniform product with an appealing appearance. Only the
shelf life of the high quality Texas onions is criticized. An ideal, mech-
anized harvesting system would leave bulbs with the same appealing
alp[.'ii;alr?nm as presently provided in hand harvesting and improve the
she re.

Recent trends in the industry toward replacing the field sack with
bulk handling methods and installation of artificial drying systems should
fit nicely into a mechanized system. A mechanical harvester should com-
F]imcnt these trends and insure a higher quality product. Risks of losses
rom high humidities and rains at harvest time should also be reduced
threugh adapting these methods.

DESIGN PRINCIPLES

Commercial machines are available and are being used in other
areas (2], but have not proved successful in harvesting the tender Texas
onions. Based on previous experimental work in California (1, 3), the
belt lifting principle was selected for initial experimental testing in Texas.
It appeared to have potential for complementing the trends in the Texas
onion industry, and was expected to provide advantages in gentle hand-
ling of bulbs, ease of separating bulbs from clods and ease of positioning
bulbs for topping.

The drawing in Figure 1 shows the principles conceived for dig-
ging, lifting and topping onions. As the machine travels down the row,
tops are lifted and directed bewteen two V-belts, A digging blade cuts

lifting baits \ ; ;

bead surface

..’.p-"

‘ﬂ *—digging blode

Figure 1. Schematic drawing showing  principles of TAMU  Experimental Onion
Harvester.
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the onion roots and loosens the soil as the lifting belts grasp the onion
tops. With onion tops held between the lifting belts, bulbs are elevated
at an angle of 30° to the ground surface until they contact two guide
belts. These belts position bulbs for accurate topping by a rotary cutter
placed above the belts.

A machine which harvested one row was built in 1968 to test the
harvesting principles deseribed above, Based on these initial tests, the
machine was modified to harvest two rows or one bed in 1969, A con-
veyor was also added to the machine to make it more closely resemble
a commercial prototype, hut primary consideration in design of the ma-
chine was to test functions of the principles in harvesting,. Much Hexi-
hility was incorporated to test the principles over a wide range of con-
ditions. Fluid power was selected as a means of power transmission and
an air-cooled engine driving a hydraulic pump provided independent
power to operate all hydraulic components,

Design details are discussed below in relation to functons they per-
form. Although a commercial version of the machine may not appear the
same a5 the one shown in Figures 2 and 3, the basic principles may be
used,

L I L NSRS | < bt A

Figure 2. Froot view of TAMU Experimental Onion Harvester, 1968,
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Lifting Lodged Tops. Floating lifting shields in combination with
flexible rotating paddles are used for lifting lodged tops, The shields lift
and align tops over the bulbs, while paddles direct the tops into the lift-
ing belts. The paddles are constructed from fabric belting material and
have a tip speed of approximately 275 feet per minute for a harvesting
speed of 1 mile per hour, They are positioned on each side of a row
and rotate in a plane parallel to the lifting belts.

Digging Bulbs. Onions grow upward and outward from their plant-
ing dept, therefore, the location of the onion base and root system is not
a function of bulb size or maturity. This characteristic permits roots to
he cut near the base of bulbs at the same time they are dug with a thin
sharp cutting blade mounted perpendicular to the direction of travel.
Position of the digeing blade is controlled by a manually operated hy-
draulic control valve and is independent of lifting belt position. Certain
weeds wrap around the blade and cause clogging, but where fields
are rt-lutix-eh- clean, it functions satistactorily.

Lifting Bulbs. Two C-section V-belts supported by spring-loaded
idlers are used to elevate bulbs to the topping unit. A rough neoprene
rubber surface was volcanized to the back of the V-belts to provide
a positive gripping surface to hold the tops while elevating bulbs. Posi-
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tion of belts above bulbs is controlled by a manually eperated control
valve. Ratio of belt speed to ground speed was found to be important
and ratios between 1.2 and 1.5 were found to provide satisfactory opera-
tion in average field conditions.

Topping Bulbs. For accurate topping, bulbs must be repositioned
in relation to the cutter, because all tops are not grasped the same dis-
tance above bulbs by the lifting belts. Guide belts consisting of AA sec-
tion V-belts placed at an angle to lifting belts form a wedge for position-
ing bulbs for topping. The wedge causes tops to be pulled down between
lifting belts as bulbs contact the guide belts and move toward the cutter.

An opening between the gaide belts of 7/8 inch permits bulbs with
stem diameters of one inch and larger to be accurately topped leaving
aﬁpmximateiy 1 inch of neck len%tﬁ. The speed of guide belts is syn-
chronized with the speed of the lifting belts to provide a surface which
is stationary in relation to bulbs for the positioning operation. The guide
belts prevent damage to the bulb during positioning and topping. A
rotary cutter consisting of serrated knife sections riveted to a hub is

laced above the guide belts for topping. A peripheral speed of 3600
cet per minute was used for the cutter in field tests, hut cutter speed
is not critical,

Loading Bulbs. After bulbs are topped, they drop onto a conveyor
which loads them into bulk bins or trailers, Rubber-covered chain with
3" rubber flights every foot was used for the elevator, The height of drop
fro;n at_lfe elevator to the hins is controlled manually by a hycﬂ'aulic con-
trol valve,

FIELD TEST OBSERVATIONS

Results of field tests during 1969 are presented in Table 1. Percent
tops down and condition of tops were two }actms used in describing field
conditions. Condition of tops was found to be the most important factor
affecting harvest efficiency, but methods of quantitatively describing it
have not been developed. Where tops were in good condition, percent
tops down has little effect on harvesting efficiency.

Condition of tops was described as good or deteriorated. Good was
used to describe the condition where tops were green in color with some
turgidity remaining in the leaves. Deteriorated was used to describe the
condition where there was no turgidity in the leaves, color was brown
and tops were weak or hrittle.

Where tops were in good condition, harvesting efficiency generally
exceed 90 percent. The guide of 50 percent tops down presently used
by growers appears to be an adequate guide for indicating maturity for
mechanical harvesting with the belt-lifting principle. Additional study
is needed to determine the optimum range of maturity for harvesting
with the belt-lifting principle, but the range of 35 to 75 percent tops
down appears to be the optimum range, Because of the large number
of bulbs being harvested, only random checks were made to determine
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Percﬂnt damaged bulbs and bulbs with ID“E tops. Bulbs with tops
onger than 2 inches were generally less than 2.5 percent and damaged
bulbs less than 3 percent. Damaged bulbs were generally caused by
the digging blade cutting bases of the bulbs, and could be reduced with
some type of automatic gauging device to control depth.

Certain cultural practices were found to be more compatible with
these harvesting principles than others. Straight drill rows with uni-
formly-spaced hugs 2% to 3 inches apart are ideal for the machine.
Crowding of bulbs in the row or scatter row plantings decreased the
harvester effectiveness. These conditions slightly decreased harvesting
efficiency and the percent long tops increased somewhat.

Table 1. Summary of field tests with 1969 Texas A&M experimental
onion harvester. Weslaco, Spring, 1969.

HRotio
af Bell

Tops Speed to Bulbs
Test Down Speed  Ground Harvested

Variety  Condition of Tops Date  No. (%) (mph) Speed (%)
Dreszex Cood Condition 4/ 6fed 1 T3 5] - a0
2 85 21 14 1

8 T L7 1.7 a8

4 T4 26 L1 o2

Cood Condition 4/10/68 1 66 —- —_— a8

2 73 — — 88

3 72 — — 92

Yellow  Good Condition 4/10/68 1 63 20 - 99
Crranex 4/11/69 1 52 1.5 _— 58
Hybridd  Some Tops Deteriorated  4/28/68 1 0 82 L1 —- 82
2 69 1.6 1.1 87

3 7™ 15 1.5 b1

4 a0 1.1 1.6 T8

Good Condition 4/23/88 1 T0 @ — — G0

2 87 11 24 a0

Good Condition 4 /23769 1 B8 14 _ 54

2 T8 1.5 1.2 95

3 58 14 1.3 4

4 54 14 1.4 a7

5 69 14 - a1

G &8 14 1.5 95

Good Condition 4/24/89 1 TR LY — oG

2 66 15 1.G a3

3 80 LT 1.4 04

Some Tops Deteriorated 5/ 7/60 1 80 — - 87

2 a1 = == 84

3 BT _— _— 96

4 91 —_— = 54

5 B8 —_ _— 54

Texas Some Tops Deteriorated 4/22/89 1 85 111 1.3 T3
Eurly Jumbo size bulbs 2 83 170 1.5 TG
Crano 502 3 93 1.60 = B3
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Cutting roots and lifting lodged tops can be more efficiently done
in elean, uniform beds. Since the ]gil'ﬁn units were not independent, both
rows need to be the same clevation. If one row is higher than the other,
the lifting belts have to be positioned for the high row, and the digging
unit must be positioned for the low one. This decreases effectiveness
of the belts in grasping the tops on one row and increases lifting resis-
tance due to long roots on the other. In loose sandy soils, weeds and
rrass tend to pull up and wrap around the cutting blade rather than
eing cut. This clogs the machine, therefore, a different design is needed
for these conditions.

The depth and position of the digging blade in relation to the throat
of the lifting belts also influence operation of the machine. The blade
should he positioned as near the base plate of the bulb as possible to
cut roots and loosen soil so that tops will not pull through the lifting
belts. Roots should be eut simultaneously with the grasping of the top
by the lifting belts.

Under certain conditions, particularly in heavy soils, soil adheres
to the base of the bulb and roots. Positioning the cutting blade near the
base of the bulbs reduces the amount of soil being picked up with the
bulbs, but additional work is needed to provide a more positive means
of separating soil from bulbs. Several mechanical devices have been
tested for removing roots on the machine, but additional work is needed
to obtain satisfactory results. Additional cleaning is also needed to sepa-
rﬂ:}ltebclijrligsd leaves, small tips of green leaves, and any grass or weeds from

e .

CONCLUSIONS

Frinciples have been developed and tested in an experimental onion
harvester which digs, lifts, tops and conveys bulbs to bull bins or trailers.
These principles appear to compliment present practices and recent
trends in the industry, Gentle handling of bulbs and uniformity in top-
ping are outstanding features of this machine. Condition of onion tops
was found to be the most important factor affecting harvesting efficiency
of the experimental machine, Where tops were in good condition har-
vesting efficiency was better than 90 percent, Lodged tops did not af-
fect efficiency of the machine.

These principles appear to provide potential for mechanically har-
vesting Texas onions when labor is no longer available or economiecal,
vet maintain the high standards of guality expected in Texas onions,
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Effects of the Incorporation Tool on Performance
of Herbicides Applied to Soil'

B. M. Mexees and J. L. Huspanp®

Abstract:  Six tools were tested in the feld for incorporation efficiency of three
herbicides in furrow-irrigated soil.  Soil profile stodies with 2 fluorescent tracer
showed that the power-take-off {PTO)-driven rotary (iller uniformly incorporated
the tracer 2 inches deep in dry soil. A donble-ticred, rolling cultivator incorporated
14 to 214 inches deep. A reel mower blade incorporated the tracer to a depth of 1
to 1% inches. Both of the latter two éave poor distribution of the tracer across
the beds. Mesh wheel, tine wheels, and rolling bar incorporation tools uniformly
incorporated the tracer 3 inch deep in soil,

Redroot pigweed [ Amaronthus retroflesus L), Palmer amaranth { Amarenthus
palmerd 5. Wats. ), and bqu'rg:mdgrass { Echinochloa crusgalli (L.) Beauv,) were ef-
ficiently comtrolled with O, -diiﬂnpmp{l phosphoradithioate S-ester with N-{ Z-mer-
captoethyl |benzenesulfonamide  (bensulide )2, dimethyl 2,3,5,6-tetrachloroterephthal-
ate {DOPAYY and aae-trifluore-2 6-dinitro-N, N-dipropyl-p-toluidine  { trifluralin }3
when incorporated into the soil with a PTO-rotary tiller or tine wheels, Moderate
contral was achieved with mesh wheel or ml'lingri;ar incorporators.  Results with a
reel mower hlade or rolling cultivator were poor and ineffective, respectively. Only
bensulide was uniformly offective freespective of fncorporation tool wsed, Control
of redroot pigweed was more dependent than barnyvardgrass on uniformity of herbi-
cide incorporation.

INTRODUCTION

The power-take-off-driven (PTO) rotary tiller has generally out-
performed other tools for incorporation of several herbicide families in
soils in the Lower Rio Grande Valley of Texas and in other areas (1, 2,
3,4 5 6, 7,8 9). Under certain soil and climatic conditions in humid
areas, ground-driven tools have been comparable. The present experi-
ment was designed to test the relative efficiency of several incorporation
tools under dry field conditions,

1 The waork is Trt of a cooperative project af the Crops Research Division, Agrienl-

tural Research Service, U. S, Department of Agriculture, and the Texas A&M
University  Agricultural Research  and Extension Center at Weslaco, Weslaco,
Texas.

2 Research Horticulturist, Cm?s Research Division, Agricultural Besearch Service,
U. 5 Department of Agricnlture, and Agronomist, Texas A&M University Agri-
cultural Research and Extension Center at Weslaeo, Weslaco, Texas.

3 Bensulide formulated as Prefar fumished geatis by Stauffer Chemical Co,
Mention of a trademark or proprictary produoct does not constitute a guarantec
or warranty of the product by the U, 5. Deparbment of Agriculture, and does not
imply its approval to the exclusion of other products that may also he suitable.

4 DPCA formmlated as Dacthal fumnished gratis by Diamond Alkali Co,

& Trifluralin formulated as Treflan furmished gratis by EL Lilly and Ca,
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MATERIALS AND METHODS

Willacy fine sandy loam® was listed and then formed into beds (38
inch) and furrows with a PTO-tiller, bed former, and roller. The site
wis on the Texas A&M University Agricultural Research and Extension
Center at Weslaco, Weslaco, Texas.

Performance of six incorporation tools was first tested with a fluores-
cent tracer iS}?lvania 2982 Zn-o-silicate). The tools included: (1) a
steel mesh wheel consisting of a 15-inch diameter by 21-inch wide wheel
fabricated with a grid of angle-positioned steel bars’ (Fig. 1); (2) a
rolling cultivator® arranged to atford a double-pass by mounting one
unit just ahead of another; (3) a PTO-rotary tiller® with L-shaped cut-

Figure 1. The incorporation tools studied were A, PTO-driven rotary tiller, and
grovmd-driven B, rolling cultivator, C. mesh wheel, 1. reel mower blade, E. tine
wheels, and F, rolling bars,

6 Willacy fine sandy loam comtained 86% sand, 17% elay, and 17% salt; 1.0%
oreanic matter, 8,7 pH, and 16% water at field capacity.

7 ‘Rp-Wheel' manufactured by Gandy Co,, Owatonna, Minn.

& Lilliston Tmplement Co., Wacno, Texas,

¥ "Bye Hoe manufactured by Robinson Blower & Engineering Corp., San Martin,

Califormi.
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ting teeth (2 mph, 320 pm); (4) tine wheels!, both 10- and 12-inch
diameter: (5) rolling solid and toothed-bars!!, and (6) a reel mower
blade'?, one unit with two differential speed, chain-driven blades and
another unit with one blade followed with a chain-driven, fine-mesh
steel, rolling cage.

The tracer was sprayed on beds at 110 gal/A. Each tool was used
to incorporate the tracer in separate areas. After irrigation, soil profiles
were inspected for incorporation efficiency with each tool. In a prelimin-
ary experiment, the 10-inch tine wheels incorporated more uniformly
than did the 12-inch tine wheels; and the single reel mower blade with
cage performed better than the 2-reel unit, Because of uniformity of
performance, the 10-inch tine wheel and the single reel mower were
selected for the main experiment

All tools but the rotary tiller were ground-driven at 5 mph, Herbi-
cides were spraved July 19, 1968, in 32 gal/A of water at 22 psi and
immediately incorporated.

Treatments were replicated three times in a split plot design with
herbicide treatments assigned to main plots and incorporation tools to
subplots. The seedbeds were in general finely prepared but contained
some Ya-inch clods, Moisture level at the surface ]%-in::h and the 1%
to 2-inch depths of soil were 3.2 and 3.7% of the field capacity (19% ).
respectively, at time of treatment. Redroot pigweed | Amaranthus retro-
flexus L.) was seeded le-inch deep. Barnyardgrass (Echinochloa crus-
galli (L.) Beauv, ) was seeded 3-inch deep. Single rows of each species
were spaced 11 inches apart on the beds,

Profiles of soil treated with the tracer were studied after irrigation
to evaluate efficiency of incorporation. Visual ratings of weed control
(0 = no contral, 100 = complete control} were taken from two rows in
a central 10-inch band of plots to determine herbicidal efficiency,

RESULTS AND DISCUSSION

The PTO-rotary tiller uniformly distributed the tracer in the surface
2 inches of soil. The rolling cultivator produced incorporation patterns
that varied in depth from 3% to 2% inches, and were poorly distributed
across the bed. The greatest depths ocewrred in the paths of the teeth,
The mesh wheel, tine wheels, and rolling bars incorporators performed
uniformly in the suwrface 3% inch of soil. The reel mower blade with
rolling cage incorporated 1 to 132 inches but with uneven patterns across
the beds. The weed control ratings thercfore evaluated the effects of
treatment to differential depths as well as differential mixing,

A total of 1.6 inches of rain fell within one day after treatment, 5.8
inches of rain fell in 12 days after treatment, and weeds germinated

1 Nueees Tine Wheel Co., Corpus Christ, Texas.
1 W & A Incorporators, Pineg Bloff, Arkansas,
12 “Yellow Devil” manufactured by Emparce, Cleveland, Ohio,
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readily without irrigation, The heavy rainfall tended to mask the po-
tential differences between the treatments, Under these conditions, the
PTO-rotary tiller performed better than the rolling cultivator | Tables
1 and 2).

The PTO-rotary tiller and tine wheels were outstanding tools for in-
corporation of herbicides. The rolling cultivator was least effective for
broadleaf weed control. It was also inferior to the PTO-tiller, rolling

Table 1. Control of redroot pigweed and Palmer amaranth in furrow-
irrigated Willacy fine sandy loam with herhicides soil-incorporated with
six incorporation tools.

Percent controf

Rute  Mesh Rolling PTO- Ting Rolling Reel
Herhicide (Ib/A) wheel  cultivator  tiller wheels bars mower

Bens::]u’]r_ 3 T9 aa Tl a 85 a T6 u 'FE a T4 a
G B4 a 83 a 89 a 90 a a0 a BT a
DCPA 3 53 i 58 a 58 a 58 a 55 a 32 b
fi a7 d 70 d BT a 85 ahe 75 abed 87 ab
Trifluralin 14 76 a 64 b B0 a Tla Tl a T3 a
14 86 u 75 b 95 a B4 u 95 Bl a
Av, all
herbicides T T0 a8z T it} T2
None, non-weeded
check 15a 13 a 13 a 13 a 17T a 13 a

& Means within any one horizontal line followed by the same letter are not different
at the 5% level.

Table 2. Control of barnyardgrass in furrow-irrigated Willacy fine
sandy loam with hLI‘].'."]leBS soil- ulmrpﬂmted with six incorporation tools,

Psrcmt control
Mesh  Bolling PTO- Tine  Rolling Reel

Herbicide (IbIAJ whee.i cultivator H’Her wiwelu‘: bﬂrs matoer
Bensulide 3 99 um 95 a Elui a 93a G4a '93 a
G 93 n ¢ a 096 a 9 a 897 a 08 a
DCPA 3 T0O a 45 ¢ GT a T0-a 44 e 85 b
i 81 a 85 h 92 a 89 a 89 a 04 a
Trifluralin 14 84 ab TT b 85 u 82abh B4ab BSa
e 94 ah B9 b 97 a 92 ab 97 a 95 ab
Av, all
herbicides 59 a2 90 88 54 87
MNone, non-weeded
check 16 a 15 a 16 a 16 a 14 a 16 a

8 Means within any one harizontal line followed by the same letter are not different
at the 5% level,
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bars, and reel mower for grass control with trifluralin. The rolling culti-
vator and reel mower were the least efficient, and the PTO-tiller and
tine wheels the most efficient tools for incorporation of DCPA. Bensulide
applications were unaffected by the selection of incorporation tool,

The soil was air-dry at treatment but was extremely wet for several
weeks after treatment, The third replication was twice under water.
During the first 6 days, the daily maximum and minimum soil tempera-
tures were 107 and 76 F, respectively, at the Ya-inch depth, with lower
temperatures at the 2-inch depth [Table 3).

Table 3. Temperature (F) at the ¥ inch and 2 inch depths in fine
sandy loam during the first 6 days after herbicide incorporation.®

Zoil Mearn temp. Total ey above

depth (in) Max.  Min. 70 80 90 100 110 120
14 107 Th 144 o1 53 26 19 =
2 98 TH 144 11 42 12 — —

a Recordings were taken from soil incorporated with the PTO-tller; recordings were
similar in soil incorporated with the reel mower blade.
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Foam Materials, Field Foam Generator and Small
Trench System for Freeze Protection of Plants!

Jow F. Barrmoric and Manviy D, Hezwan®

Abstract: A combination of materials has been found that will form a stable
foam when as dilute as 25% by volume in owater. The material insulates tender
vegetables from freceing conditions and lasts 8§ to 16 hours under Ficld conditions,
The material is cconomical and no visual toxdeity has been observed on plants tested,
A prototype field gencrator for producing stable foam has been built and  tested,
Expansion mates have heen 1:60 or higher. This economical {50,001 per gallon of
fouwm ) means of freeme protection kept foamed scedlings in small trenches 22°F
warmer than nonfoamed plants. The shallow, narrow trenches reduced the volume
of foam required for plant coverage to about one-fourth that required in conven-
tional bed planting. Restricting the foam to the trench inereased its stability. The
eost of foaming young melons could be as low as 31500 per acre,

INTRODUCTION

Numerous advances have been made in the use of foam for frost
protection in the past decade. Siminovitch, et al, (8} in Canada and
braud and Chesness {3) and Chesness, et al. {4) m the United States
have described foam materials and dispensers. Foams have been found
that will last from a few hours up to several days and various types of
dispensers or generators have heen tried, both in the laboratory and in
the field. The foams have been tried on a variety of crops. Bartholic,
et al. {2) have shown that in the Lower Rio Grande Valley foam will
effectively insulate tender wvegetation from mild freezing conditions.
They pointed out that better materials and dispenser were required for
providing a more stable foam under ficld conditions.

Several problems still existed despite the great potential for the use
of foam to protect tender vegetables, Further evaluation of materials was
required and the various generators proposed were too complicated for
field use. Thus, the objectives of the work reported here were: (1) to
evaluate materials which might form a stable foam and develop a tech-
nigue for making the foam; (2) once the materials had been found, to
evaluate the foam-forming technique on small-scale experiments; and
{3y if the small-scale experiments proved successful, to build a proto-
type field generator and test it extensively under field conditions.

1 Contribution from the Soil and Water Conservation Research Division, Agrieultural
Besearch Service, USDA, in cooperation with the Texas Agricultural Experiment
Station, Texas AdM University,

2 Research Soil Scientists, USDA, Weslaco, Texas,
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METHODS AND MATERIALS
Foaming materials

Many potential foam-forming materials have been evaluated (3, 5,
7). We first tried materials in the laboratory, cold chambers, and green-
houses that were recommended in earlier investigations, We found that
either the materials were slightly toxic to plants or would not persist as
long as necessary under the conditions hrequently found during noc-
turnal radiational freezes.

Since the materials suggested were not completely satisfactory, we
contacted 12 chemical companies. As a result of extensive discussions
with them, 18 products were obtained and tried either individually or in
varions combinations. All products were first tested in the laboratory
for their ability to form a stable foam after agitation. The four best
candidates were then evaluated further in the greenhouse and cold
chambers, In the cold chambers the insulating and persistence capabil-
ities of the materials were evaluated, while in the greenhouse the pos-
sible toxicity of the matevial to plants was examined.

From these studies, a combination of three materials was obtained
which appeared to have all the characteristics of an acceptable foam-
forming material. The three materials were combined with water as
follows:

1% by volume Retzloff Chemical Retzolate 305,
Alkyl (Cua—Cis) sulfate, sodium salt

5% by volume Wyandotte Chemical Pluronic F-68,
Poly (oxyethylene) Poly (oxypropylene) poly (oxyethylene)
block copolymer, average molecular weight 5350

5% to 1.5% by volume U. S. Gelatin TAPM Gelatin®
Fowming methods

There are a variety of ways to form foam. The bubble size, persis-
tence, and complexity of the method vary greatly depending on the
technique used. Methods include agitation, bubbling air through solu-
tion, and mixing water and a foam-forming material and blowing it
through a screen, as is done to form fire-fighting foam.

The simplest method that provided a stable foam was to force air
to the bottom of a container which held the foam-forming solution. The
air was dispersed through a ceramic or sponge material. Air emerging
from the porous material formed small bubbles that rose to the surface
and the fF)(an1 was formed as these hubbles broke through the surface.
As more bubbles were formed, the foam eventually rose out the top of
the container,

5 Use of a company or product name by the U. 5. Department of Agricultore does
not imply apﬁmval or recommendation of the product to the exclusion of others
which may also be suitable,
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Using the combination of materials described above and the tech-
nique of dispersing air through a foamer in the bottom of a solution,
we set about building a field-scale system that could be trailer mounted.
This field-seale foam generator would allow evaluation of the materials
and technique in the field.

Trench system

If dispersed on a slope or top of a bed, the foam tends to flow off
the bed. Thus, it was necessary to evaluate a system for restricting the
foam, One approach was to plant in the bottom of small depressions or
trenches. The plants could ﬂg’en be planted early in the growing season
when there was a chance of freeze. Then on cold nights the foam could
be applied in the trench to protect the crop. This system had the addi-
Honal advantage of requiring a minimum amount of foam to cover the

seedlings.

In January, cantaloupe, peppers and tomatoes were planted in
trenches 6 inches deep and 7 inches across. Temperature sensors were
then placed to record leaf temperatures in both foamed and nonfoamed
areas {0).

RESULTS AND DISCUSSION

Figure 1 shows the field-scale foam generator mounted on a three-
wheel trailer. Foam material is shown coming from the dispensing tubes
of the generator. The foam generator consists of a motor and positive
displacement blower. The air from the blower is ducted to the hottom
of the tank in which two large cages are covered with one-half inch
thick foam rubber to disperse the air. The small bubbles dispersed from
the foam rubber then rise in the solution, forming foam at the surface
of the solution, The foam then rises in the foam drainage area of the
system. Here excess solution drains back into the tank while the foam
moves to the top of this drainage area and out the dispensing tubes
omto the field (1),

The blower, rated at 180 cfm at 2 Ib. per in.® gauge, produced 130
cubic feet of foam per minute in the system. One gallon of solution
will make 60 gallons of foam. The foam produced is quite viscous and
stable, with a density of about one pound per cubic foot. The foam
produced costs only $0.001 per gallon. When applied about sundown,
it will easily last all night under most radiation freeze conditions.

Table 1 shows these temperatures at leaf height on the night of
February 2 and 3, 1970. Temperatures dropped rapidly after sundown
and at approximately 10:30 p.n. the area in the trenches was foamed.
Temperatures in the foamed area inereased rapidly while those in the
nonfoamed area continued to decrease. The foamed area stayed 14 to
22"F warmer during the night, reaching a maximum of 22°F difference
at 6:00 a.m., the time of minimum temperature for the night. By 10:00
aum., or 12 hours after application, the foam had nearly dissipated and
the temperatures were nearly equal in foamed and nonfoamed areas.
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It is clear from this and other similar exf)crimunts that the foam is a
good insulater and should protect small low-lving vegetation under
many freezing conditions,

Table 1. Temperatures for foamed and nonfoamed seedlings on night
of February 2-3, 1970.

Foame:d No:;ﬂmlm::d Temperature
Time plants lants difference®
*F gl *F
6 p.m. a7 a6
& p.m. 46 44
10 puam. 43 432
11 pom, 54 4i) 14
Midnight 56 348 18
2 am, 56 a5 21
4 am, 55 a5 20
6 am. 55 33 22
5 am. a5 39 16
10 am. a2 B4

* Foam was applied at 10:30 pm., Feb. 2.

Figure 1. Foam being applied to o low-Iving crop with the trailer-mounted foam
generator. 1. Motor and positive displacement blower. 2. Tank with solution that
has foamers in the bottom. 3. Foam drainage srea, 4, Foam dispensing tubes.
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The cost of materials for filling trenches 6 inches deep and 7 inches
wide with row spacing of 38 inches would be about $30.00 per acre.
For cantaloupes whose row spacings are generally twice as wide, the
cost would he $15.00 per acre. %esc values are approximate since
changes in material prices and required volume of foam could vary and
cause considerable change in the cost.

SUMMARY

Work reported last year in the Valley Horticultural Society Pro-
ceedings showed that foam would protect temperature-sensitive crops
{2}). However, two problems were pointed out. One was lack of ma-
terials that form a stable foam; and the second was the need for a field-
scale foam generator., Because research at other locations had net pro-
vided completely satisfactory material or foam generator for many a
plications, research was conducted to find both satisfactory materials
and a foam generator for field applications,

A combination of three materials was found that provides a stable
foam lasting from 5 to 16 hours, The foam has been shown to be non-
toxic to several vegetable plants, and provides up to 22°F temperature
inc:fease. The cost of protection could be as low as $15.00/acre for
melons,

A simple foam generator for field applications proved reliable and
provided toam with the proper bubble size for stability. The system
can be easily modified to allow the foam to be generated from tractor
or other vehicle mounting system. '

LITERATURE CITED

1. Bartholic, J. F., M. D, Heilman and B. M. Famis. 1970. Large
volume generator of stable foam for freeze protec-
tion. Submitted to Hort. Science.

2, Bartholie, J. F., R, Fl Rektorik and M. D. Heilman, 1969. Foam
for frost protection. J. Rio Grande Valley Hort, Soc.
23:143-148,

3. Braud, Harry J. and Jerry L. Chesness. 1968. Physical properties
of foam insulation for protecting plants against cold
weather, Paper No. 65-923 presented at the 1963
Winter Meeting, American Society of Agricultural
Engineers, Chicago, Illinois.

4. Chesness, Jerry L., Harry |. Braud, Jr., and P. L. Hawthorne, 1970,
Foam protects strawberries during freeze. Agr,
Engr, 51{2}:50-81.

5. Eggert, Dean A. 1968, Use of liquid foam to prevent freeze injury
to strawberry blossoms. HortScience 3(1):11-12

132



6. Heilman, M. D, ]. F. Bartholic, C. L. Gonzalez, and B. M. Farris,
1970. Cultural system utilizing small trenches and
foam for frost protection. Prepared for publication
in HortScience.

7. Shear, C. B. and H. L. Barrows. 1953. Insulating foams for the
wrotection of plants against frost. USDA-ARS-CR
gress Report 44-83. 6 pp.

8. Siminovitch, David, Bernard Rheaume, Lloyd H. Lyall and Lames
Butler. Undated. Stable nontoxic protein based
foam protects field plantings of crops from damage
by frost. Contribution No. 633 from the Cell Biology
Research Institute and Contribution No. 222 from
the Ottawsa Research Station Research Branch, Can-
ada Department of Agriculture, Ottawa, Ontario.

21 pp.

133



Refrigerated Storage Properties of Liquid-Nitrogen
Peeled Fresh Tomatoes

Tronmas S, Steraens, Guaparurs SaLpana,
Frawcis P. Gurrrras and Hanorp E. Broww?

Abgtract: El Monte wvaricty tomatoes which were peeled by submerging for
20 sec. in liguid nitrogen and thawing 30 sec. in 90°F water were sealed in poly-
ethylene bags and stored at 40°F, At the end of 5 and 11 days, the nitrogen peeled
tomatoes were compared with tomatoes which had been d in boiling water and
stored under like conditbons., The maximum exudation of liguid from 900 g of to-
matoes was approximately 1.0 g from the hand peeled, 9 g from the nitrogen peeled
and 40 g from the water g"m!led tomatoes and occurred within the Ffirst 5 days of
storage, The differences that were measured in titratable acidity, pH, and *Brix
of the tomatoes from each of the treatments were very small. There were small
differences in the color notations but the differences were not consistent. At the
end of 5 davs of storuge at 40°F, judges rated tomatoes peeled with nitrogen to
be as good as freshly peeled tomatoes. At the end of 11 davs storage, the hand peeled
tomatoes and the nitrogen peeled tomatoes had developed a sour smell.

INTRODUCTION

Feeling tomatoes with liquid nitrogen offers a new method of pre-
paring a pre-peeled fresh tomato product for distribution to the institu-
tional and possibly the retail trade. Irish potatoes were one of the first
vegetables to be pre-peeled and offered to the consumer in quantity,
Anderson, et al., (1) stated that as early as 1954 there were 2500,
bu. of potatoes pre-peeled annually. Some other vegetables which have
been pre-peeled for distribution to the consumer include sweet potatoes
(7). squash (45), and carrots {3).

The purpose of this investigation was to determine if tomatoes
peeled mthr}lqmd nitrogen and packaged in polvethylene bags could
be stored at 40°F as long as tomatoes which had been hand peeled or
tomatoes which had been peeled with hot water.

MATERIALS AND METHQODS

El Monte variety, a round shaped, fresh market tvpe tomato, was
used for this study. Approximately 300 pounds of red-ripe tomatoes of
uniform size were harvested and divided into 4 equal lots. The tomatoes
which weighed approximately 100 g each were selected from each lot.
A control sample of unpeeled tomatoes was packaged in 15 polyethylene
bags with 9 tomatoes in each bag for a total weight of about 900 g per
hag. A second sample, of the same size, was composed of tomatoes which

1 Research Food Technologist, Physical Science Technician, Research Food Tech-
nologist in Charge, and Research Chemist, Food Crops Utilization Hesearch
Loboratory ARS, USDA, Weslaco, Texas.
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had been carefully hand peeled. The third sample was made up of
tomatoes which had been submerged 20 seconds in liquid nitrogen,
thawed 30 seconds in 90°F water and the skin sack slipped from the
tomato (2). The fourth sample was composed of tomatoes which had
been submerged 60 seconds in boiling water, cooled in tap water and
hand peeled. Three bags of tomatoes of each treatment were examined
for exudation loss, titratable acidity, pH, “Brix, color, and an evaluation
made for taste. The remainder of the bags of tomatoes were sealed and
stored at 40°F. Three bags from each treatment were removed and
examined at the end of 5 days and again at the end of 11 days of storage.
Prior to examination, the control sample of tomatoes was hand peeled.
The tomatoes from each bag were sliced in half and one half used for
analysis and the other half for taste evaluation. Each bag of tomatoes
was analyzed independently.

The exudation loss was determined by cutting a hole in the bottom
of the polyethylene bag and allowing the tomatoes to drain for 5 minutes.
The bag and tomatoes were supported in a 4 inch 60° funmel. Total
titratable acidity was c‘letennincc? %y titrating with standardized sodium
hydroxide, ‘Brix was measured on a Bausch and Lomb® refractometer,
pH was measured by a Corning Model 10 pH meter, and color was de-
termined with a Gardner Color Difference meter standardized with a
tomato red color plate; Rd 5.36, a 304 and b 14.6.

The taste evaluation was conducted by 11 judges, according to the
hedonic scale method of Pervam and Pilgrim (6). The tomato halves
were cut into 12 hite-size slices and at least 5 slices from different to-
matoes were presented to each judge in an effort to reduce maturity
variahility, Each judge was asked to rate the tomato slices according
ter flavor., The tomato slices were unsalted for the taste evaluation.

The data were subjected to an analysis of variance according to
Steel and Torrie (8).

RESULTS AND DISCUSSION

Tomatoes which had been peeled by submerging in liquid nitrogen
and stored in sealed polyethylene bags at 40°F were compared with
tomatoes which had been hand peeled and tomatoes which had been
peeled with boiling water and stored under the same conditions.

The maximum exudation of a watery phase from the peeled to-
matoes oceurred within the first 5 days of storage and remained rather
constant through the 11th day of storage, Table 1. The 1.1 g and .1 g
of liquid from the 900 g of gand celed tomatoes amounted to a few
drops in the bottom of the polyethylene bag. The 9.4 g and 9.1 g of
liquid in the bags of the nitrogen peeled tomatoes did not distract from

2 Use of a company andfor prodoct name by the Department does not imply ap-
roval Lglenmunumndatiun of the product to the exclusion of others which may
e siita
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Table 1. Evaluation of tomatoes peeled with liquid nitrogen compared with hand peeled and hot wate:
peeled fruit.?

Days stored Titratahle Color Sensory
at 40°F Treatment Exudation Acidity pH Brix Natation Seore
g L7 k) all
i Comntral - S5a 4.3a 5354 2.38a T.5a
Hand peeled - S0h 4.9a 5000 2.35a T.2a
N, pecled - Slh 4.3a 4.05L 2,19k T.0a
Water peeled - S0k 45a 5.15h 2.18h £.3b
5 Control - A9a 4.4a 5.00a 2.535a Tda
Hand peeled 1.1 A% 4.4a 4.84a 2.43a f.do
M, peeled 9.4 R 4.5a 4.94a 2.43a .20
Water peeled 41.1 50a 4.4a 4. 87a 2.18b 5.5b
11 Control - A2 4.4a 4. 70 2,59 7.0
Hand peeled A A5a 4.4a 4,50 2.21a Sonr
N, pecled 9.1 Sl 4.4a 4.63a 2.50a Sour
Water peeled 3Te Afia 4.3a 4.80a 211b 5.0

1 The data represent the means of duplicate determinations on 3 bags of tomatoes,
2 Values followed by the same letter are not significantly different at the 5% level by Duncan’s multiple range test.



the appearance of the packages of tomatoes. In fact, the small amount
of exudation may be desirable to maintain a moist surface, otherwise the
tomatoes may lose their shiny fresh peeled appearance. The 414 g and
37.8 g of liquid in the bags of the hot water peeled tomatoes were ex-
cessive. The liquid was very noticeable and was described as giving the
tomatoes a soggy appearance. These tomatoes were soft and the locules
had collapsed where they were in contact with one another in the poly-
ethylene bag, resulting in flat sided misshapen fruit.

The differences that were measured in titratable acidity, pH and
“Brix of the tomatoes from each of the treatments was very small. There
was a significant decrease in titratable acidity and "Brix which occurred
between the control and the treatment samples for the initial determina-
tions, but these differences did not cccur in samples stored 5 or 11 days.
There were greater differences in analytical values for pH, “Brix, and
acidity between the three bags of tomatoes comprising each sample than
there were hetween treatments or between samples held different
perinds in storage at 40°F.

There was a small statistical difference in the color notations of
tomato samples representing different treatments and a small color dif-
ference occasioned by lengﬁq of storage of the tomatoes but the differ-
ences were not consistent. Although a concerted effort was made to
select tomatoes of exactly the same red color, it is evident that some
tomatoes in cach bag had a more intense red color than others in the
same bag. However, the color of all samples of tomatoes was good.

The sensory evaluation scores which were given the tomatoes by the
judges were aﬂ’ a little low, possibly because salt was not added. A
value of 8 out of a possible 9 was the highest score given any sample.
Salt was not added geeause it might have altered or masked the flavor
of the tomatoes.

The judges could consistently detect a flavor difference of tomatoes
peeled with hot water. At the end of 5 days of storage, the sensory
evaluation scores for all treatments and the control were a little lower
than they were initially. However, the importance of the taste evalua-
tion is that the flavor of the nitrogen peeled tomatoes was as good as
the freshly peeled control or of the hand peeled tomatoes and was bet-
ter than the hot water peeled fruit.

At the end of 11 days of storage, the hand peeled tomatoes and the
nitrogen peeled tomatoes had a sour smell. Not all of the tomatoes in
each bag were sour, but the change in aroma of all tomatoes was af-
fected so these samples were omitted from further taste evaluation.
Mold growth had started around the stem scar on a total of 5 tomatoes
in the 3 control bags. The tomatoes in the water peeled samples did
not have a sour smell, indicating the treatment given the tomatoes
during the boiling water peeling operation was sufficient to retard the
organisms causing the sour smell. Francis (3) has shown that a dip
into a solution of sorbic acid prolonged the acceptable shelf life of pre-
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geeled carrots and Francis and Jimenez (5) demonstrated that sodium
ehydroacetate would extend the shelf life of pre-peeled cubed squash
by 13 to 2 times. In a preliminary investigation at this laboratory, liquid
nitrogen peeled tomatoes which had been dipped one sccond into 1%
sodium benzoate solution, had not soured and were of good flavor after
12 days storage at 40°F. It is reasonable to believe that the shelf life
of pre-peeled tomatoes could be extended by treatment with an ac-
ceptable preservative. Investigations are being conducted with several
preservatives to determine their inhibitory effect on the organisms re-
sponsible for the sour smell in the tomatoes.

A pre-peeled tomato product would be an additional item a pro-
eessor of pre-peeled potatoes, onions, carrots, or other vegetables eould
add to his business for distribution to restaurants, sandwich shops, or
other institutional outlets using pre-peeled products.
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Pectic Substances and Viscosities of Juices Prepared
from Chico, Chico Grande, La Bonita and
Homestead-24 Varieties of Tomatoes

Tuonmas S, Sternens, GUADALUPE SALDANA,
Frawcis P, Groerrras, and Pavr W. Leeper!

Abstract: The amounts of water soluble, oxalate soluble and acid soluble frac-
tions of pectic substances were determined on fresh tomatees and canned juice of
Chico, Chico Grande, La Bonita and Homestead-24 varicties of tomatoes. The
b'iﬂl’.‘ﬂ!iit;’ of the canned juice was also measured. In addition, the viscosity of the
juice of the four varieties was determined at 10 minute intervals for 80 minutes
and again at the end of 120 minutes to study the effect of pmhn&et’l heating at
190°F on the viscoszity of the conned juice. Neither the amounts of the total pectic
substances nor the amounts of the three extracted fractions in the fresh tomatoes
were indicative of the amounts of those pectic snbstances to be found in the canned
juice. The wviscosity of canned juice of Chico variety was, according to our judg-
ment, excellent with a viscosity of 208 and the juice of Homestead-24 variety
was noticesbly watery with a viscosity of 119 cps. nned juice of Chico variety
had the hest consistency and retained its consistency longer during heating at 1890°F
than the other varictics studied, Homestead-24 variety had an initin] consistency
of about 100 cps which was considered watery and at the end of 120 minutes at
190°F the consistency had not changed.

INTRODUCTION

Processors of tomato products in South Texas have at times experi-
enced difficulty producing faney quality products from tomatoes grown
in this area because the viscosity of the products may be somewhat
erratic. The introduction of new varieties suitable for production in this
area has greatly improved the ability of processors to produce higher
quality products. However, during the canning season the products
from some tomato wvarieties may exhibit excellent viscosity while the
products of other tomato varieties may be deficient in viscosity. This
variation in viscosity may not be due entirely to the tomatoes
but rather to the handling procedures employed within each
canming plant. Whatever the reason for the variation in viscosity, ad-
ditional information about the amounts of pectic substances of tomato
varieties grown in this area may partially explain the viscosity differ-
ENees,

The information in the literature on pectic substance content of
tomato varieties and its influence on products prepared from these vari-
eties is somewhat conflicting, Appleman and Conrad (2) studied the

1 Research Food Technologist, Physical Science Technician, Research Food Tech-
nologist in Charge, Food Crops Utilization Research Laboratory, ARS, USDA, and
Associate Professor, Texas A&M University Agricultural Research and Extension
Center, Weslaco, Texas.
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changes which occur in the pectic substances of four tomato varieties
and reported that the degree of ripening of the tomatoes was of more
importance on the condition of the raw product than were differences
due to wvarieties. However, Kassab (7) determined the pectic
substances content of six varietes of tomatoes of approximately the
same degree of ripeness and concluded that the pectic substances content
of different varieties varies considerably. Also, Saywell and Cruess (18)
concluded that the pectin content of ripe tomatoes varied considerably
with the variety, time of picking, ripeness of the fruit and the locality.
Kertesz and MeColloch (10) determined the pectic substances of un-
ripe, ripe and overripe John Baer tomatoes and concluded that the pectic
constituents do not show definite trends in either quantity or composi-
tion during the period from just before until just after the peak of
optimum ripeness for processing. Luh, et al, (12) extracted the water
soluble, oxalate soluble and .05N HC1 soluble pectic substances from
the Pearson and the San Marzano varieties and a  hybrid of
the two wvarieties. They reported the San Marzano had a higher
total pectic substance content than the Pearson and the total pectic sub-
stances content of the hyvbrid was between the two varieties. Love (11)
compared the viscosities of juice prepared from three varieties of to-
matoes, KC-146, Mat, and Y-13, and found that the variety exhibiting
the least flesh firmness, Mat, produced the most viscous juice.

The purpose of this investigation is. first, to obtain information on
the pectic substances in fresh fruit and canned juice of Chico, Chico
Grande, La Bonita and Homestead-24 varieties of tomatoes, and, second,
to determine the effect that prolonged heating at 190°F prior to canning
has on the viscosity of juice prepared from each of these varicties,

MATERIALS AND METHODS

The varieties of tomatoes were harvested from the variety trial plots
at the Texas A&M Universitv Agricultural Research and Extension Cen-
ter, Weslaco, Texas. Careful selection was made at the time of harvest
to select only firm, red-ripe tomatoes of uniform size, free of cracks,
skin blemishes and insect damage. Approximately 15 pounds of fruit
were harvested the first day from each variety for the preparation of
samples for the determination of pectic substances, total solids and “Brix
in the fresh fruit and for the preparation of samples for the determina-
tion of pectic substances and viscosity of the canned juice. Approxi-
mately 40 pounds of fruit were harvested the following day for the
El'epumtion of samples for the determination of the effect of prolonged

eating at 190°F on the consistency of juice. The harvesting and prepa-
ration was repeated a second time on subsequent lots of tomatoes,

The fruit was harvested and placed into 40°F storage and one
variety at a time removed for sample preparation. The varieties were in
storage for a maximum time of 6 hours. Stier, et al, (19) found that
total pectic substances of freshly picked Queens variety tomatoes de-
creased during storage at 40°F, therefore the tomatoes for this investi-
gation were stored as short a time as possible,
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Samples of tomato juice canned for the determination
of pectic substances and viscosity were prepared by a hot-break method.
A 3000 g sample of tomatoes was selected from each variety. A Chisholm-
Ryder? Model F screw-type juice extractor fitted with a 5/18 inch screen
was mounted 4 inches anve a 5 gal capacity tilting type steam jacket
kettle. The kettle was pre-heated with 15 psig (249.1°F) steam pres-
sure. The tomatoes were poured into the juice extractor and as they were
forced through the 5/16 inch screen they dropped into the pre-heated
kettle. The first part of the chopped tomatoes was heated rapidly to
185°-190°F on the hot kettle surface and as the remainder of the to-
matoes fell into the already hot mixture it too was rapidly heated to
185°-190"F (17). The juice was immediately extracted from the hot
chopped tomatoes with a laboratory model Langsenkamp paddle finisher
fitted with a 020 inch screen operating at a paddle speed of 1100 rpm.
The juice was placed back into the steam kettle and heated to 190°F,
filled into 303x406 plain tin cans, sealed and the cans of juice processed
20 minutes in boiling water, then cooled in tap water.

The 40 pound sample of tomatoes to be used for the second part
of the investigation was poured into a pre-heated, 249.1°F, 20 gallon
steam kettle and crushed. As the tomatoes were being crushed they were
heated to 185°-190°F as rapidly as possible. The hot mashed tomatoes
were juiced in the same paddle finisher used in the first part of the in-
vestigation. The hot juice was poured back into the steam kettle and
heated to 190°F. An investigation of local canning plants disclosed that
holding tanks and filler bowls on closing machines are maintained
between 180" and 200°F. As soon as the juice reached I90°F, two
305x406 plain tin cans were filled, closed and processed 20 minutes in
boiling water, then coaled in tap water. This sample of juice was used
as the control sample and considered to have 0 minutes holding time.
The remainder of the juice was maintained at 190°F =2° and each 10
minutes for a l-hour period, 2 cans were filled and processed. Two
additional cans were filled and processed at the end of 2 hours.

The fresh tomato samples were prepared for aleohol-insoluble solids
extraction according to the procedure of Luh, et al. {12). The tomato
juice samples were prepared for aleohol-insoluble solids extraction by
the procedure of McColloch, et al. (17). The pectic substances of the
fresh tomatoes and the canned juice samples were determined as calcium
pectate in the alcohol-insoluble solids according to the method of
McColloch (18).

Total solids were determined according to A.OAC. (1), and the
*Brix of the canned juice was determined on a Zeiss refractometer.

The viscosity of the juice was measured with a Brookfield viscosi-
meter, LV Model fitted with a No, 2 spindle operating at 60 rpm at a

2 Mention of company or trade name does not fmply endorsement by the United
States Department of Agriculture over others net mentioned,
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constant temperature of 20°C (68°F), The cans of juice which had been
prepared for the determination of the effects of prolonged heating at
190°F on the viscosity of the juice, lost a little moisture during the heat-
ing period; therefore, were adjusted with distilled water to the same
specific gravity as that of the sample considered to have 0 minutes hold-
ing time (control sample). The method described by Biglow, et al., (3)
wis used to determine the specific gravity,

RESULTS AND DISCUSSION

The total solids, *Brix, pectic substances and the effect of prolonged
heating on the viscosity of juice from four tomato varieties was deter-
mined. The "Brix and total solids content of Chico Grande were sig-
nificantly higher than the other varieties and La Bonita was significant-
ly lower, Takle 1. Luh, et al., {12) found there was a difference in total
solids and soluble solids among varieties. They reported that Pearson
variety was lower in both total solids and soluble solids than either
San Marzano variety or a cross between the two varieties,

The total pectic substances of the fresh tomatoes were 3.07% to
7.49% preater than were found in the canned juice for the same varieties,
Table 2, The total pectic substances in the fresh tomatoes of a va-
riety is not indicative of the amount of total pectic substances which
may be found in the canned juice of that or the other varieties. Neither
was the water soluble, oxalate soluble or acid soluble fractions of pectic
substances in one variety of fresh tomatoes indicative of the amounts
of these fractions which would be found in the canmed juice of the
other varieties.

The viscosity of canned juice of Chico variety was excellent, ac-
cording to our judgment, at 206 cps. The juice of Homestead-24 variety
was very thin and watery with the lowest viscosity, 119 cps. Neither
the amount of total pectic substances nor the water soluble fraction
nor the oxalate soluble fraction could be related to the viscosity of the
canned juice. However, the acid soluble fraction of the varieties de-
creased from 4.26% for Chico variety to 2.52% for Homestead-24 and
the viscosity of the juice decreased from 206 eps to 119 cps for the
same varieties,

Table 1. The “Brix and total solids of canned tomato juice.?

Total

Variety *Brix Solids
Chico 5.9 6.62
Chico Grande 6.2 G693
La Bonita 5.2 575
Homestead -24 5.6 .40
L5D .05 11 AT

1 Data represent the mean of duplicate determinations on 2 replications,

142




Table 2. The percent pectic substances in fresh tomatoes and percent pectic substances and viscosity of
cammed juice.!

Fresh fomatocss Canned juiee®
Water  Ozxalate  Acid Water  Oxalate  Acid - Viscosity? 2
Variety soluble  soluble  soluble  Total soluble  soluble  soluble  Total i centip,
e G % T o o o T

. Chico T.87 4.24 5.05 18,06 [.83 2.10 4,26 12.99 206
& Chico Crande 915 564 443 1922 545 253 417 1215 165

La Bonits g.21 3.81 5.61 18.63 T7.80 238 3.10 13.28 126

Homestead-24 .04 424 6.11 15.29 68.26 2,00 52 1080 119

LsD .05 .63 S0 NS itk 1.57 NS 81 1.53 .23

1 Expressed as % of aleohol insoluble solids.
2 Data represent the mesn of triplicate determinations on 2 replications.
3 Data represent the mean of five determinations on 2 replicetions,



Luh, et al, (13) stated that pear-shaped varieties were higher in
total pectin and protopectin fractions than round-shaped varieties. Chico
and Chico Grande are considered pear-shaped, La Bonita and Home-
stead-24 are round-shaped wvarieties. In this study Chico and Chico
Grande were significantly higher in the acid soluble fraction than La
Bonita or Homestead-24 but total pectic substance content could not
be related to the shape of the tomatoes.

This study, like those of Luh, et al., (12), Love (11}, and Kertesz
and MeColloch {10), shows that the pectic substances content alone does
not determine the viscosity of canned juice prepared from these varieties.
The pectic substances, according to Kertesz and McColloch (10), do play
an important part in determining the viscosity of processed tomato pro-
ducts and as determined by Luh, et al., (12) the quality of the pectic
material is as important as the quantity. Not only is the quality of the
pectic substances as important as the quantity but it seems reasomable
to helieve the cell walls of each tomato variety might have mixed with
the pectic substances to help cause the variation in wviscosity of canned
juice among the four varieties. In support of this assumption the work
of Kertesz and Loconti (9} has shown that whole juice viscosity may
be increased by adding increasing amounts of cellular material to the
serum, Whittenberger and Nutting (20} demonstrated that the amount
of cell walls and the shape of the cell wall fragments can be related
to the viscosity of whole juice. Although the findings of each of these
investigators differ somewhat from the results of this experiment they
do point out that cell wall content plays a part in juice viscosity which
may be the reason that the juice of Chico variety has the best viscosity
and Homestead-24 the poorest,

Canned juice of Chico variety had the best viscosity and re-
tained it longer during heating at 190°F than the other varieties
studied, Table 3. The initial viscosity of Chico was 202 eps and after

Table 3. Viscosity in centiposes of juice heated at 190°F for different
intervals of time.!

Time in Variety

minutes Chico Chico Grande La Banita Homestead-24
0 02 151 154 0]
10 189 152 1459 100
20 164 155 147 105
30 148 142 130 106
40 144 152 126 109
50 148 152 128 110
Gl 138 150 120 107
120 131 144 122 100
L5D 05

3.5 6.7 5.4 5.9

1 Data represent the mean of triplicate determinations on 2 replications,
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30 minutes heating at 190°F had decreased to 148 cps; then for the next
90 minutes, slowly decreased to 131 eps. Chico Grande, on the other
hand, had an initial viscosity of 181 cps, at the end of 10 minutes
heating it decreased to 152 cps and remained at about this level for
the remainder of the heating period. La Bonita variety, like Chico
Grande, decreased rapidly in viscosity during heating, while the viscosity
of Homestead-24 variety was about 100 cps at the beginning of the heat-
ing process and remained at approximately this same low viscosity
throughout the heating period. Several investigators (4,5.8.15) have
shown that prolonged %eaﬁn causes denaturation of pectic substances
so it is not surprising that the viscosity of the juice of these tomato
varieties decreased as the juice was held at an elevated temperature. Tt
is important, however, to note the effect of prolonged heating on the
viscosity of the juice of each of the different varieties. Canning plant
operators who are careless about allowing the juice of these varieties o
tomatoes to remain in holding tanks or filler machine bowls at elevated
temperatures are sacrificing juice quality. Operators who make a prac-
tice of blending the juice of Homestead-24 variety with the juice of other
varieties should exercise caution in the quantity of Homestead-24 added
so as not to downgrade the viscosity of the entire batch of juice.
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Spider Mite Control on Violets and
Other Ornamentals'

Grorge P, WENE?

Abstract: The two-spotted spider mite, Tetranychus (Tetranpchus) cinnabarinus
{ Bois) is a destructive pest of the perennial violet and many other ormamentals, The
Ipurl:uniﬂl violet is very susceptible to insecticide injury. Preliminary tests show that
ow dosages of aldicarb and disulfoton granules tailed to control the two-spotted
spider mite on violets. Heavy applications of aldicarb granules control the spider
mite but injured the violet plants, Heavy applications dizulfoton granules failed
to comtrol this spider mite and also killed the violet plants. Soil drenches of
dimethoate and oxydemetonmethyl control this pest but were very phytotoxic to the
violet plants. Galecron spray controlled this spider mite on violets, the India devil
tree, elephant ears, and the hanana plant without injuring the plants,

The two-spotted spider mite, Tetranychus (Tetranychus) cinnabari-
nus (Bois), is a destructive pest of the perennial violet, Viola odorata,
and many other ornamentals. Since this violet grows throughout the
year in the Tucson area, once the spider mite infestation is established,
it can build up to destructive levels even in the winter months. In the
spring these spider mites migrate to homeowners' vegetable gardens and
are very destructive to strawberries, eggplants, beans and other vege-
tables. Many homeowners will not use miticides on their vegetables but
are willing to control the spider mites on their violets. Unfortunately,
there is no adequate control for two-spotted mites on violets, and as a
result many people have destroyed their violet beds in order to prevent
spider mites from infesting their vegetables.

Although the violet is considered a hardy plant it is very susceptible
to insecticide injury. It is so susceptible that ﬁcal nurserymen will only
recommend plant destruction as the means of control. Because of this
experiments were initiated for the control of this spider mite infesting
violets and three ornamental plants grown in a greenhouse.

Dimetheate sprayed at weekly intervals is recommended by Smith
(1967). In Arizona dico-fol and fimethoate are recommended as miti-
cides for use on flowers ( Roney and Wene 1969). Cood control of the
two-spotted spider mites on chrysanthemums were obtained with soil
drenches of demetom, dimethoate and phosphamidon | Neiswander
1962). Nejswander also obtained control with 10% disulfoton granules
applied at the rate of 250 pounds per acre, He also applied 107 disulfo-
ton granules at the rate of 950 pounds per acre without obtaining any
phytotoxicity on the chrysanthemums. His studies showed that demeton

1 Arizoma Agricultural Experiment Station Journal Series No. 1661,
2 Associate Entomologist, Department of Entomology, University of Arizona, Tueson,
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give 5 weeks' control when used at the rate of 32 ml of the 26.29% EC
per 100 square feet. Dimethoate bumed the plants at all concentrations
tested as soil drenches { Neiswander (1962). Good control of the pyra-
cantha mite, Paratetranychus platani McGregor, was obtained witE the
use of disulfoton granules and drenches of dimethoate and oxydemeton-
methyl (Wene, 1969). Drenches of dimethoate and oxydemetonmethyl
also gave good comtrol of aphids on calendulas without injuring the
plants (Wene 1968).

PRELIMINARY EXFERIMENTS

These experiments were conducted on a bed of violets 200 feet long
and 15 feet wide. In the first experiment the bed was divided into 3
plots. Plot 1 was treated with 107 disulfoton granules at 30 pounds per
acre. Plot 2 was treated with 1090 aldicarb (Temik®) granules also at
30 pounds per acre. The third plot was spraved with Dimethoate nsed
at the 0.33 pounds per 100 gallons of water. One week later the data
showed no reductions of mites in the aldicarb and disulfoton plots. There
was a slight but insignificant reduction of the two-spotted mite popula-
tion in the dimethoate sprayed plot. Some leaf injury was noticed in
the dimethoate plot whereas no phytotoxicity was observed in the aldi-
carb and disulfoton plots,

In the greenhouse, dimethoate sprayved at the rate of 0.5 pound per
100 gallons of water failed to control the two-spotted spider mite in-
festing India devil trees, elephant ears. and banana plants.

GREENHOUSE EXPERIMENTS

In the first experiment violets, heavily infested with two-spotted
spider mites, were planted singly in 8-inch pots which were then placed
in a greenhouse and watered every other day. Because of the severity
of the mite infestation it was necessary to start the experiment seven days
after transplanting. Each pot was considered as a single treatment plot.
Each treatment was replicated 4 times,

Sinee the preliminary experiments showed that low dosages of disul-
foton and aldicarb failed to control this spider mite both of these insecti-
cides were applied at the rate of 753 pounds per acre (or 17.2 pounds
per 1000 square feet) which was lower than the maximum rate used by
Neiswander (1962). Two and a half grams of the 10 percent granular
formulations were spread over the soil surface of each pot (plot) which
was then watered. In the drench treatments, 1.25 ml of the emulsifiable
concentrates, oxydemetonmethyl (2 pounds per gallon) and dimethoate

267 pounds per gallon) were Inixeg with ome pint of water which was

ien poured over the soil suwrface of each pot. e conventional garden-
hose spraver was used in applying Galecron (N,N-dimethyl-N!-{2-
|neth}rl—-'1-d|]0rnphﬂj}-']}—fﬂrnlam.iﬁi.nej at the rate of l-pound per 100
gallons of water. The plants were sprayed unt]l num-off started. A sec-
ond application was made 4 weeks after the first,
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At periodic intervals after treatment applications a hand lens was
used in eounting the mites in (.3 square inclli area on one infested leaf
from each plants. In addition the number of old and new leaves (less
than one-half normal size) were counted. Data on phytotoxicity were
also taken.

Because of the severity of the mite infestation the best looking plants
were selected for the control {untreated) plants. A leaf was considered
dead when it lost all its green color and became brown and limp. The ef-
fect of a severe spider mite infestation on violets is illustrated by Figure
1 which shows a plant killed one month after the start of the experiment.
The surviving plant at the end of the experiment was sickly and would
not have lived much longer.

Aldicarh applied, as 109 granules, at the rate of 17.2 pounds per 100
square feet {or 753 pounds per acre) gave effective control of the spider
mite { Table 1), At this high rate Aldicarb was phytotoxic to the violets.
Within a week after application the leaves devﬁnped a cuplike appear-
ance (Figure 2) with a white border on the margin of the leaves. This
white area became progressively larger with the passing of time so that
a month after the treatment application as much as three quarters of the
leaf area on some leaves were white. Shortly afterwards three of the
four plants were dead.

Good control was obtained with Galecron spray applied at the
rate of one pound per 100 gallons of water. The data in Table 1 show
that re-treatment was required 3 weeks after the original application. On
a few of the leaves a white area about a quarter of an inch in width
developed along the margins (Figure 3). The data also show that at
the end of the experimentation all the plants were living and actually
had more leaves that at the start of the experimentation.

The 10¢% disulfoton (Di-Syston) granules failed to control this
spider mite even though used at the rate of 17.2 pounds per 1000 square
feet, This is evident by the number of mites on the plants 2 and 3 weeks
after treatment application, Figure 4 taken one month after treat-
ment applications shows the typical yellowish stipled leaves caused by
the feeding of spider mites. The decline in spider mite populations 3
weeks after treatment application was probably the result of the unat-
tractiveness of the leaves which were injured by the earlier feeding of
the spider mites. The data in table 1 show that this heavy application of
disulfoton prevented the development of new leaves. Ouly one plant
survived and it was greatly stunted.

Oxydemetonmethyl (Meta-Systox-R) applied as a soil drench gave
cffective control of this spider mite. It killed 5097 of the violets.

Dimethoate {Cygon) applied as drench gave effective spider mite
contral but was more phytotoxic than the oxydemetonmethyl drench as
shown by the data in Table 1,

151



il

"y

YR

Figure 1. Effect of spider mite injury on untreated violet plant.
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Figure 2, Injury to violet plant resulting from high application of aldicarh granules,
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Figure 3. Control of spider mite in
spray. Notice white margin on large

j;m'y on violet plant resulting from Galecron
et
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Figure 4. Failure of spider mite control and stunting of viclet plant resulting from
a high application of disulfoton granules,
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Table 1. Effect of varions insecticidal treatments on the spider mite,
Tetranychus (Tetranychus) cinnabarinus and on the growth of violets.

No. spider mites on 0.3 3q. in. af fﬂﬂ.'.r;wi;ng
days after trectment application

3 T 14 21 28 35 42 48
Aldicarh, 2.5g. of 10% granules per pot

MNo. plants 4 4 4 4 4 3 3 1
Ave, no old leaves 1.5 2.0 3.5 2.0 1.5 2.3 1.7 2
Ave. no. new leaves 1.8 1.3 B 0.5 0.8 (3 0 0
Avpg. mites per 0.2 sq. in. 0.3 0 1 0 0 0 1] 0
Disulfoton®, 2.5z, 10% granules per pot
Mo, plants 4 3 3 3 3 2 1 1
Avg, no, old leaves 28 3.0 52 5.0 5.0 4.5 7O 8
Avg, no new leaves 1.8 LT 1.0 3.0 0.3 0 03 0
Avg, mites per 0.2 sg. in. 3.0 a7 a0 2.5 3.0 1.0 1.0 1
Oxvdemetonmethyl (2 lhs, Cone.) drench, 1.25 mwl, in pt. water per pot
No. plants 4 4 3 3 2 2 2 2
Avg. no. old leaves 3.8 4.5 5.0 5.0 4.0 3.5 3.5 50
Avg, no. new leaves 2.8 2.5 1.0 0.3 0 ] 15 0
Avg, mites per 0.2 s in. 15 0 o 0 0 0 0 ]
Dimethoate {267 Ibs. Cone.) drench, 1.25 ml in pt. water per pot
Mo, plants 4 4 4 2 1 1 0 ]
Ave, no, old leaves 3.8 3.8 2.3 7.0 2 2.0 0 0
Avg, no, new leaves 1.0 10 1.5 ] 1 1] 1] 0
Avg, mites per 0.2 5q, In. 3.3 0 0 0 0 0 0 0
Galecron spray, 1 Ib., per 100 gallons water
Mo, plants 4 4 4 4 4 4 4 4
Ave, no, old leaves 3.0 4.3 6.0 6.3 8.2 5.3 43 4.8
Avg, no, new leaves 1.8 1.0 0.8 0.8 0.8 0.3 1.7 10
Avg., mites per 0.2 sq. in. 0.5 0.3 1] 3.3 2.3 03 0
Untreated
Mo, plants 4 4 4 4 3 3 2 1 1
Ave, no. old plants 4.0 3.0 6.0 6.7 4.0 a5 50 3
Ave. no. new leaves 2.3 1.0 0.8 3 1.3 1.0 10 1
6.5 a0 185 1.7 113 4.5 an  0a

Avg, mites per (L2 sq. in.

Table 2. Effectiveness of Galecron in controlling the spider mite
Tetranychus (Tetranychus) cinnabarinus.

Nﬁﬁépﬁ” er mites on 0.3 sq. in,
before ond after treatment
with Galecron

Plant B I day before T days after
India devil trec 2.8 0
Elephant ears 2T 1
Banana plant 2.3 0




Since Galecron gave good control of spider mites in this experiment
a number of exotic plants were sprayed in the environmental greenhouse
at the rate of 1-pound per 100 gallons of water. Before and after the
treatment application population records were taken on twenty in-
fested leaves of each plant variety. The data in table 2 show that Gale-
cron gave effective spider mite control. The Galecron S%r.}.% application
did not cause any phytotoxicity to India devil trees, elephant ears or
hanana plants.
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A Pit-Making Scale, Asterolecanium pustulans
(Cockerell), on Rio Grande Valley Ornamentals!

H. A. Deax and Micuaerl F. ScHusTER®

Abstract: The pit-making secale, Asterolecanium pustulons | Cockerell), was
found on several host plants in the Lower Rio Grande Valley, ©leander and fig
were particularly susceptible to attack.

Fesults on econtrol tests with pesticides showed that oil-diazinon, oil-malathion,
dimethoate and oxydemetonmethy] produced the best control.  Systemic action of
varions pesticides did not result in consistent control of the scales. It was apparent
that more than one thorough coverage sprav would be required for adequate control,
The granular systemic pesticides produced inconsistent, or poor, control at the rates

applied,

A pit-making scale, Asterolecanium pustulans { Cockerell), was first
observed in the Lower Rio Grande Valley on oleanders | Nerium oleander
L.) at San Benito in 1956, The scale insect increased in importance
during the 1960's to such an extent that some nurserymen stopped propa-

ating oleander plants for sale. Investigations were begun in 1965 to
etermine the best means of control and to determine the host range of
the insect.

A. pustulans was originally described by T. D. A, Cockerell in 1892
from specimens apparently taken from oleanders in Jamaica. Cockerell
redescribed the species in 1893 placing it in another genus {1,2). Miss
Louise M, Russell placed the species in the genus Asterolecanium based
on her extensive studies with this large genus in 1941 (5).

Distribution of the scale insect is quite extensive. The insect has
been reported from the following countries: Cuba, Dominican Republic,
Jamaica, Puerto Rico, Trinidad. Virgin Islands, Brazil, Peru, Panama,
Costa Rica, Honduras, Mexico, United States {Florida and Louisiana),
Egypt, Israel, Madagascar, East Africa, Hawaii, Guam, Formosa and
other islands in the western hemisphere and the Pacific (5).

The insect has been reported from a number of host plants. Host
plants of particular interest are as follows: Acacia spp. {acacias), Agave
sp. {pussili’:tly the century plant), Bawhinia sp. {(orchid tree), Bougain-
villea sp. (bougainvillea), Cassia sp. (senna), Croton sp. (erotom ), Ficus
sp. (fig), Gossypium sp. (cotton), Grevillea robusta Cunn. (silk oak},
Hibiscus sp. (hibisens ), Jasminum sp. (jasmine ), Lantana sp. (lantana )},
Magnolia sp. (magnolia}, Mangifera sp. (mango), Melocactus sp. (a

1 Technical Contribution No. TA 8656. Texas Agrieultural Experiment Station, Texus
AdM University, Woeslaco,

2 Associate Professor and Assistent Professor {on leave ), Texas Agricultural Experi-
ment Station, Weslaco,
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cactus), Morus sp. (mulberry), Nerium sp. (oleander). Passiflora sp.
( passion flower), %’f:r.s':da sp. {avocado), Plumeria sp. (Frangipani}, Prosopis
sp. (mesquite or screw bean), Prunus (Amygdalus) (prob. peach),
Psidium guajaova Linn, (guava), Pyrus (Malus) malus (apple), Russelia
juncea Zuce. (coral plant), Sembucus sp. (elder) and V{mc& teres Lindl.
(an orchid) (5). In 1949, the insect was reported from the following
trees: Acacia spp.. marmalade, magnolia and mulberry (3). The latter
author reported the insect may be very destructive on the trees it attacks.
The silk oak practically disappeared from Puerto Rico during a 20-year
period primarily because of this insect (6).

The extent to which the insect can induce pit formation, or pustule-
like formation, is apparently governed by the susceptibility of the host
olant to the insect (5.6). When deep pits are formed there is a tendency
or the host tissue to draw together at the opening, thus concealing the
insect (5). On oleanders, the tissue appears to swell around the seem-
ingly-depressed area where the scale insect is found. Some members of
the genus Asterolecanium seem to restrict their feeding to one part of the
plant, such as leaves, stems or bark, while others live indiscriminately
on leaves, stems, twigs, froit and trunk (5). A, pustulans was found on
both stems and fruit of fig,

A few reports were found in the literature concerning biological con-
trolling agents of this scale insect. Parasite emergence holes were report-
ed in the scales in Puerto Rico which were presumed to be the result of
the endemic parasites, Mercetiella reticulata and Ewaphycus portori-
censis, desceribed by H. L. Dozier from specimens from Puerto Rico
several years prior to the time (4.6). However, these parasites had ap-
Eqarcntly not exerted more than partial control of A, pustulans (6). The

dvbeetle, Chilocorus cacti L. introduced from Cuba into Puerto Rico
in June 1938, was reported to prefer A, pustulans to other seale insects
there and had done so complete a job on this scale insect that the scales
were difficult to find for 12-14 years after introduction of the beetle
{6,7). Station records show C. ecacti (sometimes called the twice-stab-
bed lady beetle by mistake) was identified by Dr. E. A. Chapin of the
U. 5. National Museum from numerous collections in Lower Rio Grande
Valley citrus trees prior to 1960 feeding on various armored seale insects.
This beetle has been found on rare oecasions in our area since 1960,

MATERIALS AND METHODS

Infested oleander plants in 1-gallon containers were furnished by
nurserymen for the early tests while later tests were conducted with
large plants at various locations at the Experiment Station.

Various ornamental nurserymen contributed much help for determi-
nation of the various plants in their nurseries which were infested with
this seale insect.

BRates of materials shown in the text and tables are expressed in
guantities of the following formulations: 10 G aldicarb, 80% WP carbaryl
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{Sevin ), 48.7% EC diazinon, 80% EC dicrotophos, 30.5% EC dimethoate
{Cygom ), experimental GS-13005 ( 0.0-dimethyl-5- 2-methoxy-1, 3, 4
thindiazol-5- (4H )-onvl-{4)-methy] }-dithiophosphate ), 5 G Lannate®,
56% EC malathion, 25.4% EC oxvdemetonmethyl, 13.9% EC propoxur
and Zectran®™ (4-dimethylamino-3, 5-xylyl methylearbamate}). The 443
oil (distillation temperature at 10 mm ".E{g.j was highly paraffinic with
0.25% Triton™ X-207 for emulsification. Sprays were all-coverage sprays
a%plied in the particular portions of the plants as indicated in the text
while granular materials were applied as later indicated.

The number of live scales was determined by examining 25 scales
on § to 10 inches of twigs. A minimum of 200 scales were examined from
each treated group of plants. Following Test 2, no untreated plants
(Test 6 excepted} were left because of the difficulty experienced in
finding some pesticide that would adeqguately control the scale insect.

RESULTS

The following plants were found infested with this scale insect in
the Rio Grande Valley area: fig, geranium, hibiscus, natal plum (Carissa
grandiflora Dﬂr), oleander, peach and silk oak. Oleander has been the
most heavily-infested host plant in this area (Figure 1}, However, the
double rose flowered variety of oleander evidently is not as heavily-in-
fested as other varieties of oleanders. A light infestation found on the
peach tree was probably the result of migrating individuals from heavily-
infested oleanders close by, A few parasite emergence holes were ng—
served in some scales on hibiscus at Weslaco in February 1970, however,

Fi, 1. Swollen areas of oleander twigs as a result of feedin A pustulans;
&, ; and ¢ Closeup of scales: d. By 2

164)



none of the scales contained live parasites. A few predaceons chelytid
mites, Cheletogenes ornatus (C & F), and several plant-feeding tucker-
ellid mites, Tuckerella pavaniformis { Ewing), were also found on the
hibiscus.

Test 1. Infested oleander plants in gallon containers were sprayed
on June 18, 1965, with a 2% gallon hand sprayer. The percentage re-
ductions of scales after 27 days and the respective insectivide and rates
of dilution were as follows: 26.2%-dimethoate (7.5 ml/gal), 48.8% -
Zectran® (10 ml/gal), and 86.9% dicrotophos (2.5 ml/gal).

Test 2. Oleander plants in gallon containers were spraved on Aug-
ust 13, 1865, using a 235 gallon spraver. The percentage reductions of
scales after 35 davs followed by the respective rates of insecticides per
gallon of water were as follows: 54.5% dicrotophos (2.5 ml) (65.0%
pmguxllr (25 ml), 53.1% - dicrotophos (5 ml), 85% - 443 oil (38 ml)
— diazinon (10 ml), 61.6% - dimethoate (15 ml), and 6447 - dime-
thoate (25 ml).

Test 3. Infested oleander plants (10-12 feet high) were sprayed
with 1 Ib carbaryl/gal water using a high pressure engine powered spray-
er operated at 500 psi om August 4, 1966, Records made 12 days later
showed 679 living scales,

Test 4. Oleanders, 10-12 feet high, were sprayed on August 15,
1966, from ground level up to 4 feet with various systemic pesticides
from a 2% gul spraver, while granular 10 G aldicarb was mixed with
the top 2 inches of the soil and irrigated immediately. Data shown in
Table 1 indicated the 5 grams per square foot rate of aldicarb pro-
duced the best control. Considerable variations were found in the
percentages of live scales following the spray treatments. Percentages
of live scales were the same following dimethoate and dierotophos on
the first 3 dates while smaller numbers were found after dimethoate
than dicrotophos 55 and 86 days after application. An increase in live
scales was found 86 davs after application. A reduction of live scales

Table 1. Percentage of live A. pustulans on oleander twigs following
treatment with various insecticides on August 18, 1966, Test 4.

Ratesa Dr:y.;T:ﬂHr ﬂm:h'{;_nﬁnn B
Muaterials em/ iz ml/gal 8 a2 42 55 &6
Aldicarh 10 G 1 4 G 27 a3 30
Aldicarh 10 G 5 g 5 2 1 L]
Dimethoate 125 12 14 10 T
Dicrotophos 25 11 16 11 16 21
Oxydemetonmethyl 125 2 Az a fi 268

a Granules applied to the soil followed by frrigation iomnediately. Sprays applicd
from ground level up to 4 feet.
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oceurred 42 davs after application of oxydemetonmethyl with a sharp
increase after 86 days.

Test 5, Infested oleanders, 10-12 feet high, were sprayed on June
8, 1967, from ground level up to 4 feet with various pesticides from a
215 gal sprayer, while granular 10 G aldicarb and 5 G Lannate® were
mixed with the top 2 inches of the soil and irrigated immediately. Per-
centages of live scales remained at 60% or higher following treatment
with all pesticides in samples taken from the upper portions of the plants
{Table 2). The smallest percentages of live SL‘ﬂIEH were found in samples
taken from the lower areas of the plants where the pesticides were ap-
plied as sprays. The increased percentages of live scales on the lower
portion of the plants 23 days after application of GS5-13005 and oxy-
demetonmethyl were comprised mainly of scales with eggs. The sys-
temic action of the varions pesticides apparently was not adeguate to
provide much scale reduction. Reduction of live scales following dime-
thoate application was not as great 12 days after treatment as found
with GS-13005 or oxydemetonmethyl on the lower portion of the plant
where sprays were applied, however, 11 days later, live scale percentages
were smaller after dimethoate. Control of the scales in the lower portion
of the plant was not as good with the granular materials as found with
the sprays in most instances.

Test 6. Infested oleanders, 15 feet in height, were sprayed with
various formulations of insecticides on September 8, 1967, using a barrel
ype sprayer which developed 150-200 psi pressure. The percentage
live scales 28 days after treatment with the respective treatments per
gallon of water were as follows: 8-{37 ml 443 oil + 20 ml diazinon),
24-(7 ml malathion)}, and 6-(37 ml 443 oil + 3 ml malathion}, The
average number of live scales found 28, 48, 70 and 98 days after ap-
plication were 4%, 24% and 8% from plots of the respective treatments
named above,

Table 2. Percentage of live A. pustulans on upper and lower stems of
oleanders following treatment with various insecticides on June 8, 1967,
Test 3.

Days after application

Ratess = diays a3 diays 34 days
Materials /R mlfoal  uppert Imeerd  upper  lower upper lower
Aldicarh 10 G 8 b TH it 47 i} 56
Lannate® 5 G 15 T4 23 B4 £l a9 T4
GS-13005 5 94 14 i &9 il 1
Dimethoate 150 171 26 T1 4 Ba 15
Oreveemetoumethyl 150 a1 G 66 40 a2 ]

a Grunules applied to the soil followed by frvigation immediately, Sprays applied
from ground level up to 4 fect.
b Upper-above zone of spray application; lower-in zone of spray application.
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Control of Aphids Infesting Ornamentals’
Grorce P. WEnE, University of Arizona

Abgtract:  Two non-toxic insectcides, pyrethrum and SBP-1382, (5-benayvl-3-
furyl) methyl 2.2-dimethyl-3 {methylpropenyl) eyclopropancearboxylate, were evalu-
ated as controls for aphids infesting omamentals. Both insecticides effectively con-
trolled Aphis spirseecls on pyracanths, Aphis nerii on oleander, Cinara tujafiliona on
arborvitae, and Acrythosiphum pisem intesting ornamentals grown in a greenhouse.
Both of these insecticides were w5 effective as either diazinon or Ethion, Pyrethrum
and SBP-1382 gave as good control as the systemic Insecticides, dimethoate and
Meta-Systox-R, for a period of seven days.

Recently developed organophosphate insecticides are very effective
in controlling aphid infestations on ornamentals, yet many eople are
afraid to use them. Some consider them too toxic to handle, while others
have specialized situations where residues may be hazardous, such as
treating ornamentals when grown beside vegetables. Too, there are
fears that their children may become poisoned by playing in soil beneath
plants treated with either a soil systemic or foliar spray.

Pyrethrum, the common name for pyrethrins, is an old insecticide
intreduced in the United States during 1870 ( Gnadinger, 1936). It was
used extensively before 1946 for the control of many horticultural and
household insects, however, very little published work is available on its
effectiveness as a control of aphids infesting ornamentals. Gnadinger
(1926) lists 17 plants on which pyrethrum gave effective aphid control.
Among these were asters, carnations, chrysanthemums, sweet peas, roses
and violets. The aphid species were not disclosed.

Because of numerous requests for recommendations of insecticides
with low mammalian toxicity, experiments were conducted to evaluate
pyrethrum and a new synthetic pyrethrum-like compound for the control
of aphids. Also evaluated were a number of organophosphate insecti-
cides currently sold for aphid control.

AFHID SPECIES

The spirea aphid, Aphis spiraeeola Patch was the species infesting
pyracantha. When numerous, this aphid gives the plant a dirty appear-
ance, Heavy infestations can delay flowering, reduce the amount of fruit
set and stunt plant growth,

Oleanders were infested by Aphis nerii Fonse. This aphid has no
approved commaon name but locally it is called the oleander aphid. It
infests the terminal growth, When numerous, these aphids deposit large

1 Arizona Agrenltural Experiment Station Journal Series No. 1680,
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amounts of honeydew which many people find objectionable. 1 have
never see this aphid injuring an oleander.

Cinara tujafiling Del G. was the species attacking arborvitae. Local-
ly it is called the arborvitae aphid. When numerous these aphids secrete
large amounts of honeydew which many people consider objectionable.
When numerous some aphids will occasionally migrate into nearby
houses and have been mistankenly identified as l;:rmm dog ticks.

The pea aphid Acrythosiphum pisum Harris infests a wide range of
ornamentals, Heavy infestations caused papaya to turn yellow and
eventually drop. The feeding of this aphid was so severe that it caused
the leaves on sestron and cup-of-gold to tum yellow.

PROCEDURE

The insecticides used in these experiments are shown in Table 1. All
but one are available commercially. SBP-1382, (5 benzyl-3-furyl} methyl
2 2-dimethyl-3-{ 2-methylpropenyl ) cyclopropanecarboxylate ), is an ex-
perimental inseeticide with a short residual life and is considered non-
toxic to warm-blooded animals,

All experiments, except one, were conducted in homeowners’ yards.
One experiment was conducted in a small greenhouse which contained
single specimens of exotic plants, In these experiments a single plant was
considered as a treatment plot. As the number of plants were limited in
individual yards, it was impossible to replicate treatments. This lack of
replication was partially overcome by conducting experiments in two or
more yards,

The conventional garden hose sprayer was used in applying all but
those treatments on oleanders. In the oleander experiments a 2-gallon
garden sprayer was used for treatment applications. Both the upper and
lower surface of leaves were sprayed until run-off began. SBP—%SSE Wwils
also tested as an aerosol. In applying the aerosol the dispenser was held
10 inches from the plants. Both the upper and lower surface of the leaves
were thoroughly wetted. In the drench experiment 25 ml of a 23.6%
emulsifiable dimethoate concentrate was mixed in 2.5 gallons of water
and then poured into a basin surrounding the pyracantha trunk which
had a diameter of one inch.

The dosages used were expressed in terms that a homeowner would
use, namely teaspoons per gallon, On teaspoon per gallon is equal to one
pint per 100 gallons.

Effectiveness of the various insecticides was determined by taking
population counts before and after treatments. On pyracantha aphids
were counted on ten S-inch twig terminals. Aphid populations on olean-
ders and the greenhouse plants, papaya, sestron and cup-of-gold, were
taken from ten terminal leaves of each plant. In evaluating arborvitae
aphid populations four terminal twigs from each bush were shaken over
a sheet of white paper. Then the number of aphids which had fallen on
a square inch area was counted.
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Table 1. The effectiveness of pyrethrum and SBP-1382 in controlling
aphids infesting various ornamentals. Tucson, 1970,

;]"eu.s-;m;E ; A‘D{{. No. Aphids per Smnples
Inzecticide per No.
{Concentration) gallom  Tests L) 1 7 n

Pyracantha { Aphiz spiraecola)

Pyrethrins, 1.4% [ 3 811 i) 8 38
4 1 T2 11 14 (]
SBP-1382.p 243% 1 1 283 117 9 LG
2 4 271 2 17 a7
L35% Aerosol 1 480 0 0 13
Dimethoate, 25.6%, drenche 1 243 150 0 ]
Untreated 4 266 204 183 96
Oleander (Aphis nerii)
Pyrethrins, 1.4% 1 2 201 18 2
2 3 135 1 0
SBEP-1382, 243% 1 2 212 1 1
2 2 199 L] 3
0355, Acrosol bis 193 0 9
Dimethoate, 23.6% 1 1 185 0 0
g 1 238 0 0
Unt
MSRE 25% 1 1 160 0 0
Dinzinon, 25% 1 1 131 LH 15
Tthion, 4-Th/gal. 1 1 103 0 15
Mixture: Carbarvl 5%:
MSR 5%: Kelthane 2% 3 1 25 0 0
i) 1 a7 ] 0
Mixture: Carbaryl 5%;
MSR 5%; Omite* 3% ] 1 70 0 0
Untreated 4 193 142 52
Arborvitae ( Cinara tufafilinag}
Pyrethring, 1.4% 2 1 4 0 1 1
4 1 3 0 ] 0
SBP-1352, 24.3% 1 1 3 0 ] ]
2 1 3 L] 1 ]
MSR, 25% 1 1 3 0 1 1
Untreated 1 4 2 a a
Fapava { Acrythosiphum pigam)
Pyrethring, 1.4% 4 1 440 0 ]
Sestron  ( Acrythosiphum  pisum)
SBP-1582, 24.3% 2 1 15 0 0
Cup-of-Gold { Acrgthesiphum  pisum )
MSR, 25% 1 1 46 0 0

a See text for methods used in sampling populations.

b SBP-1552, (5 benzyl-S-furyl) methyl 2.2-dimethyl-3 {methylpropenyl) cyclopro-
pane-carboxylate,

e 25 ml in 25 gallons of water

4 MSR, oxvdemetonmethy! [ Meta-Systox-R )

e Omite, 2-{ p-tert-butylphenosy Jovelohexel 2-propyny! salfite.
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DISCUSSION OF RESULTS

Good control of four aphid species, Aphis spiraecola, Aphis nerii,
Cinara tujafiling and Acrythosiphum pisum, infesting ormmamentals was
obtained with spray applications of pyrethrum and S8P-1382. The data
indicate that the 1.4% pyrethrum emulsion should be used at the rate
of two teaspoons per gallon, whereas the 24.3% SBP-1382 emulsion was
effective when used at the one teaspoon rate. Those data also indicate
that both of these insecticides were losing their effectiveness seven days
after treatment application,

An aerosol formulation containing 0.35% of SBP-1382 gave effec-
tive control of aphids infesting pyracantha and oleander. However, seven
days after application aphids population had started to build up.

The systemics, dimethoate and MSR (oxydemetonmethyl) when ap-
plied as sprays eliminated the aphid pouulations. The commercial spray
mixtures S&Isotﬂx} containing only E*,‘{: MSR were equally effective.
The data show that dimethoate applied as a drench was slower than the
spray applications in reducing aphid populations but was just as effective
one week after treatment,

Sprays of diazinon and Ethion were as effective as the pyrethrum
sprays. Populations started to increase seven days after treatment appli-
cation.

All spray treatments had been applied during the heat of the day.
No phytotoxicity was observed.
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Effect of Amistad Dam on Water Supply to
Lower Rio Grande Valley

Tare Darryspre!

Prior to the beginming of storage in the reservoir ereated by Amistad
Dam, in June 1968, practically all flood flow in the Rio Grande was
caught in Falcon Reservoir, but now much of the water formerly coming
to Falcon is stopped at Amistad. What effect this will have on the water
supply to the Lower Rio Grande Valley is of concern to all of wus.
Pertinent factors influencing the situation are: (1) the number of acres
subject to irrigation; (2) the water supply; and (3) the effect of Amistad
on the water supply; related to the last, and the most important factor
of all, is the question of water use in the reach between the two dams,

The number of acres cultivated in the United States below Falcon
Dam has increased from about 300,000 in 1935 to 600,000 in 1956 and
to 778,000 in 1960, which is the acreage now allotted water by the 93rd
District Court. Water rights for 743,000 acres was recognized in the
judgment of the appellate court. Thus we see a steady increase in culti-
vated acres over tEe yeiars, with only a small decrease due to the water
suit,

The amount of water allotted by the court judgment is 1,840,000
acre-feet annually for irrigation plus 135,000 acre-feet for municipal, in-
dustrial and domestic uses, or a total of almost 2 million acre-feet per
year, as measured at the point of diversion from the river. Considering
the 60,000 acre-feet domestic reserve provided for in the judgment and
a 20 percent reserve for evaporation and channel losses, a total annual
vield of 2.5 million acre-feet of water must be provided by the Rio
Grande for everyone to get his full legal allotment. What is the likely-
hood of the river providing this much water?

Studies based on records obtained since 1945 indicate that only for
10 percent of the vears will the anmual Aow (the U.S. Share) into Falcon
Reservoir be as great as 2.5 million acre-feet. For 50 percent of the vears
— half the time — class A land (641,000 acres) would get only 121 acre-
feet per acre and class B land {102,000 acres) would get only 0.70 acre-
feet per acre. What this means is for most years a farmer will have
less than half of a full supply of water and must reduce the amount
applied to each acre or reduce the number of acres irrigated. A vear of
a full water supply will be a rarity. Can we expect the water supply
to increase in the future?

The trend in the amount of U. 5. water coming to the Valley has

1 Special Water Master, 93rd District Court, Hidalgo Count.
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been down. Prior to the construction of Falcom dam, the flow into the
Culf averaged over 233 million acre-feet per year — this was after every-
one had taken all the water they wantemhere was more than enough
for everybody. Extensive hrrigation development in Mexico helped to
reduce the water supply; since 1930 reservoirs have been built having
a total capacity of over 3% million acre-feet. And hundreds of sma
reservoirs, or stock tanks, built in this country has contributed to reduce
the amount of water reaching the river. The effect of these developments
may be gauged by the records of flow in the Rio Grande, The U. 5, Share
of the flow at Falcon dam site, as computed by the IB&WC, averaged
about 1,800,000 acre-feet for the period 19001953 but the U.5. flow into
Falcon reservoir has averaged only 1,400,000 acre-feet, or ahout 80 per-
cent as much, for the period 1954-68. This is not conclusive proof of a
decline, but it does indicate the trend.

The construction of Amistad dam on the Rio Grande above Del Rio
created a drastic change in the water supply sitvation — a change that
can be very damaging to Falcon water users. as about 90 percent of the
water coming to Falcon originates above Amistad dam,

A large reduction in water reaching Falcon reservoir has occurred
since storage began at Amistad in July 1968, Over 1 million acre-feet of
U. 5. water has ﬁ*cn released from Amistad, hut much of this was taken
out in the reach of the river between Amistad and Falcon Dams, and for
several months last summer not enough water reached Faleon reservoir
to make-up for the evaporation.

The construction of Amistad dam has been a great asset to water
users between Amistad and Falcon, There has been a steady increase
in acres irrigated in the reach from about 45,000 in 1960, when Amistad
dam was authorized. to 60,000 in 1968, The Texas Water Rights Com-
mission, the agency that controls releases of U, 5 water from Amistad,
in a recent report lists 63,000 acres claiming an irvigation right with an
estimated annual use of 200,000 acre-feet, including 27,000 acre-feet for
municipal, industrial and domestic vses. In addition, the report lists
about ILOM0 acres being irrigated that have no claim at all to a water

right.

The TWRC is now in process of adjudicating water rights in the
Amistad-Falcon reach, and until this adjudication is completed, they
indicate they can exercise little control over water use in the reach; this
probably will be a period of from 2 to 5 vears. In the meantime they
are releasing water from Amistad at a rate of about 1100 ofs; this is ne-
cessary, we are told, to provide for hvdroelectric power generation by
C.P.&L., operating under a permit held by the Maverick Count WC&ID
Na, 1 that provides for a diversion rate of 1500 cfs. The constant di-
version of ahout 1000 cfs of U. 5, water is a fine thing for the 100 pumps
helow Amistad and above Falcon, but it does no good for the water users
below Falcon,

Several requests have been made to the TWRC for them to assign
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Amistad water to Falcon users on a definite formula basis, and at monthly
intervals so that Amistad water can be allocated to Faleon users. But the
TWRC has not felt able to do this until the adjudication is completed,
However they have agreed to assign water to us from time to time as
they see fit, and not on a basis of a right we can demand. The only such
assignment to date was 220,000 acre-feet transferred by letter dated
December 17, 1969, this water has been allocated to Faleon users, as re-
flected in the Special Water Master’s report dated January 15, 1970,

The declining yield of the river and increased use in the Amistad-
Faleon reach poses a serious problem for the water users below Falcon,
Nothing can be done about the declining water supply, but a close look
should be made of the situation that exists between the dams,

This threat to the Falcon water supply has long heen recognized by
Ef.*.uple in the Lower Valley. Twenty-five or more from this area appeared
efore committees of Congress when consideration was being given to
approval of Amistad dam (this was in the 195860 period) and they
pointed out the danger to the Falcon water supply posed by the con-
struction of Amistad.

As a result of these efforts, the Texas Board of Water Engineers
adopted an order on December 8, 1955, that was referred to in the Act
of Congress authorizing construction of Amistad dam { Pub. Law 56-6(15,
sec. 3.) that was approved July 7, 1960. Congress approved construction
of the dam “* ® with the understanding that ®* ® (b) the State of Texas
having stipulated that the amount of water that will be available for
use in the United States below Falcon Dam after the proposed dam is
placed in operation will be not less than the amount available under
existing conditions of river development ° ° and it shall be the ex-
clusive responsibility of the appropriate authority or authorities of said
State to distribute available United States share of waters of the Rio
Grande in such a manner as will comply with said stipulation.” This
wording says that water use hetween the two dams, under conditions
existing today, cannot be a larger proportion of the total U. S, flow than
was being used at the time Amistad dam was authorized, i. e., in 1960

How much water was vsed in the Amistad-Falcon reach, and what
percent was it of the total U. S. supply? There are several answers to
this question:

(1) The IB&WC, in 1959, estimated that U. S. requirements in the
Amistad-Faleon reach was 10.3 percent of total U. 5. flow;

(2) The TWRC, in 1969, recognized water rights in the Amistad-
Ealffr:}n reach as 9.5 percent of all water rights from Amistad dam to the
LT

(3) Data published by the IB&WC in their annual water bulletin
for 1960 shows that the Amistad-Falcon reach used 11.4 percent of the
total use below Amistad. The average of these three shows the Amistad-
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Falcon reach is entitled to 10.4 percent of the total U. S. flow at Amistad;
this figure agrees fairly well with the recorded 1960 use of 11.5 percent.

These computations indicate that the Amistad-Falcon reach is en-
titled to only about 11 percent of the total U. S. flow into Amistad reser-
voir. The 89 percent left should go to Falcon water users. This means
89 percent of every acre-foot of U, 5. water that enters the reservoir,
not 89 percent after a certain reserve is withheld for use in the Amistad-
Falcon reach, as is now heing done, nor does need, existing water rights,
or potential future developments have a bearing on the situation. Do we
get this 89 percent now?

Records of IB&WC show that since 1959 the Amistad-Falcon reach
has used annually from 9 to 25 percent of the U. 8. share of the flow at
site of Amistad dam; naturally they tend to use a larger percent during
vears of lower flow, when Falcon users need it most. Since the beginning
of storage in Amistad reservoir in late June of 1968, about one million
acre-feet of U. S. water has been released; the rate of release has varied
from about 800 to 1400 cfs, and averaging about 1000 cfs — just right for
those above Falcon to pump what they want.

In June 1969, 53,000 acre-feet were released from Amistad, about 90
percent being U. 8, water. The U. §. flow into Falcon during June, which
includes some flow from tributaries helow Amistad, was 23,000 acre-feet,
but U. 8. evaporation amounted to 35,000 acre-feet, so we made out
poorly. Total U, §. flow into Faleon in July 1969, the last month of rec-
ord, was only 9500 acre-feet, far less than the evaporation or the 50,000
acre-feet released at Amistad. Had Amistad dam not been built, and
all water now stored there was in Faleon, the maximum allowable stor-
age would be exceeded and every allottee below Falcon would now have
a maximum allotment. Instead, many allottees are about out of water, It
appears that we are not getting our proper share.

Several attempts have been made to get a proper share of Amistad
water assigned to Falcon users; we have received only the 220,000 acre-
feet mentioned earlier. A meeting was held in Austin last December §,
with all members of the TWRC, their Executive Director, and several
staff members. This meeting has been accurately reported in the weekly
publication “Texas Water Ffep-urt" for December 11, 1969: "The group
also talked about the percentage of the U. §. allocation in Amistad whic
can be allocated to Falcon for Lower Rio Grande Valley use under the
Court decision. Chairman Dent said the Commission felt thev can't talk
in even the most general terms about this until they have completed the
adjudication of the middle reach. ® ® The Commission has plans for
complete coordination of Amistad and Faleon as a unit operation to get
the maximum use of both reservoirs,” In the meantime, what about water
for Falcon userst

It is clear that the TWRC has no plan to allot Amistad water to
Faleon users on a formula basis — a basis that gives Falcon users a right
to a definite proportion of all water entering Amistad, even though Con-
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oress stated that Faleon users should get no less water than they would
receive had Amistad dam not heen built, Tt is doubtful that Amistad
dam would have been built without the BWE stipulation on division of
the water, a stipulation that recognizes a superior right of water users
below Falcon dam. Noenrecognition of this right can be a serious factor
in the economic welfare of people in the Lower Rio Grande Valley.

The water users below Faleon dam todav are confronted with a
situation where for the past few years the number of acres being irrigated
has increased while there has been a decline in the amount of available
water, plus a recently constructed dam and reservoir upstream that may
be operated to seriously reduce the already inadequate flow., The next
question is; What are you going to do about it?



Development and Preliminary Test of a
Frozen Avocado Salad Base

(. C. Hesten and T. §. Sternens!

Abstract: A frozen avocado salad base was prepared and distributed through
a student cafeteria in Baton Rouge, Louisiana *nd several restaurants in New Orleans,
Lounisiana and Clemson, South Caroling area for evaluation ns o salad preparation,
The results of the rtings and use in the student cafeteria showed that the product
was versalile, casy to prepare, had satisfactory “shelf life” after preparation and was
seceptable.. Almost nﬂptlw restaurants which used the product were favorably im-
pressed #nd the restaurant operators generally thought the estimated cost of $8.00
per case of twelve 32-ounmce cans was reasonable, although it was higher per serving
thin other competing products,

INTRODUCTION

In a normal crop year, many avocados are left in the groves or sorted
out and discarded at the packing shed because they are too ripe for
shipping, misshapen, oversize or undersize, or have skin blemishes.
Losses of this type vary from vear to year depending on weather and
other growing conditions and have been estimated to average about 5
million pounds per year,

A satisfactory process for freezing avocados and an acceptable
frozen avocado product offers an opportunity for better utilization of
the crop and for extending the marketing season. A processed product
using fruit too ripe for shipment, scarred, misshapen, too large or too
small, but otherwise sound, would give an outlet for a considerable
portion of the erop now lost.

In 1857 and 1958, the Foods Crops Utilization Research Laboratory
at Weslaco, Texas developed an excellent frozen avocado salad base
similar to the Mexican dish “guacamole salad” (3. 4). To prevent the
separation of a watery phase from the product upon thawing, it was
necessary to add a thickening agent such as waxy rice flour or sodium
alginate.

Later it was discovered that a satisfactory product could be pre-
pared and separation overcome by the addition of eracker meal instead
of the previously vsed more difficult to prepare thickening agents (2).

1 O, C. Hester is an agricoltura]l cconomist in the Market Potentinls Branch, Market-
ing Economics Division, Economic Research Service, and T. 5, Stephens is a food
technologist at the Food Crops Utilization Research Laboratory, one of the labora-
tories of the Southern Utilization Research and Development Division, Agricualtural
Resparch Service, U5, Department of Agriculture,
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The following is the basic formula for the frozen avocado salad buse:

Ingredients Wt. % Wi, gmas,
Avocado meat 58.70 557.0
Lemon or lime juice 4.60 46.0
Onion powder {not flakes 27 a7

or onion salt)

Salt 1.43 143
Cracker meal 5.00 50.0

The avocado meat is mashed with a potato masher to avoid air
being incorporated into the product. The remaining ingredients are
folded into the avocado meat. Fast blending or whipping incorporates
an exvessive amount of air which will cause oxidative rancidity during
frozen storage. The lemon or lime juice and onion powder aid in pre-
venting darkening during storage and after thawing, and therefore, should
not be omitted. Other ingredients such as tomato, peppers, or bacon
may be added: however, for commercial preparation, the addition of
these items is left to the housewife.

The most desirable container is the plain tin can. The can is care-
fully packed in order to eliminate all airspaces that may oceur in the
product and headspace of the can. The frozen product can be stored
at 0°F and retains good flavor, color, and texture for as long as 12
months.

METHODS

In cooperation with the South Florida Growers Association and a
packing firm in Florida, arrangements were made to process and freeze
in November 1964 a sufficient quantity of avocado salad base for pre-
liminary tests. The basic formula was followed to prepare about 800
pounds of product?

About half of the product was ked in G-ounce tin cans for house-
hold use, and half was packed in 32-gunce cans for institutional use,

Although no formal testing program has been carried out, several
groups requested samples and were most cooperative in supplyving their
results. These results, which are discussed below, were sufficiently
tavorable to indicate that more formal research should be carried out
to test the potentials for the product.

The School of Home Economics®, Louisiana State University, Baton
Bouge, Louisiana adapted and tested 19 recipes for household use and 6
quantity recipes for restaurant use. Two soup recipes were included in

2 Mr, Charles W, Wilson, III, Chemist, U.5. Fruit and Vegetshle Products Laboro-
tory, Agricultural Research Service, U.S, Department of Agriculture, Winter Haven,
Florida, assisted in the preparation and packaging of the product.

% The authors wish to express their appreciation to Frofessor Dorothy 5. Moschette
and the School of Home Economics, isiana State University, for their coopera-
tion in adapting and testing recipes for the produoct.
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each eategory, The recipes were rated for acceptability and, in some
cases, compared with dishes prepared from fresh avocados. The results
of the ratings and use in the student cafeteria showed that the product
was versatile, easy to prepare, had satisfuctory “shelf life” after prepara-
tion, and was acceptable.

Estimated Cost. The following direct cost estimates were based
on the wholesale purchase of 400 pounds of avocados at 146 cents per
pound and hand preparation of the product in the laboratory:

Yield Lbs.
Avocado flesh vield (51.6% of fresh purchased)® 150
Other ingredients {1290 of total mixF 28

Total avocado salad mix 202
Cost Per ib.
Ingredients $ .30
Labor® 15
Packaging D6
Freezing 05
Direct cost per pound % .56

To this estimated cost of 21 cents per 6-cunce can must be added
overhead, profit, distribution, brokerage, and retail markup. It is antici-
pated that avocado cost would be considerably less when those not
suitable for shipping are obtained at the packing shed. Labor costs might
also be reduced by the use of mecllani{'a].i' peeling, pitting, and pureeing
equipment.

One of the cooperators estimated a total cost of approximately
44 cents per pound f.ob. plant. This estimate was used as a basis for
estimating the price to the institutional users.

RESULTS

Institutional Response.  Through previous work with restaurants in
the New Orleans area (1), it was possible to identify restaurants whaose
management and menu offerings indicated a possible use for dishes made
from frozen avocado. Less than 10 percent of the restaurants were con-
sidered potential users of the product. OF these, approximately half in-
clude avocado on their menu. Those that do use avocados use them
infrequently because of availability or price. Thus, less than 5 per-
cent of the restaurants might be considered as immediate prospective
users. In addition, the new product did net appeal to some regular vsers
of avocados,

4 A ripuning loss of 12.5 percent could probably be redueed to 5 or 6 percent by
use of a [Eh humidity ripeni_nf: oo,
5 Labor was based on output of 11 pounds per hour at $1.80 per hour,
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Frozen avocado salad in 32-ounce containers was placed in a small
number of restaurants in the New Orleans and Clemson areas.S Each
operator was supplied recipes for quantity preparation but was not dis-
couraged from improvising or modifying those supplied or from using
his own recipes,

Almost all of the restaurants which used the product were favorably
impressed, Several restaurants used the frozen avoeado as a salad; others
used it as a dip, a hot vegetable, and as a soup.

In restaurants where customer counts were obtained, the product
was served to more than 600 customers. The reaction of the restaurant
patrons appeared to be very favorable. In the Clemson area, the ma-
jority of those that did not like the dish were unfamiliar with avocados
in any form.

The restaurant operators generally thought the estimated cost of
$8.00 per case (twelve 32-ounce cans) was reasonable, although it re-
sulted in a higher cost per serving than other competing produets.

There is apparently only a small number of restanrants which might
use frozen avocado salad. These are not frequent users of avocados.
Despite the favorable response from the actual restaurant users of the
product, the institutional market does not appear to offer a large enough
volume potential to justify attempts at commercial development.

Consumer Response.  Only limited and informal consumer response
to the product is currently available. For example, exploratory efforts
included an evaluation of the product by employees at the USDA
Southern Regional Research Laboratory on a voﬁmtury basis.

Each user was supplied a sufficient quantity of product for prepara-
tion of one dish for t%]e family or group. Recipes were provided; how-
ever, no instructions on handling the product were given. In most cases,
a list of ingredients was provided each user. Several home demonstra-
tion and other organizations supplied the product to their membership
on a similar basis.

Reactions were favorable. Users indicated that the frozen pro-
duct compared very well with dishes made from fresh avoeado. The
most frequent comment other than on flavor and texture was that it was
in a convenient form to hold or have on hand and that it would be good
to have available when fresh avocados were “out of season.” Probable
retail prices also appeared quite reasonable to users. Carefully designed
consumer tests would be required, of course, before significant con-
clusions of consumer acceptance could be made.

B Mr, H. W. Kerr, Jr., Agricultural Economist, Market Potentinls Branch, Marketing
Economics Division, Economic Besearch Service, U.5. Department of Agricultore,
distributed the 1'.un;|:lnc't in the Clemson, South Caroling avea and obtained users’
respanses,
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Variability in Hybrids of Vitis Candicans
and Vitis Vinifera

C. O. ForrsTER, [R.

Abstract: This report describes the results obtained from crossing a seadlin
mustang grape ( Vitis candicons) with Perlette (Vitis vinifera). Of the 149 seeds
ohtained from the cross, one exhibited enongh vigor and fruit qualities to be worthy
of further testing. There was wide variation in vigor and foliage characteristics
among the Fy vines,

INTRODUCTION

A large number of wild grape species grows in various areas of
Texus. Some of these specics have been used in the grape industry as
nematode and cotton root rot tolerant rootstocks which are immune to
grape phylloxera and increase the vigor of the scion.

There is also a very good possibility of obtaining new grape varieties
by hybridizing wild grapes with established American and Vinifera varie-
ties. This is an interesting easily learned hobby which may result in the
development of a juice or table grape industry in Texas.

This paper reports the results of hybridizing a seedling mustang
(Vitis candicans) with Perlette (Vitis vinifera).

METHODS

In March, 1967 a mustang grape (Vitis candicans) seedling was
crossed with Perlette (Vitis vinifera), the latter being the pollen parent.

One hundred and forty nine seed were obtained from the crosses.
The seeds were stored in a refrigerator at about 40°F until February 1968
when they were planted in gallon cans, 3 seed per can, in a well drained
potting mixture, The plants were watered with rain water and placed
under a clear plastic tent to provide high temperature for quick seed
ermination.

RESULTS

One hundred and one seeds germinated, but only 97 grew into
plants large enough to be set into the field. Downy mildew attacked
most of the plants and caused extensive defoliation.

One plant (No. 10} was very vigorous and set fruit (462 grams)
after one yvear's growth, Figure 1 shows a comparison of the foliage
of the parents, Vitis candicans and Vitis vinifera and the foliage of the
hybrid (No. 10). The fruit set on No. 10 is shown in Figure 2. The grape
bunches varied in berry numbers from 11 to 18, A comparison of bunch
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Fii“m 1. Faliage of mustang, (Vitis candicens), Perlette {Vitis cindfera) and the
hyhbrid No. 10.

Figure 2 Bunch of grapes of hybeid No, 10,
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Table 1. Comparison of Hybrid No. 10, Vitis candicans and Perlette
{ Vitis vinifera).

No, 10 Vitie candicanst Perlette (1)

Weight of bunch 51 gms 3.6 gms 430-T50 gms
Mo. berries in bunch 1% 4 225375
Ave, herry weight 5.5 mms L4 gms 20 mns
Berry size

Axial 22 mm 14 mum

Enquiter 21 mm 14 mm
Color

Endocarp Colorless Light pink Colorless

Pericarp Deep purple Deep purple White
Seed no, 2 2 Fudimentary
Brix® 14.4° 11.2*° 13°-17®
Skin Tough Very tongh Very tender
Palatahility Acceptable Sour Fair

1 Vitis candicans bunches were small due to poor pollination,
2 Hybrid No. 10 and Vitiz condicans were tested for Beix on July 9, 1970, Degree
halling for Perlette was obtained from reference 1.

and berry characters of the hybrid (No. 10), Vitis candicans and Per-
lette (Vitis vinifera) is in Table L

There was considerable variation in leaf shape among the plants
surviving in 1970, which indicates that they are true hybrids of V.
candicans and V. vinifera,

CONCLUSIONS

Crosses of mustang grape (V. candicans) with Perlette (V. vinifera)
vary widely in vigor and leaf characteristics. One of the seedlings which
is intermediate in leaf, berry and bunch characteristics between mustang

and Perlette grapes, appears to be promising and deserves further test-
ing.
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